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Abstract

The focus of this research is the efficiency and effectiveness of personal response systems within introductory Biology courses primarily offered in the ninth grade.  Background information will be presented to clarify the different options available for personal response systems, as well as an explanation of vocabulary and terminology specific to this classroom technology tool. This background will be discussed in the context of the classroom environment in general.  Applications to science and Biology instructions in particular will be presented.  Efficiency and effectiveness will be discussed from both the perspective of the instructor as well as the students.  Discussion of benefits from a functional and pedagogical standpoint will be presented.  Likewise, the limitations of its use will also be summarized.  A concluding section will present a forward thinking ideal application scenario for personal response systems in introductory Biology courses in the high school curriculum.  

Personal Response Systems:  IMPROVING BIOLOGY INSTRUCTION
An article entitled Near Real-time Assessment of Student Learning and Understanding in Biology Courses by Carol Brewer was the foundation for this paper and the catalyst for the further research presented.  The article discusses the use of technology in the biology classroom specifically by investigating two distinct technology types that is, a boxed software version as well as a customized software product. To learn more about the applicable findings from this article, further research was completed to investigate personal response systems in general and attitudes toward adopting them as an assessment tool in the classroom.  

To grasp the significance of personal response systems and their application within the realm of classroom assessment in general, it is helpful to first have foundation information with respect to what is, how it is set up in the classroom, and how it functions.  By explaining how personal response systems work in the classroom, it is helpful to review the pedagogical aspects of implementation in order to illustrate its effectiveness in the classroom.  Further to determine if it is a useful tool in the ninth grade Biology classroom specifically it is helpful to review student response to the systems and their effectiveness in the classroom.
Discussion of benefits from a functional and pedagogical standpoint will be presented.  Likewise, the limitations of its use will also be presented. A concluding summary section will present a forward thinking ideal application scenario for personal response systems in introductory Biology courses in the high school curriculum.  

Description of Personal Response System
Personal response systems are just one of the various terms used to designate a technology tool which is quickly becoming more prominent in the classroom (Ainuson, K., 2008).  Another terms used is polling system, since it can be used for assessment to take polls or solicit quick responses from classrooms both large and small (Draper,S., 2004).  Along the lines of the concept of polling, this type of technology tool may also be referred to as electronic voting system or alternatively, as an electronic response system (Kennedy, G., 2005).  

Setup of Equipment
There are a wide variety of setups for personal response systems yet each system requires some type of hardware element which accounts for the “personal” aspect of the responses elicited from students.  Clickers, responders or transmitters are the most commonly used terms for the hardware students use to register their responses (Shaffer, D., 2009).  Ideally, each student has a clicker or responder allowing teachers to collect individual responses from individual students with a mere click of a button.  
The clickers are normally small, handheld devices similar to a remote control “…operated by students, which can send infrared or radio frequency signals to one or more receivers that feed into a computer controlled by the instructor” (Wood, W., 2004).  The other hardware element required is generally the central processing unit or the instructor computer itself where the data from the students travels immediately following their responses and where it is ultimately stored.  Along with an element to receive the data from the students, there are other required software elements for collation, calculation and display.  

