OF IMPLEMETING TECHNOLOGY AS AN EDUCATIONAL RESOURCE FOR CONCEPTUAL UNDERSTANDING OF UNOBSERVABLE AND ABSTRACT CONCEPTS IN CHEMISTRY

Jerel Ray Perez – St. Edward’s University

Introduction

Evidence has shown that the quality of education, supplemented with an array of technological advancements, has increased the achievement level of students in all grade levels.  This step into technology integration proves to have positive effects toward gaining the attention of students while engaging them in an active learning environment.  Recent years of research from the National Science Council of Taiwan has concluded that the integration of technology has a profound effect on the enhancement of learning in the classroom as multi-media devices are designed to effectively provide organized information that appeal to the various learning styles of students (Koun-ten, Yuan-cheng, & Chia-jui, 2007).  Studies also indicate that this method of educating has been beneficial in the high need area of science and math.  The complexities of mathematics, along with abstract fundamentals in chemistry and physics, have a tendency to hinder the level of understanding in students and in effect, students perform poorly while testing and rarely consider any serious endeavors in their real world applications.  Therein the question lies: Why are we educating our students in natural sciences?  Many words come to mind in response to this query such as combustion, medicine, and exploration.  In 1934 Albert Einstein spoke with a small group of school children stating that the education they had been given was their “inheritance in order that [they] may receive it, honor it, and add to it.”  Teachers encourage their students to learn because we trust that they will use that knowledge to do great things for humanity.  If the abstract concepts and unobservable phenomena in natural sciences negate the interest of our students, then advancements in fuel sourcing, medical economy, and planetary research may be slowly realized.  It is the belief of the researcher that a shift toward implementing technological applications such as interactive simulations will not only raise the achievement level of students but in turn provide positive feedback to encourage students to be more aware of applications outside of the classroom.
The purpose of this study is to identify a link between contextual understanding and the use of technology in high school chemistry.  Does the use of computer simulations aid aide high school chemistry students in the understanding of complex principles and unobservable relationships in chemistry?  Would teachers, young and old, benefit from the use of educational technology to assist student understanding of these concepts?  Is there enough evidence to support the benefits of this methodology over the cost of funding such programs?  Answers to these questions would help to improve educational policy as it might assist the paradigm shift from the 20th to the 21st century classroom.  In exploring this dilemma it will be important to find solutions to better students’ understanding of unobservable reactions and relationships that are involved in chemistry as well as identifying subjects that teachers are having difficulties teaching.  A study conducted at the University of Cyprus which showed that the use of technology as a cognitive tool for students proved beneficial as a method of delivering abstract concepts in science (Angeli & Valanides, 2008). A 2007 study which evaluated web-based tools as learning objects concluded that technology enhances learning and reduces the “impact of potential obstacles observed by science teachers,” (Kay and Knaack).  From this research it is evident that learning, as a personal device, can be greater harnessed by the addition of computer assisted technology and furthermore, provided evidence that the majority of the teachers involved in integrating such technologies found them helpful in engaging their students in the lessons.  It is the opinion of the researcher that the use of active media in science education will aid in gaining the interest of young minds into fields related to chemistry as this subject is the backbone for many other sciences such as biology, nanotechnology, physics, and thermodynamics.  
Over a six week period the research is intend to focus mainly on identifying complex ideas in the chemistry and shows how technological advancements in education can prove useful in countering the low achievement levels that come with teaching them.  As suggested, the researcher intends on creating solutions to better understand abstract concepts with the aid of virtual worlds, simulations, and other interactive media sources.  The complex principles consist of unobservable phenomena that occur at many levels of visibility.  This study will also attempt to explore the barriers of low socio-economic status in relation to not only achievement of student body, but interest in pursuing future study in such academics.  Included would be the art of actively engaging students in simulated science labs and would not be limited to a study of technology as a tool to overcome the psychological effects of learning.  Other barriers such as limited technology, fear of technology, and insufficient access (Kay & Knaack) will be interpreted through the high school campus.  Additionally, the researcher will investigate the advancements in the design of digital learning that have been made from recent studies including the use of visual analogies and mental modeling.   An example comes from a study performed in British Columbia where the researchers theorized that computer-based analogies could support student understanding of microscopic phenomena with greater achievement than computer simulations alone (Khan & Trey, 2008).  A second study measured the cognitive load of information that was given during instruction with the integration of animated models and text.  The data showed that the mental weight was far less for the students than with traditional methods such as lectures (Kalyuga, Chandler, & Sweller, 1998).  This is important to note since many schools in the United States have begun to take on conflicts in student learning with the support of technology though the design of the applications will need continual development in order to benefit diverse learning styles.
It is hypothesized that those students who have the advantage of educational technologies will outperform those who do not as recent studies have shown (Barnea & Dori; ChanLin; Cox, Jordan, Cooper, & Stevens; Duit; Kablan & Erden; Khan & Trey; Kay & Knaack; Ozmen).  It is assumed that those using the support of virtual interaction will not only be aided in the understanding of complexities of chemistry but will encourage the students to further explore the many realms of science.  It is not the expectation of the researcher that the evidence collected will be enough to support the formulation of any new policy concerning the funding issues of technology in education, though it is hoped that further research will assist.  It is hoped that this study will prove funding for technologies in scientific study would greatly benefit school systems by increasing achievement in low performing schools.  Furthermore, the results from the study will add to data that suggests to policy makers that funding for technology in education is a benefit necessary to equalize the success of schools.
Definitions
Unobservable phenomena/abstract concepts – Notions such as these are judged by their occurrences in the natural world (and especially in science) which do not occur at the macroscopic level.  These relationships cannot be observed with the naked eye.  Examples would be the four forces of nature (gravity, electro-magnetism, and the strong and weak nuclear forces), interactions at the molecular level, and principles that apply only to the quantum world.

