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Chapter 1: The Problem
Introduction
There have been efforts made to include the teaching of the history of science in the science curriculum for many years, but the primary efforts have been made since the late 1940s when the American Association for the Advancement of Science (AAAS) issued a report called, “The Present Effectiveness of our Schools in the Training of Scientists” calling for schools to do a better job at both training more competent scientists and educating a more scientifically literate populous. America responded in the next decade when the National Science Foundation began funding curriculum projects such as the Physical Science Study Committee (PSSC), the Biological Sciences Curriculum Study (BSCS), the Earth Science Curriculum Project (ESCP), Project Physics, and many others. By the mid ‘70s, NSF had funded twenty eight science curriculum projects aimed at addressing the AAAS’s call to action. Some of these curriculum projects were historical in nature: Harvard Project Physics was, portions of the BSCS High School Biology course were, and the high school version of the Harvard Case Studies in Experimental Science. (Matthews, 1994)

Since that time thirty years ago, additional attempts have been made to include the history of science in the science curriculum, and many studies have assessed the value of that inclusion, with various results being published.  Some studies show that the history of science helps students and teachers with conceptual change (Feigenberg, Lavrik, & Shunyakov, 2002; Seroglou, Koumaras, & Tselfes, 1998; Wandersee, 1985), encourages positives attitudes towards science (Seker & Welsh, 2006; Solbes & Traver, 2003; Welch & Walberg, 1972), advances understanding of the nature of science (Carrier, 1962; Galili & Hazan, 2001; Lavach, 1969; Lin & Chen, 2002), and aids in more durable learning (Galili & Hazan, 2000; Jensen & Finley, 1995). 

Now, national reform documents are including the history of science as a valuable asset to science education.  The Benchmarks for Science Literacy (AAAS, 1993) state that “there are two principal reasons for including some knowledge of history among the recommendations. One reason is that generalizations about how the scientific enterprise operates would be empty without concrete examples….A second reason is that some episodes in the history of the scientific endeavor are of surpassing significance to our cultural heritage.” The National Science Education Standards (NAS, 1996) state that “in learning science, students need to understand that science reflects its history and is an ongoing, changing enterprise.” 
Statement of the Problem

Since the National Academy of Science and the American Association for the Advancement of Science have issued their statements that the history of science should be included in the science classroom, researchers have been investigating the different ways for doing so, and measuring the varied benefits to student learning and motivation.

Many of these research efforts have focused on ways to use the history of science to explicitly teach the nature of science (NOS). There is no one universally accepted definition of the phrase, “nature of science”. By its very nature, the definition is tentative and subjective. At it simplest, the nature of science is a collection of beliefs about how the scientific enterprise actually works. However, the most commonly used definition is emphasized in Science for All Americans (Mitchell, 1993a) and National Science Education Standards (NAS, 1996). They define the nature of science as being (a) always subject to change, yet durable over time; (b) based on evidence; (c) subjective due to its human nature; (d) based on inferences, creativity, and imagination; and (e) affected by social and cultural norms. Additionally, scientific work culminates in both theories and laws, two separate and different, yet very important kinds of statements about the natural world. 

Other research efforts have focused on ways to use the history of science to promote conceptual understanding of content knowledge. Since students’ misconceptions in science often parallel previous ideas by scientists in history (Wandersee, 1985), studies have focused on tapping into this goldmine of misconceptions and helping students understand content better through the use of historical examples, reenactments, discussions, and activities. Students’ misconceptions about science, also called alternative conceptions, are tenacious ideas students have that conflict with the currently held ideas about science. They are usually created by the individual in order to explain natural phenomena, and can be deeply seated and persistent (Clement, 1993). Because they often mimic ideas of the past, the history of science has been tested as a tool to help students overcome their misconceptions.
Some studies using the history of science to teach the nature of science have focused on story telling. Through the use of interactive historical vignettes, Wandersee (Wandersee & Roach, 1998; Wandersee, 1992) and Roach (Roach & Wandersee, 1993; Roach, 1994; Roach & Wandersee, 1995) have been testing these short stories about science history since 1989 when Wandersee created them in response to science teachers’ need for easy ways to include the history of science into their already-full curriculum load. They are described as historical fiction, stories based on historical facts that engage students in prediction and discussion, and they are designed to be read aloud.
Recently, research efforts have turned towards using the history of science to increase student interest and motivation in science. (Seker & Welsh, 2006; Solbes & Traver, 2003) The idea that increasing interest can have a positive impact on the quality of learning is not unique or new (Mitchell, 1993b; Schiefele, 1991). The idea that the history of science can hook students’ interest and motivate them to learn is one worth pursuing.

However, the research shows that teachers are not bringing the history of science into their classrooms (Wang & Cox-Petersen, 2002; Wang & Marsh, 2002). While they value the teaching of the history, they feel they don’t have the time to devote to the effort.
The purpose of this proposed research is to test a series of cleverly written, engaging and entertaining historical stories on high school physics students to determine whether the history of science can be a tool to both increase student interest and motivation, and ultimately increase meaningful learning about the nature of science.
The national science education reforms (AAAS (American Association for the Advancement of Science), 1993; NAS (National Academy of Science), 1996) call for establishing “opportunities for all students to learn science.” These historical stories may provide students with different learning styles another way of learning and being motivated. Presenting these stories can provide a meaningful context for learning for all students. Additionally, stories and storytelling have been a part of our culture for thousands of years. They transcend time and have been a part of every culture, and not just for children. In today’s culture, television and movies have become the most common means of story telling, and people of all ages are moved and changed by the stories they see played out on in this way. The radio is another means of telling stories. Now, the Internet, with streaming audio and video, has become another vehicle for story telling.

In order to equalize the delivery of these stories across groups, they will be crafted into audio files that sound like radio broadcasts, following the model of National Public Radio’s now discontinued show, Sounds like Science. With a musical introduction and radio-broadcast style, these 5-7 minute long episodes will be available on the Internet in case students want to listen to them again from home. One computer in the classroom with speakers is sufficient to deliver a history of science story. Even when consistently used at the start of each class period, these audio broadcasts will not take up much instructional time, approximately 10% of a 50 minute class period, and may serve as a nice introduction and segue into the lesson. The consistent means of delivering the stories across classrooms in this study will eliminate the confounding variable of the enthusiasm, or lack thereof, of the story teller.
Significance of the Study

Science education researchers are focusing efforts on ways to (a) increase students’ understanding of the nature of science; and (b) engage students’ interest in science. All the while, they are adhering to the well received notion that the history of science should be included in science education for multiple reasons. This study will advance our understanding of how the history of science can be used to further a broad variety of aims. It will provide a different way to test the idea that history can be used to explicitly teach the nature of science. It will test the theory that audio recordings of stories about history episodes will have a positive influence on student interest.  It will provide teachers with an easy way to incorporate the history of science that does not impinge on instructional time.
Chapter 2: Literature Review
In this chapter, I will be reviewing many different studies concerning the use of history of science in science classrooms. Most are small scale studies, but some are large scale. Some involve middle school students, others involve high school students, and the remainder involves college students and science teachers. Approximately a third of them examine the effect teaching the history of science has on students’ understanding of the nature of science, a third examine the effect upon students’ conceptual understanding and content knowledge, a few studies examine teachers’ perceptions and practices about the history of science, a few studies are aimed at using the history of science as a guide to tease out students’ alternative conceptions of science, and two recent ones specifically address using the history of science to mediate student’s interest an motivation in science. They represent a broad base of research in the field.

Nature of Science

Galili and Hazan 2001
Introduction:

Galili and Hazan, in “The effect of a history-based course in optics on students’ views about science” (2001) assert that science courses shouldn’t only teach science fundamentals, but they should teach about what science is, “how it works, its features, methods of activity and interaction with its cultural environment”, in other words, its nature. They propose that the history of science can be a vehicle for that instruction, but recognize the fact that many previous attempts to do this have been abandoned, and propose that a shortage of appropriate teaching materials may be to blame. To address this, they wrote a special textbook on optics for 10th grade physics students. The book presented knowledge as it evolved historically.

Procedures/Method:

Optics was chosen as a topic for its rich history and with many examples that feature the nature of science. The text contained many primary source documents from 2500 years of history on light and vision.

Teachers from three secular schools in Israel participated in the study: a rural, an urban, and a boarding school. The teachers volunteered to teach the curriculum in this unique text, and they were supported throughout the year by the researchers. They all lacked formal training in the history and philosophy of science. A total of seven randomly chosen classes participated in the study, all 10th grade classes. 141 students were in the four experimental group classes and 93 students were in the three control group classes.  All students were given a posttest at the end of the academic year.