The most common personal response software can be comprised of a specific boxed software for each classroom or a site licensed package which can be installed on numerous computers covered by the license.  Online resources which operate on the Internet, or what is becoming more commonly known as “cloud” software are growing more prevalent (IBM, 2009).   
This author is aware of an additional resource which uniquely combines the hardware and software elements.  NetSupport School© is a multifaceted security and classroom monitoring software which also has polling capabilities (NetSupport School ©, 2009).  The use of quick polls through NetSupport© was the initial exposure this author had to such a technology tool.  The value of this first experience led to an interest in investigating further applications of this resource in areas of her certification such as Biology.
For purposes of this paper, the technological assessment tools will be referred to as personal response systems, and the specific hardware used by the students will be called clickers.  The other terms above were used in a variety of research documents to refer to the components throughout the investigation.  For the sake of clarity the author feels it is important to point this out specifically to avoid confusion.  Though some quotes may contain alternative names for components being discussed by the author, it is important to understand the various terms are used interchangeably. 
Application of Personal Response Systems
Many elements relevant to the use of personal response systems in the classroom were repeated throughout a variety of research which was completed within the past ten years.  Some of these reasons include the ability to use the tool for formative assessments as well as summative assessments (Draper, S., 2004).  Teachers can check for understanding along the way, as well as summarize before a formal assessment if not equipped to use personal response system in this capacity. Several other sources felt it had a positive impact on the classroom dynamic regarding things such as participation (Kennedy, G., 2005).  Additionally, from a pedagogical standpoint, the use of personal response systems in the classroom is shown to be helpful in implementing constructivist-based activities such as collaborative work (Masikunis, G., 2009). 
Various question types which can be used on a personal response system.  They include but are not limited to verbal questions, multiple choice questions on a projector or computer screen, numeric questions and answers in computational classes and even formal tests.  The advantage of using a personal response system for any of these question types is the instantaneous feedback.  Often, this instantaneous feedback is show immediately on a projector or individual screen so students are aware of the answer in seconds (Lightstone, K., 2007).  The class can then debate the answers in small groups or as a class. In the case of a more formal test, if so equipped, automatic grading is possible and the grade can be compiled for the teacher and emailed to the student or saved for future reference (Wood, W., 2004).
Research has shown a variety of useful reasons to include personal response systems as an assessment resource in classrooms in general.  The research which was reviewed was of both a qualitative and quantitative   nature.  The qualitative aspects of studies summarized the attitudes students and instructors had to toward the use of personal response systems.  Quantitative studies gave more precise data into how the use of personal response systems may have improved students’ performance. 
The chart below outlines many of the concerns students have regarding different types of responses in the classroom.  
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Evaluation Item  M SD M SD M SD M SD

1. It was easy to learn how to use 3.67a  1.28 3.86a,b  1.21 4.59b,c  0.89 4.74c  0.54

2. I feel I would do better on quizzes  3.24a  1.26 4.14b  1.21 3.96a,b  0.98 3.35a,b  1.19

3. I would recommend 3.29a  1.19 4.29b  1.08 3.81a,b  1.18 3.87a,b  1.25

4. Other instructors should use 3.29a  1.06 4.29b  1.08 3.74a,b  1.16 3.96a,b  1.02

5. I like using  3.14a  1.28 4.29b  1.01 3.78a,b  1.22 4.22b  1.04

Overall M  3.32a  1.06 4.17b  1.01 3.98a,b  0.94 4.03a,b  0.83

Stowell 2009

Response Cards  Clickers  Hand-Raising  Standard Lecture 

Mean and Standard Deviation of Evaluation Items for Feedback Techniques 

n = 21  n = 28  n = 27  n = 23 


If nothing else is learned from this information, clearly clickers, that is, personal response systems, are preferred by students over standard lecture, for the reasons in the chart and those described in the next section.
Student Experience
Though speaking specifically about technology enhancements in teaching mathematics, a 2003 article summarized many of the desired outcomes regarding how students react to the implementation of personal response systems in general.  This summary can serve as an implication of a broader audience beyond mathematics. The article was entitled Using a personal response system for promoting student interaction, and one of the first suggestions was using it as a tool that “. . .breaks up a lecture.” In doing this, the students were given the opportunity to “. . .take a breather and to refocus” (d’Inverno, R., 2003). Teachers know the magic number of 20 minutes of prime concentration time, beyond this time, “. . . most people cannot concentrate” for extended periods (d’Inverno, R., 2003). 
Another aspect of how personal response systems help with improving interaction in the classroom relates to boredom where the students are not expected nor required to be “. . .relentlessly copying down notes.”  When the instructor is able to ask specific questions of the students, in effect “...reinforcing important points...” this reduces the likelihood of them missing important information during the formative learning stage (Draper, S., 2004).  In doing this, the instructors get a better feel for the pacing of the lecture or lesson (d’Inverno, R., 2003).  Though this was demonstrated in a small focus group, if students in general are not getting it, the instructor knows and can adjust pacing accordingly.  
The Masikunis article repeats many of the same advantages of personal response systems revealing their use shows improvements to student concentration and attendance, supports student communication with others and encourages application of deeper thought into the lectures being presented resulting in greater understanding of the topics (Masikunis, G.2009).

