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Abstract This study serves as a precedent for research associated with guided note-taking. Past research has focused mainly on content presented in traditional lecture settings and measured performance solely by scores on written assessments. A study had not yet been done to determine how guided notes may benefit students during hands-on procedural learning activities including those found in technology education courses. The purpose of this study was to determine whether or not students using guided notes during demonstration lessons exhibit higher levels of performance than students who use traditional, unassisted methods of note-taking. Two sections of college electronics students participated in this study. Half of the students in each section used guided notes during a demonstration lesson, while the other half used traditional, unassisted methods of note-taking. After a lesson on circuit board assembly and soldering was delivered, students completed a circuit board assembly activity which was followed by a corresponding exam. Scores on the activity and exam revealed no significant difference in performance between groups. However, students that used guided notes took notes that were much more accurate and complete than those that used traditional note-taking techniques. It is suspected that with little time passed between instruction and assessment, students relied more on short term memory than notes taken. It is recommended that further research be conducted to measure performance after substantial time passes between instruction and assessment.
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Chapter 1 Problem Statement



Introduction It has become apparent that a vast number of students ranging from those in middle school all the way to college struggled to take notes efficiently and retain adequate knowledge from lecture (Austin, Lee, Thibeault, Carr, & Bailey, 2002; Lazarus, 1993; Zollman, 2009). When teaching to a student population with a range of ability levels, it becomes increasingly difficult to design instructional strategies that cater to everyone. The Individuals with Disabilities Education Act and the No Child Left Behind Act exist to ensure that students are afforded equal educational opportunities regardless of extraneous factors including disabilities or financial hardship (Building the legacy, n.d.; The elementary and secondary, n.d.). It is the responsibility of instructors to provide access for all students to the curriculum offered. As curricula become more advanced, challenges arise to keep students engaged in the classroom. The challenge is to present students with learning material in such a way that it can be absorbed and processed. Guided note-taking is a strategy that may assist students in achieving greater success in active note-taking, helping to increase retention while also providing reference material for studying. While several studies on the use of guided notes have been targeted towards students with special needs, there is evidence that suggests students at all levels experience difficulty taking notes (Stringfellow & Miller, 2005). Many studies have used college students as a sample to determine the effectiveness of guided notes as a style of note-taking (Ferreri, McCord, & Neef, 2006;
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Hughes & Suritsky, 1994; Lazarus, 1993; Mulligan & Kirkpatrick, 2000). Austin et al. (2002) tested the effectiveness of guided notes in improving university students’ ability to recall lecture material in a psychology course and they achieved favorable results. Guided notes were implemented during half of the course lectures and student responses along with scores on written assessments were analyzed. The mean quiz scores showed that when guided notes were used during lecture, students were able to recall slightly more information. While the results were in favor of guided notes, differences in the retention of information were not significant. It has been suggested by the researchers that a better indicator of performance would involve the application of learning content, rather than a simple recall of information. In this case the straightforward method of lesson delivery followed by a written assessment was not as great of an indicator of performance at the college level as it may be in secondary education. More substantial results may have been found by measuring performance on a procedural activity conducted in a laboratory setting. Whether dealing with high school students with special needs, or students at the university level, it is clear that the inability to take effective notes is a problem that inhibited authentic learning. Stringfellow and Miller (2005) describe the process of active note-taking as a daunting task. Students are expected to actively participate in class discussion while at the same time record information from lecture which is typically presented by an overhead projector or multimedia presentation. This is where the biggest challenge often arises. With limited guidance from the instructor, it becomes quite difficult for students to decide which information is most important to write down. As a result, students’ notes are often inaccurate or incomplete as they attempt to
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simultaneously record information while listening to instruction (Konrad, Joseph, & Eveleigh, 2009). The ability to take effective notes is essential for learners to actively participate in class and fully benefit from their learning environment. The number of college students with poor note-taking skills may indicate a problem that stems from inadequate preparation at the middle and high school levels. Research shows that a staggering number of secondary students do not possess the necessary skills to take notes effectively. The number of college students that struggle to take notes demonstrated that many students who lack note-taking proficiency in high school may continue to struggle as they progress toward higher education (Konrad et al., 2009). The use of guided notes may serve as a means toward higher achievement in both secondary and postsecondary education. That is why it is important to consider the benefits of guided notes in all types of learning environments. Previous studies have primarily been focused on students with special needs. In these cases, the effectiveness of guided notes was measured by performance on quizzes. The results showed a significant improvement in quiz scores among students that used guided notes versus those that did not (Hamilton, Seibert, Gardner, & Talbert-Johnson, 2000; Lazarus, 1993; Patterson, 2005; Sweeney, Ehrhardt, Gardner, Jones, Greenfield, & Fribley, 1999). While favorable results were achieved when students with special needs used guided notes, poor note-taking is a problem that stems far beyond that group into all types of learners in all disciplines. This has been realized and explored in subjects that mostly deal with content-based material. However, studies had not been conducted to determine whether guided note-taking has a place in classrooms that deal with applied activities and
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teaching pedagogies. That is why it is necessary to examine how performance-based tasks are understood and accomplished when introduced using guided notes during procedural demonstrations. It is unclear why this concept had not been previously explored. Based on prior studies, it seems as if the majority of researchers associate notetaking with content-based learning and may not have considered the role that guided notes could play in a laboratory-based course like those offered in technology education. Technology education uses a multi-sensory approach to education, providing students with hands-on experience in problem solving with a goal of extending human capabilities (ITEA 2007). Coursework within technology education can range from computer-based applications such as computer aided drafting and web design to materialbased courses including those that deal with wood, metal, or polymers. Technology education is unique both in terms of subject matter as well as instructional pedagogies. Curriculum is designed to provide students with experiences that are not offered in other disciplines. Students partake in experiential design-based learning, solving problems through the application of learned content. Technology is often mislabeled as science when it is incorrectly identified with inquiry-based learning. The fundamental difference between technology and science in education falls under learning that is designed-based versus inquiry-based (Lewis & Zuga, 2005). Inquiry-based learning through science involves observation of naturally occurring phenomena. Students analyze and interpret information but do not create anything new. Instruction in technology education differs as it involves the presentation and demonstration of transferable knowledge and skills. Students apply what they are taught in a hands-on learning environment in order to achieve mastery. These newly
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acquired skills and information are used to systematically develop solutions to designbased problems. While science and technology are closely related, the difference is observation versus creation. In the type of learning environment unique to technology, it may be beneficial for instructors to have an educational tool such as guided notes to assist students in the retention and application of content (Lewis & Zuga, 2005).



Research question 1. Do students using guided notes during demonstration lessons exhibit significantly higher levels of performance than students who use traditional, unassisted methods of note-taking?



Hypotheses 1. Students using guided notes during a demonstration lesson exhibited significantly higher levels of performance on a procedural assembly activity than students who did not use assisted notes. 2. Students using guided notes during a demonstration lesson scored significantly higher on a written posttest on content knowledge than students who did not use assisted notes.



Limitations Students were selected from a sample of convenience from two sections of a basic electronics course at the State University of New York at Oswego. The academic level of
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students was not controlled. The selected classes contained a mix of students ranging from freshman to seniors. 1. Students entering the class may have had varied levels of prior knowledge and experience related to the subject matter. 2. There were multiple scorers using a grading rubric to help reduce inconsistencies in evaluation.