The posttest consisted of 18 items. Ten were open-ended questions and eight were multiple choice questions. They were modified from previously used surveys, and validated in previous studies for this specific subject, optics. Validity and reliability information is not provided on this modified tool. Interviews were conducted on a “few students and teachers of the experimental group” after the course was over. However, the researchers based their conclusions about the study solely on the posttest outcomes, using quotes from the interviews to strengthen the results with examples and details.
Results:

Each student response was categorized into a particular concrete proposition, and these propositions were then categorized into distinct abstract views about science. These views were then categorized into one of six dimensions. They are:

1. relationship of science and technology

2. attitude to the science of the past

3. influence of external factors on science and its products

4. conception of scientific theories

5. reliability of scientific knowledge

6. critical perception of science in the classroom

To give this study some quantitative values to analyze, several coefficients were calculated: 

Proposition Abundance (PA) =the frequency of a proposition.

View Abundance (VA) =the frequency of a view (which might draw on different propositions).
Proposition Difference (PD) =the difference between experimental and control groups regarding the frequency of the propositions.

View Difference (VD) =the difference between experimental and control groups regarding the frequency of the views.

For each of the six dimensions, VA and VD were calculated for each of the 25 views, and tests of significance were performed for each view. There was a measurable statistical difference between the experimental and control groups in favor of the experimental group for every view (p<.01) except one, and that one was in the dimension concerning students’ conceptions of theories, the view that “rival scientific theories never co-exist, since scientists decide which of them is correct to hold.” 
Since there was a statistically significant shift towards the more desired views on the nature of science in all but one single case, the researchers conclude that students in the experimental group displayed a definite shift in the desired direction towards scientific literacy and knowledge of the nature of science. They conclude that that instructional materials and a “reduced emphasis on standard problem solving” were the causes for this shift. 

Conclusions/Discussion:

These results cannot be generalizable due to the small sample size, but there was an effort to purposefully select schools of three different types. There was no pretest given, so there is no way to determine if the experimental and control groups held similarly naïve views of the nature of science at the beginning of the school year. However, students in the experimental group often illustrated their views about the nature of science with examples from the history of optics. This study did not assess students’ learning in the content area of optics, but the authors refer to a previous study in the American Journal of Physics (Galili & Hazan, 2000), in which they used the historically oriented course and assessed students’ content knowledge, and they assert that no losses were measured. I will discuss the results of that study later in this paper. This “reduced emphasis on standard problem solving” was not discussed in enough detail to understand what the statement really means. 
Lin & Chen, 2002
Introduction:

Lin and Chen (2002), in their study, “Promoting preservice chemistry teachers’ understanding about the nature of science through history” wanted to see if teaching chemistry through historical case studies helped college seniors in a teacher-education program have a better understanding of the nature of science, especially the creative and theoretical aspects.

Procedures/Method:

Sixty three pre-service chemistry teachers took part in the study. The senior class, totaling thirty three, consisted of the experimental group, while the junior class, totaling 30 students served as the control group. All students attended one university in Taiwan.
Students were given pretests and post tests to assess their nature of science (NOS) understandings. The instrument used was an eleven-question multiple-choice modified version of the Views on Science-Technology-Society (VOSTS) assessment. The instrument was tested on a different group (n=34) of pre-service science teachers for reliability using the test-retest procedure with a time difference of one month. The reliability was 0.77 and the instrument was included in the manuscript as Appendix A.
The experimental group was exposed to discussions, debates, demonstrations, assignments, and experiments that reflected the historical nature of the science. In addition, the experimental group developed case histories of science.

After the pretests and posttests were administered, five students from the experimental group were randomly selected to be interviewed in a semi-structured manner.

Results:
Students’ answers on the pretests and posttests were scored as being either typical of logical empiricism or post positivism. The researchers desired an increase of post positivistic views in the experimental group. 

An ANCOVA analysis revealed that the experimental group had a significantly higher understanding of NOS than the control group at p<.05. For the control group, the mean pretest score was 4.67 and the adjusted mean posttest score was 4.54 out of 11 points possible. For the experimental group, the pretest score was 4.51 and the adjusted mean posttest score was 5.69 out of 11 points. In particular, the experimental group had a better understanding of the post positivist viewpoint when answering questions dealing with the nature of theories. 
Results from the interviews confirms that students understand the creative and theoretical nature of science better after having a chemistry course that uses historical cases. Since they were taught about the nature of science within the framework of historical cases, it may be difficult to determine whether their gains in understanding NOS were due to explicit NOS instruction, or the historical context of the NOS instruction. But, excerpts from these interviews lean heavily on historical cases. 

Conclusions/Discussion:

This small study shows that in this case, pre-service chemistry teachers learned some tenets of the nature of science through a chemistry course on the history of chemistry. The students enjoyed creating their own historically-based chemistry lessons and shared them with one another.

The researchers state that implementing the history of science in chemistry teacher education makes “a difference in teacher education.”

While the results cannot be generalized due to the small sample size and lack of random selection, they are encouraging for providing a method to teach NOS tenets in the context of science courses, in teacher preparation programs.

Lavach, 1969
Introduction:

Lavach (1969) conducted a teacher in-service program geared towards teaching about the historical development of a selection of physical science concepts, and wrote about the results of that study in “Organization and evaluation of an in-service program in the history of science”. 

Procedures/Method:

The purpose of this research was to design and assess an in-service program for teachers. Since much of the research reports that teachers feel unprepared to teach science in a historical context, this project was aimed towards changing that situation. The researcher was trying to find if the in-service program made a difference in these teachers’ attitudes towards an understanding of science, scientists, the scientific enterprise, etc., and if so, how.

Twenty six science teachers in Durham, NC participated in this program. Eleven were in the experimental group and 15 were in the control group. The researchers did not state how they selected this sample, nor did they indicate what the control group did for their in-service workshop, if they had one. The teachers in the experimental group attended eleven 3-hour sessions, one per week for 11 weeks. Classes contained lectures, demonstrations and labs where historical discoveries were replicated. Readings were assigned from historically oriented texts. These teachers taught physical and life sciences and averaged 15.6 years of teaching experience. 

The teachers were administered three tests: the 30 question commercially available Test on Understanding Science (TOUS), a specially designed 6 page course evaluation questionnaire, plus a content test on the factual historical material. The TOUS and content tests were given as pretests and posttests. The course evaluation was designed and validated by three advisors who represented the history of science, the philosophy of science, and science education.

Results:

By using a statistical t-test, pretest and posttest scores on the TOUS were significantly different for the experimental group at the p=.01 level. The raw score means went from 35.27 (out of 60) to 38.91. On the achievement test, pretest and posttest differences were also significant for the experimental group at the p=.01 level. The raw score means went from 9.54 (out of 20) to 11.73. When comparing the experimental and control groups on the achievement posttest, the experimental group did significantly better than the control group: 11.73 compared to 6.6. On the TOUS posttest, the experimental group also scored significantly higher than the control group, significant at p=.05. The experimental group had a mean score of 38.91 and the control group had a mean score of 30.06. 
Course evaluations indicated that all teachers felt they were provided with a better understanding of the historical development of science. 9 out of 11 teachers stated they would use at least one of the units in their own classes. The researcher concluded that he planned to follow up with a study of whether the teachers actually used the historical units. 

Conclusions/Discussion:

This seems to be a study to measure the effectiveness of teaching and learning the history of science in one in-service course. It was not compared to a different in-service course where history was excluded, so while it had a control-of-sorts, the control group was not exposed to anything. 

The results, while statistically significant, were not dramatic. There were not enough details supplied about the activities and lessons in the program. 

The results were not generalizable, and indeed since we don’t know the details of the in-service classes, we wouldn’t even know what to generalize. 
Carrier, 1962
Introduction:

A paper written by E.O. Carrier in 1962, “Using a history of science case in the junior high school”, describes a junior-high adaptation of a popular high school science program focused on the history of science. The ideas of Joseph Black, Joseph Priestley, Antoine Lavoisier and others were examined in the context of determining the properties of gases in air. Reading materials and experiments were provided. 
Procedures/Method:

The purpose of this research was to create a version of some of Leo Klopfer’s case histories of science, and a version of William Cooley and Leo Klopfer’s “Test on Understanding Science” for the junior high school level, and to test the materials on a small group of junior high students.  The researchers were trying to find out if the history of science materials increased students’ understandings of science, and they were trying to find out if the high-school materials could be effectively modified for younger students. 

Three classes of rising 8th grade students attending a voluntary summer school participated in this study. Two classes, Group I (n=20) and Group II (n=31), served as the experimental group, while Group III (n=20) was the control. Students were randomly assigned to these three groups. 

The researcher did not state how heterogeneous the groups of students were in terms of gender, ethnicity, or academic standing.

Groups I and II were taught three different two-week units, one of which was on the historical approach to chemical change. The other two units were typical chemistry units about substances. Group I received the historical lessons first, while Group II received the historical lessons second. Group III did not receive any of the lessons, and it’s not clear whether they were taught science or not. 

Groups I and II and III were all given a pretest, Test 1. Groups I and II were re-tested after the first and second units with Tests 2 and 3.

