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Summary

This project deals with the issues related to Pre-Calculus and Calculus (PCC) courses at
KFUPM. It was conducted in a form of experiment in the on-going Calculus classes
during the academic terms 042 and 051. As narrated in the Project Proposal, one of its
main objectives is to determine the students’ deficiencies which they carry from the Pre-
Calculus material at the time of entering Calculus 1. Another objective of the project is
more or less of similar nature, i.e., to identify students’ retention level on basic Calculus
concepts around the completion of a Calculus course. In order to achieve these
objectives, we designed some surveys for the students taking Calculus | & Il after
completion of their Prep-Year Math courses. These surveys were based mostly on mono-
concept questions which the students already covered in their past or current courses.
Each survey was followed by a short test (which we shall refer as the Follow-up Quiz or
Exit Quiz). The purpose of these tests was to authenticate the students’ perception what
they claimed to know or retain basic concepts introduced to them in the PCC courses.
Based on the outcomes of these activities, we developed, as a part of our project’s
strategic plan, some remedial measures that, to certain extent, helped the students

improving their level of understanding.

This report consists of nine chapters mainly dealing with the following topics:
A. Global status of PCC courses with particular focus on their set-up at KFUPM
Review of literature on Calculus reforms
Implementation planning of the project
Details of the experiment

Statistical analysis of data based on surveys and tests

nmoo6 w

Recommendations.

For further details on the nature of topics, please see the table of contents.



1. Introduction

1.1. Project and project team

During the year 2004, the Deanship of Academic Development (DAD) approved a
project entitled “Students’ Learning Process in Pre-Calculus and Calculus Courses at
KFUPM: ldentification of Problems and Possible Remedies”. The team of three faculty
members from the Department of Mathematical Sciences who proposed the project
consists of: Dr. Muhammad Ashfaq Bokhari (Principal Investigator), Dr. Mohammad
Samman (Co-Investigator) and Mr. Belarabie Yushau (Co-Investigator). This project,
which has now been completed, deals with KFUPM students’ comprehension and
command on the material related to Pre-Calculus and Calculus (PCC). It was conducted
in the form of an experiment on the freshman students of KFUPM during the academic
terms 042 and 051.

1.2. Calculus along with Pre-Calculus at undergraduate level

Universally, Calculus is regarded as the backbone of any BS program in the disciplines of
Engineering, Computer and Physical Sciences. Not only that, its role is also quite
significant in the social and management sciences. It would not be an exaggeration to
state that the subject of Calculus initiates a solid process of learning among the students
in different dimensions, forces them to utilize all faculties of their brain and above all,
reshapes their mind to retain the material in this process. In the course of learning this
subject, a student undergoes an extensive exercise of designing a logical stream of
arguments required to solve a mathematical or physical problem. Calculus creates a
geometric visualization of basic real life problems leading to their formulation as
mathematical models. And finally, it helps the students in identifying analytic as well as

numerical techniques helpful in finding the solutions of these models.

1.3. Literature Survey
The foundation of Calculus by and large relies on the Pre-Calculus material, which is
usually distributed over two courses of College Algebra and Trigonometry. The

deficiency of the students in the preparation of both Pre-Calculus and Calculus (PCC)



has been registered over the past few decades in most of the developing as well as
developed countries. An inadequate comprehension of the concepts and high failure rate
among the students of PCC has been a matter of great concern for these countries till
now. As a consequence, the US and most of the European countries launched several
projects and held regular workshops that concentrate on the improvement of students’
learning in the PCC courses [e.g. see National Council of Teachers of Mathematics
(NCTM) 2000]. The theme of these projects and workshops, as we observe, vary from
the development of conformable curriculum [e.g 1, 4, 7] to the improvement of teaching
methodologies [e.g. 9, 15]; from the improvement of students’ comprehension to the
structure of meaningful evaluation system [e.g. 13]; from the use of technology [e.g. 13,
17] to the PCC applications that address the real life problems, and so on. It may be
interesting to note that the concern shown towards the issues of PCC is not curtailed to
projects and workshops. Comprehensive scientific research has also been conducted in
several institutions of the US. As a result, we find quite a few Ph.D. theses [e.g. 2, 3, 6, 7,
8, 11] as an outcome of these efforts from reputed schools. In short, keeping in view the
pivotal role of Calculus in almost all disciplines of university programs, its every aspect
is being evaluated from different angles particularly in the US and the European
countries. Particularly, Calculus Reforms has turned out an on-going process in the US.
Various issues related to Calculus ranging from “planning and implementation of
reformed curricula” to *use of technology” or from *“comparison of learning
methodologies” to “students’ assessment” are presented at different forums [18 a-d] and

appear in the literature [19 a-€] on a regular basis over there.