Socio-economic status – This can be based on family income, social status in the community, parental education level and occupation.  For the purpose of this study, it can be reflected upon in the school system and even the students themselves.

Achievement level – This will be measured by a percentage scale and will be directly related with the Austin Independent School District’s level of success in competency in high school chemistry.  High level will include those students who performed in the 80th percentile and above while low level will include those who scored lower than 80 percent.
Technology integration – This method of teaching will consist of using computer assisted applications to aid instruction of scientific concepts.  They may include simulated laboratories, interactive media devices, or three dimensional models represented through a digital medium.  Methods such as this will directly converse with traditional means such as lectures and textbook assignments.

Review of Literature
The unique aim of science instruction is to help students obtain conceptual understanding of significant science concepts.  The results of a 2009 study show that instruction based on a conceptual approach enhances improvement of students' understanding in chemistry concepts. “Students may have difficulties in understanding many chemistry topics because of their misconceptions. Students' misconceptions and intuitive ideas may prevent their conceptual understanding of the chemistry,” (Cetin, Geban, Kaya, 2009).  A 2009 study which focuses on cognitive load and student engagement suggest that educational games can have a great impact student motivation (Annetta, Minogue, Holmes, & Cheng).  The motivation is said to be instilled in students when learning does not feel like working.  “Games engage students in abstract thinking of complex and physical phenomena and immerse the learner in worlds that not only represent scientific phenomena, but can also behave according to the laws of physics” (Dede, Salzman, & Loftin, 1999).  Much of the new interactive media is displayed in a way that allows the user to control movement on a screen much like if it were right in front of you.  Learning in a manner which allows students to interact with a concept in a personal way not only allows one to construct individual knowledge, but also reduces the cognitive load through learning efficiency.  Multimedia theory and cognitive load theory are both related to earlier work based on a model of cognitive architecture (Newell & Simon, 1972).  
Theoretically, in a century technology will have significantly altered our society’s ideas on education to near inconceivable proportion which will dwarf our conception of learning without the use of the internet. Many studies have shown more than the utility of technology in the classroom, and further have investigated the tools that are being implemented for the student to comprehend new material.  Researchers Angeli and Valanides from the University of Cyprus state the problem clearly: “Whether computers should be used in teaching and learning is no longer an issue in education . . . emphasis is ensuring that computers are used efficiently to create new opportunities for teaching and learning” (pg 3).  The use of analogical reasoning has gained much attention for this reason.  Researchers from the University of British Columbia, Lana Trey and Samia Khan, conducted a study on high school students’ understanding of a concept in analytical chemistry called Le Chatelier’s Principle.  “Le Chatelier’s Principle states that if a closed system of equilibrium is subjected to a change, processes will occur that tend to counteract that change” (pg. 519)  The research in this study was formulated by theory that computer-based analogies could support student understanding of microscopic phenomena with greater achievement than computer simulations alone.  It is identified that changes in chemical makeup that occur at the macroscopic level, such as a change in color in the solution, are easy to observe in comparison to reactions at the sub-atomic level.  The use of the analogy was the main variable in the study as some students in the group were able to access the tool during the computer simulation while other students did not.  As the analogical tool was interactive, the students were able to fashion the metrics of the equation in many ways to reveal the outcome of the theory.  The potential for the students to identify with what was happening during the reaction was amplified by depiction of the event (Khan & Trey 2008).  The use of analogies is said to be a means for students to understand unfamiliar concepts by constructing similarities between what is know and what is unknown (Duit, 1991).  Overall, the visualization of the occurrences in the chemical world and the relationship between long term and sensory memory proved to be beneficial in the students’ understanding of Le Chatelier’s Principle.  The study was supported by previous research in Kenya to identify the nature of analogies that are being used by teachers of high school science courses (Nashon, 2003).  The research was conducted with the intension of mapping out design methods for instructional technology that would teach students about abstract concepts in science.  