The chart below again notes the importance of many of these same sentiments felt by students.  In addition, the third line of the chart shows “anonymity” may be an important criteria noted by some students.  Though the answer is in the midrange, it would indicate at least some degree of anonymity is desired when answering in class.  If a student fears getting the wrong answer, anonymity would likely hold even more importance. 
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1.Getting feedback on my ideas helps me learn better  3.78 0.97

2.My expectation before I started this course was that I knew a majority of  2.61 1.25

the material already 

3.I prefer to be anonymous in large classes 2.75 1.19

4.In large classes, I prefer to be involved and engaged  3.19 1.19

5.Classroom experiences in large courses should be different than classroom  2.46 1.15

experiences in small courses

6.If I had a choice, I would avoid classes where the instructor just lectures  3.09 1.24

7.The best way to teach large lecture courses is with the traditional lecture  3.37 1.15

style

Trees, A., 2007

Table 3. Students assumptions about lecture courses


As noted earlier, if not for the anonymous nature of the personal response systems, students may adjust the answer based on peer answers even if they are holding up hands or response cards (Stowell, 2009).
Teacher Experience
From a pedagogical standpoint, the use of personal response systems fits well into the realm of a constructivist classroom.  In the constructivist classroom the student experience is not separate from that of the teacher, but rather is the “goal” of the teacher.  
The positive impact witnessed by one teacher demonstrates the usefulness of personal response systems in the classroom. In a short trade article written by Wood he states he was “. . . elated by the realization that for the first time in over 20 years of lecturing I knew, on the spot (rather than after the next mid-term examination), that over half the class didn't ‘get it’” (Wood,W., 2004).  It certainly may appear at least a bit odd for an instructor to be “elated” when over half of the students do not get a concept.  However, the instructor was certainly not elated over the fact his students did not get it, as much as he was about his knowing instantaneously, “on the spot,” rather than weeks or even months later.  This instantaneous aspect of personal response systems is by far one of the most important opportunities it offers the instructors in the Biology classroom.  Not only did he know on the spot, Wood could work immediately to address the issue by either reviewing, or more along the constructivist way of thinking, have the students debate it out themselves (Wood, W., 2004)  

It has been this author’s experience as both a student and instructor in a Biology classroom that the subject has numerous foundation concepts.  If a single elementary topic is missed or misunderstood, this sets the stage for further problems in the future when introducing more advanced topics.  For instance, if a student does not understand the physical structure of a cell, when the chemical elements of the cell are introduced there is a possibility for error.  Even further into instruction, when topics are introduced regarding things which are made of cells, such as tissues, and subsequently, the structures which are comprised of tissues, foundation knowledge will still need to be applied.  If students misunderstood cell structure, it would be a great advantage for the instructor to know immediately.

As Wood noted from his personal experience in the junior and senior biology class, when an instructor is immediately aware of a misunderstanding, it is much easier to address it then. If the instructor does not find out until reviewing the results of a more formal summative assessment weeks later, this is “. . . when it's too late to do much about it” (Wood, W., 2004)

The instantaneous nature of the personal response system is an obvious benefit to teachers. It is also possible with this instantaneous data compiled by the system to display the data to the students. 
Benefits
Personal response systems offer benefits to both teachers and student as evidenced in the numerous studies cited. Students prefer the anonymity, the ability to interact and relative freedom offered by the clickers.  Traditional lectures are not as enjoyable to students and do not do as good a job of keeping the students attention.

