ABSTRACT

The importance of measuring performance in engineering education has long been understood by all stakeholders including teachers, students, administrators, and researchers. As far as quality is concerned, most of the research has been conducted on educational outcomes (e.g., graduation rates, final examination, scores), rather than processes that generate such outcomes. Because process of ‘knowledge transfer’ during the students-instructors interaction, is an important function of educational organizations, monitoring this process while it actually happens represents an on-going measurement strategy and can help in detection of existing problems in the teaching and learning processes. It is also felt that studies conducted on engineering education have not taken into consideration any of the factors related to students behavior i.e. readiness and interest. It is felt that readiness of the students to learn and their interest in the subject are important factors for the classroom learning.

In the present work, statistical process control (SPC) in combination with Classroom Assessment Techniques (CATs) is used for measuring the classroom performance. In addition to this, student’s interest and readiness factors are taken into account to study their influence on classroom knowledge transfer. Examples of SPC charts that were used to monitor teaching and learning performance in three undergraduate mechanical engineering courses are given together with an analysis of the obtained results. A number of plots having readiness, interest and knowledge gain values against lectures were shown to see the effect of readiness, interest and knowledge gain values against lectures were shown to see the effect of readiness and interest levels on knowledge gain. Various scatter plots, best-fitted lines and correlation coefficients for the three courses were also used to determine relationship, if any, between knowledge gain, readiness and interest factors.

This study includes discussions on the important statistical issues, conclusions and several considerations for future scope.

CHAPTER 1
INTRODUCTION

Quality education is an absolute necessity at every level of society. Parents are interested to enroll their children in the best college/institute in order to provide them quality education at reasonable costs. Boards of trustees and management are interested to hire committed, laborious teaching staff so that quality of education can be improved constantly. But they also want to minimize the operational expenditure on the institute. Government wants to see taxpayer’s money spent on education wisely and most efficiently.

One of the most important parts of educational system is a student. Students want goal-oriented education, along with enough job opportunities and placements in leading companies and organizations. This places a responsibility on educators and educational administrators to demonstrate that their educational institutes are capable of providing high quality educational opportunities at reasonable cost for their gainful employment in future.

1.1 Inputs, processes, outcomes and quality of Education

Quality of education encompasses how teaching and learning is organized and managed, what is the content of learning, what level of learning is achieved, what it leads to in term of outcomes, and what goes on in the learning environment [1].
.

Quality of education is dependent on three distinct components i.e. inputs, processes and outcomes. This can be better summarized with the help of a model of quality education system shown in Figure1.1 [2].
One of the main issues that affects enhancement of quality of education is insufficient supply of the required inputs to education system. The inputs that are required for quality education are summarized in the first box of Figure 1.1 [2]. By defining and measuring quality from the inputs perspective, the assumption made is that there is a direct relationship between inputs to education and its quality. This illustrates that, while those charged with the responsibility of promoting quality, and are aware that certain levels of inputs are necessary in order to achieve quality.


Effective learning requires certain levels of given inputs in the “right mix” and in situations where resources are limited, it is important to strike the right prioritization of such inputs. Providing expensive school building at the expense of textbooks and teachers, for example, can frustrate efforts at achieving the quality. The balanced allocation of resource inputs within a college is also important for reasons of equity, which is another attribute of quality.

The central mission of the education system is to ensure that students realize certain learning outcomes. For this reason, quality has been measured from outcomes perspective. Educational outcomes include graduation rates, that is, the number of students awarded graduation degree in a year and final examination scores etc. In order to provide information on educational outcomes, statistics are collected that reflect measures of student’s performance. Without statistics on learning achievement, it is impossible to know what quality of education offered is, and without such knowledge, no suitable corrective action can be taken. Indeed the major research initiatives like that of International Association for Evaluation of the Educational Achievement (IEA), program for International Student Assessment (PISA) etc. focus on outcomes and relating them to inputs and making recommendations that seek to promote and enhance outcomes, which may be referred to as educational quality outcomes.

Between inputs and outputs there is a black box representing processes. Given certain inputs, one can make predictions about expected educational outcomes or learning outcomes. It is a matter of common sense that colleges with the correct mix of inputs in the desired quantities will realize better outcomes than those without. However, if a given set of inputs fail to secure expected levels of outcomes, then one may conclude that something has gone wrong with the process.

In general, it is observed that educational outcomes are largely affected by teaching and learning process. In order to have effective teaching and learning, there should be

· Sufficient time

· Active teaching methods

· Integrated system for assessment and feedback

· Appropriate class size

· Appropriate use of language (communication skills)

One of the main sources of students learning is the interaction with the instructor in a classroom. In fact the instructor’s contribution to student knowledge is the most important source of learning.

Teachers assume that students learn the course material during lectures, laboratory classes, seminars and tutorials as well as through self and team learning. But how much, they actually learn during lectures are largely open questions. As illustrated in previous work in this field by Karapetrovic et. al. [3], a students learning is not necessarily directly proportional to instructor’s teaching performances. Even if the teacher performed at 100% of his/her ability in a lecture, this still would not mean that students learned everything that was taught that day.

As far as quality education is concerned, most of the research has been conducted outcomes (e.g. graduation rates, final examination scores), rather than processes that generate such outcomes. In addition to this, most of the data is collected either at the end of each semester or at the end of each academic year and is aggregated at the level of a department or the whole college rather than at the level of individual instructor.

So in order to obtain a quality education system and better outcomes main focus should be on processes i.e. teaching and learning activities inside the classroom. In this study, an attempt has been made to measure the classroom knowledge transfer due to instructor-student interaction and to study the effect of certain factors like readiness and interest on classroom knowledge transfer.

In the present work, statistical process control in combination with Classroom Assessment Technique (CATs) is used for measuring the classroom performance. In addition to this, student’s interest and readiness factors are taken into account to study their influence on student’s learning abilities. This work is based on an on-going measurement of the students knowledge gain as it occurs in the classroom i.e. during the student-instructor interaction.

In this study, one of the tools of Classroom Assessment Technique (designed by Angelo & Cross) called Background Knowledge Probe (BKP) is used [6]. On the basis of this technique, an instructor can check the background knowledge of students about the lecture’s knowledge blocks. Statistical process control focuses on measuring the processes and preventing the undesirable problems. Since student’s knowledge gain is a product of educational process, it can be used as quality characteristics for statistical process control. In this way SPC can be applied to the process of knowledge transfer in classroom. A traditional p chart is used to monitor the in-control and out of-control situation of class performance.

Student’s readiness and their interest in the topic of lecture being delivered on a particular day by the instructor are collected on a 5 points scale (low-high). These data should help in finding out some of the root causes of out- control situations of knowledge transfer process.

All data for this study were collected from Manav Rachna College of Engineering, Maharishi Dayanand University (MDU), Haryana (India). This study has been conducted to measure and evaluate the process of knowledge transfer (instructor-student interaction) in classroom teaching of a few B.Tech Courses (Mechanical Engineering).

1.2 Classroom Assessment

An assessment in education is a systematic and dynamic process of evaluating institutional outcomes for the purpose of improving student learning, academic program and institutional planning [4]. Assessment in education should be made not only at institutional and curriculum level, but also in classroom.

Classroom assessment involves teachers determining what students are learning and how and to what extent they are learning in the classroom. Definition of classroom assessment is given by many authors in different ways.

Banta et. al. [5] defined the classroom assessment as the measurement of the effective teaching effectiveness on student learning which shapes the teaching and learning process.

According to Angelo et. al. [6] classroom assessment is an approach designed to help teachers find out what students are learning in classroom and how well, how much they are learning. Angelo also said “what is caught is more important than what is taught”.

Classroom assessment is a continuous, ongoing process that involves examining and observing student’s behaviour, listening to their ideas and developing questions to promote conceptual understanding.

1.2.1 Purpose of Assessment

The primary purpose of classroom assessment is to improve the quality of student learning [7]. Some secondary purposes for gathering assessment information include:

· To provide individual information to students about how well they have learned a particular topic and where they are having difficulty.

· To provide information to the instructor about how well the class seems to understand a particular topic and what additional activities might need to be introduced, or whether it is time to move on to another topic.

· To provide diagnostic information to instructors about individual students understanding or difficulties in understanding new material.

· To provide information to teachers about students perceptions and reactions to the class, the subject matter, or particular activities.

· To provide an overall indicator of students success in achieving course goals.

· To help students determine their overall strengths and weakness in learning the course material.

1.2.2 Classroom Assessment versus Traditional Assessment
Traditional methods of evaluating students learning usually occur at the end of the term, when it is too late to make any changes. They may also be very threatening to students. Classroom assessment is student centered whereas traditional assessment is content centered.
1.2.3 Classroom Assessment Techniques (CATs):

(a) Introduction:

Angelo et. al. [6] has developed a variety of techniques for assessing classroom teaching effectiveness at the college level called Classroom Assessment Techniques (CATs). Classroom Assessment Techniques are promising tool to assess students learning throughout a course. By using CATs instructor can monitor students learning while engaging students in reflective evaluation of course concepts. CATs are learner centered and upgraded activities; they encourage students to be honest about what they do and don’t understand in the course.

The purpose of Classroom Assessment Techniques is to enable both instructor and students to mutually improve learning.

(b) Characteristics:
Classroom Assessment Technique possess following characteristics.

1. Provide short-term feedback about the learning and teaching process at a time when it is still possible to make mid-course correction.

2. Improve instructor’s understanding of students needs and their perception of current instructions.

3. Don’t take up much class time.

4. Are immediate usable.

5. Don’t need inordinate time to analyze.

6. Are easy to administer.

7. Are flexible and can be useful for a variety of topics.

Classroom Assessment Techniques (CATs) designed by Angelo and Cross include 101 techniques to monitor current state of classroom. In the present study, one of the CATs i.e. Background Knowledge Probe (BKP) is used to assess the effectiveness of instructions in the class.
· Background Knowledge Probe

Using this technique, an instructor can check the knowledge of students prior to the class. It is believed that students bring a lot of internalized old knowledge with them. At the beginning of a course-unit or lesson, the instructor distributes an objective questionnaire (2 to 4 questions) to collect the background knowledge of the subject. To use this technique, design of appropriate questionnaire is very important. 
Some of the important classroom assessment techniques are described below.
1. Minute Point.

2. Muddiest paper.

3. Technology Maps.

4. Chain Notes.

5. Memory Matrix.

6. Application cards.

1. Minute Point:

This technique also known a one-minute paper is widely used in classroom. During the last few minutes of the class period, an instructor asks the students to answer on a half sheet of paper: “what is most important point you learned today? And “what points remain unclear to you?” This technique is very useful because it encourages the quieter students to ask questions. This Technique can also be used after a class or at the beginning of the class to review the previous session.
2. Muddiest paper:    

In this technique, at the end of class, an instructor asks the students:’ what is the most confusing point to you?” This technique is used to determine which key points were missed by students.
3. Technology Maps. 

As a student learns to use more advanced features of a particular technology- computer,

 Calculators etc., the student may have difficulty finding a particular menu, a button. For this assessment the instructor asks the students to provide a map for several operations or actions. For example, in a class using calculators, a might be asked to write out the path of factorial button.

4. Chain Notes. 
In this technique, students pass around an envelope on which the teacher has written one question about the lecture the taught in the class. When envelope reaches students he/she spends a moment to respond to the question and then places the responses in the envelope. The instructor goes through the students’ responses and determines the best criteria for categorizing the data with the goal of detecting response pattern. Discussing the pattern of the responses with students can lead to better teaching and learning.

     5. Memory Matrix.

     
It consists of a two dimensional square or rectangle which is divided into horizontal rows and vertical columns i.e. cells. Students fill in the cells for which instructor has provided labels. For example in general knowledge course, label might be consisting of country and capital: after a task, instructor tallies the number of correct and incorrect responses in each cell.

