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Introduction to Flipped Classrooms

In today’s economic state where public schools are undergoing reconstruction of their budgets, it is essential to consider other options to help benefit students’ learning.  Often, class sizes increase as a result to budget cuts, and teachers end up spending less individual time with their students.  In order to counterbalance this issue, distance education methods must be considered.  Distance education involves “institution-based formal education in which the learning group is separated, and where interactive telecommunications systems are used to connect learners, resources, and instructors,” (Simonson et. al. 2013, p. 32). There are several forms of distance education to consider. An aspect of distance education is teaching students the course material online.  There is a new strategy developed in education called the flipped classroom model, which implements giving students both online components of lessons as well as in-class activities (Tucker, 2012, p. 82).  This would provide a benefit to the science curriculum in particular.  Flipped classrooms provides a benefit in teaching high school science coursework for it allows students more time for hands-on learning in the classroom to reinforce theory learned at their own pace at home. 
Flipped Classrooms- An Overview

In order to implement a flipped classroom model in the school curriculum, it is important to understand how it works.  The flipped classroom style of learning is different from traditional face-to-face style learning, where most of the instruction takes place in the classroom and students complete assignments at home.  Rather, “with teacher-created videos and interactive lessons, instruction that used to occur in class is now accessed at home, in advance of class,” (Tucker, 2012, p. 82).  Class time is when students work on their assignments, either alone or in groups.  Tucker (2012) suggests that the flipped classroom model can best maximize an important and hard to find teaching resource, which is time (p. 82).  With increased class sizes, it becomes even scarcer to spend adequate instructional time with students.  A flipped-classroom model will help give teachers the opportunity to spend more time working with students individually as they are working out class assignments.  Students take notes based off of the videos posted online at home, and bring in those notes to class.  According to Tucker (2012), the instructor in a science classroom can probe for misunderstandings in concepts, clarify them, and spend more time individually with students (p.82).  With extended time in the classroom, the instructor would be able to target students that are having issues with science topics and differentiate instruction.  A flipped classroom model would be helpful to provide students an opportunity to learn the course material to greater depth as well as get more one-on-one guidance from their instructors.  This model shows promise by incorporating distance education to science curriculum.
Designing Science Curriculum with Distance Education 


There are several implications to consider when designing a curriculum with a distance education model along with science coursework.  Rather than shifting it completely online, it would be even more effective to have a blended model, with both asynchronous learning occurring online and synchronous learning occurring in the classroom.  Distance education in the science classroom shows promise in promoting scientific literacy.  According to Bennett and Bennett (2004), a study of Paul F-Brandwein’s perspectives of science education views is as an ecosystem, with three reflective ecosystems involving the community, family, and school (p.138).  When these three parts interact with each other harmoniously, the students achieve better (Bennett and Bennett, 2004, p.138).   As early as 1968, Paul F-Brandwein surmised that “we are all affected by the powerful partnership of science and technology; these ramify every aspect of life,” (as cited in Bennett and Bennett, 2004, p. 141).   Distance education in science, including technology into instruction, does provide a means for students to connect every aspect of life to what they learn in the science classroom.  Brandwein suggests that “this technology can stimulate children to undertake inquiry beyond expectations,” (as cited in Bennett and Bennett, 2004, p.141).   Therefore, incorporating computer technology into science lessons with the flipped classroom model could encourage students to probe deeper into scientific concepts.  It would be an appropriate tool to use in order to increase scientific literacy in students, which is the aim of secondary level science education.  Education professor Sheila K. Bennett suggests that using communications tools, such as the Blackboard system, would allow students to share their laboratory findings with other students, to prepare their research findings in an article based format, and reflect upon the research (Bennett and Bennett, 2004, p.145).  This builds a learning community, which will enhance students’ learning as well as increase achievement in students’ performance in science coursework.  Even though Bennett’s lecture focused primarily on using distance education in science in the higher education level, the basis behind Brandwein’s ecology of a learning environment inclusive of technology still applies to secondary education.
Pros and Cons of Distance Education in Science