The only test of validity and reliability of the 30 multiple-choice modified TOUS was the pre- and post- administration of the test to a control group of 20 students. 

Results:

The results of independent t-tests indicated that the three groups performed statistically similar on the pretest with mean ranges from 13.05 to 15.05 on a 30 point scale. The researcher determined there was homogeneity of variances. 

T-tests comparing the difference between means showed that students in Group I who received the historical unit first, gained test points between tests 1 and 2 , less between tests 2 and 3, and the most between tests 1 and 3. The total gain for Group I was from a mean score of 15.05 to 16.95. T-tests comparing the difference between means showed that students in Group II who received the historical unit second, gained some test points between tests 1 and 2 , more between tests 2 and 3, and the most between tests 1 and 3. The total gain for Group II was from a mean score of 14.10 to 16.16. Group III, the control group, did not show any statistical gains in test scores between the only tests given them, tests 1 and 2. The mean scores went from 13.85 to 13.95 out of 30. 
These results were significant in that students who received the historical unit first continued to make progress in understandings about science through the six weeks. 

Conclusions/Discussion:

This study had several limitations, which were spelled out by the author. The groups were small, came from one summer school, and may not have been typical for their age group. The experimental classes were not taught by the researcher, but by student interns not oriented towards an historical approach, and who might have been burdened by the experiment. In addition, it was difficult to modify the case histories for junior high students, and the vocabulary expectations were probably too high. The modified TOUS also had its drawbacks because it was difficult to modify as well. 

The results cannot be generalizable, but they may indicate that students exposed to an historical perspective on science make gains in understanding science, even after the historical unit is over. 
Nature of Science and Content Knowledge in Science

Yager & Wick, 1966
Introduction:
Yager and Wick (1966) conducted a study with 8th grade biology students to see whether different types of science instruction had an effect on students’ understanding of the nature of science, critical thinking abilities, and content knowledge. Three types of instruction were used, one of them including a major focus on the history of science.

Procedures/Method:

Three teachers from a university laboratory school in the Midwest taught three sections of 8th grade biology. The 70 students in the study were randomly assigned to the three different sections. The three teachers rotated through the three sections so that each student had equal exposure to each teacher. One section, called the TL group (Textbook Laboratory) used the textbook and accompanying labs, and the teachers made a point to avoid discussing the nature or history of science. The second section, called the MRL group (Multi Reference Laboratory), used the text, but also used trade books, original sources, and various reference materials. Students were allowed to suggest modifications to the labs. Teachers made a point to avoid discussing the history of science, but they did allow discussion about some facets of the nature of science. The third section, called the MRLI group (Multi Reference Laboratory and Idea), resembled the MRL group with the addition of constant attention paid to the history of the scientific ideas taught. Students learned about the cultures of the scientists, and discussed how ideas have evolved over time.

The teachers had similar training and philosophy and an average of 5 years’ teaching experience. Students were each given three previously published pre- and posttests, the TOUS (Test of Understanding Science), the Watson-Glaser Critical Thinking Appraisal, and the Nelson Biology Test. At the conclusion of the study, the students were administered these same tests again. 

Results:
Independent t-tests were conducted to compare the mean test scores from the TOUS posttests. These test revealed that the “MRLI method is significantly superior to the other two, and that the MRL method is significantly better than the TL method” at a significance of p=.01. 

An analysis of covariance (ANCOVA) was used to compare the groups’ performance on the Watson-Glaser Test of Critical Thinking, and the result was that there was indeed a difference. Individual t-tests indicated that both the MRL and MRLI methods were superior to the TL method.

However, with the test of factual knowledge, the Nelson Biology Test, no statistical difference could be found between the three groups. 

Conclusions/Discussion:
The authors concluded that using a multi reference approach in the biology classroom is superior in allowing students to develop more critical thinking skills and understandings of science. They conclude that the multi reference approach with the additional emphasis on the history of science is even more superior in allowing students to develop critical thinking skills and understandings of science. However, they also conclude that there is no significant difference in the mastery of concepts and facts across the three groups. 
This was a small, exploratory study and is not generalizable, but it had some good features in that students were randomly assigned to the three treatment groups, and the teachers rotated through the groups, equalizing their impact on the students. 

The research was conducted at a university lab school, and while the demographics of that school were not described, one can assume it did not represent students as a whole in that state or in this country.  
Klopfer and Cooley, 1963
Introduction:

Several nationwide surveys in the late 1950s indicated that high school students did not possess desired understandings of the role of scientists in our society. Although students were taking science classes, they did not fully understand the nature of science and the work of scientists. The two researchers who designed this study, Klopfer and Cooley (1963), felt that few interventions had been designed to address this issue and fill this gap. So, one of them, Klopfer, developed a series of educational materials called History of Science Cases for High Schools (HOSC), which would be used in conjunction with the regular science class work. The purpose of this study was to determine whether students who studied with these materials gained a better understanding of science and scientists, and also, whether they showed as much achievement in the content area as students who were not using the extra materials.   

Procedures/Method:

108 classes consisting of 2808 students participated in this study. 53 classes were in the experimental group and 55 were in the control group. The classes were randomly assigned to either the control or the experimental group. The 108 classes were selected as the researchers sent out 255 personal letters to science teachers across the country requesting their cooperation. The 108 classes represented a diverse population geographically; the schools were of a range of sizes and urban/suburban/rural settings, and a mix of public and private schools. The teachers were of both genders and had a broad variation of teaching experience. The distribution between biology, chemistry and physics teachers was almost even, with slightly fewer physics teachers represented. 

All students were given two pretests: the Test on Understanding Science (TOUS) published by Educational Testing Service which measures students’ understands about (a) the scientific enterprise, (b) scientists and (c) the methods and aims of science; and the Otis Mental Ability Test published by World Book Company. 

During a five month period in the school year, the participating teachers in the experimental group taught two units of their choice from the HOSC set of units on the history of science. 

At the conclusion of the study, 105 classes remained. These 105 classes were given the TOUS as a posttest, and also a subject test, either Cooperative Biology Test Form Y, Cooperative Chemistry Test Form Z, or Cooperative Physics Test, Form Z, published by Educational Testing Service. 

Results:

Students who were in the experimental groups and studied with HOSC instructional methods had significantly greater understandings of science and scientists, as measured by the TOUS scores (mean score = 36.76 out of 60), compared to students in the control group (mean score = 33.81 out of 60). (p<<.0005) When the three components of the TOUS were analyzed separately, a significant difference was shown in each sub category as well: Scientific enterprise (p<.0005), Scientists (p<.05), and Methods and Aims of Science (p<.0005).

While the control group also made significant gains in their TOUS scores from pretest to posttest (pretest mean score = 31.36, posttest mean score = 33.81), the ANOVA statistical analysis revealed that the gains in the experimental group were much greater than the gains in the control group. The experimental group scored a mean of 32.01 on the pretest and 36.76 on the posttest. 
There did not appear to be any significant difference in achievement between control and experimental groups in the usual course content as measured by the different Cooperative subject tests given in the different content courses. 
Conclusions/Discussion:

These results can be generalizable because the sample was representative and realistic; there was random assignment to the two groups, and a diverse representation in the student and teacher population. The results seem to indicate that teaching these particular HOSC units of study increase students’ ability to understand the scientific endeavor without a loss in content knowledge. If the HOSC units did not specifically address content, then perhaps that’s the reason no content gains were seen in the experimental group. It would be interesting to examine these units to see how much science content is indeed present in them.

Welch and Walberg, 1972
Introduction:

The purpose of the study by Welch and Walberg (1972) titled, “A national experiment in curriculum evaluation” was to experimentally evaluate the national educational experiment, Project Physics. Project Physics was a high school course designed to attract students not bound for scientific or technical careers without compromising on the physics content. The course was structured to provide an historical orientation of ideas along with other interesting methods for learning. At the time this paper was being written, 80,000 students were using the Project Physics course materials in all 50 states. The researchers were examining whether this course affected students’ understanding of the nature of science, their achievement in physics, their course grade, their interest in physics, and their course satisfaction.

Procedures/Method:

From a list of 16,911 physics teachers provided by NSTA, 136 high school physics teachers were randomly selected to participate in this study. Many teachers did not accept the offer to participate, and the final total ended up being 53 teachers. 34 were randomly assigned to the experimental group and 19 were randomly assigned to the control group. Both groups of teachers were brought to Harvard University for training the summer before the school year commenced. The experimental group teachers spent six weeks at Harvard. The control group teachers spent two days. 

IQ tests were administered to all students in the control and experimental groups so that interactions could be tested.