Incorrect responses are analyzed to decide what might be the root- cause. The purpose is to asses the student’s recall of information and their ability to categorize it.
    6. Application Cards.
After teaching about an important theory, principal or procedure, an instructor asks students to write down one real-world application for what they have just learned to determine how well they can transfer their learning.
1.3 Statistical Process Control

Statistical process control focuses on measuring the processes (in addition to output) and prevention of problems [8].

Statistical process control (SPC) and control charting can be used as feedback mechanism. Industry has commonly used SPC techniques to assure that production remains “in control” according to predetermined specifications and process capability. Recently, several publications [9-10] have proposed application of these concepts to engineering education to assure that educational processes and outcomes are in control. SPC is a valuable tool for identifying trends or changes in any process. 

In education system, it can alert engineering educators to shifts in outcomes data from one assessment period to the next. Such trends might be indicative of either positive or negative changes occurring within the engineering program. For examples, suppose for the past two years that graduating final year students have qualified GATE (Graduate Aptitude Test in Engineering) above the average of previous year’s records. This indicates to review the learning process to determine what factors are contributing to this positive outcome or is it just a random fluctuation in the data, which does not indicate any positive significant change in the engineering education system.

SPC is not only a tool for identifying trends or changes, but also provides relevant information whether a process is in control or not. The data obtained from questionnaire are plotted about the mean, range, or proportion. Using the appropriate control chart, one can make diagnosis about the process. If a sample exceeds a control limit, there is strong possibility that an assignable cause exists for this variation, such as major differences attributed to the implementation of a new initiative. If a sample does not exceed a limit, then sample-to-sample variation may just be due to common cause variation. By allowing variations to be examined in a logical manner, control charts can provide engineering educators with the information needed to make a systematic change. 

Before implementing SPC usually two questions should be answered, what data is to be collected and what controls is to be used under some specific circumstances. Data is collected as per need and objective.

1.3.1 
[image: image1.wmf]X

and R Control Charts:   
The 
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 and R Shewhart control charts are widely used to monitor the process mean and variability. 
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 and R charts assume that individual responses be continuous and normally distributed. In education field, 
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and R chart can be used to determine the trends and differences overtimes or between students of various disciplines on the basis of scores secured in examinations.
1.3.2 P Control Charts:

“P” chart is a fraction nonconforming chart for attribute. This chart can be used to evaluate the effectiveness of class- teaching. It can identify statistically significant differences in instructors teaching abilities. For example, in engineering education, if a survey question requires a “yes-no” or “satisfied –dissatisfied” responses, the “p” chart can be used to monitor the proportion of those individuals responding “yes” or “no”.

The effectiveness of the instructions in terms of learning outcomes depends on a number of factors like

· The quality of instructions/ lecture, that is, how well the instructor is able to communicate the basis concepts and knowledge of the particular subject to the students.

· The readiness (mental preparedness and attentiveness) of the student to attend the lecture.

· His/her interesting the subject depending on its instructor’s style of teaching.

· The availability of the texts, reference books and class notes etc.

· Classroom ambience.

Therefore, it is necessary that while measuring learning outcomes all the above factors should be taken into considerations as far as possible.
1.4 Students Interest

It is observed that some of the students while attending a lecture in classroom may not be interested sometimes in a particular topic or subject.

For example, an instructor delivered a lecture in classroom effectively, but most of the students attending the lecture are not interested in the topic taught by the instructor. If we don’t take the student’s interest factor into account, we will conclude that as there is no or ineffective transfer of knowledge from the instructor to students, the teaching skills of the instructor are not up to the mark. The fact is that the instructor delivered the lecture very effectively, but as the students were not interested, they didn’t gain from it.

Some students might attend a few lectures for meeting the attendance requirement to enable them to appear in final examinations. 

1.5 Student’s readiness

The concepts of student’s readiness has been defined and redefined over the years, resulting in differing viewpoints. Several theories of student’s development and learning have been used to explain the term. In fact, there appear two types of readiness: readiness to learn specific materials, and readiness for college/institute, which involves a specific set of cognitive, social and motor skills etc. [11].
Student’s readiness means, “How much a student is intentionally willing or ready to learn by attending the class”. It is felt that student’s readiness has a predominant effect on students learning in a class. It is believed that being physically healthy, rested, and well nourished is very essential for student’s readiness. In order to assess instructors teaching ability correctly, readiness of students must be taken into account.
CHAPTER 2

LITERATURE REVIEW

Today’s engineering education in many college and institutes, more or less, still follows the traditional instruction and knowledge delivery approach. This Traditional approach was referred as the instruction paradigm’ has been reported by Barr and Tagg [12], in 1995.Educational paradigm shift from the traditional instruction paradigm to ‘learning paradigm’ or ‘constructive paradigm for undergraduate education in all disciplines. The new learning paradigm promotes the theory that knowledge is not delivered but constructed and created. In the new paradigm the center of education is learning, not instructions. The learning environment and learning are co-operative, collaborative and supportive.

Kardos [13] stated that the most important condition for all learning is “the interest of the learner”. The traditional lecturing –receiving approach puts the instructor at the center of the learning environment, but the subjects of learning i.e. student’s plays a passive role.

Cameron [14] showed that students learned more and were more highly motivated when they were actively, rather than passively involved in the learning process. Various researches in education revealed that traditional lecturing resulted in the retention of content material in comparison to the other methods of lecturing [15-16]. The learning paradigm, however, does not prohibit lecturing.

Lecturing and other classroom activities are often seen as the enjoyable aspects of teaching, while evaluating student work and assigning grades are less attractive. Tests given during the course of instruction can help instructors and students keep track of the kind and amount of learning that is taking place. Tests given at the completion can provide important information about how much has been learned by the end of a unit, by mid-semester, by the end of the term.

Recent efforts to improve accounting education, challenged instructor to shift their focus from what they teach, to what their students learn. Along with changing course content and instructional methods, instructors have placed greater emphasis on assessment. Many have added classroom assessment techniques (CATs) to their classes, and literature in this field in emerging [17]. 

Assessment is the process of systematically collecting, interpreting, and using information to improve student learning and satisfaction [18]. There are two types of assessment. One type, referred to outcomes assessment [19] includes large –scale efforts of periodically assess students at key points in their accounting program. Typically promoted and supported by administrators, program-level assessment uses techniques such as surveys, achievement by test, focus groups and exit interviews to identify changes that will improve the learning of students in future classes.

A second type of assessments, referred to as classroom assessment [6] includes small-scale efforts a professor uses to continuously assess students who are taking his or her class. Initiated and controlled by the professor, classroom assessment uses techniques similar to those used in program-level assessment but designed to identify changes that will improve the learning of current students before the class term ends. Because professors control the process, they are more likely to become involved in assessment at the classroom level.  

In recent years, as more and more professors have used CATs, some, literature on the subject has emerged. The literature can be divided into two arrears, on that describes CATs and a second that reports on how CATs affect instructors and their students.

The first area of the literature is helpful for instructors who are trying to choose CATs to use in their classes. Angelo et.al.[6] provides the consummate resource in their handbook of 50 CATs. Using that handbook, an instructor can select from a wide array of CATs that map into his or her specific teaching goals.

The second area of the literature is helpful for instructors who want to predict how CATs will affect them and their students. To date, the literature that considers instructors is based solely on the students. To date, the literature that considers instructors is based solely on the opinions of and observations by, those who have used CATs. Professors agree that CATs provide useful feedback to help them correct information about class learning and chooses appropriate teaching methods and material [19]. They find the feedback useful because CATs provide timely information about what each and every student in their class is learning .information they use as part of an ongoing cycle of assessing, making appropriate changes, and assessing again. Whether CATs improve student learning, however, depends on the information students provides.

Several researchers [20-21] have used classroom assessment techniques to show improvement in teaching and learning and they found that students using CATs become more actively involved in the learning process. Almer et. al. [20] found that when students completed in an-class exercise that encouraged them to self-assess, they earned higher scores on that week’s quiz scores in treatment weeks could mean that students had hard time learning how to self- assess in the control weeks. Steadman et. al.[21] reported CATs made students feel more involved in their learning. Cats engage students in encoding exercises, deep processing of information and metacongnition. Metacognition means that learners must have a perspective to view and assess their own learning.

It is found that the uses of classroom assessment along with statistical process control can help both students and teachers to improve the quality of teaching and leaning in classroom. These of statistical process control in classroom assessment aids in determining whether a particular process in either in or out-of-control and assists in identifying possible causes of variation from various aspects of the process and identify the areas of improvement.

A few studies on use of statistical process control tools in monitoring educational processes and outcomes in colleges and institutions have been reported in literature.

Karapetrovic and Rajamani [22] described a method for monitoring the quality of teaching and learning outcomes in a course (Introductory Engineering Economics) taught in the classroom. Data came from questionnaires which contained 3 to 5 questions with multiple choice answers, one possible answer was “don’t know” Students were asked to answer the questions at the beginning of the lecture to check if  they had prior knowledge of the topic to be covered in the classroom. Students were again asked to answer the same questions at the end of the lecture. This provided a measure of knowledge gain. The statistics of ‘knowledge gain’ obtained was plotted against question number on a traditional ‘p’ control chart. On the basis of trends of points on the chart, in-control and out-of control situation of classroom teaching and learning process ‘was determined.

Besterfield-Sacre et al. [23] described an application of SPC charts for monitoring enjoyment of math and science courses by first year engineering students. The data came from questionnaire where answers were based on a 5 point scale (e.g., 1=”not satisfied” to 5=”very satisfied”). For such data traditional “p” chart was not appropriate since the response did not fit into a “yes-no” category; and use of variable charts was not appropriate since the data were discrete rather than continuous and non-normally distributed. To address these issues, the authors used two alternative non-parametric control charts. The chi-square chart was based on “using the chi-square goodness-of –fit statistics to compare an actual distribution with theoretical distribution”. The modified “p” chart was extension of a traditional “p” chart for more than two categories. For each data point, pre-survey responses used to establish the control and the post – survey responses were plotted.

K.Grygoryev and S. Karapetrovic [24] again presented a model for an going measurement of student knowledge gain as it occurs in classroom. This paper is an extension of previous work of Karapetrovic [22]. In this work same courses was taught by two instructors ‘A’ and ‘B’. Instructor A taught the course in fall and springs sessions,2002 and instructor ‘B’ taught the same course in fall session 2002.The statistics obtained was plotted on traditional ‘p’ control chart. Comparison was made in teaching and learning process of instructor ‘A’ and ‘B’; further a comparison was made in teaching and learning process of instructor ‘A’ for the two semesters.
Although the efforts made in studies described above on educational processes i.e. classroom teaching and learning have showed effective improvement in classroom knowledge transfer,  however,  it is felt that the studies presented in literature have not taken into consideration any of the factors related to students behavior and interest in the subject. It is felt that “readiness” of students to learn and their “interest” in the subject is important factors for the classroom learning. Therefore, in the present study one of the Classroom Assessment Techniques (CATs) is used along with data for “readiness and interest” for measuring the effectiveness of classroom instructions and learning outcomes. The data will be analyzed by using statistical process control and other statistical techniques.     

CHAPTER 3

METHODOLOGY

3.1 Problem Focus
This study focuses on two main questions. First, how much knowledge is being transferred by an instructor inside classroom? Second, how do student’s readiness and interest factors affect the classroom teaching and learning process?

3.2 The Learning Environment

The present study was conducted in the Department Of Mechanical Engineering, Manav Rachna College of Engineering, Maharishi Dayanand University, Haryana (India). The study was limited to four B.Tech (Mechanical Engineering) course i.e. Heat Transfer (HT) and Measurement & Instrumentation (M&I), 6th semester courses, Fluid Mechanics (FM), 4th semester course, Electrical Technology (ET), 2nd semester course. Approximately 25-30 students attended the lectures in these courses.

Instructor who had several years of industrial experience taught the course on Heat Transfer. The courses contained theoretical concepts as well as numerical solution of problems. All the questions designed by the instructor had approximately same difficulty level. This subject was new for students, except for some elementary knowledge gained at senior secondary school level.