         There are challenges that should be considered with applying distance education in a science curriculum.  It is important to consider that there are differences between distance education as a whole, and e-learning.  Schools need to be able to know the differences between the two in order to properly consolidate their curriculum designs in science.  Otherwise, using the flipped classroom model will not successfully work.  Parents may show concern for their children if they will get the same level of education in a distance education/ e-learning setting.  According to Guri-Rosenblit (2004), “Many policy makers, scholars, and practitioners in higher education use the terms ‘distance education’ and ‘e-learning’ interchangeably,” (p.468).  This would expand to just about any student or parent, where distance education would be focused primarily in an e-learning environment.  Indeed with flipped classrooms, an e-learning setting would be used as well.  There are arguments that “new technologies challenge the very existence of campus-based universities,” (Guri-Rosenblit, 2005, p.468).  To connect this viewpoint in the K-12 setting, distance education in general would challenge the existence of brick-and-mortar schools.  Even so, flipped-classrooms might not pose a challenge to campus-based secondary schools.  Another argument against implementing distance education in high school, inclusive of flipped-classrooms, is that online classes would be used for schools to rid themselves of troublesome students, or to cut costs in their school budgets, and might increase the workload for online instructors (Mupinga, 2005, p.106).  In other words, some people might view using distance education as an easier way to manage difficult students, rather than facing up to challenges.

          Another pitfall to using distance education is if faculty are prepared enough to use it in their curriculum.  Some teachers may not be ready to use a flipped-classroom model in their lessons, especially with the daunting task of using unfamiliar technology.  It is important to ensure that faculty are well-prepared to teach in an online setting.  Also setting a standard in the school district just how much of a workload faculty has in preparing the online component to a flipped-classroom model.  Also, to be considered is ensuring students have the skills to use the technology.  Mupinga (2005), suggests that faculty should attend workshops and conferences on online teaching before designing their coursework, and thus teach their students how to use it as well (p. 107).  That way it would make for a smoother transition for flipped-classrooms to work in the secondary education setting.

There are other concerns regarding using distance education in a mixed-setting for secondary education.  One includes whether or not students would perceive the  online coursework as the same quality as face-to-face learning.  There has been much criticism towards online learning in general as being “poor quality, not being on par with the regular courses, lower standards of students who enroll,” in the higher education realm (Stella and Gnanam, 2004, p. 148).  This would also be another critical perception for the flipped-classroom model in the secondary education level.  Students and parents would question the quality of the work included in online assignments in a flipped-classroom.  However, many studies in distance education support online education as having the same merit as a fully face-to-face learning environment.  As cited in Simonson et. al. (2012),  248 studies compiled by education researchers show there is no significant difference between distance learning and face-to-face learning; hence distance education can be as effective as traditional classroom education (p. 7).  
Academic studies on perceptions of academic quality of distance education have been performed using the Course Experience Questionnaire (Lawless and Richardson, 2002).  In a higher education setting in Australia, external students (distance education students) gave higher ratings using the questionnaire regarding good teaching, appropriate assessment, and overall satisfaction (Lawless and Richardson, 2002, p. 261).  With this concept in mind, it would also apply to students in the secondary education setting.  Students in distance education become more self-motivated to keep up with coursework, and expectations for assignments are illustrated clearly in writing in an online setting.  Therefore, the quality of education in a mixed or flipped-classroom design would not be reduced.  
Successful Uses of Distance Education in Science