Delimitations 1. The selected sample consisted of students who were Technology Education majors at the State University of New York at Oswego. 2. The study was conducted halfway through the semester. Students had received electronics instruction prior to the study, but they did not cover the topics specific to this study. 3. Performance level was determined from a scoring rubric developed by the researcher and evaluated by two New York State certified technology education teachers. 4. A pretest and posttest was administered on content knowledge to provide comparative data among groups. Results of the pretest helped to identify existing content knowledge of individual subjects to determine if the research and control groups were equivalent. 5. Instruction for both groups was identical with the exception of the treatment of using guided notes by the research group. Beyond the use of guided notes, the
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lessons, activities, and assessments were consistent with accepted instructional practices used in technology education.



Relevant terms Completed notes: Typed notes provided for students, often found in the form of printouts of multimedia presentations (Ferreri et al., 2006). Guided notes: Typed notes provided to students to use during lecture. Key terms are left blank for students to fill in as information is provided (Ferreri et al., 2006). Technology education: The study of the human-built world in which students learn to systematically solve problems and extend human capabilities through the use of technological tools and processes (ITEA, 2007).



Importance of the study This study is important because it tested the effectiveness of guided note-taking in an applied classroom setting. Studies have already shown that many students prefer guided notes over traditional methods of note-taking. There has also been evidence that the use of guided notes has been linked to improved scores on written assessments (Austin et al., 2002). This form of assisted notes had not been explored thoroughly from the standpoint of performance. One of the most effective ways to demonstrate knowledge of a subject is to put the knowledge gained into practice. By measuring students’ procedural knowledge, this study helped to demonstrate whether or not guided notes could be used outside of traditional lecture settings. The results of this study serve as a precedent for the effectiveness of guided note-taking by addressing higher order
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thinking skills. Educators in laboratory-based classrooms including technology and science can directly benefit from the results of this study. Other subjects that deal with procedural activities including mathematics, art and music may also benefit from this research. Furthermore, educators in traditional, lecture-based classrooms can benefit because performance-based assessment is an effective way to gauge student knowledge. If guided note-taking is successful in applied learning situations, it may assist in knowledge retention in other types of learning environments as well.



Study organization This study was conducted by way of quantitative quasi-experimental research to determine whether or not students’ use of guided notes would improve performance on the assembly of a printed circuit board. Based on information gathered, guided notes were developed for a lesson in a college-level introductory electronics course. A scoring rubric was used to measure student performance. Levels of performance were compared using data from students that use guided notes versus those that use traditional, unassisted note-taking methods. Data was compared to determine the effectiveness of guided notes on student performance. In addition to performance results, scores from a written assessment were compared. The comparison of test scores was done with intentions to replicate results from prior studies with other disciplines and populations.
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Chapter 2 Literature Review



Introduction Extensive research has been conducted on the note-taking abilities of students as well as different strategies for improving note-taking performance. The results of these studies have been analyzed and reviewed to better understand how the use of guided notes could benefit teachers in presenting hands-on procedural learning activities including those found in technology education courses. Note-taking abilities in secondary and postsecondary students followed by a description of various types of notes were examined. Following, a summary of prior research on the use of guided notes by various types of learners will be presented. Gaining knowledge about the cases where guided notes have been used in the past was beneficial for developing a new study dealing with guided notes in a procedural learning activity. A description of technology education content and pedagogy has been given to clarify the aspects of this study that have not been present in prior research.



Note-taking abilities of secondary and postsecondary students Research indicates that a staggering number of students, both in high school and postsecondary educational settings, do not possess the skills necessary to take effective notes (Hughes & Suritsky, 1994; Mulligan & Kirkpatrick, 2000; What does the, 2001). It has been established that note-taking, when properly executed, could be beneficial as a tool for learning and as a reference for study. In order to utilize the benefits of note-
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taking and overcome the problems many students encounter when copying notes, teachers often distribute completed notes in class. These teachers believe that by eliminating the need for students to copy notes, they can focus more on the course content. However, it has been shown that listening to lecture and following along with completed notes is a passive act and not an effective way for most students to retain information. By actively taking notes, students are more likely to become engaged in the learning process, and comprehend class material (What does the, 2001). When taking unassisted notes, the issue of pacing becomes problematic. The rate at which information can be absorbed, processed, and recorded differs for each student. When dealing with a diverse group of individuals, it becomes nearly impossible for an instructor to set a pace where all students could follow along without leaving others waiting to continue. Hughes and Suritsky (1994) mention that students who process information more quickly tend to employ more effective note-taking strategies, such as using short-hand abbreviations in place of entire words. In contrast, students who process information slowly are found frantically writing down whatever they can before the instructor moves on. These two extremes make effective lecturing quite challenging. Still, varying abilities in information processing is only one aspect of diversity that could affect note-taking. Cultural diversity is quickly becoming a prevailing concern as the population of students from non-English speaking backgrounds (NESB) increases. Research shows that in many cases, little is being done to accommodate the needs of learners from NESB in the classroom. Mulligan and Kirkpatrick (2000) conducted a study involving university students both from English speaking backgrounds (ESB) and those from NESB. Shortly after lecture, students filled out a questionnaire to measure
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how much information was retained from classroom instruction. Only 9% of NESB students claimed to have a thorough understanding of the material. Perhaps more surprising is that only 34% of ESB students claimed to thoroughly understand the material as well. While the language barrier may have accounted for the difference in the two groups, it did not explain the fact that the majority of both groups did not feel that they had an adequate understanding of the material that was just taught to them. When traditional, unassisted note-taking is utilized, students become solely responsible for recording material at the pace set by the instructor. As Hughes and Suritsky (1994) point out, students do not take notes at the same pace and can miss out on important information as they struggle to keep up. While diversity has been shown to impact students’ ability to take notes at a constant pace, it is evident that students of all ability levels and backgrounds can struggle to take effective notes. Studies involving college students without learning disabilities showed a trend of noticeably poor note-taking skills. Notes were analyzed and checked for accuracy with critical points covered during lecture. In many cases, less than 50% of important material was accurately recorded by students (Austin et al., 2002). It is suggested that these results stem from students’ inability to multitask. While the learners write down notes, they are expected to simultaneously participate in lecture. Even if one is not expected to speak in class, active listening requires a student to focus while they process information. As a student engages in one of these tasks, proficiency in the other often suffers (Barbetta & Skaruppa, 1995). Adequate note-taking is imperative for the success of students, particularly at the college level (Flippo & Caverly, 1991). The documented cases of subpar note-taking in
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college level students indicate a lack of preparation in secondary education. Holliday (1999) indicates that the ability to take effective notes does not come easily to most students, as it is a skill that can take years to acquire. That is why some suggest that note-taking be taught at the middle school level and reinforced throughout high school. Holliday’s research shows that a majority of college students view note-taking as a primary tool for obtaining knowledge from lecture-based classes. By introducing the importance of note-taking early, students may have greater success at the post-secondary level. Holliday also emphasizes the importance of note-taking in classes that do not rely heavily on lecture. It is mentioned that a number of people believe that note-taking is of little importance in hands-on science courses. However, this study has shown that taking notes helps students to better understand concepts and procedures that are covered in these courses.