The course on Measurement & Instrumentation (M&I) was taught by instructor who had several years of teaching experience. This course mainly related to the concepts of electronics equipments used in mechanical devices. Instructor was offering the course third time in succession. Students had some exposure to the basic knowledge of the mechanical and electronic devices in their previous semester. This course was generally rated difficult because of electronics details to be studied by students in detail.

The course on Fluid Mechanics (FM taught by instructor also had several years of teaching experience and he was offering the course second time in succession. The courses contained theoretical concepts as well as numerical solution of problems. All the questions designed by the instructor had approximately same difficulty level. This subject was new for most of the students, except for some elementary knowledge gained in physics at senior secondary school level. The students coming after Diploma (Mech. Engg.) had some exposure to hydraulics.

The course on Electrical Technology was taught by a female instructor having several years of teaching experience and she was offering the course third time in succession. This course was related to the basic concepts of electrical technology. Previous pass results of this course were not very encouraging from student’s point of view because students had no earlier exposure to this subject.

At the beginning of the semester, all the instructors were told about the purpose of this study. They were requested to design the questions to assess the level of understanding of the basics of the course. All instructors were quite enthusiastic and interested in the study reported here. 

3.3 Monitoring Classroom Learning 

There are few techniques that can be used for measuring ongoing students learning inside the class [6]. But one should choose a technique that is easy to implement without creating any difficulty to both students and teachers. In the present study one of the Classroom Assessment Technique (CATs) is used along with data for “readiness” and “interest” of students for measuring the effectiveness of classroom instructions and learning outcomes.

3.3.1 Design and Development of Modified Background Knowledge  

         Probe (MBKP)
              Data on classroom teaching and learning process were collected using one of the Classroom Assessment Techniques (CATs) called Background Knowledge Probe (BKP). Using a BKP, an instructor asks one or more questions before the lecture to reflect the background knowledge of students to the topic to be covered in the lecture [6].

             Karapetrovic and Rajamani [22] modified the BKP to collect data on student learning. They coupled BKP with SPC, this adapted techniques was called Modified Background Knowledge Probe (MBKP). Using an MBKP, students answered (two to four) objective type questions once prior to thee lecture and then again after the lecture. This provides a measure of knowledge gain in the class.
In the present work, an MBKP along with readiness and interest factors is used to collect data on classroom teaching and learning. A typical MBKP administered during Heat Transfer (HT) course in undergraduate program of B.Tech (Mech. Engg.) is presented in Figure 3.1.
MANAV RACHNA COLLEGE OF ENGINEERING, FARIDABAD

SUBJECT ……………….......................                         SEMESTER………

BRANCH……………..                                                    ROLL NO………………….

Q.1 In a shell and tube surface condenser:

       (a) Steam and cooling water mix to give the condensate

       (b) Cooling water passes through the tubes and steam surrounds them

       (c) Steam passes through the cooling tubes and cooling water surrounds them

       (d) All of the above varying with situation  

       (e) I don’t know

Q.2 In a surface condenser if air is removed, there is

        (a) Fall in absolute pressure maintained in condenser

        (b) Rise in absolute pressure maintained in condenser

        (c) No change in absolute pressure in condenser

        (d) Rise in temperature in condensed steam

        (e) I don’t know

	Answer
	   Before
	     After

	1
	
	

	2
	
	


	Readiness

Scale (1-5) low-high
	 Subject Interest

Scale (1-5) low-high

	
	


Signature of Student:

Figure 3.1 Example of MBKP

3.3.2 Before & After Answers:
             A MBKP contains 2 to 3 objective type questions with multiple-choice answers, one of them being “I don’t know”. At the beginning of each lecture, students would answer these questions to the best of their abilities and then put the question aside. This will provide information on the student’s prior knowledge of the topic to be covered in that lecture period. At the end of the lecture, the student’s would answer again the same questions in the “After” column.

            The responses obtained from students after collecting the MBKP are classified into four categories. Table 3.1 represents the four alternatives of collected statistic as explained below.

· Proportion “Incorrect After” (PIA): It includes students who have “incorrect” or “I don’t know” answer to any question after the lecture. It is denoted by PIA .It includes both “Correct Before, Incorrect After” i.e. PCBIA and “Incorrect Before, Incorrect After” i.e. PIBIA statistics. If “Correct Before, Incorrect After” statistics is consistently small, it can be assumed that lecture was not the cause of confusion. If this statistics is consistently large, the instructor needs to check both quality of the delivered as well as quality of questions.

PIA statistics includes the students who did not benefit from the lecture or failed to learn material during the lecture. The theoretical target for PIA statistics is 0%, meaning that all students in every lecture will have a correct answer to every question. However, this value is rarely achieved practically. Looking from quality control of point of view,    0 % defective output occurs in practice.

· Proportion “Incorrect Before, Correct After” (PIBCA): It includes students who did not know the answer to the questions before the lecture, but knew correct answers after the lecture. It is denoted by PIBCA. This Statistics provides a reflection on teaching effectiveness of the instructor and measures students learning that occurred inside the classroom as a result of the lecture delivered by the instructor.

Theoretically PIBCA statistics should be 100%, meaning that no students knew the material prior to the lecture, but all knew it after the lecture. But PIBCA seldom reaches 100%.
 This is because

· Some of the students may have prior knowledge of the material.

· Some topics remain hard to learn for the students.

· Proportion “Correct Before, Correct After” (PCBCA): It includes students who knew the answers both before and after the lecture. The high PCBCA is not a desirable situation, since it indicates that many students did not learn from the lecture anything new. The PCBCA can be computed from PIA and PIBCA.

Only two of the three statistics above need to be collected, since the third one can always be derived because the sum of all three statistics equals one:
PIA + PIBCA + PCBCA = 1
   
The statistics PIA ( PIBIA and PCBIA),  PIBCA and  PCBCA collected against question number for four courses i.e. Heat Transfer(HT), Measurement & Instrumentation (M&I),  Fluid Mechanics (FM),  Electrical Technology(ET),  are presented in Appendix A-2

3.3.3 Readiness and Interest Factors

As explained earlier, the effectiveness of the instructions in terms of learning outcomes depends on a number of factors like

i. The quality of instructions/lecture, that is, how well the instructor is able to communicate the basic concepts and knowledge of a particular subject to the students.

ii. The readiness (mental preparedness and attentiveness) of the student to attend the lecture.

iii. His/her interest in the subject and its instructor’s style of teaching.

iv. Classroom ambience (environment-space, facilities, seating arrangement discipline etc.)

Data on first factor i.e. “the quality of instructors/lecture” were collected using “Before and After answers” put on each MBKP. But how much the students actually learn depends not only on the quality of instructions but also on student’s attitude and interest in the subject. Data on these factors are much needed so that correct estimation of effectiveness of the lecture to knowledge gain can be made.

In the present study, two factors are taken into account. First, student’s readiness is used to assess his or her willingness and attentiveness. Second, student’s interest in the subject based on instructors teaching ability also affects learning process. Student’s readiness and their interest in the topic of the lecture delivered on a particular day were collected on a 5-point scale (low-high).

Each MBKP contains a readiness and interest factors table with a scale of (1-5) as shown in figure3.1

Where

1= very low

2= low

3= moderate

4= high

5= very high
	Category

	Before

	After

	Statistic Collected


	1

	Correct

	Correct

	Proportion “Correct Before Correct After”, PCBCA

	2

	Incorrect

	Correct

	Proportion “Incorrect Before Correct After”, PIBCA

	3

	Incorrect

	Incorrect

	Proportion “Incorrect After”, PIA

	4

	Correct

	Incorrect

	
	Measure/scale

	1

	2

	3

	4

	5


	Interest

					
	Readiness

					

	


At the beginning of each lecture, students were instructed to answer the questions in “Before” column and fill the readiness and interest column with the appropriate scale  factor (1-5). They were given 4 to 5 minutes to do this.  
Table 3.1
3.3.4 Statistical Principles of MBKP
(1) The underlying assumption behind the MBKP is that the statistic obtained   

      from any of the “Before or After” answers id based on the Binomial 
      Distribution.

           (2) It is assumed that process of instructions and teaching is stable.

According to the Binomial Distribution, probability of getting x success in n trails is 

     P(x) = nCx px (1-p) n-x   = b(x n, p)

In the present study, the outcome of interest is the transfer of knowledge or knowledge gain in a class. We assume that the probability that any student will be able to answer any particular “B & A’ question correctly is p. In addition to this, we assume that the probability of a student answering a “B &A” question correctly is independent of any another students answer.

Therefore each student’s answer to a particular “B&A” question is realization of Bernoulli trial with parameter p.
3.4 Statistical Process Control Charts:

The statistics PIBCA and PIA obtained from data may be plotted against the question number on a simple graph showing various trends and averages. But it would be much useful to establish a statistical control chart to identify any out-of –control points and reasons thereof. As discussed earlier, the outcome of educational processes is student’s knowledge gain. Therefore the quality characteristic for SPC is taken to be student’s knowledge gain.

In the present study, as the number of students attending various lectures varies, the control limits i.e. upper and lower control limits will change from lecture to lecture. When sample size changes from point to point1, two types of proportional non –conforming charts can be used.

1. Variable control limits width attribute chart,

2. Standardized attribute control chart.

The first type of control chart requires separate control limits for each point. The upper and lower limits of the chart can be computed as
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Where 
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 is the average of PIBCA or PIA and ni is the total number of students answering ith question in a lecture.

The centre line of the chart is equal to
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 . If a point falls above the upper control limit for the PIA statistics or below the lower control limit for PIBCA statistics, it may be an indication of a problem as PIA is of lower the better type whereas PIBCA is of higher the better type. 

In the present work, standardized attribute chart is used to plot the PIBCA and PIA statistics. This chart has the centre line set at 0 and upper and lower control limits set at +3 and -3 respectively. The sample statistic plotted on the chart can be calculated using the following formula.
 Zi   =         pi -  
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In this formula, Pi is the sample proportion (PIA or PIBCA), 
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 is the process fraction non- conforming and ni is the sample size (number of students attempting ith   question).

This chart has following advantages.

1. This chart has an advantage of plotting several P statistics collected from different processes on the same chart having fixed control limits.

2. The standardized control chart is easy to construct or maintain than variable control limits P control chart.

3.5 Performance Testing:
In the present study, data for four courses (HT, FM, M&I, & ET) were collected from the class through designed MBKP. For each section (A and B) two types of statistics PIBCA and PIA were calculated.

(1) Procedure for plotting Standardized P Control Chart: In order to plot PIBCA statistics on standardized P chart, following procedure is used. 

· PIBCA statistic:

	MBKP
	Q.No.
	xi
	ni
	Pi
	σi
	Zi

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



Step 1 : Count the total number of “Incorrect Before, Correct After” responses (xi) made by students to the ith  question in a lecture.

Step 2 : Count the total number of students (ni) who attended the lecture and responded to the ith question in a lecture.

Step 3 : Calculate the proportion “Incorrect Before, Correct After” for the ith question. This statistic is denoted by (PIBCA )i  or Pi.

                                        Total Number of “Incorrect Before, Correct After” responses 

          (PIBCA )i = Pi.  =      made by students to the ith  question in a lecture. (xi)

                          Total number of students who attended the lecture and to the ith    
                          question in a lecture. (ni)                      

Pi  =   xi /  ni  

In this way  (PIBCA )i statistic can be calculated for each question.

Step 4 : Calculate the estimated process proportion  “Incorrect Before, Correct After”. It is average of individual sample proportions    “Incorrect Before, Correct After”. It is given by
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Step 5 : Calculate the standardized value of the individual sample proportional  “Incorrect Before, Correct After” (PIBCA )i . It may be expressed as
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Step 6: The centre line for a standardized P chart is at 0, the UCL is at 3 and LCL is at -3.

Step 7: Plot the Zi value against the respective question number on the chart.

The same procedure is followed for PIA statistics.