While there are general criticisms geared towards the quality of online learning which pose a concern to developing a curriculum with a flipped-classroom strategy, there have been several forms of successful uses of distance education in science.  The forms range from online coursework involving performing laboratory experiments at a distance to using web-sites for teaching core content of science coursework.  It is also important to consider how a flipped-classroom model is used in correspondence with science coursework, with increasing the amount of time spent doing laboratory based activities, rather than the traditional lecture-lab format.  It leads one to question the effectiveness of increasing hands-on-learning in the classroom as teachers have more time in class.  Ideally, a science classroom would encourage more opportunities for inquiry and discovery-based learning.  It could be hypothesized that with the implementation of a flipped-classroom design, it would increase the use of hands-on learning, and thus encourage students to learn science and discuss it more with their peers outside of class.
Hands-On Science with Flipped Classrooms

Overall, the use of a flipped-classroom model in a science course would increase the amount of time that students would spend doing more hands-on activities in the classroom.  This would increase student performance in science courses, and center the focus on discovery and scientific inquiry.  The theory would be learned in advance to sitting in the classroom.  Increasing the amount of time in class with doing hands-on science learning would increase scientific literacy as a whole.  The concept of providing more time for hands-on-learning as a result of the flipped classroom model would be useful to encourage students’ positive attitudes towards science.  Yet, this hypothesis has been tested in a standard face-to-face classroom setting.  Ornstein (2005), performed a study to determine the relationship between hands-on-learning and student attitudes towards science.  Counter intuitively, the study findings showed that students in classes with more frequent hands-on laboratory activities showed less positive attitudes toward science in comparison to the classroom with a mix of the two (Ornstein, 2005, p. 291).  Therefore, it is crucial in a flipped-classroom model not to veer in-class lessons completely towards hands-on activities.  With greater interest in the content, students would become more intrinsically driven to learn the coursework.  A flipped-classroom setting that solely focuses on laboratory exercises in class and lectures at home would not be as effective.  

Hands-on science coursework within the context of distance education can open the doors to students that may not have had access to it. Rural districts with limited resources and funding to bring laboratory equipment to schools, other means of experiential learning have to be considered.  Online learning provides teachers additional resources to help bring in tools for laboratory based work, either via online courses to explain to both teachers and students how to perform laboratory procedures, or through online simulations of laboratory assignments.  Research has been performed on the effectiveness of distance-education in hands-on learning with science. McKnall Krall et al (2009), evaluated the effectiveness of a temperature and heat distance learning course in Appalachian middle schools.  Teachers in this region received training for the online course. Within the online course there are ten chapters, and the instructor was given materials, including laboratory investigation kits to incorporate the distance education component to laboratory assignments.   There were three laboratory investigations to coincide with two engaging questions at the beginning of each lesson (McKnall Krall, et al, 2009, p. 176). This distance education course was not only useful for the students to grasp the basic concepts, but it was also used to help teachers scaffold their lessons and define concepts (McKnall Krall et al, 2009).  Assessments included multiple choice questions and an essay, as well as journal entries for students to record their data, which supports reflective learning (McKnall Krall et al, 2009, p. 177).  End of chapter assessments were completed online, whereas pre and post-content assessments were completed in class (McKnall Krall et al, 2009, p. 178).  Overall, the study showed an improvement of not only the students’ understanding of the course material, but also the teachers’ understanding of the concepts behind thermal energy (McKnall Krall et al, 2009, p.180).  Using a flipped-classroom model can use a similar approach as this study, where faculty are also trained to deliver the coursework to students.  Professional development courses inclusive of online distance education courses for lessons could create more reflective students and  teachers that have deeper understanding of the course content.
Additional research has been done to show the effectiveness of doing laboratory experiments remotely.  While the research has been performed in Europe, it still has useful applications to curriculum in the United States.  In Germany, research was performed on the use of remote controlled laboratories for students taking distance learning courses in physics (Eckert et. al, 2009, p. 132).  The remote labs are setup in the classroom, and students can control the variables at home via the internet.  There is an advantage to using remote laboratories when school budgets are limited.  When access to proper equipment for labs is scarce in a small budget, alternatives must be sought, so the remote labs offer an opportunity for students to perform necessary experiments to fulfill course requirements.  There are caveats to using this method in class.  Eckert et. al. (2009), suggest that experiments must be able to be performed with an appropriate topic, be able to handle 24 hours worth of work, the ability to view the experiment online with webcams, intuitively clear to use, and having more ability to control the parameters of the laboratory experiment (p. 133).  With using the remote labs, teachers can then assign laboratory assignments as homework, rather than having them limited to the classroom.  Thus, it will be in line with the concept of flipped classrooms.