Haluk Ozmen of Karadeniz Technical University in Trabzon, Turkey recorded data which suggested that computer-assisted instruction, as opposed to traditional teaching methods, have a positive effect on improving the teaching of abstract concepts of science.  Ozman conducted this study with focus on students’ understanding of chemical bonding at the microscopic level through the aid of computer simulation in addition to the improvement of their attitudes toward learning scientific concepts (2007).  His findings support prior research that states that computer-assisted instruction (CAI) dramatically improves the teaching of unobservable phenomena in chemistry and have the ability to experiment with dangerous chemical reactions (Allessi & Trollip, 1991) by showing substantial improvement in performance from students during the experiment as their test scores and attitudes toward learning excelled.  Ozmen also stresses the point from other studies that suggest teacher training as an essential to successfully integrate uses of technology which engage students in contextual learning.  It is evident that the need for educated teachers who have the ability to employ technology efficiently and that the lack of this progress is the cause for little advancement in the educational system (Bennett, 2003).  The use of computers as an aid for teachers should be commended as they can always be attentive to students’ individual needs and offer immediate praise and feedback.
The research for the University of Cyprus identifies an issue that will be anticipated during the study, namely the effects on teachers’ attitudes toward the integration of technology in their science curriculums.  Data from this and other literature show that tenured teachers have an increase risk of rejection to the change in curriculum (Angeli & Valandes, 2008).  As part of the study ten secondary science teachers of various educational backgrounds were selected to be trained on techniques to integrate computers and technology into their lesson plan by identifying abstract concepts in science which students tend to find difficult to conceive.  The researchers state that once these topics have been selected, then the appropriate technological tools can be selected to incorporate into their lesson plan.  The goal is not merely to use these tools as a method for delivery of abstract concepts but as a cognitive tool for the student.  While the data showed that the majority of the teachers found the lessons to be very helpful, the relevance of this study lies in its numbers.  The higher number of years that the teachers had in the school system was reciprocated by a limited amount of pedagogical knowledge and minimal skills in computing.  “Only a chemistry teacher with 35 years of teaching experience had difficulty identifying a science topic to be taught with computers.  The same teacher did not have any computing skills, had limited pedagogical training, and was not really willing to invest time [into the training]” (Angeli & Valanides, pg 8).  The research suggest that the difficulty to effectively restructure science teaching with the aid of technology has been a daunting process due to the emphasis on technical skills and the teacher’s lack of confidence with what they learned during the training.  Further research would be conducted to involve tenured professionals in designing computer-assisted instruction for their students.  
A study performed in Israel during the mid-1990’s used the concept of molecular modeling as an example of unobservable phenomena that can be taught with computers.  The goal of this study was to expose teachers to computerized molecular modeling (CMM) and their benefits while studying the effects on student performance with prior assessment compared to assessment post-simulated lesson (Barnea & Dori, 1995).  The software itself was advantageous for the students as the molecular models could be assembled in any fashion with accurate and detailed results.  The CMM software gained the attention of the students by engaging them to interact with the models while improving their spatial conception at the atomic level.  The data from the control and experimental groups of students that participated showed that the students who used the CMM in their lesson improved dramatically in assessment than those who used traditional methods.  Their findings reflect the constructivist learning theory which hypothesizes that students attain meaning by interacting with physical events and phenomena to gain knowledge (von Glaserfeld, 1989).  Consequently though, only a small percentage of the teachers were willing to implement the software into their lesson plans which the researchers suggest can be tied to anxiety working with computers in a new way.  
A software called IMMEX (interactive multimedia exercises) was highlighted in a recent study as it has been gaining much attention due to its pinpoint method of identifying student understanding of complexities of science.  Though it was created to improve problem solving skills for students, it became a key element in the determination of misconceptions of scientific knowledge by students (Cox, Cooper, & Stevens, 2006).  The focus of this study hypothesized that teachers would benefit greatly from a software that allow them to discover the steps and methods that students use to solve problems in science classes.  Their findings show that teachers who use this program with their students find it an excellent study tool as it provides intricate problems with a large working environment for the student as well as providing a map of each student’s conceptual understanding.