(2) Criterion for determining out-of control condition:
          After constructing P chart, trends and averages are analyzed. Generally, when a point lies outside the control limits, the process is said to be in an out-of-control state. This is the most commonly used criterion for determining out-of-control condition. Other than a plotted point falling outside the control limits, there are some other rules, which also lead the process to an out-of-control condition.

In our study, criterion for determining out-of-control condition is presented below.


PIBCA statistic: If a point lies or falls below the lower control limit for PIBCA statistic, this may be an indication for out-of-control condition as the statistic is of the higher better.

PIA statistic: If a point lies or exceeds the upper control limit for PIA statistic, this may also be an indication for out-of-control as it of the type lower the better.

Such points are investigated in detail for the possible causes.

Some of possible causes that can be associated with out-of-control situations are

1. The topic related to the question

i. Had not been covered in the classroom due to lack of time.

ii. Was covered very quickly at the end of lecture.

2. A question concerned a new concept.
3.5.1 Relative Performance:

The relative performance of students of each section in a course can be seen by plotting the statistics (PIBCA or PIA) against the question number on the same ‘P’ control chart. On the basis of pattern of trend lines of PIBCA and PIA statistics, it can be judged whether the relative performance of students in both sections is similar or not.

When comparing the charts for PIBCA and PIA, the following criterion has been used to indicate the differences in performance based on these fractions.

1) If the difference in the corresponding PIBCA and the corresponding PIA values of two sections for any question of a course is less than 0.15 simultaneously, then the performance is considered to be similar or nearly similar for that question.

2) If the difference in the corresponding PIBCA and the corresponding  PIA values of two sections for any question of a course is more than 0.30 simultaneously, then the performance is considered to be noticeably different for that question. Criterion for the performance is also expressed mathematically given below
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And   
[image: image27.wmf](PIA )A/Qi       -   (PIA )B/Qi 
[image: image28.wmf]     =    
[image: image29.wmf] (ΔPIA )i        
[image: image30.wmf]    ≤ 0.30 (Noticeably Different)

3.5.2 Test for Absolute Performance:

If the relative performance of students in both sections appears to be similar, it does not necessarily mean that absolute performance of students of both sections is same. In order to find if any statistical significant difference in the absolute performance of the students of two sections exists, the following test can be conducted.

When there are two binomial populations having average proportional conforming or non-conforming P1 and P2, it is important to test whether they have the same parameter P (i.e. P1 = P2 =P). Population average proportional represents the ratio of the number of conforming or non-conforming items to the total number of items inspected in the population.

                                   P=x/n 

Where x=number of non- conforming items in a population.

            n=total number of items inspected.

Thus          P1=x1/n1       and   P2=x2/n2

1. The null hypothesis in the present case is P1=P2=P

2. The alternate hypothesis is P1 ≠ P2   i.e.   P1 > P2    or P1 <   P2   
3. Level of significance: α  =0.01

4. Criterion of Rejection of null hypothesis:

Null hypothesis is rejected if |Z|> 2.33 where Z is given by the formula given

 below.

Weighted P: It represents the overall mean for both populations. It accounts the

       effects of both populations. Thus it is calculated as

                           Total number of non- conforming items for both populations

        Pweighted   =                      

                             Total number of items inspected for both populations

Pweighted     =   x1   +   x 2      = P

                            n1    +   n2

Z   =      
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 3.6 Effect of Readiness and Interest Factors on Knowledge Gain:

(a) Readiness: It is felt that students’ readiness to gain knowledge do influence the Students learning behavior in the class. Learning is considered to be more effective

when an individual is ready to learn, that is when one wants to acquire knowledge.

Some of the factors which affect which affect student’s readiness are listed below.

· Physical health,

· State of rest and relaxation

· Fulfillment of Basic Needs-food, shelter, clothing, security, books etc

· Willingness to learn

(b) Interest: Student’s interest in the subject/topic is considered to be also another

important factor that affects knowledge transfer in the class. It is influenced by following factors.

· Style of lecturing/ teaching 

· Lecture content

· Time of lecture content

· Time of lecture (class schedule)

· Distribution of any reading material/lectures notes/home-assignments etc.

It is reported that students have shown more interest in the lectures scheduled in the morning hours than the lectures scheduled in evening [24]. This is because one feels fresh in the morning hours. A decline was observed in interest during the study when mid-terms and end semester exams were near. Some other factors, like a recruitment team visiting the college or preparation for annual college function are also likely to influence readiness and interest of students in the class.

Therefore, in the present study both factors are taken into consideration to see their influence on knowledge transfer.

         The term ‘knowledge gain’ refers to the statistic “Proportion Incorrect Before, and Correct After” i.e. PIBCA. Data on interest and readiness factors were collected on a 1-5 scale (low-high) in both sections for the courses of Heat Transfer(HT), Measurement & Instrumentation (M&I), Fluid Mechanics (FM), Electrical Technology(ET) as shown in Tables 4.3.1 to 4.3.4.

(c) Weighted Readiness and Interest: These values were calculated for each MBKP to convert 5 point scale data to an equivalent single value so that these can be plotted on graph against MBPK number. Weighted readiness and interest values were 

calculated by using following formulas. 

(Rw / Iw )i      =   Weighted Readiness/ Interest 

                   =   1*(Ni) 1R/I + 2*(Ni) 2R/I + 3*(Ni) 3R/I+ 4*(Ni) 4R/I + 5*(Ni) 5R/I
                                                                                             Ni

Where 1, 2, 3, 4, 5-Readiness / Interest Scale values (1-5)

(Ni) 1R/I = Number of students who gave response ‘1’ on readiness /Interest scales for

    MBKP(i).

Similarly (Ni) 2R/I is the number of students who marked response ‘2’on

Readiness/Interest scales for MBKP (i) and so on.

Ni = Total number of students who attempted the questions in MBKP (i)

CHAPTER 4
RESULTS AND DISCUSSIONS

Tables 4.1 to 4.8   represent the standardized Z values (Zi) of PIBCA and PIA statistics for four courses i.e. Heat Transfer (HT), Measurement & Instrumentation (M&I), Fluid Mechanics (FM), Electrical Technology (ET), to construct standardized P control chart.
Table 4.1





	PIBCA   HEAT  TRANSFER (HT)

	MBKP
	Q.No
	xi
	ni
	Pi
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	Zi

	
1
	1
	3
	26
	0.1154
	0.0980
	-3.7820

	
	2
	6
	26
	0.2308
	0.0980
	-2.6049

	
2
	3
	14
	28
	0.5000
	0.0945
	0.1472

	
	4
	16
	28
	0.5714
	0.0945
	0.9034

	
3
	5
	24
	32
	0.7500
	0.0884
	2.9868

	
	6
	20
	32
	0.6250
	0.0884
	1.5721

	
4
	7
	30
	36
	0.8333
	0.0833
	4.1684

	
	8
	27
	36
	0.7500
	0.0833
	3.1680

	
5
	9
	10
	30
	0.3333
	0.0913
	-1.6741

	
	10
	4
	30
	0.1333
	0.0913
	-3.8659

	
6
	11
	10
	33
	0.3030
	0.0870
	-2.1041

	
	12
	14
	33
	0.4242
	0.0870
	-0.7110

	
7
	13
	30
	35
	0.8571
	0.0845
	4.3919

	
	14
	17
	35
	0.4857
	0.0845
	-0.0046

	
	15
	21
	35
	0.6000
	0.0845
	1.3482

	
8
	16
	22
	33
	0.6667
	0.0870
	2.0754

	
	17
	13
	33
	0.3939
	0.0870
	-1.0593

	
9
	18
	9
	35
	0.2571
	0.0845
	-2.7101

	
	19
	13
	35
	0.3714
	0.0845
	-1.3573

	
	20
	11
	35
	0.3143
	0.0845
	-2.0337


Where   xi   = Total number of conforming (IBCA) or non-conforming (IA)        

                        responses by the students to ith question.

  ni   =  Total number of students who attended the lecture for ith question.


 Pi   = Proportional conforming PIBCA or non-conforming responses (PIA). 
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 = Standard Deviation of Pi values





Table 4.2         

	PIA   HEAT  TRANSFER (HT)

	MBKP
	Q.No
	xi
	ni 
	Pi
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	Zi

	
1
	1
	0
	26
	0.0000
	0.0941
	-3.8168

	
	2
	9
	26
	0.3462
	0.0941
	-0.1376

	
2
	3
	2
	28
	0.0714
	0.0907
	-3.1730

	
	4
	1
	28
	0.0357
	0.0907
	-3.5669

	
3
	5
	8
	32
	0.2500
	0.0848
	-1.2865

	
	6
	11
	32
	0.3438
	0.0848
	-0.1810

	
4
	7
	6
	36
	0.1667
	0.0800
	-2.4067

	
	8
	9
	36
	0.2500
	0.0800
	-1.3645

	
5
	9
	5
	30
	0.1667
	0.0876
	-2.1970

	
	10
	24
	30
	0.8000
	0.0876
	5.0338

	
6
	11
	5
	33
	0.1515
	0.0835
	-2.4857

	
	12
	14
	33
	0.4242
	0.0835
	0.7800

	
7
	13
	5
	35
	0.1429
	0.0811
	-2.6667

	
	14
	18
	35
	0.5143
	0.0811
	1.9137

	
	15
	14
	35
	0.4000
	0.0811
	0.5044

	
8
	16
	11
	33
	0.3333
	0.0835
	-0.3085

	
	17
	20
	33
	0.6061
	0.0835
	2.9572

	
9
	18
	26
	35
	0.7429
	0.0811
	4.7325

	
	19
	20
	35
	0.5714
	0.0811
	2.6184

	
	20
	24
	35
	0.6857
	0.0811
	4.0278







Table 4.3
	PIBCA   MEASUREMNT & INSTRUMENTATION (M&I)

	MBKP
	Q.No
	xi
	ni
	Pi
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	Zi

	
1
	1
	25
	37
	0.6757
	0.0809
	3.2618

	
	2
	27
	37
	7.7297
	0.0809
	3.9299

	
2
	3
	11
	39
	0.2821
	0.0788
	-1.6460

	
	4
	4
	39
	0.1026
	0.0788
	-3.9235

	
3



	5
	8
	24
	0.3333
	0.1005
	-0.7807

	
	6
	18
	24
	0.7500
	0.1005
	3.3669

	
	7
	6
	24
	0.2500
	0.1005
	-1.6102

	
4
	8
	22
	31
	0.7097
	0.0844
	3.3703

	
	9
	17
	31
	0.5484
	0.0844
	1.5456

	
	10
	9
	31
	0.2903
	0.0844
	-1.3739

	
5



	11
	9
	36
	0.2500
	0.0820
	-1.9721

	
	12
	4
	36
	0.1111
	0.0820
	-3.6654

	
	13
	3
	36
	0.0833
	0.0820
	-4.0040

	6
	14
	7
	28
	0.2500
	0.0930
	-1.7393

	
	15
	18
	28
	0.6429
	0.0930
	2.4846

	
7
	16
	10
	22
	0.4545
	0.1049
	0.4077

	
	17
	7
	22
	0.3182
	0.1049
	-0.8919

	
8
	18
	22
	29
	0.7586
	0.0914
	3.7953

	
	19
	17
	29
	0.5862
	0.0914
	1.9088

	
	20
	8
	29
	0.2759
	0.0914
	-1.4871







Table 4.4
	PIA   MEASUREMNT & INSTRUMENTATION (M&I)