From the perspective of the teacher, personal response systems help in creating a constructivist, student-centered classroom.  Teachers may use the systems to poll the students throughout instruction to keep track of learning instantaneously.  Also, teachers can choose how to respond to wrong answers either by reviewing, or turning it over to the students for a collaborative effort.  An additional benefit for the teacher is the ability to set the tests or assessments to be self graded and recorded. 

Limitations
Lightstone summarized several limitations or problems with using a personal response system in the classroom.  A paramount issue to consider is whether or not the faculty is on board to put the system to use.  There are often a select few who will not be adept at technology in general and may find it difficult to incorporate this type of tool in their instruction.  Research also indicates some students may have a similar resistance to change in instruction beyond what they are used to (Lighthouse,K., 2007).  
A problem specific to the hardware itself noted was the possibility of answers jamming when using an infrared system.  If students responded at precisely the same moment, answers in effect collided and would not register (Lightsone,K., 2007).

Use in Biology courses
A very telling quote was contained in the research which was the foundation of this research, that is the Brewer article entitled Near real-time assessment of student learning and understanding in biology courses.  Within the summary and conclusion it stated “Our experience shows that both students and faculty. . . believed these tools aided learning in their courses” (Brewer,C., 2004).  This was a study from a university, yet it did involve foundation biology courses as would be taught in the subject ninth grade high school classroom. 

The instructor who gave high compliments to the use of personal response systems, W.B. Wood, indeed had experience teaching biology in the high school classroom.  The final words in the article very appropriately summarize the valuable aspects of personal response systems: “The give-and-take atmosphere encouraged by use of clickers in our experience makes the students more responsive in general, so that questions posed to the class as a whole during a lecture are much more likely to elicit responses and discussion. For this reason, incidentally, teaching with clickers is a lot more fun!”(Wood, W., 2004)
Summary and Recommendations
The efficiency and effectiveness of personal response systems within introductory Biology courses in the ninth grade were clearly demonstrated through a variety of research on the subject.  

Students’ positive reactions to using the systems prove it to be effective in the classroom.  The students expressed it was not as boring and preferred it over typical lecture instruction.  The method of delivery makes this method of instruction efficient since all students can respond to question simultaneously.  This efficiency is also demonstrated from the teacher’s perspective since they get instantaneous responses.  When answers are wrong, they can choose to review or turn it into a collaborative exercise for the students in keeping with the constructivist ideal in the classroom.  The collaborative nature of the instruction has been show to be effective in obtaining and retaining understanding of science concepts. 
Based on the many applied research resources explored, the author feels a personal response system in a ninth grade biology classroom would be ideal as an alternative to the classic lecture.  Two ideas come to mind to implement this in a typical classroom.  

First of all, a first phase of implementation could simply be using the clickers in place of the previous polling that goes on in the classroom in response to lecture or presentations on PowerPoints© or streaming videos.  Where an instructor typically calls on student or asks for a show of hands, a personal response question can be used instead. Once the answer is tallied and appears on the projection system, the instructor could review as needed.  This would be an initial step, yet the instructor could phase in an additional step where the students break out into small groups to discuss the question further amongst themselves.  This step leads directly to the second recommendation for use of personal response systems in the classroom.  

Cooperative groups and project based learning initiatives could make use of the polling system.  Perhaps the students could do preliminary study on topics in small groups and later respond to teacher devised questions. This could lead to a project where students work in small group to determine their own questions on a certain topic and present to the class. 

The focus of this paper was to determine the efficiency and effectiveness ninth grade biology classroom.  A variety of valuable inquiry-based research shows numerous positive responses in this respect from both students and teachers using such systems. Though much of the data focused on personal response systems in a variety of scenarios, those studies which specifically addressed biology and science courses reinforced the findings in classrooms in general.  These findings indicated personal response systems are both an efficient and effective mode of instruction delivery in the ninth grade biology classroom.   
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