When introduced to educational software in science, a current study shows new insight into the use of text with three-dimensional animation, specifically its need to be effective (Kablan & Erden, 2008).  The focus of this study was specific to critiquing the quality of design that goes into creating educational software.  During the research the mental effort and performance of the students were compared by the effects of integrated text or separated text in animation within two study groups.  Assessment was complete by pre- and post-tests during the lesson as well as open-ended questions for the students concerning the cognitive load measurement from the program.  The researchers’ data supported their hypothesis that integrated text and animation required less mental effort and increased performance.  Again, this is an example of how education software can have serious implications on how well the application improves achievement and what designers should be considering during the process of development.
The researchers from the National Science Council of Taiwan show that the integration of technology, notably web-based learning environments, has also had a profound effect on the enhancement of student learning in the classroom (Koun-ten, Yuan-cheng, & Chia-jui, 2007).  Reasoning for such integration are explored in ideas such as creating a suitable learning environment where one does not exist, virtually imaging of inaccessible materials and scenarios, and providing instant evaluation and feedback from such systems.  In the study data was collected from two groups of students who were either in a controlled environment where no use of web-based learning was used and another experimental group where traditional text-based learning was exempted.  The study details why the control group suffered in attentiveness and grade achievement while the experimental group gained focus and higher assessment levels. The researcher concludes that multi-media technology should be designed to effectively provide organized information that appeal to various styles of learning and are effective in the improvement of student learning.  Further research from Taiwan shows that students could additionally work in groups to research scientific data via hypermedia tools and use technology to report their findings.  ChanLin suggests that the students will benefit in two ways: that their research skills will dramatically improve by the addition of multimedia devices as a learning tool, and they will also attain conceptual knowledge of the scientific topics by electronic exploration.  The outcome of the study proved to be successful as the author’s data showed a high percentage of the students enjoying the experiment and gaining much knowledge of scientific research.  Not only did the students learn from each other but the teachers also learned how their students were conceiving information through various resources.  It is these diverse methods of research that would prove useful to students’ conceptualizing many aspects of scientific inquiry.  (ChanLin, 2008)
This study brings to light a phenomenon that exists as a barrier to much of the learning tools that are available via the internet.  Ethical behavior has become a roadblock due to the lack of general ethical awareness from not only students, but administration and teachers as suggested by Beycioglu (2009).  Such a dilemma in schools unfortunately narrows the chance of such amenities as wireless access and increases the odds of negating quick access to multimedia.  Many times the internet is completely inaccessible due to restrictions of the district or campus.  According to the study there was more than refuted web capabilities, results indicated that many student teachers were using unlicensed software in order to design lesson plans.  Data from the surveys suggests that finances played a large role in the reasons for student teachers’ use of such software.  It is important for educators to know the right routes to obtaining and using technology in the classroom in order to demonstrate ethical behavior as a mentor to students.  Computer ethics ‘‘is a relatively young discipline; hence, it needs time both for reflection and for exploring alternative ethical standpoints in building up its own theoretical framework” (Adam & Ofori-Amanfo, 2000).  