	MBKP
	Q.No
	xi
	ni
	Pi
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	Zi

	
1
	1
	4
	37
	0.1081
	0.0821
	-5.0717

	
	2
	4
	37
	0.1081
	0.0821
	-5.0717

	
2
	3
	24
	39
	0.6154
	0.0800
	1.1365

	
	4
	32
	39
	0.8205
	0.0800
	3.7016

	
3



	5
	14
	24
	0.5833
	0.1019
	0.5771

	
	6
	13
	24
	0.5417
	0.1019
	0.1684

	
	7
	17
	24
	0.7083
	0.1019
	1.8034

	
4
	8
	9
	31
	0.2903
	0.0897
	-2.6108

	
	9
	13
	31
	0.4194
	0.0897
	-1.1723

	
	10
	20
	31
	0.6452
	0.0897
	1.3452

	
5



	11
	27
	36
	0.7500
	0.0832
	2.7093

	
	12
	32
	36
	0.889
	0.0832
	4.3779

	
	13
	33
	36
	0.9167
	0.0832
	4.7117

	6
	14
	20
	28
	0.7143
	0.0944
	2.0109

	
	15
	4
	28
	0.1429
	0.0944
	-4.0438

	
7
	16
	12
	22
	0.5455
	0.1065
	0.1968

	
	17
	15
	22
	0.6818
	0.1065
	1.4776

	
8
	18
	3
	29
	0.1034
	0.0927
	-4.5403

	
	19
	10
	29
	0.3448
	0.0927
	-1.9375

	
	20
	15
	29
	0.5172
	0.0927
	-0.0783






Table 4.5

	PIBCA   FLUID MECHANICS (FM)

	MBKP
	Q.No
	xi
	ni
	Pi
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	Zi

	
1
	1
	5
	29
	0.1724
	0.0927
	-3.245

	
	2
	6
	29
	0.2069
	0.0927
	-2.873

	
2
	3
	9
	34
	0.2647
	0.0856
	-2.436

	
	4
	23
	34
	0.6757
	0.0856
	2.3727

	
3
	5
	25
	37
	0.6757
	0.0821
	2.4655

	
	6
	9
	37
	0.2432
	0.0821
	-2.8028

	
4
	7
	26
	33
	0.7879
	0.0869
	3.6194

	
	8
	22
	33
	0.6667
	0.0869
	2.2248

	
5
	9
	16
	29
	0.5517
	0.0927
	0.8459

	
	10
	22
	29
	0.7586
	0.0927
	3.0774

	
6
	11
	18
	30
	0.6000
	0.0912
	1.3899

	
	12
	4
	30
	0.2000
	0.0912
	-2.9981

	
7
	13
	25
	31
	0.8065
	0.0897
	3.7151

	
	14
	16
	31
	0.5161
	0.0897
	0.4776

	
	15
	26
	31
	0.8387
	0.0897
	4.0748

	
8
	16
	4
	35
	0.1143
	0.0844
	-4.2540

	
	17
	17
	35
	0.4857
	0.0844
	0.1471

	
9
	18
	5
	36
	0.1389
	0.0832
	-4.0187

	
	19
	19
	36
	0.5278
	0.0832
	0.6547

	
	20
	11
	36
	0.3056
	0.0832
	-2.0158






Table 4.6
	PIA   FLUID MECHANICS (FM)

	MBKP
	Q.No
	xi
	ni
	Pi
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	Zi

	
1
	1
	2
	29
	0.0690
	0.0925
	-4.2049

	
	2
	6
	29
	0.2069
	0.0925
	-2.7141

	
2
	3
	21
	34
	0.6176
	0.0854
	1.8684

	
	4
	11
	34
	0.3235
	0.0854
	-1.5737

	
3
	5
	12
	37
	0.3243
	0.0819
	-1.6320

	
	6
	28
	37
	0.7568
	0.0819
	3.6474

	
4
	7
	7
	33
	0.2121
	0.0867
	-2.8350

	
	8
	11
	33
	0.3333
	0.0867
	-1.4374

	
5
	9
	13
	29
	0.4483
	0.0925
	-0.1051

	
	10
	7
	29
	0.2414
	0.0925
	-2.3414

	
6
	11
	12
	30
	0.4000
	0.0910
	-0.6376

	
	12
	26
	30
	0.8667
	0.0910
	4.4926

	
7
	13
	6
	31
	0.1935
	0.0895
	-2.9553

	
	14
	14
	31
	0.4516
	0.0895
	-0.0714

	
	15
	5
	31
	0.1613
	0.0895
	-3.3157

	
8
	16
	31
	35
	0.8857
	0.0842
	5.0787

	
	17
	17
	35
	0.4857
	0.0842
	0.3291

	
9
	18
	31
	36
	0.8611
	0.0830
	4.8545

	
	19
	17
	36
	0.4722
	0.0830
	0.1713

	
	20
	23
	36
	0.6389
	0.0830
	2.1784






Table 4.7
	PIBCA   ELECTRICAL TECHNOLOGY(E.T)

	MBKP
	Q.No
	xi
	ni
	Pi
	
[image: image40.wmf]i

s


	Zi

	
1
	1
	19
	32
	0.5938
	0.0883
	1.3622

	
	2
	19
	32
	0.5938
	0.0883
	1.3622

	
2
	3
	6
	25
	0.2400
	0.0999
	-2.3384

	
	4
	13
	25
	0.5200
	0.0999
	0.4655

	
3



	5
	12
	27
	0.4444
	0.00961
	-0.3025

	
	6
	11
	27
	0.4074
	0.0961
	0.6880

	
	7
	7
	33
	0.2593
	0.0961
	-2.2297

	
4
	8
	14
	33
	0.4242
	0.0869
	-0.5669

	
	9
	15
	33
	0.4545
	0.0869
	-0.2183

	
	10
	7
	38
	0.2121
	0.0869
	-3.0074

	
5



	11
	27
	38
	0.7105
	0.0810
	2.9262

	
	12
	13
	38
	0.3421
	0.0810
	-1.6224

	
	13
	20
	38
	0.5263
	0.0810
	0.6519

	6
	14
	11
	37
	0.2973
	0.0821
	-2.1468

	
	15
	19
	37
	0.5135
	0.0821
	0.4873

	
7
	16
	24
	30
	0.8000
	0.0912
	3.5815

	
	17
	22
	30
	0.7333
	0.0912
	2.8502

	
8
	18
	12
	27
	0.4444
	0.0961
	-0.3025

	
	19
	15
	27
	0.5556
	0.0961
	0.8538

	
	20
	9
	27
	0.3333
	0.0961
	-1.4589







Table 4.8

	PIA   ELECTRICAL TECHNOLOGY(E.T)

	MBKP
	Q.No
	xi
	ni
	Pi
	
[image: image41.wmf]i

s


	Zi

	
1
	1
	3
	32
	0.0938
	0.0879
	-4.0108

	
	2
	7
	32
	0.2188
	0.0879
	-2.5883

	
2
	3
	18
	25
	0.7200
	0.0994
	2.7540

	
	4
	11
	25
	0.4400
	0.0994
	-0.0624

	
3



	5
	14
	27
	0.5185
	0.0957
	0.7559

	
	6
	16
	27
	0.5926
	0.0957
	1.5302

	
	7
	18
	33
	0.6667
	0.0957
	2.3045

	
4
	8
	16
	33
	0.4848
	0.0865
	0.4466

	
	9
	14
	33
	0.4242
	0.0865
	-0.2537

	
	10
	24
	38
	0.7273
	0.0865
	3.2481

	
5



	11
	11
	38
	0.2895
	0.0806
	-1.9435

	
	12
	15
	38
	0.3947
	0.0806
	-0.6382

	
	13
	16
	38
	0.4211
	0.0806
	-0.3118

	6
	14
	26
	37
	0.7027
	0.0817
	3.1387

	
	15
	11
	37
	0.2973
	0.0817
	-1.8221

	
7
	16
	6
	30
	0.2000
	0.0908
	-2.7127

	
	17
	8
	30
	0.2667
	0.0908
	-1.9782

	
8
	18
	13
	27
	0.4815
	0.0957
	0.3688

	
	19
	11
	27
	0.4074
	0.0957
	-0.4055

	
	20
	16
	27
	0.5926
	0.0957
	1.5302


4.1 Relative Performance:
(1) Heat Transfer:

Figure 4.1 and Figure 4.2 represent the standardized P control chart for PIBCA and PIA statistics respectively for the Heat Transfer course. It can be seen from PIBCA control chart (Figure 4.1) that some points (1and10) fall below the LCL indicating out of control condition. Similarly, it can be seen from PIA control chart (Figure 4.2) that point 17 is lying on UCL and few other points (10, 18 and 20) exceed the UCL.

[image: image42]
Figure 4.1 Standardized P control chart for 
                  PIBCA statistics for Heat Transfer

[image: image43]
           Figure 4.2 Standardized P control chart for 
               
       PIA statistics for Heat Transfer
Thus, it is clear that the process of knowledge transfer is not in statistical control. As discussed before,

                                 PIA+ PIBCA+ PCBCA = 1 …………………….(1)
PIA provides a measure of the fraction of students who failed to learn material during a lecture. PIBCA provides a measure of the ‘knowledge transfer’ or knowledge gain by the students in a lecture. PCBCA provides a measure of the fraction of students who did not learn anything new due to their prior knowledge.

A high value of PCBCA indicates that many students did not learn anything new, and did not benefit from the lecture. When PCBCA is high, other two statistics (PIA+ PIBCA) will be relatively low and vice versa. Generally PCBCA is found to be low (about 80% of the time), then the sum of the values of PIA and PIBCA will be approximately equal to one. If PCBCA is high, PIA will be low which indicates that there is sufficient knowledge transfer. For low PIBCA, PIA will be high, indicating poor knowledge transfer.
It is observed from the patterns of PIA and PIBCA for Heat Transfer course that for some course concepts, relative performance is similar or nearly similar. Further, it is found that knowledge transfer is worse for some course concepts (related to question 10, 18 and 20) or better for some other course topics (related to questions 5, 7, 8, and 13).Knowledge transfer for a unit of course is said to be worse when                                   PIA statistic for that unit is high and PIBCA is low.
For question number 18 PIBCA is found to 0.2571 and the corresponding PIA 0.7429. The high proportion of “Incorrect After” answers indicates that students had difficulty to learn this concept well during the lecture when it was discussed in the class. The reason behind high proportion of “Incorrect After” is that topic related to question 18 was not taught in detail.

It is observed from figure 4.1 that data point 7 and 13 fall above the upper control limit, indicating a high proportion of “Incorrect After”, and “ Correct After” i.e. more effective knowledge transfer. The PIBCA statistics for question number 7 and 13 are 0.8333 and 0.8571 respectively and the corresponding PIA statistics for question number 7 and 13 are 0.1667 and 0.1429 respectively. High value of PIBCA indicate that majority of students learned this concept during lecture, achieving the desirable outcome.
The question 1 statistics show low proportion of “Incorrect Before, and Correct After”. As a result point 1 lies below the lower control limit on PIBCA chart (Figure 4.1) suggesting poor knowledge transfer. In addition, the low value of PIBCA (0.1154) suggest that corresponding values should be high. But it is observed from figure 4.2 that point 1 lie below the lower control limit of PIA chart, indicating low proportion of “Incorrect After” answers. The reason for low values of both PIBCA and PIA is that many of the students did answer the question “Correctly Before and Correctly After”, giving a high value of PCBCA which means that many of the students had prior knowledge of the concepts covered in the class.
Similarly, question 2 shows low values of PIBCA statistics indicating poor knowledge transfer with the corresponding value of PIA. Actually many students answered correctly both before and after the lecture.
Question 10 is related to the concept which was not discussed at all in the classroom because of which point 10 lies above the upper control limit, indicating a high proportion of “Incorrect After”.

Question 16 statistic shows PIBCA and PIA 0.1143 and 0.3333 respectively. High value of PIBCA and low value of PIA suggests that many students learned this concept well.
(2) Measurement and Instrumentation:

Figure 4.3 and 4.4 represent the standardized P control chart for PIBCA and PIA statistics respectively for the M&I course.

It can be seen from PIBCA control chart (Figure 4.3) that points (4, 12 and 13) fall below the LCL indicating out of control condition. Similarly, it can be seen from PIA control chart (Figure 4.4) that few points (4, 12, and 13) exceed the UCL.
Thus, it is clear that the process of knowledge transfer is not in statistical control for the Measurement and Instrumentation (M & I) course.