Types of notes There are many forms of notes that students and instructors use including assisted notes and traditional forms of unassisted note-taking. Assisted notes are provided by an instructor to aid in the process of note-taking. Traditional note-taking can follow many formats, but in all cases students are solely responsible for the information they write down. Guided and completed notes are the two basic forms of assisted notes. While there are a variety of formats that assisted notes can follow, they can all be placed within these two broad categories. Ferreri et al. (2006) describe assisted notes as handouts used in conjunction with lecture to assist students in effective note-taking. Guided notes have
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key components left blank for students to fill in throughout instruction. Completed notes have no blanks and typically contain all of the material that students are expected to gain from instruction. Guided notes can be found in many forms that fall within two basic categories. Short-form notes have key terms left out and only require students to fill in one or two words at a time. Long-form notes may have phrases left out, requiring students to fill in a more substantial amount of information. While both have been found to be effective in improving student test scores, a particular study found short-form notes to be more effective than long-form. During this study, criteria for effectiveness were based on accuracy of notes taken, student preference, and student achievement on assessments (Sweeney et al., 1999). Unassisted note-taking includes the traditional, linear styles of note-taking and a variety of nonlinear techniques. Linear techniques include bulleted lists and longhand writing. The nonlinear styles of note-taking all vary in some way but were developed in response to the lack of success learners have with the traditional style. Some methods are better suited for particular subjects and course material. Examples of nonlinear notetaking include clustering, idea mapping, model maps, and the pyramid principle. Research conducted on these note-taking strategies has shown that the more structured a strategy was, the more successful learners were that used them. In other words, the closer a technique was to a guided form of notes, the more efficient a student became at recording information (Makany et al., 2009). This may account for the progression from traditional unassisted notes to guided notes.
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Prior research on the use of guided notes in the classroom Many studies have been conducted, mostly at the secondary and post-secondary level, to examine the effectiveness of guided note-taking. A large majority of these studies have involved learners with behavioral problems and/or learning disabilities. While those studies have proven to be valuable, they do not represent the entirety of the academic population. Fewer, but still meaningful studies have been conducted involving the use of guided notes by students without behavioral problems or learning disabilities. Regardless of the population examined, virtually all of these studies have had results that favor the use of guided notes over traditional, unassisted note-taking methods. The earliest and most extensive research concerning guided note-taking has been conducted on students with special needs. Among all learners, this is the group that would seemingly benefit the most from an alternative to unassisted note-taking. Lazarus (1993) conducted two studies as the earliest forms of research on the use of guided notes by learning disabled students. The first involved high school students in a mainstreamed history class. Guided notes were used in two test groups, but in-class review was only used in one. Not surprisingly, the group with in-class review achieved higher scores on a content assessment. The study revealed that students in both cases, showed improvement in scores over those that did not have guided notes. The second study examined college students in an introductory psychology course. With the use of guided notes, the overall course grades for the learning disabled students rose from approximately 50% to scores above 80%. These two studies have proven to be important for guided notes research, as they are referenced in a number of related studies. Since then, further research has been conducted targeting specific demographics. One such study examines the use of guided
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notes by eight African American males that were diagnosed with learning disabilities. The impacts that the use of guided notes had on student learning were based on quiz performance. In some cases, quiz scores increased from below 65%, to 100%. All other cases also showed a significant increase in quiz scores (Patterson, 2005). While the results favored the use of guided notes, the scores in this case may not necessarily be reflective of knowledge gained by students. By using quiz scores as the primary instrument to measure performance, what is really being measured may be a student’s aptitude for rote memorization, which does not necessarily reflect the content that is understood. Scores on written assessments may be favored because they provide an easy way to gather and compare data. While not as simple, procedural tasks may provide a more accurate depiction of student achievement. Procedural tasks like those assigned in a laboratory-based technology course may allow students to demonstrate whether or not they truly understand a concept. This is shown by putting the content learned to use in a practical application. A study involving students with behavioral problems has shown the structured format of guided notes to be helpful in increasing academic achievement. Hamilton et al., (2000) observed students detained in a correctional facility. One group used their own, unassisted notes while the other group used guided notes. Achievement was based on performance on daily quizzes. The mean score achieved for students using their own notes was 36%, where students that had guided notes scored a mean of 85%. While the results were clearly in favor of guided note-taking, the limitations need to be considered. The setting of the classroom was not that of a traditional learning environment. By conducting the study in a correctional facility, there may have been extraneous factors
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accounting for such results. The strategies found to be effective in that particular setting may not yield the same results in a conventional classroom. As more studies have been conducted, samples of learners have become more diverse. Rather than focus solely on a group with certain defined learning characteristics, some studies have documented the impacts of guided notes on mainstreamed classes. These classes have populations of students both with and without learning disabilities. Boon et al. (2007) observed the impact of guided notes on both types of students in a mainstreamed, high school history class. While the study did not measure student performance, it used a series of questions to gather information on the students’ opinions of guided notes. An overwhelming majority of students, both with and without disabilities, preferred the use of guided notes over traditional unassisted note-taking methods. Many stated that guided notes helped them to follow the content outlined in their textbook. While performance was not measured, the results of this study indicate that there may be a place for guided notes among all students, rather than just those with behavioral problems and/or learning disabilities. To explore the possible benefits that guided note-taking may have for postsecondary students without disabilities, Ferreri et al. (2006) compared the use of completed notes with guided notes in a graduate-level college course. Completed notes, in this case, were in the form of printed copies of the instructors’ computer generated multimedia presentation. A comparative analysis of overall quiz scores showed no significant difference between students that used completed notes versus those that used guided notes. However, a breakdown of individual quiz items showed that those using guided notes made fewer errors on questions that addressed higher order thinking skills.
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This indicates that while students were able to recall information from completed notes, they did not have a thorough understanding of concepts. It is noted that more substantial evidence in support of guided notes may have been evident, had a different style of teaching been implemented. By using varied instruction that included many visual cues, the notes may have been secondary to classroom experiences in preparing students for the quiz. It is also mentioned that the formatting of the quiz may not have been ideal for this type of study. Nevertheless, favorable results occurred for graduate level students that used guided notes. Another case involving college students at the undergraduate level showed similar, but arguably more substantial results. Austin et al., 2002 describe a scenario where students were provided with guided notes to determine whether or not they assisted in the recall of lecture material. The effectiveness of guided notes was based on quiz scores as well as students’ responses to survey questions. While there was an increase in performance on quizzes, the difference was not substantial enough to be considered significant. Apart from scores, the students surveyed indicated that the use of guided notes allowed them to focus more on lecture and actively participate while taking notes. Both of these cases seem to indicate that guided notes can be beneficial in higher education. The element that may be unreliable is the instrumentation used to measure achievement. For the most part, college students possess the study skills necessary to perform well on written assessments, whether they take effective notes or not. Measuring achievement on a procedural task assigned in a laboratory-based technology course may give a better indication of the effectiveness of one note-taking strategy over another.
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This type of assessment can give an indication of whether or not a student can take the material demonstrated in class and apply it to a practical application.



Technology education The overall goal of technology education is to instill in students a certain level of technological literacy. By achieving technological literacy, students should have an understanding of and ability to interact with technology (ITEA, 2007). For many, being technologically literate requires an understanding of technology and its impact on daily life, while for others it may mean exploring technology further in depth. In either case students benefit from technology by developing skills to strategically solve design-based problems. There are a myriad of courses offered within technology education ranging from computer-based courses like computer aided drafting and web design to material-based courses dealing with wood, metal, or polymers. Regardless of the course being taught, instructional pedagogies are similar. Instructors provide formal instruction followed by the demonstration of a task or skill related to the coursework. After instruction and skills development, students may apply newly found knowledge to solve a design-based problem. This problem may be to design and develop a process for the mass production of a product or to design an electronic circuit that performs a specific task. While the nature of a problem may vary, the common goal is the achievement of technological literacy through problem solving. What truly set technology apart from other disciplines are the learners’ experiences. Coursework in technology takes a multi-sensory approach to education.
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Rather than having to rely solely on visual or auditory cues, students learn kinesthetically through physical interaction with subject matter. This method of learning has been shown to drastically improve retention rates among students. Research has shown that after a 24 hour period, an individual remembers approximately 10% of written information and 26% of what is heard. Contrarily, when actively participating, one will remember 90% of what they do (Zeegers et al., 2008). This is one way that technology benefits general education. Students will often take theories and concepts that they learn in a course including math or science and put them into practice in a technology course. While students learn useful skills in problem solving, they are also able to reinforce learning content from other disciplines.