Method
This study will target high school chemistry classes in the Pflugerville Independent School District focusing directly on the achievement level and student attitude toward learning with technology.  There will also be a focus on teacher attitudes toward integrating instructional technology into their curriculum.  The design of the study will call for a quantitative analysis of classroom dynamics over a six week period of technology integration.  During this time the researcher will collect information concerning the trends of student assessment, engaging lessons, and the opinions of integrated lessons from teachers and students.  Quantitative data covering time of transition and student achievement will be compared to the analysis to show that the use of technology in chemistry courses helps student to achieve higher than traditional methods.  This data will consist of scores on pre- and post test assessment over the course of one to three units in high school chemistry as well as questionnaires, interviews, and observations made by the researcher.  Students will be invited to participate in group interviews concerning their conceptual understanding of abstract science and their attitudes toward using instructional technology during lessons.  Teachers will also be interviewed individually along with questionnaires concerning their use of computers and technology in their lives and as an educational tool.  Along with a comprehensive survey of the integration at the end of the study, classes will be observed prior to and during the study in order to recognize patterns from the engagement of students into the lessons.   The dynamics between student and teacher will be closely monitored in order to understand the bridge between teacher and learner while conceptualizing unobservable and abstract concepts of chemistry.  This may help to answer the question “Why are students struggling with motivation when it comes to learning scientific models?”  

It is hypothesized that the use of technology in instruction will provide higher achievement in learning and have a positive effect on the student’s motivation to continue the study of science.  Higher achievement and active engagement between the teacher and students will provide evidence that simulated instructional design improves contextual understanding of unobservable phenomena in chemistry.  Gathering data on the attitudes of the students and teachers will play a large role in determining how the use of technology helps in engaging students in the lessons as well as thoughts on how teachers should integrate their lessons.   For the students it would be advisable to have them recollect their understanding of the material for conceptual purposes rather than test taking abilities.  This is meaningful to the study as students are to understand the concepts being taught and not solely the regurgitation of tactics for test-taking.  It will also be necessary to gather input from the students on their thoughts concerning the methods used in instruction.  If the students find the use of technology helpful or a hindrance, then it is important to examine the reasons for this observation.  

The research will involve and extensive analysis of the learning environment prior to implementing the study by reviewing the available technologic resources that have been used in the current curriculum.  This will aid in the identification of additional resources that may be available for the study (i.e. educational software, freeware, chemical instrumentation).  The design of the study will center on understanding the quality of learning with interactive media applications in chemistry rather than a focus on what type of schools are using them.  While data concerning the poverty rate of school and its students will be analyzed, it should be stated that the ideal sample of students should represent a full range of the spectrum, specifically high and low SES with a gray area between them.  It is assumed that schools of low SES will not have the funding to integrate such educational devices and likely will not have the necessary means to present instruction with technology therefore if funding cannot be supplied then it will be the responsibility of the researcher to implement a system of educational technology applicable to the setting with respect to equipment currently in place.  This can be accomplished through a mashup of online software/freeware or WebQuest.  