[image: image44]
 Figure 4.3 Standardized P control chart for PIBCA statistics  

               for Measurement & Instrumentation

[image: image45]
  Figure 4.4 Standardized P control chart for PIA statistics for  

                     Measurement & Instrumentation
Question no.4 is related to the concept which could not be covered in the class that day due to lack of time. The PIBCA and PIA for which is 0.1026 and 0.8205 respectively.
Question no. 12 shows very high value of PIA (0.8889) indicates that few students (4 out of 36) were able to answer the question correctly. The corresponding PIBCA statistic is 0.111.The reason for low value of PIBCA is that the topic was taught hurriedly.

Question no. 13 shows low value of PIBCA (0.0833) which suggests poor knowledge transfer. Actually this topic was covered in the last 5 minutes which made learning difficult for the students.

Questions 3, 5 and 7 are related to the concepts which are totally new for most of the students. Generally students feel that this is a difficult subject. The low values of PIBCA (0.2821, 0.24, 0.25) which indicate that students had difficulty to learn these concepts well during the lecture when it was taught in the class.

Question 14 shows high values for PIA which suggests poor knowledge transfer in the class.

Question 20 PIBCA statistics is 0.2759.The low value of indicate poor knowledge transfer. The corresponding PIA statistic is 0.5172. The reason for low value of PIBCA is that topic was taught hurriedly.
(3) Fluid Mechanics :

Figure 4.5 and 4.6 represent the standardized P control chart for PIBCA and PIA statistics respectively for the Fluid Mechanics course.

It can be seen from PIBCA control chart (Figure 4.5) that some points (2, 6, and 12) are lying on LCL indicating out of control condition. Similarly, it can be seen from PIA control chart (Figure 4.6) that few points (6, 12, 16 and 18) exceed the UCL.


[image: image46]
     Figure 4.5 Standardized P control chart for PIBCA 
  Statistics for Fluid Mechanics

[image: image47]
              Figure 4.6 Standardized P control chart for PIA 
  



Statistics for Fluid Mechanics   
Thus it is clear that process of knowledge transfer is not in statistical control.
Knowledge transfer is said to be worse when PIA statistic for that unit is high and PIBCA is low. Similarly knowledge transfer is said to be better when PIBCA statistic for a unit is high and PIA is low.

For question 18 PIBCA and PIA statistics are found to be 0.1389 and 0.8611 respectively. The high proportion of “Incorrect After” answers indicates that students had difficulty to learn this concept well during the lecture when it was discussed in the class.
It is observed from figure 4.5 that data point 7 and 13 fall above the UCL, indicating high proportion of “Incorrect Before, and Correct After” i.e. more effective knowledge transfer. The PIBCA statistic for 7 and 13 points were found to be 0.7879 and 0.8065, high value of PIBCA indicate majority of students learned this concept during lectures, achieving the desirable outcomes and the corresponding PIA values 0.2121 and 0.1935 respectively.
The PIBCA for question 1 is 0.1724 which indicates a low proportion of “Incorrect Before, and Correct After”. As a result point 1 lies below the LCL on PIBCA chart 
(Figure4.5) suggesting poor knowledge transfer. In addition, the low values of PIBCA suggest corresponding PIA values should be high. But it is observed from figure 4.6 that point 1 lie below the lower control limit of PIA chart, indicating low proportion of “Incorrect After” answers. The reason for low values of both PIBCA and PIA is that students had difficulty to learn this concept well during the lecture.
Similarly question 2 shows low values of PIBCA statistic indicating poor knowledge transfer with the corresponding value of PIA statistic. Actually many students answered correctly both before and after the lecture (PCBCA =0.5862). Reason for this was that some of the part already taught in previous semesters.

Question 10 PIBCA and PIA statistic are 0.7586 and 0.2414 respectively shows that topics was discussed in detail in the class. Due to this many students learned this concept during lecture.
Question 16 statistic shows PIBCA and PIA 0.1143 and 0.8857 respectively. The low proportion of “Incorrect Before and Correct After” indicates that students did not learn this concept well. High value of PIBCA and low value of PIA suggests that many students learned this concept well.
(4) Electrical Technology:

Figure 4.7 and 4.8 represent the standardized P control chart for PIBCA and PIA statistics respectively for the Electrical Technology course.

It can be seen from PIBCA control chart (Figure 4.7) that point 10 is lying on LCL. Similarly, it can be seen from PIA control chart (Figure 4.8) that point14 is lying on UCL.

Thus, it is clear that the process of knowledge transfer is not in statistical control for the Electrical Technology course.

[image: image48]                       

Figure 4.7 Standardized P control chart for PIBCA                      

                   Statistics for Electrical technology
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      Figure 4.8 Standardized P control chart for PIA 
   Statistics for Electrical Technology
Question no.4 is related to the concept which could not be covered in the class that day due to lack of time. The PIBCA and PIA for which is 0.5200 and 0.4400 respectively.

Question no. 12 shows value of PIA (0.3947) indicates that few students were able to answer the question correctly. The corresponding PIBCA statistic is 0.3421.The reason for low value of PIBCA is that the topic was taught hurriedly.

Questions 3, 5 and 7 are related to the concepts which are totally new for most of the students. Generally students feel that this is a difficult subject. The low values of PIBCA (0.333, 0.444, and 0.26) which indicate that students had difficulty to learn these concepts well during the lecture when it was taught in the class. Many students did not learn these concepts well because they had shown low interest in such topics

Question 14 shows high values for PIA (0.7027) which suggests poor knowledge transfer in the class.
Question 20 PIBCA statistics is 0.333.The low value of indicate poor knowledge transfer. The corresponding PIA statistic is 0.667. The reason for low value of PIBCA is that topic was taught hurriedly.

4.2 Data Summary

A summary of data for the different courses is shown below in table 4.2.1

	Data Set
	No. of Question
	Total Sample Size
	Estimated Process PIBCA
	    Estimated       Process PIBIA

	Heat Transfer
	20
	646
	0.4861
	0.3205

	M& I
	20
	586
	0.4118
	0.4330

	Fluid Mechanics
	20
	655
	0.4733
	0.3710

	Electrical Technology
	20
	623
	0.4735
	0.4093


An analysis of patterns of both the PIA and PIBCA charts illustrate that process of knowledge transfer was not in a state of statistical control. This is because some of the points on both PIA and PIBCA charts fall outside the control limits. PIA is the sum of statistics PCBIA and PIBIA. It is observed from the data shown in tables (Appendix A-2) that the value of PCBIA is very low in comparison to statistic PIBIA. Thus it is better to consider PIBIA instead of PIA.
PIBCA charts show different learning effect on students. There are some factors that may have contributed to this difference.
1) The first factor is student’s interest. Several data of student’s interest in the topic to be covered in classroom were collected.

2) The second factor is student’s readiness.

3) The third factor is different style of teaching. 
4.3 Effect of Readiness and Interest Factors on Knowledge Gain:
Table 4.3.1 to 4.3.4 represent students readiness and interest responses on a scale(1-5) low-high for four courses i.e. Heat Transfer (HT), Measurement & Instrumentation (M&I), Fluid Mechanics (FM), Electrical Technology (ET).Knowledge Gain(PIBCA) values were also used for calculating Average Knowledge Gain(KG).





Table 4.3.1

	                                          HEAT TRANSFER

	MBKP NO


	STUDENTS  READINESS RESPONSES ON A SCALE (1-5)  LOW- HIGH
	Ni
	STUDENTS INTEREST  RESPONSES ON A SCALE (1-5)  LOW- HIGH
	Q.NO
	KNOWLEDGE GAIN (KG)
	 AVG.

KG

	
	1
	2
	3
	4
	5
	
	1
	2
	3
	4
	5
	
	
	

	1
	1
	1
	5
	16
	3
	26
	0
	1
	5
	13
	7
	1
	0.12
	0.175

	
	
	
	
	
	
	
	
	
	
	
	
	2
	0.23
	

	2
	2
	4
	7
	11
	4
	28
	3
	1
	5
	12
	7
	3
	0.50
	0.535

	
	
	
	
	
	
	
	
	
	
	
	
	4
	0.57
	

	3
	1
	8
	7
	13
	3
	32
	2
	3
	8
	13
	6
	5
	0.75
	0.69

	
	
	
	
	
	
	
	
	
	
	
	
	6
	0.63
	

	4
	3
	3
	9
	12
	9
	36
	1
	1
	11
	12
	11
	7
	0.83
	0.79

	
	
	
	
	
	
	
	
	
	
	
	
	8
	0.75
	

	5
	9
	6
	5
	8
	2
	30
	7
	8
	8
	4
	3
	9
	0.33
	0.23

	
	
	
	
	
	
	
	
	
	
	
	
	10
	0.13
	

	6
	9
	8
	10
	4
	2
	33
	12
	9
	8
	3
	1
	11
	0.30
	0.36

	
	
	
	
	
	
	
	
	
	
	
	
	12
	0.42
	

	7
	8
	7
	5
	7
	8
	35
	6
	6
	12
	6
	5
	13
	0.86
	0.65

	
	
	
	
	
	
	
	
	
	
	
	
	14
	0.49
	

	
	
	
	
	
	
	
	
	
	
	
	
	15
	0.60
	

	8
	3
	6
	15
	8
	1
	33
	3
	6
	15
	8
	1
	16
	0.67
	0.53

	
	
	
	
	
	
	
	
	
	
	
	
	17
	0.39
	

	9
	11
	16
	4
	3
	1
	35
	9
	15
	6
	3
	2
	18
	0.26
	0.313

	
	
	
	
	
	
	
	
	
	
	
	
	19
	0.37
	

	
	
	
	
	
	
	
	
	
	
	
	
	20
	0.31
	







Table 4.3.2
	                        MEASUREMENT & INSTRUMENATION

	MBKP NO


	STUDENTS  READINESS RESPONSES ON A SCALE (1-5)  LOW- HIGH
	Ni
	STUDENTS INTEREST  RESPONSES ON A SCALE (1-5)  LOW- HIGH
	Q.NO
	KNOWLEDGE GAIN (KG)
	 AVG.

KG

	
	1
	2
	3
	4
	5
	
	1
	2
	3
	4
	5
	
	
	

	1
	2
	4
	15
	10
	6
	37
	11
	8
	13
	12
	3
	1
	0.676
	0.703

	
	
	
	
	
	
	
	
	
	
	
	
	2
	0.730
	

	2
	7
	9
	13
	8
	3
	39
	13
	12
	9
	5
	0
	3
	0.282
	0.192

	
	
	
	
	
	
	
	
	
	
	
	
	4
	0.103
	

	3
	0
	8
	8
	5
	3
	24
	6
	7
	7
	3
	1
	5
	0.333
	0.444

	
	
	
	
	
	
	
	
	
	
	
	
	6
	0.750
	

	
	
	
	
	
	
	
	
	
	
	
	
	7
	0.250
	

	4
	1
	8
	13
	4
	5
	31
	0
	8
	16
	3
	4
	8
	0.710
	0.576

	
	
	
	
	
	
	
	
	
	
	
	
	9
	0.548
	

	
	
	
	
	
	
	
	
	
	
	
	
	10
	0.290
	

	5
	6
	9
	13
	4
	4
	36
	5
	4
	20
	4
	5
	11
	0.250
	0.148

	
	
	
	
	
	
	
	
	
	
	
	
	12
	0.111
	

	
	
	
	
	
	
	
	
	
	
	
	
	13
	0.083
	

	6
	4
	6
	10
	5
	3
	28
	8
	10
	7
	2
	1
	14
	0.250
	0.446

	
	
	
	
	
	
	
	
	
	
	
	
	15
	0.643
	

	7
	0
	4
	9
	6
	3
	22
	7
	8
	4
	2
	1
	16
	0.455
	0.386

	
	
	
	
	
	
	
	
	
	
	
	
	17
	0.318
	

	8
	0
	3
	19
	4
	3
	29
	2
	6
	13
	6
	2
	18
	0.757
	0.54

	
	
	
	
	
	
	
	
	
	
	
	
	19
	0.586
	

	
	
	
	
	
	
	
	
	
	
	
	
	20
	      0.276
	







Table 4.3.3

	                                     FLUID MECHANICS

	MBKP NO


	STUDENTS  READINESS RESPONSES ON A SCALE (1-5)  LOW- HIGH
	Ni
	STUDENTS INTEREST  RESPONSES ON A SCALE (1-5)  LOW- HIGH
	Q.NO
	KNOWLEDGE GAIN (KG)
	 AVG.