Additionally, the Test on Understanding Science (TOUS) with a reliability of .76, the Physics Achievement Test (developed for Project Physics) with a reliability of .77, the Science Process Inventory with a reliability of .86, the Physical Science Interest Measure with a reliability of .93, the Pupil Activity Inventory with a reliability of .90, a course satisfaction questionnaire with a reliability of .80, and the final course grade was used to assess the Project Physics course.
Results:

The test results from the Project Physics course did not show a statistically significant improvement for students in the area of content area achievement. However, it did result in higher course satisfaction (F=9.38, p=.01); students stated that the historical approach was interesting (F=72.36, p=.01), and that their perception of physics as having historical (F=27.16, p=.01) , philosophical (F=19.60, p=.01), social (F=11.85, p=.01), and humanitarian (F=3.36, p=.01) components was significantly higher than in the control group. 
Conclusions/Discussion:

The goal of Project Physics, which is to promote scientific literacy without compromising physics content knowledge, seems to have been accomplished. This study shows that students enjoyed the course more, enjoyed the historical approach, saw physics as more appealing, and did not lose out on content knowledge gains. The course seemed to appeal most to students in the middle IQ range (112-119). The results from the TOUS were not reported, which is a shortcoming of this paper considering the number and variety of tests administered. Also, the TOUS and content tests were only given as posttests in May of the school year, another shortcoming of the study.
Conceptual Understanding and Problem Solving
Jensen and Finley, 1995
Introduction:

Jensen and Finley (1995), in their study titled, “Teaching evolution using historical arguments in a conceptual change strategy” tried to determine if instruction about evolution that recapitulated events in the history of the development of ideas about evolution was successful for non-science majors in a college biology lab setting.  They were trying to find out if students maintained common Lamarckian misconceptions or if the historical teaching method helped them overcome Lamarckian misconceptions about evolution. 

Procedures/Method:

42 students out of 85 in a general biology class for under prepared college students participated in this study. Due to poor attendance, only 42 of the students took both the pre and post test. The authors concede that this study is really about under prepared students who attend class, rather than under prepared students as a whole. A control group was not used. The researchers did this to maximize the number of students treated with the historical lessons, but this clearly creates a non-experimental condition. While the students in the course were described as coming from a diverse ethnic and socioeconomic background, the researchers did not describe the sample that ultimately participated in the study.

The method consisted of a pretest one week prior to instruction, 4 hours of instruction, and a posttest one week after instruction was complete. The instruction was conducted by teaching assistants who were given detailed lesson plans by the researcher. Students were introduced to the notion of evolution, and then they were taught Lamarckian principles. Next, they were given evidence that opposed Lamarck in order to create cognitive disequilibrium. Next, Darwin was taught, and finally, students solved evolutionary problems from the two perspectives so that they could see the disadvantages of the Lamarckian perspective. 

The assessment instrument was modified from Bishop and Anderson’s 1985 instrument. It contained seven Likert-scale questions and five multiple choice questions that students had to justify, and four essay questions. Two evolutionary biologists assessed the validity of the instrument.

For interrater reliability, students’ scoring responses were compared by the researcher and a university biologist. The interrater reliability was 87%. 

To ascertain a richer understanding of students’ change, a second method of analysis was conducted, called “conceptual trace analysis”. Its goal was to describe the types of changes that occurred in students conceptions of evolution. For this analysis, the Likert-scale questions and multiple choice questions were used in conjunction with the justifications to rate students as having a Best Understanding (BU), Functional Misconception (FM), Correct/Incomplete (CI), or Worst Understanding (WU). 

Results:

Statistical procedures were conducted using either matched-pairs t-tests or the McNemar Test of Correlated Proportions. The mean whole-test pretest score was 8.02 out of 34 points (23%). The mean whole-test posttest score was 15.76 out of 34 points (45%). This gain was significant at p=.005. The researcher notes that while the gain was significant, the performance was still “less than optimal.”

The conceptual trace analysis yielded changes in all four categories. There was a positive change in Best Understanding, a negative change in Functional Misconception, a positive change in Correct/Incomplete, and a negative change in Worst Understanding. The McNemar Test of Correlated Proportions was used to compare these changes and it was reported that there was a significant change 
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to the Best Understanding category from the three other categories (when the other categories were combined.) Detailed analysis of the conceptual trace analysis indicated that the instruction did not “result in the students’ regressing” although there were a large number of responses that did not change from pre to posttest. 
Conclusions/Discussion:

Although students were specifically taught the “wrong” ideas from history, Lamarckian ones, they made positive gains in understanding the currently accepted views of evolution. This study, which included historically rich lessons, demonstrated that if instruction recapitulates the events in the timeline of evolutionary thought, positive conceptual change can take place under these circumstances. 

Jensen and Findley acknowledge that a less that ideal percentage of students were answering the questions on the posttest in Darwinian terms. They feel that more instructional time (more than the two lab sessions they allocated) was needed since the theory of evolution is complex.

These results cannot be generalizable due to the small sample size, the lack of random selection, and the lack of a control group.
Lin, Hung, and Hung, 2002
Introduction

Lin, Hung and Hung, in their 2002 study considered whether history of science instruction promoted middle school students’ problem-solving abilities in the physical sciences. 

Procedures/Method:

One teacher with two classes of eighth graders participated in this study. One class was randomly assigned to be the control group (n=30), and it was taught with a textbook. Lessons typically were lectures with note-taking, practice solving problems in the book, and doing hands-on experiments as dictated in the laboratory manual. The other class was the experimental group (n=37) and it was taught science with historically-rich materials in addition to the textbook. These historically-rich materials included “small group discussions, student presentations, teacher demonstrations and hands-on experiments.”  In addition, these students simulated scientists’ experiments, predicted outcomes, and reflected on the difference between their simulations and historical experiments. So, in addition to historically-rich materials, students in the experimental group were exposed to group work, student presentations, and teacher demonstrations. 

This teacher was chosen because she was willing to try out a new teaching approach and her school was located near the researcher’s university. This was a sample of convenience. 

The school was located in Taiwan and contained students from a broad range of socio-economic backgrounds. The two classes contained students with similar grade-point averages. It cannot be determined from this study whether the two classes contained students from a broad range of socio-economic backgrounds as well. This teacher taught the two classes for the same number of hours per week. 

All students participating in the study (n=67) were given a pre-test at the beginning of the school year. After the first unit on atmospheric pressure and gas properties, all students were given a second test. After the second unit on atomic weight, atoms and molecules, all students were given a third test. All the test items matched the content of both groups’ lessons, and they were specifically measuring problem-solving ability. They were constructed by the researchers and previously pilot tested. 

Results:

Independent t-tests were conducted to compare the mean test scores from the pre-tests. These test revealed that the mean achievement was different for the two groups, but not statistically significant (t=1.55, p=0.13). The mean for the control group was 9.40 and the mean for the experimental group was 7.64
An analysis of covariance (ANCOVA) was used to compare the two groups after their second test. The experimental group did slightly better than the control group on this test, but the scores were quite low: .76 out of 9 points for the experimental group and .64 out of 9 points for the control group. There was no statistically significant difference between these two means, and it is worth noting that the mean didn’t even reach one problem correct on the second test.
ANCOVA was used to compare the two groups after their third test. This time there was a significantly different result. Students in the experimental group scored twice that of those in the control group. (F=21.99, p=.0001). The experimental group scored a mean of 8.76 and the control group scored a mean of 4.50. 
When students were grouped into  high and low achieving sub-groups, it was found that high achievers benefited more than low achievers did from the historically-rich teaching materials. 

Conclusions/Discussion:

Lin et al. concluded that the low test scores might be attributed to students having little experience with this type of conceptual, qualitative test. Since students performed significantly better on the second test, the authors conclude that the history of science “is like a slow-acting fertilizer, students benefiting from it in the long run”, and they remind educators to be patient when introducing the history of science into science classes. 

This was a small, exploratory study and is not generalizable, but it had some interesting outcomes. Students may not be familiar with particular types of tests, and therefore may not score well until they are used to them. And perhaps, positive results from teaching the history of science are best measured over long periods of time.

It cannot be determined to what extent the history of science component of the treatment had an effect, since the experimental group was exposed to a very different teaching methodology which included student involvement and the encouragement of critical thinking. Students may have scored better on post tests whether or not history was part of the lessons, experiments and activities. 
Galili and Hazan, 2000
Introduction:

This study by Galili and Hazan (2000) is the result of a year long course in optics taught to 10th grade students. The researchers had written a new textbook on optics that contained the standard topics taught in the regular curriculum, but the instruction followed the historical progress over the past 2500 years of documented history of optics. Students were taught ancient Greek and medieval Arabic, on up through early modern theories of light, vision, shadows, lenses, etc. The researchers were trying to find out the influence this course with the historical perspective would have on students’ conceptual knowledge of the content of optics. 

Procedures/Method:

This appears to be the same group of students and teachers described in a different study published in Science & Education (2001) by the same authors.

Three secular schools in Israel participated in the study: a rural, an urban, and a boarding school. 234 students from a total of seven 10th grade classes participated in the study. 141 students were in the four experimental group classes and 93 students were in the three control group classes.  All students were given a posttest at the end of the academic year.