Summary It has been established that many students struggle with note-taking and several forms of notes have been made available to address this problem. Among these types of notes, research on the use of guided notes was reviewed. In many cases this type of assisted note-taking has been effective in improving performance on written assessments. While a number of studies have used guided notes with diverse populations, there has not been much variety in implementation methods. Nearly all prior research on the use of guided notes has dealt with the retention of learned content. As described, there are courses including those found in technology education that deal with procedural learning. Students and instructors in these courses may benefit from the use of guided notes to improve performance on hands-on procedural activities.
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Chapter 3 Research Methodology Introduction There have been several studies that link the use of guided notes with increased student performance. In those studies, performance has almost exclusively been measured by scores on written assessments (Austin et al., 2002; Ferreri et al., 2006; Hamilton et al., 2000; Lazarus, 1993; Patterson, 2005). Very few, if any, have assessed students’ success completing procedural tasks like those found in laboratory-based technology courses. By focusing exclusively on students’ ability to recall information, researchers overlooked the number of applications where guided notes may enhance learning. It is evident that the majority of researchers associate note-taking with the content-based learning that typically occurs in lecture settings. In these cases, students’ knowledge of factual information has been measured. By focusing solely on this dimension of learning, results may have been incomplete. While a student may be able to recall information easily on a written assessment, they may not necessarily possess a thorough understanding of a topic. Researchers need to consider the role that guided notes could play in a laboratory setting where students are allotted an opportunity to demonstrate knowledge procedurally, putting learned theories into practice (Murphy, 2007). Kolb’s Theory of Experiential Learning reflects many of the philosophies shared by technology educators. Teaching methods derived from this theory provide a way for
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students to demonstrate their understanding of a topic practically. Those that subscribe to this theory believe that students need the opportunity to put knowledge gained into practice through concrete experiences. It is through these experiences that genuine learning can take place (Murphy, 2007). This experiment was designed to measure whether or not the use of guided notes can benefit students completing performance tasks assigned in a laboratory-based technology course. This particular study focused on two sections of 22 students enrolled in an undergraduate basic electronics course at The State University of New York at Oswego. The effectiveness of guided notes was compared to traditional, unassisted notetaking.



Hypotheses 1. Students using guided notes during a demonstration lesson exhibited significantly higher levels of performance on a procedural assembly activity than students who did not use assisted notes. 2. Students using guided notes during a demonstration lesson scored significantly higher on a written posttest on content knowledge than students who did not use assisted notes.



Null hypotheses 1. There was no significant difference in performance on a procedural assembly activity between students that used guided notes and students that did not use assisted notes during a demonstration lesson.
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2. There was no significant difference in written posttest scores on content knowledge between students that used guided notes and those that did not use assisted notes during a demonstration lesson.



Subject selection Two sections of a college electronics class participated in this study. Half of the students in each section were randomly selected to be part of the control group and the other half was part of the research group. In order to select subjects at random, names were coded by the cooperating professor and each of the coded numbers was assigned to a group by the researcher. Dividing each section into a research and control group reduced the effects of factors including the time of day or slight variances in instruction. Conducting the study in this manner also helped to ensure the homogeneity of the two groups. Through random assignment to research and control groups, possible differences in students’ educational experiences were minimized. While the experimental and control groups were selected at random, the make-up of each group was out of the researcher’s control. The students were selected from a sample of convenience so there was no way to control the variety of ability levels within a group. Certain variables were limited by the researcher by splitting individual sections into groups rather than making an entire section the research group and another the control group.
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Instructional activity development The learning activity that was used in this study involved the configuration and assembly of a printed circuit board for a Morse Code Communicator. Students needed to follow procedures to correctly identify and arrange electronic components on a prefabricated circuit board provided by the instructor (see Appendix A). Once components were arranged, they were soldered in place before testing of the final product. The following steps were taken to develop the instructional activity: 1. Measurable performance objectives were identified for the unit. These objectives described the knowledge and skills that students were expected to demonstrate upon completion of the activity. 2. Based on guidelines for the demonstration of a process recommended by Price and Nelson (2007), a lesson plan was developed to effectively demonstrate the assembly of the circuit board. Steps of the process were demonstrated while an explanation was given during each step. Providing visual and auditory cues together was helpful in the retention of information (See appendix B). 3.



Once a lesson plan was written, short form guided notes were generated using the format described by Konrad et al. (2009). An outline of content was developed with key words left blank for students to fill out (see Appendix C).



4. Instrumentation in the form of a scoring rubric, pretest and posttest were developed. The instrumentation section of this methodology provides details on the instrument development, validation, and implementation (see Appendixes D, E, and F).
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5. Upon completing the development of the instructional unit, the research protocols, instruments, and consent forms were submitted to the SUNY Oswego Human Subjects Committee for review and approval (see Appendixes G and H).



Implementation 1. Prior to delivery of the lesson, students were briefed on the guidelines for the activity. Participants signed a consent form verifying that they were informed of their rights as human subjects and the potential risks and benefits of participating in the study (see Appendix G). 2. A pretest on course content was administered to determine students’ existing knowledge and to identify whether or not the groups were academically equivalent. 3. The lesson was delivered to each group independently in separate locations. During instruction, the control groups took unassisted notes while the research groups used the guided notes prepared by the researcher. 4. Immediately following the lesson and a review of notes, students began work on the activity. Students worked independently on this project in order to limit external influences including peer input. The instructor did not assist students in completion of the activity, but monitored students to control for interactions and monitor for student safety. 5. Once the participants completed the activity, a posttest on content knowledge was administered. Scores from students using guided notes and those using traditional, unassisted note-taking methods were compared.
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6. After completing the exam, subjects’ notes were collected. An analysis and comparison of notes was completed to measure the notes’ content for accuracy and totality. 7. Upon completion of the activity and written exam, subjects were debriefed. At this time, they were informed of the study results and the plans for dissemination of the researcher’s findings. 8. The course instructor stripped participants’ projects and papers of all names and identifiable markings. The results were coded by the course instructor with identification numbers to maintain anonymity prior to presenting them to the evaluators and the researcher. Based on the criteria specified in the grading rubric, the finished projects were assessed and evaluated by two individuals trained in electronics technology and technology education pedagogy. To check for validity in assessment, scores from both evaluators were compared for each project. If a grading conflict occurred, a project was reevaluated and discussed until a consensus could be reached.



Instrumentation The instrumentation for measuring student performance was primarily generated by the researcher with assistance from assessment experts and external evaluators. The instrumentation included a grading rubric and written assessments in the form of a pretest and posttest. Each of these items served a unique purpose in ensuring the reliability and validity of assessment.
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While this study was focused on the evaluation of a procedural activity, written assessments were also essential in this study. A pretest of 15 multiple choice questions was designed to gauge students’ understanding of content knowledge before they were given the demonstration lesson (see Appendix E). This helped to identify the range of ability levels, educational backgrounds, and experiences among the groups. While the pretest helped to identify students’ prior knowledge and the academic equivalency of the groups, the results of the posttest helped to validate the guided notes developed by the researcher. A test blueprint was developed based on the format outlined by Nitko and Brookhart (2007) to address multiple levels of Bloom’s Taxonomy with a particular focus on the application level (see Appendix I). The posttest consisted of 20 multiple choice items pertaining to proper techniques in circuit board assembly and soldering (see Appendix F). Previous studies have shown that guided notes can be used to improve scores on written assessments. If the second research hypothesis was supported and students using guided notes scored significantly higher on the test, then a significant increase in performance on the procedural activity could help support the statement that guided notes are a useful tool in this type of learning environment. The criteria for the grading rubric were based on the written performance objectives. Factors including component identification and orientation, quality of soldered joints, and circuit board function were taken into consideration. The rubric was developed collaboratively with the electronics course instructor to make it as objective as possible. To check for validity, qualified external evaluators were consulted to help
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ensure that the instrument was objective and measured the intended results (see Appendix D).