KG

	
	1
	2
	3
	4
	5
	
	1
	2
	3
	4
	5
	
	
	

	1
	2
	1
	6
	13
	7
	29
	2
	4
	14
	4
	5
	1
	0.17
	0.19

	
	
	
	
	
	
	
	
	
	
	
	
	2
	0.21
	

	2
	3
	6
	14
	8
	3
	34
	11
	9
	8
	5
	1
	3
	0.26
	0.47

	
	
	
	
	
	
	
	
	
	
	
	
	4
	0.68
	

	3
	3
	10
	18
	4
	2
	37
	4
	4
	19
	6
	4
	5
	0.68
	0.46

	
	
	
	
	
	
	
	
	
	
	
	
	6
	0.24
	

	4
	1
	1
	8
	16
	8
	33
	1
	6
	8
	8
	10
	7
	0.79
	0.73

	
	
	
	
	
	
	
	
	
	
	
	
	8
	0.67
	

	5
	1
	2
	9
	11
	6
	29
	3
	10
	9
	3
	4
	9
	0.55
	0.66

	
	
	
	
	
	
	
	
	
	
	
	
	10
	0.76
	

	6
	4
	6
	9
	8
	3
	30
	7
	5
	11
	6
	1
	11
	0.60
	0.40

	
	
	
	
	
	
	
	
	
	
	
	
	12
	0.20
	

	7
	0
	0
	9
	13
	9
	31
	1
	3
	8
	11
	8
	13
	0.81
	0.72

	
	
	
	
	
	
	
	
	
	
	
	
	14
	0.52
	

	
	
	
	
	
	
	
	
	
	
	
	
	15
	0.84
	

	8
	6
	8
	14
	5
	2
	35
	8
	9
	11
	6
	1
	16
	0.11
	0.30

	
	
	
	
	
	
	
	
	
	
	
	
	17
	0.49
	

	9
	8
	4
	12
	8
	4
	36
	11
	2
	16
	4
	3
	18
	0.14
	0.33

	
	
	
	
	
	
	
	
	
	
	
	
	19
	0.53
	

	
	
	
	
	
	
	
	
	
	
	
	
	20
	0.31
	







Table 4.3.4
	                              ELECTRICAL TECHNOLOGY

	MBKP NO


	STUDENTS  READINESS RESPONSES ON A SCALE (1-5)  LOW- HIGH
	Ni
	STUDENTS INTEREST  RESPONSES ON A SCALE (1-5)  LOW- HIGH
	Q.NO
	KNOWLEDGE GAIN (KG)
	 AVG.

KG

	
	1
	2
	3
	4
	5
	
	1
	2
	3
	4
	5
	
	
	

	1
	1
	5
	14
	8
	4
	32
	3
	4
	15
	8
	1
	1
	0.09
	0.155

	
	
	
	
	
	
	
	
	
	
	
	
	2
	0.22
	

	2
	1
	4
	12
	4
	4
	25
	8
	7
	9
	1
	0
	3
	0.72
	0.58

	
	
	
	
	
	
	
	
	
	
	
	
	4
	0.44
	

	3
	2
	8
	10
	4
	3
	27
	2
	6
	14
	6
	5
	5
	0.52
	0.593

	
	
	
	
	
	
	
	
	
	
	
	
	6
	0.59
	

	
	
	
	
	
	
	
	
	
	
	
	
	7
	0.67
	

	4
	2
	4
	14
	8
	5
	33
	2
	6
	14
	6
	5
	8
	0.48
	0.543

	
	
	
	
	
	
	
	
	
	
	
	
	9
	0.42
	

	
	
	
	
	
	
	
	
	
	
	
	
	10
	0.73
	

	5
	3
	6
	22
	4
	3
	38
	1
	3
	25
	4
	5
	11
	0.29
	0.367

	
	
	
	
	
	
	
	
	
	
	
	
	12
	0.39
	

	
	
	
	
	
	
	
	
	
	
	
	
	13
	0.42
	

	6
	0
	4
	23
	8
	2
	37
	4
	8
	20
	3
	2
	14
	0.70
	0.5

	
	
	
	
	
	
	
	
	
	
	
	
	15
	0.30
	

	7
	1
	4
	16
	4
	5
	30
	3
	6
	11
	7
	3
	16
	0.20
	0.235

	
	
	
	
	
	
	
	
	
	
	
	
	17
	0.27
	

	8
	3
	8
	13
	2
	1
	27
	1
	8
	10
	4
	4
	18
	0.48
	0.543

	
	
	
	
	
	
	
	
	
	
	
	
	19
	0.41
	

	
	
	
	
	
	
	
	
	
	
	
	
	20
	       0.74
	


4.3.1 HEAT TRANSFER:
Figure 4.3.1 represents the readiness, interest and knowledge gain versus MBKP number plots for Heat Transfer course. Table 4.3.5 shows average values for readiness, interest and knowledge gain. It is observed from the patterns of readiness, interest and knowledge gain as shown in figure4.3.1 that for high value of interest and readiness, knowledge gain is generally high(MBKP 4 and 7). When one of the factor or both are low, the corresponding value of knowledge gain is generally low (MBKP 5, 6, and 9). However, for MBKP1, knowledge gain is low, even though interest and readiness values are high.




Table 4.3.5

	MBKP
	Q.NO.
	AVERAGE READINESS
	AVERAGE INTERST
	AVERAGE KG

	1
	1
	3.73
	4.00
	0.175

	
	2
	
	
	

	2
	3
	3.39
	3.68
	0.535

	
	4
	
	
	

	3
	5
	3.28
	3.56
	0.69

	
	6
	
	
	

	4
	7
	3.58
	3.86
	0.79

	
	8
	
	
	

	5
	9
	2.60
	2.60
	0.23

	
	10
	
	
	

	6
	11
	2.45
	2.15
	0.36

	
	12
	
	
	

	7
	13
	3.00
	2.94
	0.65

	
	14
	
	
	

	
	15
	
	
	

	8
	16
	2.94
	2.94
	0.53

	
	17
	
	
	

	9
	18
	2.06
	2.26
	0.313

	
	19
	
	
	

	
	20
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      Figure 4.3.1 Represents the readiness, interest and knowledge gain 

                           versus MBKP number plots for Heat Transfer course
4.3.2 MEASUREMENT AND INSTRUMENTATION:

Figure 4.3.2 represents the readiness, interest and knowledge gain versus MBKP number plots for Measurement and Instrumentation course. Table 4.3.6 shows average values for readiness, interest and knowledge gain. It is observed from the patterns of readiness, interest and knowledge gain as shown in figure4.3.2 that knowledge gain pattern is generally following the same trend as that of interest and readiness. It means that for high value of interest and readiness knowledge gain is high (MBKP 1, 4 and 8).when one of the factor or both are low, the corresponding value of knowledge gain is low (MBKP 2).





Table 4.3.6
	MBKP
	Q.NO.
	AVERAGE READINESS
	AVERAGE INTERST
	AVERAGE KG

	1
	1
	3.38
	3.22
	0.703

	
	2
	
	
	

	2
	3
	2.85
	2.15
	0.192

	
	4
	
	
	

	3
	5
	2.42
	2.42
	0.444

	
	6
	
	
	

	
	7
	
	
	

	4
	8
	3.10
	3.10
	0.576

	
	9
	
	
	

	
	           10
	
	
	

	5
	11
	2.75
	3.17
	0.148

	
	12
	
	
	

	
	13
	
	
	

	6
	14
	2.89
	2.21
	0.446

	
	15
	
	
	

	7
	16
	3.36
	2.18
	0.386

	
	           17
	
	
	

	8
	18
	3.24
	3.0
	0.54

	
	19
	
	
	

	
	20
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      Figure 4.3.2 Represents the readiness, interest and knowledge gain 

                           versus MBKP number plots for Measurement &  

                           Instrumentation course

4.3.3 FLUID MECHANICS:

Figure 4.3.3 represents the readiness, interest and knowledge gain versus MBKP number plots for Fluid Mechanics course. Table 4.3.7 shows average values for readiness, interest and knowledge gain. It is observed from the patterns of readiness, interest and knowledge gain as shown in figure4.3.3 that for high value of interest and readiness, knowledge gain is generally high(MBKP 4 and 7). When one of the factor or both are low, the corresponding value of knowledge gain is generally low (MBKP 2, 3, 6, 8 and 9). However, for MBKP1, knowledge gain is low, even though interest and readiness values are high





Table 4.3.7
	MBKP
	Q.NO.
	AVERAGE READINESS
	AVERAGE INTERST
	AVERAGE KG

	1
	1
	3.76
	3.21
	0.19

	
	2
	
	
	

	2
	3
	3.06
	2.29
	0.47

	
	4
	
	
	

	3
	5
	2.78
	3.05
	0.46

	
	6
	
	
	

	4
	7
	3.97
	3.61
	0.73

	
	8
	
	
	

	5
	9
	3.66
	2.83
	0.66

	
	10
	
	
	

	6
	11
	3.00
	2.63
	0.40

	
	12
	
	
	

	7
	13
	4.00
	3.71
	0.72

	
	14
	
	
	

	
	15
	
	
	

	8
	16
	2.69
	2.51
	0.30

	
	17
	
	
	

	9
	18
	2.89
	2.61
	0.33

	
	19
	
	
	

	
	20
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Figure 4.3.3 Represents the readiness, interest and knowledge  

                     gain versus MBKP number plots for Fluid Mechanics
4.3.4 ELECTRICAL TECHNOLOGY:

Figure 4.3.4 represents the readiness, interest and knowledge gain versus MBKP number plots for Electrical Technology course. Table 4.3.8 shows average values for readiness, interest and knowledge gain.  It is observed from the patterns of readiness, interest and knowledge gain as shown in figure 4.3.2 that knowledge gain pattern and readiness are generally following less variation as that of others. Interest variation is also less except at MBKP Number 2 and 3.






Table 4.3.8
	MBKP
	Q.NO.
	AVERAGE READINESS
	AVERAGE INTERST
	AVERAGE KG

	1
	1
	3.28
	2.91
	0.155

	
	2
	
	
	

	2
	3
	3.24
	2.12
	0.58

	
	4
	
	
	

	3
	5
	2.93
	3.89
	0.593

	
	6
	
	
	

	
	7
	
	
	

	4
	8
	3.30
	3.18
	0.543

	
	9
	
	
	

	
	10
	
	
	

	5
	11
	2.95
	3.24
	0.367

	
	12
	
	
	

	
	13
	
	
	

	6
	14
	3.22
	2.76
	0.5

	
	15
	
	
	

	7
	16
	3.27
	3.03
	0.235

	
	17
	
	
	

	8
	18
	2.63
	3.07
	0.543

	
	19
	
	
	

	
	20
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Figure 4.3.3 Represents the readiness, interest and knowledge gain 

                     versus MBKP number plots for Electrical Technology
4.4 Statistical analysis for testing relationship between Readiness, Interest Knowledge Gain; 
In order to determine relationships, if any, between knowledge gain, interest readiness factors, scatter plots, best fitted lines (i.e. linear regression analysis) and correlation coefficients are used.

Scatter plots indicate possible relationships between two variables. Regression analysis is used in situations where relationship among the variables is not deterministic i.e.  not exact. A best fitted line or linear regression analysis deals with finding the best linear relationship between variables Y and X and also tests dependency of Y on X and vice-versa. Linear Correlation coefficient (r) is a measure of the strength of linear relationship between two variables. A value of r that is close to zero indicates that the relationship between variables is non-existent. A value of r that is close to + 1 indicates strong relationship between two variables. A value of r that is close to 0.5 indicates moderate relationship between two variables.