The posttest consisted of 15 open-ended items. They were modified from previously used surveys, where their validity and effectiveness was proven. Students were encouraged to draw and sketch diagrams with their answers as well. Interviews were conducted with randomly selected students and all teachers in the experimental group. However, the Galili and Hazan based their quantitative analysis about the study solely on the posttest outcomes, using quotes from the interviews to illustrate the results.
Results:

Each student response was categorized into a particular facet of knowledge, which reflected a particular conceptual understanding. These facets were then categorized into distinct schemes of knowledge about science, a theoretical model. 

To give this study some quantitative values to analyze, several coefficients were calculated: 
Facet Abundance (FA) =the frequency of a facet.

Scheme Abundance (SA) =the frequency of a scheme (which might draw on different facets).

Facet Abundance Difference (FAD) =the difference between experimental and control groups regarding the frequency of the facets.

Scheme Abundance Difference (SAD) =the difference between experimental and control groups regarding the frequency of the schemes.

For each of the eight schemes, and for each of the 46 facets of knowledge that fell within those schemes, tests of significance were performed between the control and experimental groups. In all but four facets, there was a statistically significant difference between the control and experimental groups (p<.05), with the experimental group holding the more scientific conception. In all cases, there was a statistically significant difference between groups (p<.001) for the eight schemes of knowledge. 

Since there was a statistically significant shift towards the more desired understandings of science, the researchers concluded that students in the experimental group displayed a definite shift in the desired direction towards scientific understanding of optics. They conclude that the instructional materials which encouraged students to gradually develop their ideas as they had evolved in history, the class discussions, the emphasis on addressing alternative conceptions, and the interweaving of the topics of light and vision, all contributed to the students’ success. 

Conclusions/Discussion:

These results cannot be generalizable due to the small sample size, but there was an effort to purposefully randomly select schools of three different types. The authors acknowledge that the control classes spent more time with quantitative problem solving, whereas the experimental group spent more time on qualitative materials. Since the posttest was not designed to test quantitative problem solving, but designed to test conceptual understanding, it seems that the experimental course may have been more suited to the posttest. There is a concern about how the students in the experimental group would do on a standardized physics test on optics, like the optics questions from the SAT subject test in physics. While these results, coupled with the results from the authors’ other study are indeed encouraging, the concern remains for students’ ability to perform on par with other physics students when faced with mathematical problem-based questions. The assessment was not included in the manuscript. Additionally, there was not enough detail given to the specifics of the specially prepared optics textbook. The authors do not reveal whether they wrote the textbook or if it is commercially available.
Alternative Conceptions in Science
Feigenbert, Lavrik, and Shunyakov, 2002
Introduction:

Students often have misconceptions about the rays of the sun, and these misconceptions are evident from an early age as they draw pictures of the sun’s rays with crayons on paper. As children grow, they often memorize science, and do not form proper conceptions about how light travels from the Sun to the Earth, because they do not have opportunities to experience such large dimensions and scale.  The purpose of this study by Feigenberg, Lavrik, and Shunyakov, (2002) was to determine students’ mental models about optics. The researchers are of the opinion that exposing students to great historical experiments, such as those done to estimate the circumference of the Earth, or estimate the distance from the Earth to the Sun, will help them overcome optical misconceptions. 

Procedures/Method:

83 students in a 10th grade classroom in Jerusalem from different schools were given three written tests about optics during the first half of the school year. The first test was at the beginning of the unit on optics, the second test was mid-way through the unit, and the last test was at the end of the unit. The unit contained lab activities, problem solving activities, and computer simulations that focused on the history of optics.

The tests were given to determine students’ alternative conceptions about optics and also to help guide the teacher in how to start discussing the optical phenomena.

Results:

The first test was a question that dealt with shadows. 70% of the students answered in a way that indicated they didn’t think of the sun as casting parallel rays of light. The second test was a question that dealt with solar cells on rooftops. While 63% of the students answered correctly, only 41% could draw the phenomena properly, with parallel rays of sunlight and a curved earth. The last test was a question about how sunlight shines on mountain slopes and tops. Most of the students provided the correct answer, showing parallel light rays coming from the sun. 31% drew light rays as divergent rather than parallel. 

Feigenberg et al. assert that students can grasp these phenomena, which require an understanding of distances outside our zone of actual activity, if they study the historical development of these ideas. They assert that studying the historical development of ideas about the sun and its rays can broaden students’ actual zone of activity in much the same way a microbiologist has a broader zone of activity and can fathom minute distances. 

Conclusions/Discussion:

Feigenberg et al. were determining students’ alternative conceptions about light, the curvature of the earth, and the scale of the earth-sun system. As they taught a course about the history of scientific ideas concerning optics, they re-tested the students to see if their conceptions changed. This was a small study with some effect, and the authors made suggestions concerning how to teach astronomy based on their perceived success of the project.

It is not clear how these 83 students were taught about optics, and since there was no control group provided, we cannot say whether their method for teaching optics is better than any other. Basically, this study served to tease out mental models of sunlight and sun-earth scale from a small group of Israeli 10th graders.

Seroglou, Koumaras, and Tselfes, 1998
Introduction:

Since the 1970s, educational researchers have been recommending the history of science as a source for determining students’ alternative conceptions about science. The purpose of this research by Seroglu, Koumaras, and Tselfes (1998) was threefold: to determine students’ and student teachers’ alternative conceptions about electromagnetism by conducting interviews, using the history of electromagnetism over the past 2500 years as a guide, and to design instruction geared specifically to address those misconceptions, then to assess student learning in the area of electromagnetism. The researchers were trying to find out if instruction that is designed to address common misconceptions about electromagnetism helps students overcome their alternative conceptions, and they were trying to find out if the history of science can be a guide to predicting students’ ideas. 

Procedures/Method:

Initially, five students and five student teachers were chosen for interviews designed to determine their misconceptions about electromagnetism. The researchers did not state how they selected their sample. From these interviews, a questionnaire was designed and given to a sample of 109 13-year old students and 148 student teachers. The researchers did not state how this sample was chosen. 

The researchers did not describe the sample of students and student teachers, nor did they describe how heterogeneous the sample was in terms of gender, ethnicity, or academic standing.

The initial focus group consisted of five students and five student teachers. The researchers presented these ten individuals with tasks and demonstrations. They had to connect a battery and bulb circuit, they watched an electrostatic generator at work, they watched the striking of a match, they watched a ball fall, they used a magnet to pick up metal pins, and they rubbed a plastic ruler with wool then placed it near small bits of paper. They were asked whether they thought the tasks and demonstrations had common scientific explanations, and were interviewed in-depth. Five students and five student teachers were interviewed for further clarification, and then a questionnaire was designed and distributed. Then ten different students of age 10-15 were taught electromagnetism in a method designed specifically to address common misconceptions. After the lessons, the students were interviewed, but not given the questionnaire. 

The control group was much larger than the experimental group, and the experimental group was not given the questionnaire like the control group was. The control group consisted of only 13 year old students (and student teachers), but the experimental group was aged 10-15. Additionally, the design lacked any random selection. Only ten individuals were interviewed after over 250 questionnaires were distributed, a small percentage of the total number of individuals who took the questionnaire. 

The questionnaire was provided in the appendix of the paper. It consisted of scenarios that students were to group by scientific explanation. The task was age-appropriate, but the drawings were poorly made and might confuse some students. The instrument had not been previously published. There is no mention of instrument reliability or validity. It’s not clear why the questionnaire was not given to both the control and the experimental groups. 

Results:

Statistical procedures were not conducted. Only percentages were given about how many students and student teachers related different scientific phenomena. For example, the researchers stated that 53% of the student teachers and 83% of the students related a charged ruler attracting paper bits with a magnet attracting pins. No statistical analysis was conducted to determine if the differences between student teachers and students was significant, given the size of the sample. 

The data presented about the experimental group was mainly anecdotal, consisting of quotes and observations. There doesn’t seem to be substantial data at the conclusion of this research project. 

Conclusions/Discussion:

The authors conclude that their instructional design encouraged conceptual change. They state that students’ alternative ideas about electromagnetism reflect those described by individuals in the history of science, but there is a lack of data supporting that claim. The authors state that their designed tasks had a beneficial influence on the students’ way of thinking, but again, there is a lack of data to confirm that their instructional design was any better to this effect than the traditional method of teaching electromagnetism. 

Students may have demonstrated conceptual change simply because they were taught concepts in a visual/tactile way. They were watching demonstrations and doing activities. 

Wandersee, 1985
Introduction:

Students bring their conceptions about science to class with them. Sometimes, those conceptions are wrong: they are alternative conceptions. It has been suggested by many researchers that there might be a parallel between students’ misconceptions in science and misconceptions that existed in the past, in the history of science. This 1985 research study by James Wandersee is aimed at determining if the history of science can be a useful tool in anticipating students’ science misconceptions, specifically with regards to photosynthesis. 