Data analysis The scores from the pretest, posttest, and circuit assembly activity were tallied and compared using inferential statistics. One-way ANOVA tests were conducted to determine whether or not the null hypotheses could be supported. One-way ANOVAs were used to compare the project scores as well as the scores on the written posttest. By comparing the differences in the pretest scores among groups followed by the differences in posttest scores, evaluators could better understand the impact guided notes had on the acquisition and retention of new knowledge. During analysis, the mean scores of the control groups and the research groups were compared. If the students in the research group scored higher than the control group on the project grades, and the test results show the difference to be statistically significant, the first research hypothesis could be supported. If the research group scored significantly higher than the control group on the posttest, then the second research hypothesis could be supported.



Materials and apparatus Each student was provided with a Morse Code Communicator kit (see Figure 1 and Table 1). Using the electronic components provided and basic tools such as wire cutters and a soldering iron, students were to correctly configure, place and solder the components in to their designated positions on a prefabricated circuit board. Upon
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completion, evaluators tested the finished circuit board assembly to verify that it functioned properly.



Figure 1. Photograph of a fully assembled circuit board for a Morse Code Communicator (Hardy, M. W., 2005). Table 1 Contents of the Morse Code Communicator kit Component Quantity 555 Timer Integrated Circuit 1 0.1µF Capacitor
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Research personnel To aide in the work of the primary researcher, assistance came from five New York state certified technology education teachers. The instructor of the electronics course assisted in the development of instrumentation and lesson preparation. Two qualified external evaluators were consulted to ensure instrumentation validity. Additionally, two New York State certified technology education teachers utilized the scoring rubric to grade student work. To avoid incidental bias in scoring, the evaluators were unaware of which projects came from which groups.
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Chapter 4 Results



Introduction The subjects that participated in this study were randomly selected to be part of either the research group or the control group. All subjects completed the same assignments and were given the same lesson. The only difference was that the research group used guided notes during lecture while the control group used traditional unassisted methods of note-taking. Both groups were administered a pretest on content knowledge to determine whether the subjects were academically equivalent. Following the pretest, all subjects were given a lesson on circuit board assembly before completing a related hands-on activity. After the activity, subjects completed a 20 question multiple choice posttest to measure the content learned and retained from the lesson and corresponding activity. The results of the written pretest and posttest along with scores from the assembly activity were collected. The results were analyzed to determine whether or not the research hypotheses could be supported. In addition to assessment scores, subjects’ notes were analyzed and compared based on 13 specific criteria. These criteria included all key terms and procedures that students were expected to understand upon completion of classroom instruction. Included were the names and quantities of each electronic component needed to complete the corresponding activity, proper orientation of each component, and procedures for properly soldering component leads. The notes from each group were evaluated based on
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the percentage of accurate information written along with the amount of critical content present.



Data analysis The scores from written assessments and the circuit board assembly activity were collected, analyzed, and compared to determine whether or not the use of guided notes had impacted student performance. Of the 43 participants, 21 used guided notes and 22 used traditional methods of note-taking. The results of the pretest show that students using guided notes scored slightly higher than students using traditional note-taking practices. Conversely, the results of the posttest and assembly activities revealed that students who took their own notes scored slightly higher than students using guided notes (see Table 2).
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Table 2 Descriptive statistics between subjects using guided and traditional notes 95% confidence interval for mean



n



Mean



Std. deviation



Std. error



Lower bound



Guided



21



7.57



1.690



.369



6.80



8.34



Traditional



22



7.23



1.631



.348



6.50



7.95



Total



43



7.40



1.650



.252



6.89



7.90



Guided



21



18.52



1.123



.245



18.01



19.04



Traditional



22



18.64



1.049



.224



18.17



19.10



Total



43



18.58



1.074



.164



18.25



18.91



Assembly Guided



21



16.19



3.907



.853



14.41



17.97



Traditional



22



16.95



3.836



.818



15.25



18.66



Total



43



16.58



3.844



.586



15.40



17.76



Source Pretest



Posttest



Upper bound



To determine whether the difference between groups was statistically significant, the scores from written assessments and the circuit board assembly activity were further analyzed using inferential statistics. A one-way ANOVA test (α = 0.05) was conducted and the results were as follows (see Table 3).
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Table 3 Analysis for variance between subjects using guided and traditional notes



Source



df



F



p



Sum of squares



Mean square



Significant Difference



Between groups Pretest



1



.462



.501



1.273



1.273



No



Posttest



1



.115



.736



.136



.136



No



Assembly



1



.419



.521



6.272



.6272



No



Within groups Pretest



41



.462



.501



113.006



2.756



No



Posttest



41



.115



.736



48.329



1.179



No



Assembly



41



.419



.521



614.193



14.980



No



Note. Significant difference measurement at α = 0.05



The results of the ANOVA show that while the mean score of 7.57 for the research group was greater than the controls groups’ mean score of 7.23, the difference in scores was not statistically significant (p > .05). This demonstrates that for the purpose of the study, the two groups can be considered academically equivalent with regard to specific electronics content. The posttest scores were also different between groups but in this case, the control group which took their own notes scored higher than the research group that used guided notes. The mean scores were 18.64 and 18.52 respectively. A comparison shows that while the control group scored higher, the difference was not great enough to be considered statistically significant. 33



An analysis of scores on the circuit board assembly activity yielded a similar outcome to the posttest. Subjects from the control group with a mean score of 16.95 performed slightly higher than the research group who scored 16.19, but the difference was not statistically significant. Although the results do not show much difference in performance between groups or even within groups, there were variances that were not present in the written assessments. With a standard deviation of 3.844, scores were much less consistent than on the posttest. Additionally, there were no clear patterns of error or success. Participants from both groups were successful during different portions of the assignment.



Analysis of notes For notes to be considered complete and accurate, they had to contain specified information with regard to each of the ten different electronic components. This information included how many of each component a subject’s kit should contain, the component’s proper orientation in the circuit board and a feature unique to each component aiding in its identification and/or function. Additionally, specific information presented in lecture regarding soldering techniques and finishing needed to be present in subjects’ notes. While scores from the written assessment and hands-on procedural activity were not significantly different between groups, an analysis of subjects’ notes showed a difference in both accuracy and content. Notes were evaluated based on the percentage of accurate and content-relevant items present. Subjects from the research group using guided notes took notes with an average accuracy of 94.7% versus 63.7% for the control
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group using traditional note-taking techniques. There was also a notable difference in consistency among subjects’ notes. The student with the least accurate information using guided notes correctly recorded 87% of the information from instruction compared to 15% for the lowest scoring student using traditional note-taking methods. This shows that the research group as a whole was able to take accurate notes much more efficiently than the control group. As Hughes and Suritsky (1994) point out, the rate at which information can be absorbed, processed, and recorded differs for each student. In this case, the use of guided notes helped students record information at a consistent pace.