Over the six week period an initial observation of classroom dynamics will be coupled with surveys completed by students that analyze their views of learning scientific concepts.  Data concerning their overall and individual performance will be collected from the teacher in order to calibrate the achievement level of the class.  Students will be taught concepts of chemistry through traditional means and assessed on their learning through a post-test to determine their understanding.  Educational technology will then be implemented several times throughout one to three units of material which will have students engage themselves in the lessons.  Their understanding will be assessed through oral and written interpretation and compared to prior achievement.  Students will be expected to participate in group discussions during the study which will analyze their impressions of how they learn the material best.  They will also be given questionnaires containing open-ended inquiries as to how they felt about integrating technology into their lessons.  Teachers will complete a similar questionnaire which maps out a linear pattern concerning their attitudes toward technology in their curriculum.  Achievement data from the students will be analyzed alongside the qualitative data of the study to determine whether the use of technology in high school chemistry lessons is advantageous for students and teachers. 
Figure 1, Timeline
Observations and interviews throughout study



District Analysis
John B. Connally High School—Pflugerville Independent School District

The Academic culture of Connally High is built upon the strategy to develop career oriented curriculums that are individualized for each student across grade levels.  Daniel Garcia, the Principal of C.H.S., believes these career themes encourage high standards from the student body because of the concentration on preparing them with the education to find a job.  In an article from the Community Impact Newspaper (2009) he states, “My personal philosophy with the students here is just to afford them opportunities and prepare them for the world outside the campus, whether it’s going to junior college or going to the work force or Harvard and MIT.”  This suburban campus has dealt with serious blows to their academic performance over the years but has overcome these difficulties by raising their TAKS scores nearly 20% higher since 2003 according to the AEIS data.  Principal Garcia, having acted as Assistant Principal and Principal Head during this time, owes the general improvement to this style of learning called Smaller Learning Communities which emphasizes individuals in a larger school environment.  As he knows that some students care little about their own education, he also knows that the answer to this challenge is embedded in the style and methods that his teachers use.  “The rigor of the program has to be there for all of the students and it has to be engaging. If you have a young person not wanting to come to school, they’re usually disengaged because they’re bored and they’re not finding how this is going to help them in the future. Really, the challenge is to have our teachers prepare lessons that are engaging, that are rigorous and that are relevant for the student to want to be there.”


While this improvement shown in the AEIS data is positive in comparison to the schools performance over five years ago, the numbers today still show that there is a heavy weight in their struggle to succeed.  The school is academically acceptable according to the 2008-2009 report with a 19% increase for all students in the last five years, though the overall performance is still suffering.  In 2008 the student body performance achievement rate was 55% with math and science scores suffering in the mid 60th percentile.  The profile of the school is less than a quarter Caucasian and two-thirds Hispanic and African descent.  There is also a high population of economically disadvantaged students which is closing in on half of the student body.  Dropout rates at Connally are also at their highest in years while the student completion rate continues to dwindle with it plummeting -7.4% in five years.  My focus for the research is on the numbers reflecting science scores at Connally High which have reached the 40 percentile in some ethnic groups.  


This school is ideal for my study as it reflects a wide range of social class and ethnic background represented in a modern Texas educational system.  At the same time the population of economically disadvantaged students is nearly half of the school which theoretically implies that each class will represent the same numbers.  The importance in this idea is that there will be a significant number of students who have been introduced to or regularly use technology as a part of their scientific learning.  The data should suggest that the incorporation of technology into the study habits of these students will equalize the pass/fail rate across the board during assessment.  At the same time, the research may validate the claim that technology plays a large role in the difference in achievement between those students who are economically advantaged and disadvantaged.  


The first part of the research will be to find more information concerning the context of the classroom and what methods are being used by the teachers.  If they are using technology to help students learn, then research must find out how and how often along with the resources that are being used in the classroom.  Are there after school programs initiated to help those students who are suffering in classes such as chemistry?  Are the students being directed to outside resources such as online tutorials?  The scope of the research is to help develop the teaching methods that are currently in place so that students may benefit by being introduced to chemistry in a new way.  

Conclusions
In retrospect, I believe that the difficulty of understanding abstract and unobservable phenomena in chemistry hinders the students by having them suppose that they cannot learn the material.  The main idea of this study does not solely revolve around student understanding of chemical relationships, but support evidence showing that low achieving schools can be aided by the inclusion of technological resources in education.  It is hoped that data from the study will provide a resource for further study into the development of low socio-economic schools and to support advocates who wish to create new policy on funding for technology.