Procedures/Method:
The Photosynthesis Concept Test (PCT) was developed by the author. The test consists of multiple choice response questions with free response explanation sections to supplement and clarify the responses. This test has a repeat reliability coefficient of 0.72. Each test item was evaluated by a panel of three educators (science and English) who made suggestions for improvement. Pilot testing of the instrument was done with 71 college sophomores.

1405 students from 9 states, from rural and urban middle class backgrounds were administered the PCT. 420 students were in 5th grade, 393 students were in 8th grade, 383 students were in 11th grade, and 209 students were college sophomores. 

Results:

A list of 22 different misconceptions about photosynthesis was compiled. Younger students were more likely to hold historical conceptions of photosynthesis that were previously accepted in science, but are now disregarded. Students at all grades levels held misconceptions that were similar to those ideas from the history of science. 

Conclusions/Discussion:

It is important to tease out students’ misconceptions about a scientific subject as it is being taught. This study implies that if the teacher is aware of historical scientific ideas, he or she may have an easier time anticipating what those misconceptions may be.

Teachers’ Perceptions and Practices 

Wang and Marsh, 2002
Introduction:

Currently, national standards emphasize teaching the historical and cultural perspectives of science. The purpose of this study by Wang and Marsh (2002) was to examine the perceptions elementary and secondary school science teachers had about the value of teaching the history of science in their classrooms.  The researchers were also examining whether these teachers practiced teaching the history of science as well.

 Procedures/Method:
Thirty eight teachers in Los Angeles (21 elementary, 2 middle, 14 high school)  completed a Likert-scale survey for this study, after the survey had been pilot tested on twelve elementary school teachers and refined. Afterwards, five of the teachers were interviewed for 15-20 minutes each and these interviews were taped and transcribed. Both the survey and the interviews were framed around the teachers’ perceptions of using the history of science and their practice of using the history of science.

The survey was designed from the conceptual framework derived from the literature review of the study. The conceptual framework is divided into three major categories: conceptual understanding, procedural understanding, and contextual understanding. It contained thirteen Likert-scale questions where a score of 0=strongly disagree and 5=strongly agree. A mean score of 3 or higher was considered to signify agreement.

The final survey had reliability (α) of .904 for the perception cluster and .949 for the practice cluster. 

Results:

Independent t-tests yielded results that elementary and secondary school teachers did not differ significantly in their answers to the questions
Linear regression analysis showed that a teacher’s perception of the history of science predicted the likelihood of that teacher’s practice of teaching the history of science, but in looking at the data, all of the perception mean scores were above 3.0, whereas only four our of thirteen of the practice scores were above 3.0. 
Conclusions/Discussion:

Although teachers see the value in teaching the history of science, they don’t put it into practice for various reasons to the degree that they value it. From the interviews, we get a sense that perhaps teachers don’t have the time to devote to the effort.

One interesting point was made that the history of science could be incorporated more readily if it were blended into the current instruction.
These results cannot be generalizable due to the small sample size and the lack of random selection. While statistical measures were provided, I’m not sure of their validity due to their ordinal nature. 
Wang and Cox-Petersen, 2002
Introduction:

There seems to be a gap between the culture of those in the scientific world and those in the world of the humanities. The authors of this study, Wang and Cox-Petersen (2002), propose that teaching the history of science may bridge that gap, that the two cultures are segregated due to misunderstandings and misrepresentations.  The purpose of this study was to examine the perceptions elementary and secondary and student teachers of science had about the value of teaching the history of science in their classrooms.  The researchers were also examining whether these teachers practiced teaching the history of science.

Procedures/Method:

Seventy two teachers in Los Angeles and Orange County, California(43 elementary, 8 middle, 21 high school)  completed a Likert-scale survey for this study, called the History of Science Instructional Survey, developed by Wang and Marsh, the same survey administered in their 2002 study. 

The survey was designed from Wang’s History of Science Conceptual Framework, published in 1998. Thirteen items concern teachers’ perception of teaching the history of science, and thirteen items concern teachers’ practice of teaching the history of science. The survey has a reliability of 0.941.  

Results:

The mean score for teachers perceiving the value of including the history of science in their classrooms was 3.59 on a scale from 0 to 5 where 0=strongly disagree and 5= strongly agree. The mean score for the extent to which teachers actually practiced teaching the history of science in their classrooms was lower. It was 2.74 on a scale from 0 to 5 where 0= rarely occurred and 5=occurred frequently. 

Independent t-tests yielded results that elementary and secondary school teachers differed significantly in their answers to some questions, which is a different result than that obtained by a similar study by Wang and Marsh. These researchers were able to show that high school teachers included the practice of teaching the history of science in order to “enhance students’ understanding of scientific models and explanations” more frequently than elementary  or middle school teachers, and that high school teachers put more value on including the history of science than elementary teachers for several reasons: the value that it helped students master scientific concepts, master scientific models or explanations, understand the tentative nature of science, develop a systematic thinking process, develop better questioning skills, and increase their investigation skills. 

Elementary school teachers tended to place value on the history of science for its role in helping students develop a positive attitude towards science, develop role models, and understand the role of science in society. High school teachers tended to see the history of science as a tool to help their students understand content. 

Linear regression analysis showed that a teacher’s perception of the history of science predicted the likelihood of that teacher’s practice of teaching the history of science, but in looking at the data, all of the perception mean scores were above 3.0, whereas only four our of thirteen of the practice scores were above 3.0. 
Conclusions/Discussion:

These results cannot be generalizable due to the small sample size and the lack of random selection. One concern with comparing the Likert scales from two measures is that they are two distinct measures. Comparing what you agree with to what to do on a scale from 0 to 5 may be like comparing apples to oranges. Is it indeed fair to say that teachers practice less history of science teaching than they believe they should? Perhaps another Likert scale should be created, one which asks the question, “Are you teaching more or less of this aspect of the history of science than you would like to?” 

Stories about Science

Roach, 1994

Introduction:

Interactive, nature of science-based historical stories were created for use in an undergraduate physical science class for non-majors. While the historical content was accurate, the details were fictional. They were created by Roach in an interrupted story form, designed to be read in part, discussed with the class, and read some more. They were created in response for more research needed on ways to use the history of science to teach the nature of science. Understanding the nature of science is an important part of being scientifically literate, and research has shown that students of all grade levels are scientifically illiterate. This study was done with non-science major college students, who are typically uncomfortable with science. Teaching about the history of science was thought to promote their sense of curiosity and wonder, promoting scientific literacy. Additionally, theses stories were thought to act like a bridge connecting old and new concepts, making new ideas more meaningful. 

Procedures/Methods:

A 24 question instrument, the Nature of Science Questionnaire (NOSQ) was created by the author to measure students’ understanding of the nature of science. Validity was established by a panel of experts. Reliability was measured with Cronbach’s alpha and measured to be .74.  Two classes with 30 students each created an experimental group and a control group. Academic equivalence was established by comparing ACT scores between the groups with a t-test. Pretest scores on the NOSQ established equivalence in prior understandings of the NOS. Interactive Historical Vignettes (IHVs) were read to the class on a weekly basis during the semester-long study. The content of the story did not necessarily match the course content being taught. Vignettes were written about all disciplines of science and technology, not just physical science. Course content knowledge was measured with a final exam. Roach had all the students (in both classes) write in a journal and she interviewed one student from each class. She analyzed ten journals from the experimental group and no journals from the control group. She placed books about the history of science on reserve in the library and tried to measure students’ voluntary use of them outside of class, but was told later by the librarian that the usage records were confidential.

Results:


Groups were found to be equivalent on ACT scores and NOSQ scores before treatment. The difference between post- and pretest scores on the NOSQ were evaluated for each student. The results are inconclusive because Roach states that the control group did not show significant changes (the mean deteriorated, actually) while the experimental group did, but her table of result do not reflect this. She says that the students in the experimental group showed no losses in understanding the physical science content of the course but provides no evidence for that. Roach stated that the experimental group did show a statistically significant gain in understanding the nature of science but the table of means in her dissertation did not reflect that statement. It is very confusing.
Conclusion/Discussion:


At first glance, this study appears to be sound, but upon reading the dissertation more thoroughly, it becomes obvious that there were things Roach should have done in the study, and very confusing reporting of the results. It’s as if she confuses the terms control and experimental. It does not appear that her delivery of IHVs affected students’ conception of the nature of science. Perhaps it’s because the stories were part fictional. Perhaps it’s because they did not mesh with the content of the course. Perhaps they were poorly written. 


Roach should have interviewed more than one student from each group. She did not state whether the student was chosen at random either. She should have analyzed more than a third of the journals in the experimental group, and at least some of the journals in the control group. Once again, she does not mention if the choice of those journals was purposeful or random. 