Summary Scores from subjects using guided notes were compared to scores from subjects using traditional methods of note-taking to determine whether one method was more effective than the other in increasing student performance. No significant difference was found between groups’ performance on the pretest which means that they could be considered academically equivalent for the purpose of the study. By deeming the groups equivalent, meaningful comparisons could be made on the posttest and assembly activity. The results of a one-way ANOVA test revealed no significant difference between scores on either the posttest or assembly activity. However, there was an important occurrence that was not revealed by the ANOVA test dealing with the results of the assembly activity. While the mean scores were not significantly different between groups, there was a great inconsistency in performance among students. This variance was not exclusive to either group.
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Lastly, an analysis and comparison of notes was conducted. This revealed that subjects using guided notes took notes with an average accuracy of nearly 95% compared to those using traditional methods that took notes to an average accuracy of about 64%. In addition to a higher mean score on notes, the research group as a whole took consistently complete notes where members of the control group varied greatly in their performance.
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Chapter 5 Conclusion



Introduction The results of the study have been evaluated and conclusions have been drawn with regard to the effectiveness of guided notes during procedural learning activities. The implications of this particular study have been considered and outlined to inform individuals of whom this study may be of particular interest. While the results of this study can be utilized by the academic community, further research should be conducted on the subject. Recommendations for such research are given along with its justification.



Conclusions Two hypotheses were formed prior to this study. The first stated that students using guided notes during a demonstration lesson exhibited significantly higher levels of performance on a procedural assembly activity than students who did not use assisted notes. As the results reveal, there was no significant difference between groups on the assembly activity, therefore the first research hypothesis cannot be supported. The second hypothesis stated that students using guided notes during a demonstration lesson scored significantly higher on a written posttest on content knowledge than students who did not use assisted notes. Again, the results show that there was no significant difference in posttest scores which means that the second research hypothesis cannot be supported.
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This study was carried out to answer the question of whether or not students using guided notes during demonstration lessons exhibit significantly higher levels of performance than students who use traditional, unassisted methods of note-taking. The results of this particular study showed both methods of note-taking to be effective. There are certain aspects of this study that may have accounted for this outcome. These factors include but may not be limited to the subjects’ reliance on short term memory, response to a particular method of instruction, and prior experiences. Of the three factors listed, the most influential may have been the short term memory of subjects. Evidence of this became clear after an examination of the subjects’ notes which revealed a significant difference in both accuracy and completeness between groups. Notes taken by the research groups were much more accurate than those taken by the control groups. With a clear distinction between the quality of groups’ notes and no significant difference in performance, it became evident that subjects relied more on the knowledge retained from instruction and their experience completing the assembly activity than they did on the notes they took. During this study, the activity was administered immediately after instruction. The posttest was completed by students approximately one hour after instruction. With such little time passed, subjects may not have referred to their notes but rather relied on their short term memory to complete both assignments. Had there been a longer span of time between instruction and the corresponding assessments, the quality and accuracy of the subjects’ notes would have had a greater impact on performance. Another factor that may have contributed to this study’s results was the method of instruction implemented. A lesson plan was developed using methods prescribed by
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Price and Nelson (2007) to outline the procedures involved in circuit board assembly and soldering. Steps of the processes were demonstrated while an explanation was given during each step. In addition to demonstrations, additional visual cues were included through the use of a media projector and presentation software. As a common teaching practice, the combination of lecture and demonstration was used to assist in the comprehension and retention of information. This incidentally created another variable in the experiment, hindering the researcher’s ability to measure the effectiveness of subjects’ notes. While students may have retained and processed information from instruction, a particular teaching style may have been the contributing factor rather than the notes taken. A similar conclusion was drawn by Ferreri et al. (2006) after an assisted notes study was conducted using graduate students. Performance, which was measured by quiz scores, was not significantly different between those that used guided notes and completed notes. It was suggested that more substantial evidence in support of guided notes may have been evident, had a different style of teaching been implemented. By using varied instruction that included many visual cues, the notes may have been secondary to classroom experiences in preparing students for the quiz. In addition to the methodology itself, the academic level and prior experiences of subjects may have been a limiting factor in this study. While the groups were academically equivalent to one another, the subjects were all college-level students enrolled in a technology education program. This particular sample was not necessarily representative of the general population of secondary students. Their enrollment in a field-specific baccalaureate program indicates that their academic abilities may be higher with a technical subject such as electronics than that of an average college or secondary
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school student. Had the students been randomly selected from a secondary classroom setting, the results of the study may have been different. Implications While the question regarding guided notes’ effectiveness during procedural learning activities has been left unanswered, aspects of this study have revealed information that can be useful to educators and future researchers. It should be noted that the mean posttest grades for both groups were in the 90s. This shows that when an assessment is given shortly after instruction, allowing students to rely on their short term memory, the combination of lecture and demonstration is an effective teaching tool when students utilize either type of note-taking. Because both groups performed well on the posttest, it shows that both note-taking methods were effective in supporting knowledge retention and comprehension during instruction. Based on the difference in accuracy and totality of notes, it is likely that students using guided notes would perform better on an assessment given long after instruction. If that proves to be the case, guided notes could be an effective method for subjects that require students to recall content over multiple semesters or academic years. This can directly apply to technology-related courses where students must call upon prior knowledge and skills to solve design-based problems. Teachers of all subject areas can also benefit from guided notes because by increasing knowledge retention over substantial time periods, educators can reduce the amount of review needed to refamiliarize students with learning material after long breaks and vacations.
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Recommendations It is recommended that further research be conducted on the effectiveness of guided note-taking during procedural learning activities. Based on the conclusions drawn, the three specific factors to be considered and altered include time, instructional strategy, and subject selection. The time passed between instructional delivery and assessment should be substantial enough so that subjects are required to draw upon the information in their notes rather than their short term memory. To accomplish this, it may be beneficial to conduct a study over the duration of a unit or ideally an entire course rather than a particular lesson. To measure the effectiveness of a particular method of note-taking, a straight forward approach should be taken in lesson planning and delivery. The goal for lesson planning during future research should be to prompt students to rely solely on their notes for recalling information at a later point in time. It is recommended that different teaching strategies be implemented in order to isolate and identify factors that contribute to knowledge retention. This study utilized a combination of direct lecture and demonstration. A new study should utilize one of these strategies for each group in addition to the combination. The last variable for which change is recommended is the selection of subjects. This study dealt with college students enrolled in a course directly related to their chosen field of interest. While the specific information introduced was foreign to the subjects, their abilities and interests in the topic may have partially accounted for their displaying an equivalent level of mastery during both assessments. A future study should include subjects from a larger sample of secondary students that may not have the same self-
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motivation for mastering technology-related content as the subjects of the previous study. This recommended sample would far better represent the population for which this research is intended to benefit. Summary This study was conducted to determine whether or not students using guided notes during instruction would perform significantly higher than students that used traditional, unassisted methods of note-taking. The instruments used to measure performance included a procedural assembly activity and a multiple choice written exam. Subjects were divided into two groups. Members of the research group used guided notes during instruction while the control group used traditional methods of note-taking. During this particular study, there was no significant difference in performance on the assembly activity or the exam between groups. While performance on assessments was consistent, there was a significant difference in both accuracy and overall quality of notes taken. Subjects using guided notes took far more accurate and complete notes than subjects that did not use an assisted form of note-taking. Variables were identified that may have accounted for a similar result in performance on assessments and recommendations for further research were identified. It was recommended that further studies allow for more time to pass between instruction and assessment to avoid student reliance on short term memory. It was also recommended that instructional strategies be altered so that students must rely solely on their notes to recall information. The last recommendations were to select subjects from a larger random sampling of secondary students rather than college students.
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This study serves as a precedent within the field of guided notes research. While numerous studies have examined the effectiveness of assisted note-taking in improving academic performance, none had used a hands-on procedural task as a form of measurement. This study has identified the areas in academia that deal with applied practices as those that would benefit from strategies to improve student note-taking. The details of this study along with future related research can be beneficial to those particular academic subject areas along with traditional subjects that mainly deal with factual and conceptual knowledge.