Works cited
Adam, A., & Ofori-Amanfo, J. (2000). Does gender matter in computer ethics? Ethics and Information Technology, 2(2), 37–47.

Allessi, S., & Trollip, S.R. (1991). Computer-based instruction: Methods and development (second ed.). New Jersey: Prentice-Hall.

Annetta, L., Cheng M., Holmes S., & Minogue (2009). Investigating the impact of video games on high school students’ engagement and learning about genetics, Computers & Education, 53, 74-85.

Angeli, C., & Valanides, N. (2008). Professional development for computer-enhanced learning: a case study with science teachers. Research in Science & Technological Education, 36 (1), 3-12.

Barnea, N., & Dori, Y.J. (1995). Computerized molecular modeling as a tool to improve chemistry teaching. Journal of Chemical Information and Computer Science, 36, 629-636.

Bennett, F., (2003). Computer-assisted education could radically alter the role of teachers. In Torr, J. (Ed.), Computers and education (pp. 93-100).  San Diego: Greenhaven Press.

Beycioglu, K. (2009). A cyberphilosophical issue in education: Unethical computer using behavior – The case of prospective teachers, Computers & Education, 50, 2001-2008.

Cetin, P.S., Geban, O., & Kaya, E., (2009). Facilitating Conceptual Change in Gases Concepts, Journal of Science Education and Technology, 18, 130-137.

ChanLin, L. (2008). Technology integration applied to project-based learning in science. Innovations in Education and Teaching International, 45 (1), 55-65.

Cox, C.T., Jordan, J., Cooper, M.M., & Stevens, R. (2006). Assessing student understanding with technology.  The Science Teacher, 73 (4), 55-60.

Dede, C., Salzman, M., & Loftin, B. (1999). Multisensory immersion as a modeling environment for learning complex scientific concepts. In W. Feurzeig & N. Roberts (Eds.), Modeling and simulation in science and mathematics education. New York: Springer-Verlag, 74-85.

Duit, R. (1991). On the role of analogies and metaphors in learning science. Science Education, 75 (6), 649-672.

Kablan, Z., & Erden, M. (2008). Instructional efficiency of integrated and separated text with animated presentations in computer-based science instruction. Computers & Education, 51, 660-668.

Kalyuga, S., Chandler, P., & Sweller, J. (1998). Levels of expertise and instructional design. Human Factors, 40, 1-17.

Kay, R. & Knaack, L., (2007) Evaluating the use of learning objects for secondary school science.  Journal of Computers in Mathematics and Science Teaching, v26(4), 261-289.

Khan, S., & Trey, L. (2008). How science students can learn about unobservable phenomena using computer-based analogies. Computers & Education, 51 (2), 519-529.

Koun-ten, S., Yuan-cheng, L., & Chia-jui, Y. (2007). A study on learning effect among different learning styles in a web-based lab of science for elementary school students. Computers & Education, 50 (4), 1411-1422.

Nashon, S.M. (2003). Teaching and learning high school physics in Kenyan classrooms using analogies. Canadian Journal of Science, Mathematics, and Technology, 3 (3), 33-35.

Newell, A., & Simon, H. (1972). Human problem solving. Englewood Cliffs, NJ: Prentice Hall.

Ozmen, H. (2007). The influence of computer-assisted instruction on student’s conceptual understanding of chemical bonding and attitude toward chemistry: A case for Turkey. Computers & Education, 51. 423-438.

Von Glaserfeld, E. (1989). Cognition, construction of knowledge and teaching. Synthesis, 80 ,121-140.

Six Weeks





Final unit exam and post-study surveys (teacher and students)





Traditional approach to topics and unit exam





Survey given to students concerning their attitudes toward chemistry





Data analysis





Technology approach to topics and survey of students and teacher attitudes toward lesson styles





Analysis of technology in place and difficult topics complete prior to study