This is the only study I could find in the literature that uses stories about the history of science specifically to teach the nature of science.
Interest and Motivation
Seker and Welsh, 2006
Introduction

In this broad study, the history of science was used in three different ways in three different middle school classrooms to try and tease out how it can best be used. One unique aspect of this study was that the history of science was used to try and increase student interest. Stories were used to try and capture interest.

Procedures/Method:


Ninety one 8th grade students were randomly assigned to four treatment groups. Each group was taught by the same teacher had very little background in the history of science prior to the study. One group served as the control while the other three received different levels of treatment regarding the history of science. They were studying a unit on force and motion. The researchers measured students’ views of the nature of science, their interest in science, and their meaningful learning about science.


Meaningful learning was measured with concept maps generated by the students. An inter-rater reliability of .71 was calculated for interpreting the concept maps. Students in the meaningful learning group were taught historical lessons that addressed their misconceptions.


Nature of science understanding was measured with the Perspectives on Scientific Epistemology (POSE) instrument as a pre- and posttest. In this group, students were encouraged to compare scientists’ methods from history. Inter-rater reliability was measured with Kendall’s Tau coefficients. They were unacceptably low at .07 on one scale of the test.


Student interest was measured with the modified Interest Survey developed by Mathew Mitchell in 1992. Students in this group were read short stories about scientists’ lives in order to give them a human dimension. The Chronbach alpha measure of reliability on this instrument ranged from .72 to .91.

Results:


An ANOVA test indicated that all four classes increased significantly in meaningful learning, but that no one class was significantly better than another.


Z-tests of significance were performed on the nature of science POSE surveys. The difference between the four classes was mixed: significant in some tenets, not significant in others. There was significant improvement in students’ understanding of scientific method and inferences.


Students showed a positive change in interest related to class context. According to the interest model developed by Hidi and Baird in 1986, there are four aspects of student interest: Individual interest, Situational interest, Hold components of interest, and Catch components of interest. Scientists’ personal life stories had the greatest affect on students’ situational interest. Discussions of ideas of the past and their methods had a negative impact on student interest. Overall, there was no difference in interest scores between the control group and the group treated with scientists’ life stories. Seker and Welsh concluded that if students had more regular and consistent exposure to the stories they might have had positive changes compared to the control group. 

Discussion:


The content was different for the four groups, the curriculum actually changed depending on what use of the history of science was being emphasized. It is not clear how many stories were told about scientists’ lives during this four month long unit either. While the results of this study were not overwhelmingly positive, one thing learned was that stories from scientists’ personal lives stimulated more interest that stories about their scientific methods or accomplishments. Since none of the stories were published with the manuscript, there is no way to judge the quality of these stories. 
Solbes and Traver, 2003

Introduction:


Spanish researchers, Solbes and Traver, introduced the history of science in a variety of ways to high school physics and chemistry students over the course of a year (Solbes & Traver, 2003). They were trying to have a positive impact on students’ views of science, since as they stated, “anti-science feelings are arising” in pockets of people who have either relativistic views, fundamentalist or mystical views, pacifist or ecological views, or who think that society has made science bad in itself. On the flip side, there are pockets of individuals who think that science is the only real path to truth. 


They cite research that claims that science education at the secondary level is boring and difficult with hardly any laboratory work, unrelated to its context in society. They state that students are losing their interest in science and leaving it behind after secondary school. They predict that if the base of students interested in science diminishes too much, society will be left with fewer scientists and science teachers, creating a negative circle until it closes. Their solution is to introduce the history of science into science teaching.


In 1996, Solbes and Traver conducted a textbook analysis to see how the history of science was portrayed. They sampled Spanish textbooks and obtained grim results. The traditional cases were present, but the literal quotations and original documents were missing, and the history of science was not used as a teaching reference or storyline. 

Procedures/Method:


Solbes and Traver compiled a variety of curricular materials and used them to replace the normal curriculum so that a historical view and storyline would be presented. Laboratory experiments were related to the historical problems from which they were derived. The tentative nature of science was revealed as non-prevailing ideas and unsolved problems were presented. Students’ misconceptions were challenged in this way as well. The human side of science was brought out as stories were told of the unsung heroes and the women and minority scientists. Controversial issues in science were brought up through discussions of the past.


Students were randomly selected into control and experimental groups and given questionnaires at the conclusion of their coursework. The experimental groups were taught by the authors and consisted of N=117 for Group 1 and N=116 for Group 2. The size of the control group was not stated.

Results:


There was a significant difference in favor of the experimental group in their ability to recall crises in science history, list scientists and their contributions, discuss the social consequences of science works, and indicate problems that originated in scientific achievements. 

Additionally, there was a significant difference in favor of the experimental group in their indicated desire to learn more about science history, biographies of scientists, and the process of science. The experimental group also indicated to a much greater degree (64.4%) than the control group (38.3%) that the instruction in physics and chemistry teaching they received has increased their interest in science. 

Discussion:


One issue with this research which pleases the fans of science history is that the students’ content knowledge in physics and chemistry was not assessed. The course that was developed for the experimental group seemed much like a course in science history, rather than a science course based on a historical base. The only way to tease that out would be to test the students’ content knowledge at the course end. 


Another issue is that the instruments used to test for view of science were researcher-created and no reliability or validity information was given about them. Additionally, Solbes and Traver spent a great deal of time describing their scientific viewpoints, but not enough time describing the nature of the course they designed for physics and chemistry students. 
Summary of Results from the Literature Review

The first section of this literature review concerned studies that looked at whether the history of science can be useful in promoting more positive views of science, or more desired views of the nature of science. All of the studies, which represented middle school to college students and teachers, indicated that the participants had a significant shift towards the more desired views about the nature of science. 

The second section of this review concerned studies that looked at whether the history of science can be useful in promoting both more informed views of the nature of science AND content knowledge. All three studies, two of which were on high school students and one of which was on middle school students, showed no difference in achievement in the content area when the history of science was implemented into the curriculum. They all did, however, show gains in understanding the nature of science. Note that while there were not gains in achievement in the content area, there were no losses either.


The third section of this review focused on studies that looked at whether the history of science can be useful in promoting conceptual understanding and problem solving in science. One study was on college biology students, on was on middle school physical science students, and one was on high school physics students. All three studies showed that the history of science can improve conceptual understanding, promote conceptual change, and help with problem solving. 


The fourth section of this review was about three studies aimed at using the history of science to help understand students’ alternative conceptions about science. One study was on 10th grade physics students, on was on middle school electromagnetism students, and a third was on life science students of various ages. In all cases, using the vast history of science was successful in helping the researchers discover and address alternative conceptions of students. 

The fifth section of this literature review was on two studies of teachers’ perceptions and practices concerning the history of science. The first study with elementary and secondary school teachers concluded that teachers value but do not practice teaching the history of science. The second study concluded that high school teachers use this history of science more than lower-level teachers, and that high school teachers value the history of science for very different reasons than elementary school teachers do. 


The sixth section was about one dissertation study that used stories about science to teach the nature of science. The study was poorly designed and the results were inconclusive.


The last section of this review concerned studies that measured students’ interest in science after being exposed to coursework that was historical in nature. In one study we learn that stories about scientists’ personal lives are of great interest to students, more so than stories about their methods of discovery. In another study, we learn that a high school physics and chemistry course based on history increased students’ interest in science as well as their knowledge about science history. What we don’t know is whether the science history content helped them learn physics and chemistry content.


This literature review was overall broad enough to cover seven major topics of research in the history of science field. It covered research that focused on students from elementary school to college, and also both pre-service teachers and seasoned teachers as well. It may not be representative of all the research that has been done in the history of science field, but it does show some general trends and possible areas for further work.

Chapter 3: Methodology

Overall, it is reasonable to say that the history of science can be a valuable asset to science education. It has been shown useful as a tool for understanding and addressing students’ and teachers’ alternative conceptions about science concepts (Feigenberg et al., 2002; Seroglou et al., 1998; Wandersee, 1985). It has been demonstrated that the history of science can be used to promote an increased awareness of the nature of science and positive views about science (Carrier, 1962; Galili & Hazan, 2001; Lavach, 1969; H. Lin & Chen, 2002). While the history of science may indeed promote more desired views about the nature of science, it is not at a loss to content knowledge in the subject matter (Klopfer & Cooley, 1963; Welch & Walberg, 1972; Yager & Wick, 1966), and the history of science can indeed help students gain a better conceptual understanding of the subject matter (Galili & Hazan, 2000; Jensen & Finley, 1995) in addition to promoting their interest in science (Seker & Welsh, 2006; Solbes & Traver, 2003). There is a question about whether stories about the history of science are effective in teaching the nature of science (Roach, 1994).

The question still remains as to why teachers are not including the history of science in their courses more frequently. Time constraints, lack of resources, and lack of confidence in the field all contribute to that problem. High school teachers see the value of the history of science, in that it is a tool for their students to understand content better, while elementary school teachers see the value of the history of science in that it helps students with positive attitudes and role models and understandings about science (Wang & Cox-Petersen, 2002). The fact that state and national curriculum reform documents include the history of science only complicates the matter. Forty years ago, the National Science Foundation was helping to support and develop teaching materials that included the history of science. With new reforms in the making, we need new support for our teachers as well. 