43



Appendix A Circuit Board Assembly Activity



Project: Morse Code Communicator TEL 240 - Electronics Technology



Morse Code Communicator Circuit Board This circuit board has been developed for use as an electronics project and communications teaching aid for Technology Education laboratories. The circuit board produces an audible tone on a speaker. When combined with a telegraph key or other switch, this oscillator can be used to produce Morse Code communications. Two boards can be connected together through wires to allow students in different areas to communicate back and forth.
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Components List Below is a list of components in the kit that will be assembled. Please identify and inventory your components kit to verify that you have the correct quantity and values for your components. Component 555 Timer Integrated Circuit 0.1µF Capacitor Red LED 1 KΩ Resistor 10 KΩ Resistor 10 KΩ Potentiometer 2N2222 NPN Transistor Pushbutton Switch Terminal Block Piezoelectric Speaker Printed Circuit Board TOTAL



Quantity 1 2 1 4 2 1 2 1 3 1 1 19



Cost Each $0.24 $0.10 $0.08 $0.01 $0.01 $1.10 $0.05 $0.14 $0.21 $0.91 $1.72



Total Cost $0.24 $0.20 $0.08 $0.04 $0.02 $1.10 $0.10 $0.14 $0.63 $0.91 $1.72 $5.18



The finished circuit board.
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Appendix B Lesson Plan “Circuit Board Assembly” OBJECTIVES Upon completion of the lesson and activity, students will be able to:  Identify electronic components and correctly position them on a prefabricated circuit board.  Properly orient and insert components in a circuit board and trim excess leads from components.  Use appropriate techniques to solder joints to the proper finish with the correct amount of solder.  Follow all safety rules posted in the laboratory and prescribed by the instructor.  Use the finished circuit board assembly to transmit a message via Morse code. RESOURCES  Morse Code Communicator Component Kit  PC with Media Projector  Microsoft PowerPoint  Document Camera INTRODUCTION  Give a description of the assignment.  Explain that after the lesson is complete, students will be expected to assemble and properly solder a circuit board that will be provided. PRESENTATION PowerPoint  Component ID - Review and elaborate on electronic component identification. Read a checklist of components included in each kit discussing items such as the resistor color code and polarized components.  Component Placement - Discuss proper techniques for circuit board assembly including order of operations, component orientation and positioning. Provide examples on multimedia presentation of correct and incorrect procedures.  Soldering – Before the actual demonstration, explain the fundamentals of soldering. - Heat must be applied to both the lead and the copper on the circuit board in order to achieve a strong bond. - Students must be careful not to apply too much heat as they can damage a component and/or the board. If copper on the circuit board is damaged, it can be repaired by soldering a piece of wire across the broken path. 46



- Components with thicker leads will require more heat - Show on presentation examples of a strong joint and a cold joint Desoldering – If too much solder is applied or if a cold joint occurs, students can use a desoldering tool to remove molten solder. If such a tool is not available, braided wire can be used. Demonstration  With order of operations in mind choose a resistor and demonstrate proper soldering techniques using the document camera  Now is a good time to discuss safety. Wear glasses during demo and talk about safe practices such as placing soldering pen in designated holder. Tell students to refrain from leaving a hot soldering iron unattended.  Once both leads have been soldered, show students and point out the desirable characteristics (glossy and shaped like a Hershey’s kiss).  Once the component is soldered in place, trim the leads.  Desolder one lead using a desoldering tool or braided wire to demonstrate procedures for correcting a poorly soldered joint. TERMINATION  Provide a brief review which will explain the five objectives that make up the grading criteria.  Remind students that they are to work independently on this assignment.  Address any questions and allow students to begin work on the assembly activity. REFERENCE MATERIALS  



Student Worksheet - “Project: Morse Code Communicator” Text – Basic Electronics: 9th Edition by Grob & Shultz
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Appendix C Guided Notes The Morse Code Communicator Kit contains: 1. Resistors 2. 555 Timer 3. _________________ 4. 2N2222 NPN Transistor 5. 0.1µF Capacitor 6. _________________ 7. Piezoelectric Speaker 8. ________________________ 9. Terminal Block 10. Printed Circuit Board *Soldering components in ascending order by height will help to _________________________. Resistors Each kit should contain ____ resistor(s): - 1 KΩ (4) Brown, Black, ______, Gold - 10 KΩ (2) Brown, Black, ______, Gold *When mounting resistors vertically, the tolerance band should be facing toward ___________. When mounting resistors horizontally, the tolerance band should be facing toward ___________. 555 Timer Each kit should contain ____ 555 Timer(s): *The notch indicating pin ____ should be located toward the ___ of the circuit board. LED Each kit should contain ____ Red LED(s): *The _______ lead (anode) of an LED is _________. 2N2222 NPN Transistors Each kit should contain ____ transistor(s): *The _____ side of the component should face toward ___________. 48



Capacitors Each kit should contain ____ 0.1µF Capacitor(s): *Capacitors can be placed _______________________. Pushbutton Switch Each kit should contain ____ Pushbutton Switch(s): *The switch can be placed _______________________. Piezoelectric Speaker Each kit should contain ____ speaker(s): *The positive lead of the component can be identified by _______________ ___________. Potentiometer Each kit should contain ____ 10 KΩ Potentiometer(s): *Place the component so the adjustment screw ______________________.



Terminal Block Each kit should contain three Terminal Blocks: *Each block is fitted with a ___________ joint so that several can be “ganged” together. *Orient the blocks so the screw terminal openings face ____________________. Fundamentals of Soldering Application of Heat: -Heat must be applied evenly to ____________________. -______________ heat can damage the printed circuit board as well as ________________. -Damaged circuit boards can often be repaired Finish & Appearance -A properly soldered joint should have a ________-like shape -The finish should be ________ and __________ -Apply more heat when soldering ________ leads to achieve a proper joint Desoldering -Excess solder can be removed using a _______________ -If a tool is not available, a piece of _____________ may be used 49



Appendix D Rubric 0 Points



2 Point



4 Points



6 Points



8 Points



Component ID: Component Identification, orientation, and placement



There are more than 5 errors involving the orientation and/or placement of components.



There are 4 or more errors involving the orientation and/or placement of components.



All components are in their designated place but 1 or 2 are not oriented properly.



All components are properly oriented and all but 1 or 2 are in their designated place.



All components are properly oriented and in their designated place.



Soldering: Strength and overall appearance of joints



More than 7 joints are not properly soldered.



5-6 joints are not properly soldered.



3 or 4 joints are not properly soldered.



1 or 2 joints are not properly soldered.



All joints are properly soldered to a glossy finish and have a cone-like shape.



Finishing: Components are mounted flush, leads are properly trimmed, etc.



Overall appearance is poor with 9 or more errors regarding trimming and/or mounting.



Overall appearance is poor with 7 or less errors regarding trimming and/or mounting.



Overall appearance is fair with 5 or less errors regarding trimming and/or mounting.



Overall appearance is neat with 3 or less errors regarding trimming and/or mounting.



Overall appearance is neat, resembling the example. Components are flush and leads are trimmed.



0 Points The product cannot function.



1 Point Several corrections are needed for the product to function as it is supposed to.



2 Points 3 or 4 corrections are needed for the product to function as it is supposed to.



3 Points 1 or 2 corrections are needed for the product to function as it is supposed to.



4 Points Finished product functions as it’s supposed to.



Student failed to observe and follow all safety rules.