Mixed-Reality Science Classrooms 
A flipped-classroom may even integrate computer technology and multimedia into classroom or at-home online instruction to enhance students’ learning.    The use of computers in the coursework will enable students to interact with various forms of multimedia.  In a 2009 teaching experiment with high school chemistry students, computers were used to create a mixed-reality science curriculum (Tollentino et al, 2009).  The study used computer technology in the Situated Multimedia Arts Learning Laboratory, a virtual reality based system, to integrate student’s movements of objects in the classroom to illustrate scientific principles along with computer technology.  This method helped to develop students’ socio-cultural skills with collaborative learning, as well as testing scientific hypotheses (Tollentino et al, 2009, p.502).  The use of interactive digital media would serve a purpose of encouraging students’ scientific inquiry. Even thought this technology has been solely implemented in the classroom, it shows promise in the context of a flipped classroom.  In the future, the use of interactive software in SMALL Lab could be expanded to video gaming systems such as Wii, or using controllers on computers or tablets, where students can perform simulated experiments as a part of homework assignments.  The tools to learn science might not be restricted just to the confines of the classroom, and students can have more active exploration while studying on their own.
Science Websites as Distance Education Tools

In a blended or flipped-classrooms, class work can be performed online as well as doing virtual labs.  Websites featuring online lessons are helpful tools to aid in students’ learning where they can learn on their own pace.  Even though online science websites provide great tools for learning, it is important to factor in their effectiveness with the school curriculum and if it links up with content that is relevant to the instructors’ lessons.  Tuvi and Nachmias (2001) underwent an evaluation of the effectiveness of several types of websites in science education, with a focus on chemistry.  Most of the scientific websites surveyed in the study found that most of the content was focused on textual and visual content, whereas few focused on animation and interactive applets (Tuvi and Nachmias, 2001, p. 298).  This poses limitations to developing websites that will show varied means for students to learn content.  Ideal instructional design should include various methods for students to learn the content.  Otherwise, students that are audio-visual learners might not benefit from websites that are just textual.  Another key component to distance education is communication between the student-instructor as well as student-student.  Most of the science websites surveyed in the study showed that there were negligible uses of other means of communication outside of email (Tuvi and Nachmias, 2001, p. 298).  To develop a true community of learning, other means of communication must be included.  It is crucial to take limitations of other scientific websites into consideration when a faculty member develops their course’s website.  In order for there to be a benefit in a flipped-classroom design using scientific websites, there should be more means of communication between the students and teachers, as well as amongst the students themselves.  Learning from the limitations of previous scientific websites will help develop even more effective online learning environments in the flipped classroom.
Conclusion

Ultimately, the goal of flipped-classroom design is to maximize the amount of time teachers can spend with their students in an environment where educational funding is limited.  With the use of distance education, the learning environment expands beyond the classroom to the online dimension.  This adds a fruitful means for students to explore science topics with their classmates as well as interact with the material.  It is important for students to develop 21st Century skills with technological and scientific literacy.  With the advent of the Next Generation Science Standards, with a focus on the systems dynamics of science concepts as well as evidence to support scientific theory, students must be able to grasp this concept.  Technology in the science classroom helps enhance students’ understanding of how science operates as a system.  Students become more reflective learners.  Science education is an ecosystem that involves technology and interaction with the teacher, and the student.  A flipped classroom would enhance the ecosystem of science education, thus allowing students to thrive in a technology rich global society.  
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