My proposed research is thus: with teachers indicating a desire to include the history of science, but indicating a lack of confidence, lack of funds, and lack of time in the yearly curriculum, I propose to craft a series of engaging and authentic historical stories matched to the Forces and Motion unit taught in first semester high school physics. These stories will be made into audio podcasts which will be played for the class at the beginning of each class period during the unit. Additionally, students will be able read the transcription of the broadcast in order to follow along with it. Moreno and Mayer studied the effects of auditory learning and found that students comprehend auditory material better when they have the text available to follow along (Moreno & Mayer, 2002). These stories will be tested with two high school teachers, and the teachers will need very little training on how to access and play the broadcasts. The stories of people struggling to discover the mysteries of the universe could help them develop more desired views on the nature of science. Overall, listening to engaging and interesting radio-broadcast-type stories could be a way to increase interest in science. Increased interest has been shown to lead to increased quality of learning (Schiefele, 1991).
Research Questions


Based upon the background literature, two research questions have emerged that pertain to this topic of interest:
1. Can engaging and authentic science history stories delivered through audio broadcasts and text effectively teach high school students about the NOS?

2. Can science history stories delivered this way increase interest in science?

Subjects/Sampling

Approximately 120 students in six high school physics classes at Albemarle High School will be the participants in this research. Albemarle High School is a suburban/rural school on the outskirts of Charlottesville, Virginia with approximately 1600 students. It has a demographic that is somewhat representative of the population in the United States, as seen in Figure 1 below. AHS has a lower population of Hispanic students than the National public school average of 16%, a similar percentage of Black students as the National public school average of 19%, and a greater population of White students than the National public school average of 58%. Of all the surrounding high schools, AHS is most like the national demographic. See Figure 2 for current trends in public school populations.
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Figure 1. Demographic information about Albemarle High School


Source: http://nces.ed.gov/nceskids
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Figure 2. Changes in public school demographics from 1972 to 2003


Source: http://nces.ed.gov/

It has a reputation for academic excellence, and a physics program that has earned distinction in this community. One of the teachers that will be participating in this study has been known to me for over ten years, and he has been a mentor teacher for student teachers from the University of Virginia as well. The other teacher is a graduate of the University of Virginia’s Curry School of Education. Two classes at the standard level, two at the advanced level, and two at the honors level will be randomly chosen. Each level will be taught by the same teacher. One class from each level will be randomly chosen to be the control class which does not receive the history of science audio broadcasts. The other class at each academic level will be the experimental class receiving the broadcasts on a daily basis during the period of this study. Since students cannot be randomly assigned to different classes, the treatment will be randomly assigned. 
Data Collection Procedures


All students in the study will take a content-based pretest 10 days prior to the beginning of the force and motion unit, and the same test at the conclusion of the unit. This test will be the revised Force Concept Inventory (FCI) first published in May 1992 by Hestenes et al. in The Physics Teacher (Hestenes, Wells, & Swackhamer, 1992) and revised slightly in 1995 by Hestenes and Halloun and now contains 30 conceptual questions that cover Newton’s three laws of motion, kinematics, superposition, and different kinds of force. The rationale for this concept pretest is to establish pre-experimental equivalency of groups. The rationale for administering it again as a posttest is to check for any positive or negative effects the history stories may have on content knowledge.

Nature of science ideas will be assessed ten days prior to the unit and immediately after the unit through the use of a forced choice 30 question True/False instrument being developed by Randy Bell called Nature of Science Survey. 


Interest in science will be assessed ten days prior to the unit and immediately after the unit by a modified version of the Interest Survey developed in 1992 by Mathew Mitchell for his doctoral dissertation. The original instrument focused on interest in math. The modified version will focus on science instead. It was modified and validated by Hayati Seker for her doctoral dissertation research in 2004 (Seker, 2004) and specifically tailored to classes where science stories are heard by students.

Students will keep a journal about their thoughts concerning the history of science stories, and create a timeline about the history of force and motion at the end of their three week unit. They will use their journal entries and notes to create this timeline. The timelines and journal entries will be used as part of the interview process as prompts. Additionally, the timelines will be graded on a scale of 1-20, with two points given for completeness and accuracy of each history event and two points given for correct placement of events.

I will be observing students’ reactions to the history of science stories, taking ethnographic-style notes and looking for evidence of interest. I will be noting any discussions that follow the story broadcasts. I will observe all six classes throughout the study to characterize what happens and ensure equivalency of treatments and instruction. Additionally, I will interview a random sample of 15 students, five from each of the three experimental groups to clarify their responses to the Interest Survey, Nature of Science Survey, Force Concept Inventory, and their timelines. Interview protocol is presented in the Appendix.
Instrumentation

Face and content validity for the FCI is provided by the scores of physics teachers who use this test and generally agree that it measures students’ conceptual understanding of force ((Hake, 1998; Henderson, 2002; Savinainen & Scott, 1992) Hestenes and Halloun (Hestenes & Halloun, 1995) state that:

Since the test was published it has been carefully examined by many physics professors. Suggestions have been made to improve the wording or diagrams for a few of the questions, but there has been no serious question as to which is closest to a Newtonian choice on any of them. The face validity is thus beyond reasonable doubt. (p. 502) 

A 1998 estimate was that the FCI had been administered to over 20,000 students in over 300 classrooms from high school to graduate school, to date (Hestenes, 1998). Reliability has not been statistically measured, but inferred by similar posttest scores by over 7000 students after taking an introductory physics class (Hake, 1998; Hestenes et al., 1992). In her doctoral dissertation, Nejla Yuruk (Yuruk, 2005) measured the reliability of the FCI with high school honors physics students. She used the Kuder-Richardson 20 coefficient. For the posttest FCI, KR-20 was measured to be 0.73 for the control group (N=23) and 0.83 for the experimental group (N=22). These values indicate a high level of reliability.

The Nature of Science Survey being developed by Randy Bell is a work in progress. Between now and the time I implement this study, I will be working with Randy to field test and help establish validity and reliability for the instrument.

The Interest Survey developed by Mitchell in 1992 was modified by Seker in 2004. Cronbach’s alpha reliability coefficient for posttest scores was measured to range from .72 to .91 based on pilot study findings. 

Treatment


At the beginning of each class period during the three week force and motion unit, the instructor for the experimental classes will play a 5-7 minute audio broadcast, a podcast, from the computer in the classroom. Students will be given a textual transcript of the broadcast too, so they can follow along. Students will be asked to take notes and record their thoughts about the story in a special journal devoted to the project. Students will be asked to create a timeline at the end of the unit, so their notes will be important. Each story will focus on one scientist in history who contributed to our knowledge about forces and motion. Aristotle, Hero of Alexandria, Archimedes, Galileo, Gassendi, Newton, Halley, and others will be highlighted in the daily broadcasts. There will be nine podcasts in all. Other than a natural discussion with the teacher that may follow and journal writing, there will be no other intervention. 
Data Analysis

Force Concept Inventory scores will be compiled by the researcher and they will be analyzed in two ways. Class means will be compared with ANOVA for statistical differences with post-hoc analyses to determine which means differ significantly, and pre- and posttest will be compared for each class with matched pair t-tests to measure change over time. 

The Nature of Science Survey scores will be compiled and analyzed the same way.


The Interest Survey will be scored and analyzed with ANOVA as well with follow up post hoc tests to analyzed differences between and among classes.


Correlation coefficients will be calculated between students’ Interest Survey scores and their FCI test scores. Correlation coefficients will also be calculated between students’ timeline scores and their Nature of Science Survey scores. The relationship between interest and concept development will be revealed, as will the relationship between knowledge of the history of science and the nature of science. 


Interviews with 15 randomly selected students, five from each experimental group, will help the researcher understand the feelings and thoughts of the participants, which will serve to both clarify responses and provided a more in-depth understanding of how history of science stories can affect interest and learning in both science content and nature of science understandings. 
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Appendix
Interview Protocol for Students

1. Describe some things you liked about the science history stories you heard all throughout this force and motion unit.

2. Was there anything you disliked about listening to the stories? Elaborate…

3. Did the stories change the way you thought about science? If so, how?

4. Did the stories make you more interested in learning about science?

5. Outside of class, do you normally read about science or listen to any science broadcasts or watch any science-relate TV shows? If so, what?

6. Did you read about science or listen to any science broadcasts or watch any science-relate TV shows during this unit on force and motion? If so, what?

7. Show me the time line you created. Can you describe it for me?

8. In your own words, what is science?

9. Is there a place for history in science classes, or do you think it should be only taught in history classes? Elaborate why or why not.

10. What do scientists do?

11. How is science different from other ways of finding things out, such as journalism or library research?
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