Student needed to be reminded several times to observe safety rules.



Student needed to be reminded of the safety rules twice.



Student needed to be reminded of safety rules one time.



Student observed and followed all safety rules.



Function: Student can transmit a message via Morse code



Safety: Follow all safety rules posted in the laboratory and prescribed by the instructor
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Appendix E Pretest
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Appendix F Posttest 1. a. b. c. d.



How is the positive lead of a capacitor identified? The plus sign (+) at the base of the lead Capacitors have neither positive nor negative leads The notch on the capacitor represents the side that the positive lead is on The longer lead is positive



2. a. b. c. d.



How is the positive lead of a Piezo Speaker identified? The plus sign (+) at the base of the lead Piezo Speakers have neither positive nor negative leads The notch on the speaker represents the side that the positive lead is on The longer lead is positive



3.



When placing a resistor horizontally in a circuit board, where should the tolerance band be? a. Towards the left b. Towards the right c. Does not matter 4.



When placing a resistor vertically in a circuit board, where should the tolerance band be? a. Towards the top b. Towards the bottom c. Does not matter 5. a. b. c. d. 6.



What factor should be considered when choosing which direction to place the terminal block? The polarity of the leads The placement of the notch or dot identifying pin 1 The direction of the screw terminal openings The terminal block is not polarized so the direction does not matter



a. b. c. d.



What factor should be considered when choosing which direction to place the 555 timer? The polarity of the leads The placement of the notch or dot identifying pin 1 The direction of the arrow on the 555 timer The 555 timer is not polarized so the direction does not matter



7. a. b. c. d.



Which electronic component is rounded with a flat spot on one side? Pushbutton switch Capacitor Potentiometer 2N2222 transistor



53



8.



Which example represents the best order for soldering components to a circuit board? a. resistor, LED bulb, potentiometer b. terminal block, 2N222 transistor, 555 timer c. resistor, pushbutton switch, 555 timer d. pushbutton switch, piezo speaker, 2N222 transistor



9.



Which example represents the best order for soldering components to a circuit board? a. capacitor, terminal block, resistor b. potentiometer, resistor, terminal block c. terminal block, resistor, LED bulb d. LED bulb, piezo speaker, terminal block



10.



Which example represents the best order for soldering components to a circuit board? a. 555 timer, terminal block, 2N2222 transistor b. piezo speaker, terminal block, LED bulb c. pushbutton switch, terminal block, 555 timer d. 555 timer, 2N2222 transistor, terminal block
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Why is it important to solder components on a circuit board in a particular order? a. To allow the circuit to function properly b. To hold each component in place on the circuit board c. To help identify missing components d. To keep similar components with different values from getting mixed up



12.



Which strategy will help keep components neatly on the circuit board? a. Soldering components in ascending size order by height b. Soldering components from left to right c. Placing all components in the circuit at once before soldering d. Soldering the components in the middle of the circuit board first and moving outward



13.



After soldering is complete, what is the next step in circuit board assembly? a. Mounting the circuit board b. Trimming the leads c. Sanding the joint d. Hooking the circuit to a power source
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14.



15.



16.



What type of joint is the result of the inadequate heating of one soldering surface? a. Weak joint b. Cold joint c. Dimple joint d. Concave joint How should a properly soldered joint be shaped? a. Like a cone b. Like a doughnut c. Like a sphere d. Like a cylinder When soldering a component with thicker leads, what needs to be applied to those leads? a. More solder b. Less solder c. More heat d. Less heat



17.



Solder should be introduced _______ heat is applied to the joint. a. Before b. After



18.



If a desoldering tool is not available, what should be used to remove solder? a. A damp cloth b. Braided wire c. Aluminum foil d. A piece of insulation



19.



If copper on a circuit board is damaged, it can usually be repaired. a. True b. False



20.



When soldering components with longer leads, more heat needs to be applied. a. True b. False
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Appendix G Consent Form for Participation in Research



Paul Rotstein, Graduate Student Department of Technology • School of Education State University of New York at Oswego • Oswego, NY 13126 631.767.8075 • [email protected] You are being asked to participate in a study being conducted by Paul Rotstein, a graduate student at SUNY Oswego, that examines methods of note-taking in laboratorybased courses. The purpose of this study is to determine whether or not the use of guided notes can be beneficial in the performance of procedural activities, particularly in a basic electronics course. Mark Hardy, Associate Professor and Graduate Faculty at SUNY Oswego has agreed to assist with this study. Furthermore, approval for this study has been granted by the university’s Human Subjects Committee. Any questions or concerns regarding this study can be directed toward Paul Rotstein, Mark Hardy, or Barry Friedman. What are guided notes? Guided notes are typed notes provided to students to use during instruction. Key terms are left blank for students to fill in as information is provided. Why is this research study being conducted? Guided notes have been shown to improve student learning in many courses. Research has not yet been done to study the effectiveness of this type of note-taking in courses found in technology education. What will I be doing? You will be assembling and soldering an electronic circuit board. Additionally, you will take a multiple choice pretest and a posttest on the procedures involved in circuit board assembly and soldering. This activity is part of regular class content. For the purpose of the study, half of the research participants will use guided notes during classroom instruction.
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What information will be gathered? Scores on the pretest, posttest, and assembly activity will be gathered. Names will be removed from these items before they are used in the research study. None of the information gathered will be directly traceable to you. How can I benefit from participating? As a participant, you will be making a contribution to the limited research that exists in technology education. As a future educator, this experience may help you deliver more effective lessons and develop meaningful learning activities. What happens if I do not want to participate? Participation in this study is voluntary. There is no penalty for not participating. All students will complete the same activities and take the same tests whether they participate or not. If you do choose to participate, you may withdraw your permission at any time with no penalty. Who is participating? Students from two sections of basic electronics at SUNY Oswego will participate in this study. How long will the study last? This study will take no more than two class periods. The first will involve a briefing on the details of the activity and delivery of a multiple choice pretest. During the second period, students will be given the lesson, complete a circuit board assembly activity and complete a multiple choice posttest. Will my scores be kept private? Yes. Your scores will be given to the researcher without names or any other forms of identification. Privacy, procedures, and research records will be reviewed and regulated by the thesis committee and the Human Subjects Committee at SUNY Oswego. Who do I contact with questions regarding this study? Please direct any questions regarding this research study to the principle investigator, Paul Rotstein or faculty advisor, Mark Hardy. Questions regarding your rights as a participant in this study can be directed to the Human Subjects Committee at SUNY Oswego. Full contact information is provided at the end of this consent form.
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I have read the preceding consent form, or it has been read to me and I fully understand the contents of this document and voluntarily consent to participate. All of my questions concerning the research have been answered. I hereby agree to participate in this research study. If I have any questions in the future about this study, they will be answered by Paul Rotstein, principle investigator. A copy of this form has been given to me. My consent ends at the conclusion of this study. Participant Name (please print): __________________________ Participant Signature: _____________________________ Date: ____________ Witness Signature: ______________________________ Date: ____________ Study Title: The Effectiveness of Guided Notes in Presenting Procedural Learning Activities Contact Information: Principle Investigator Paul G. Rotstein, Graduate Student Department of Technology School of Education State University of New York at Oswego Oswego, NY 13126 631-767-8075 [email protected] Faculty Advisor Dr. Mark W. Hardy Associate Professor & Graduate Faculty Department of Technology School of Education State University of New York at Oswego 315-312-5760 [email protected] Human Subjects Committee Dr. Barry A. Friedman, Co-Chair 247 Rich Hall State University of New York at Oswego 315-312-6381
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Appendix H Human Subjects Approval Form
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