CHAPTER 5

CONCLUSION AND FUTURE SCOPE

5.1 CONCLUSIONS:
(1) The present study illustrates a model for continuous monitoring controlling and improvement of teaching and learning outcomes in an engineering institution. Monitoring and measurement of teaching and learning performance is required for continuous improvement of educational outcomes. The model for tracking knowledge transfer is based on Statistical Process Control (SPC) and Classroom Assessment Techniques (CAT). This model has been implemented successfully, using MBKPs (Modified Background Knowledge probe) and Attribute SPC Charts, for the four courses for B.Tech (Mechanical) degree programme.
 (2)  The application of this model in teaching and learning process of four courses shows a number of out-of-control points on standardized P control charts. Actually fraction PIA is lowers the better type, whereas PIBCA is of higher the better type. Therefore, any point of PIA control chart above the UCL or of PIBCA chart below the LCL indicates of an out-of –control condition from knowledge gain point of view and should be investigated. Some the possible reasons for this situation are as follows.

a) The students feel difficulty in understanding a particular topic:

b) Some students, having low readiness and interest ratings, may not be interested in the 
             class (i.e. in gaining knowledge). 

c) The teacher is short of tine in a particular lecture to cover or explain the topic in detail   

       which will effect PIBCA and PIA values. However, he might cover it in the next class.

For difficult to understand topics, the teacher should formulate a new strategy to teach it next time so that most of the students are able to understand it. 
Others, showing lack of interest in the class, have to be motivated. They may be invited for a discussion during the session to understand their problems. If a proper introduction to he course, covering its scope, utility, application and content etc is given at the beginning of a semester by a senior faculty member, it is hoped that it should motivate students to do well in that subject.

(3)The present study also attempts to address the effect of Readiness and Interest factors on Knowledge Gain achieved in the class. It can be observed from the trends of readiness, interest and knowledge gain plotted against the MBKP number for the some courses that there exists some positive linear relationship between them. It is concluded that for better knowledge gain, attempt should be made to improve students’ readiness and interest factors by some means.

5.2 Scope for future work:

(1) The tools and techniques used in this study may be applied in future to other courses in the Faculty of Engineering or any other faculty/department to investigate in detail the influence of various parameters (factors) and teaching strategies on knowledge gain.

(2) The data in the present study on factors readiness and interest is of objective nature. In future, a scheme may be devised to make it more objective.
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APPENDIX A-1
HEAT TRANSFER

	MBKP
	Q.No
	Ni
	PIBCA
	PCBCA
	PCBIA
	PIBIA
	PIA

	1
	1
	26
	0.1154
	0.8846
	0.0000
	0.0000
	0.0000

	
	2
	26
	0.2308
	0.4231
	0.0769
	0.2693
	0.3462

	2
	3
	28
	0.5000
	0.4286
	0.0000
	0.0714
	0.0714

	
	4
	28
	0.5714
	0.3929
	0.0000
	0.0357
	0.0357

	3
	5
	32
	0.7500
	0.0000
	0.0312
	0.2186
	0.2500

	
	6
	32
	0.6250
	0.0313
	0.0000
	0.3438
	0.3438

	4
	7
	36
	0.8333
	0.0000
	0.0000
	0.1667
	0.1667

	
	8
	36
	0.7500
	0.0000
	0.0555
	0.1945
	0.2500

	5
	9
	30
	0.3333
	0.5000
	0.0000
	0.1667
	0.1667

	
	10
	30
	0.1333
	0.0667
	0.0667
	0.7333
	0.8000

	6
	11
	33
	0.3030
	0.5455
	0.0000
	0.1515
	0.1515

	
	12
	33
	0.4242
	0.1515
	0.0606
	0.3636
	0.4242

	7
	13
	35
	0.8571
	0.0000
	0.0000
	0.1429
	0.1429

	
	14
	35
	0.4857
	0.0000
	0.0571
	0.4572
	0.5143

	
	15
	35
	0.6000
	0.0000
	0.0857
	0.3143
	0.4000

	8
	16
	33
	0.6667
	0.0000
	0.0000
	0.3333
	0.3333

	
	17
	33
	0.3939
	0.0000
	0.0909
	0.5152
	0.6061

	9
	18
	35
	0.2571


	0.0000
	0.1143
	0.6286
	0.7429

	
	19
	35
	0.3714
	0.0571
	0.0571
	0.5143
	0.5714

	
	20
	35
	0.3143
	0.0000
	0.0571
	0.6286
	0.6857




    MEASUREMENT AND INSTRUMENTATION
	MBKP
	Q.No
	Ni
	PIBCA
	PCBCA
	PCBIA
	PIBIA
	PIA

	1
	1
	37
	0.6757
	0.2162
	0.0000
	0.1081
	0.1081

	
	2
	37
	0.7297
	0.1622
	0.0270
	0.080
	0.1081

	2
	3
	39
	0.2821
	0.1025
	0.1282
	0.4872
	0.6154

	
	4
	39
	0.1026
	0.0769
	0.1282
	0.6923
	0.8205

	3
	5
	24
	0.3333
	0.0834
	0.2083
	0.3750
	0.5833

	
	6
	24
	0.7500
	0.0000
	0.0417
	0.2083
	0.2500

	
	7
	24
	0.2500
	0.0417
	0.1667
	0.5416
	0.7083

	4
	8
	31
	0.7097
	0.0000
	0.0968
	0.1935
	0.2903

	
	9
	31
	0.5484
	0.0322
	0.1290
	0.2904
	0.4194

	
	10
	31
	0.2903
	0.0645
	0.1613
	0.4839
	0.6452

	5
	     11
	36
	0.2500
	0.0000
	0.1111
	0.6389
	0.7500

	
	12
	36
	0.1111
	0.0000
	0.0556
	0.8333
	0.8889

	
	13
	36
	0.0833
	0.0000
	0.1667
	0.7500
	0.9167

	6
	14
	28
	0.2500
	0.0357
	0.1071
	0.6072
	0.7143

	
	15
	28
	0.6429
	0.2142
	0.0714
	0.0715
	0.1429

	7
	16
	22
	0.4545
	0.0000
	0.0909
	0.4546
	0.5455

	
	17
	22
	0.3182
	0.0000
	0.2273
	0.4545
	0.6818

	8
	18
	29
	0.7586
	0.1380
	0.0000
	0.1034
	0.1034

	
	19
	29
	0.5862
	0.0690
	0.0345
	0.3103
	0.3448

	
	20
	29
	0.2759
	0.2069
	0.1379
	0.3793
	0.5172


FLUID MECHANICS
	MBKP
	Q.No
	Ni
	PIBCA
	PCBCA
	PCBIA
	PIBIA
	PIA

	1
	1
	29
	0.1724
	0.7586
	0.0000
	0.0690
	0.0690

	
	2
	29
	0.2069
	0.5862
	0.0345
	0.1724
	0.2069

	2
	3
	34
	0.2647
	0.1176
	0.1176
	0.5000
	0.6176

	
	4
	34
	0.6765
	0.0000
	0.0588
	0.2647
	0.3235

	3
	5
	37
	0.6757
	0.0000
	0.0811
	0.2432
	0.3243

	
	6
	37
	0.2432
	0.0000
	0.1351
	0.6217
	0.7568

	4
	7
	33
	0.7879
	0.0000
	0.0303
	0.1818
	0.2121

	
	8
	33
	0.6667
	0.0000
	0.0606
	0.2727
	0.3333

	5
	9
	29
	0.5517
	0.0000
	0.1379
	0.3104
	0.4483

	
	10
	29
	0.7586
	0.0000
	0.0679
	0.1724
	0.2414

	6
	11
	30
	0.6000
	0.0000
	0.1333
	0.2667
	0.4000

	
	12
	30
	0.1333
	0.0000
	0.1667
	0.7000
	0.8667

	7
	13
	31
	0.8065
	0.0000
	0.0323
	0.1612
	0.1935

	
	14
	31
	0.5161
	0.0000
	0.0345
	0.3870
	0.4516

	
	15
	31
	0.8387
	0.0000
	0.0323
	0.1290
	0.1613

	8
	16
	35
	0.1143
	0.0000
	0.1428
	0.7428
	0.8857

	
	17
	35
	0.4857
	0.0286
	0.0857
	0.4000
	0.4857

	9
	18
	36
	0.1389
	0.0000
	0.1111
	0.7500
	0.8611

	
	19
	36
	0.5278
	0.0000
	0.0833
	0.3889
	0.4722

	
	20
	36
	0.3056
	0.0556
	0.1389
	0.5000
	0.6389


ELECTRICAL TECHNOLOGY
	MBKP
	Q.No
	Ni
	PIBCA
	PCBCA
	PCBIA
	PIBIA
	PIA

	1
	1
	32
	0.5938
	0.3124
	0.0000
	0.0938
	0.0938

	
	2
	32
	0.5938
	0.1874
	0.0000
	0.2188
	0.2188

	2
	3
	25
	0.2400
	0.0400
	0.1200
	0.6000
	0.7200

	
	4
	25
	0.5200
	0.0400
	0.0800
	0.3600
	0.4400

	3
	5
	27
	0.4444
	0.0371
	0.1481
	0.3704
	0.5185

	
	6
	27
	0.4074
	0.0000
	0.0000
	0.0592
	0.5926

	
	7
	33
	0.2593
	0.0740
	0.1111
	0.5556
	0.6667

	4
	8
	33
	0.4242
	0.0910
	0.0606
	0.4242
	0.4848

	
	9
	33
	0.4545
	0.1213
	0.0000
	0.4242
	0.4242

	
	10
	38
	0.2121
	0.0606
	0.0606
	0.6667
	0.7273

	5
	     11
	38
	0.7105
	0.0000
	0.0000
	0.2895
	0.2895

	
	12
	38
	0.3421
	0.2632
	0.0000
	0.3947
	0.3947

	
	13
	38
	0.5263
	0.0526
	0.0263
	0.3948
	0.4211

	6
	14
	37
	0.2973
	0.0000
	0.0811
	0.6216
	0.7027

	
	15
	37
	0.5135
	0.1892
	0.0000
	0.2973
	0.2973

	7
	16
	30
	0.8000
	0.0000
	0.0000
	0.2000
	0.2000

	
	17
	30
	0.7333
	0.0000
	0.0000
	0.2667
	0.2667

	8
	18
	27
	0.4444
	0.0741
	0.0370
	0.4445
	0.4815

	
	19
	27
	0.5556
	0.0370
	0.0000
	0.4074
	0.4074

	
	20
	27
	0.3333
	0.0741
	0.0741
	0.5185
	0.5926


	CATEGORY
	STATISTICS
	HEAT TRANSFER

	1
	PROCESS PCBCA
	0.1548

	2
	PROCESS PIBCA
	0.4861

	3
	PROCESS PCBIA
	PROCESS PIA
	0.0386
	0.3591

	4
	PROCESS PIBIA
	
	0.3205
	


	CATEGORY
	STATISTICS
	MEASUREMENT & INSTRUMENTATION

	1
	PROCESS PCBCA
	0.1548

	2
	PROCESS PIBCA
	0.4861

	3
	PROCESS PCBIA
	PROCESS PIA
	0.0386
	0.3591

	4
	PROCESS PIBIA
	
	0.3205
	


	CATEGORY
	STATISTICS
	FLUID MECHANICS

	1
	PROCESS PCBCA
	0.1548

	2
	PROCESS PIBCA
	0.4861

	3
	PROCESS PCBIA
	PROCESS PIA
	0.0386
	0.3591

	4
	PROCESS PIBIA
	
	0.3205
	


	CATEGORY
	STATISTICS
	ELECTRICAL TECHNOLOGY

	1
	PROCESS PCBCA
	0.1548

	2
	PROCESS PIBCA
	0.4861

	3
	PROCESS PCBIA
	PROCESS PIA
	0.0386
	0.3591

	4
	PROCESS PIBIA
	
	0.3205
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Figure1.1 [2] Inputs, processes, outcomes of quality education system
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