1.4. Status of PCC courses at KFUPM

It may be worthwhile to mention that the best high school graduates from the entire
Kingdom of Saudi Arabia are admitted at KFUPM by observing a very stringent
admission policy. These students at the time of entering into a BS program are
immediately required to take two Pre-Calculus courses (Basic Algebra, Geometry,
Functions, Trigonometry, and Introductory Linear Algebra) where English is the
mandatory medium of instruction. The primary objective of these courses is to bridge a
gap that exists between high school mathematics (which they mostly do in an Arabic



medium of instruction) and the material prerequisite for the KFUPM Calculus Sequence
Courses (Calculus I, 1l & II). The three Calculus courses are an integral part of BS

curricula in the disciplines of engineering, computer and sciences.

1.5. Problems in PCC courses at KFUPM and improvement measures

Like other worldwide institutions, as indicated above, KFUPM also faces various kinds
of problems related to the students’ performance in PCC courses. Over the past few years
there has been a consistent complaint from the Calculus instructors referring to the poor
performance of students. This problem also persists beyond freshman level as instructors
teaching Differential Equations (Math 202, Math 260) and Applied Mathematics (Math
301, Math 302) complain about the poor background of students on the PCC topics. This
chain of complaints even extends up to senior level specialized courses that require an

adequate PCC background from the students.

During the last decade, a higher failure rate and a significant increase in the D and D+
grades was noticed in Pre-Calculus courses which involve approximately 1500 new
entrants to KFUPM every year. The university showed great concern to resolve this
problem by setting several committees which were partly assigned the task of finding the
cause(s) of this deterioration and suggesting some corrective measures. All of these
committees came with some recommendations, some of which were implemented as
well. Unfortunately however, no concrete improvement was noticed in this direction. As
a last resort, the university administration, in pursuance of increasing the number of good
quality students at the prep level, created an independent academic and administrative
set-up for these courses which is known as “Prep-Year Math Program”. Over the past few
years, several innovative ideas were introduced in different directions with the hope of

possible improvement in this set-up.

As far as the Calculus courses are concerned, the Department of Mathematical Sciences
at KFUPM has been monitoring the students’ academic accomplishments in these courses
with extensive responsibility, particularly after the abolishment of the “integrated type of
coordination” in these courses. Whenever the Math instructors observe a problem



leading to poor performance of students in the PCC courses, they usually recommend
corrective measures to overcome the problem. The Department tries its level best in
paying attention to the issues raised by the faculty and finding the ways for

implementation of their recommendations.

1.6. Identification of problems and pertinent corrective measures

The process of pinpointing a problem that is impairing a system plays a vital role in its
flourishing. After that, an appropriate choice of corrective measure and its
implementation needs due attention. These steps categorically lead to an improvement of
a system. Otherwise, any measure without properly focusing on a problem would be a
futile exercise and wastage of resources. The math faculty members at KFUPM, in
general, do not appear very comfortable with the current performance of students in the
PCC courses. On several occasions, during the academic terms as well as after the final
exams, they have pointed out various kinds of student deficiencies that range from their
high school preparation to study habits; language barrier to classroom attention; and time
management to retention of concepts etc. Based on these observations, the Department
usually constitutes ad-hoc committees that deal with issues like appropriate adjustment of
course contents, suitable choice of PCC textbooks, mode of recitation classes for
Calculus I & 11, and the policies on students’ assessment and evaluation. However, in
spite of all the efforts, a noteworthy improvement has not yet been observed in the

students’ performance.

To the best of our observations, there are several points linked to both teacher and taught
that are influencing the performance of the students in the PCC courses and require our
due attention. These include measurement of students’ comprehension level at the start of
any PCC course, modification in teaching methodologies, interaction between PCC
course-instructors during the term, and an evaluation process based on learning
outcomes. With the above background about the global situation of PCC and having
realized the situation of this problem at KFUPM in particular, we thought of the need to

address the problem considering the following possible aspects:



Assessment of students’ comprehension level at the start of any PCC course.
The connection between the subject and the student.

Teaching methodology

> w e

Evaluation process.

1.7. Theme of the project
As explained in the proposal, the project team mainly addressed two issues related to
students in the context of PCC courses, namely,

e Comprehension and retention of course material

e Identification of parameters affecting students’ performance in these courses.
The project was based on classroom experiments associated with the project and was
carried out in two phases:

e Phase I. During the Term 042 (related to the students of MATH 102)

e Phase Il. During the Term 051 (related to the students of MATH 101).
In both phases, we focused our attention on some specific teaching methodologies that
may help students in retaining the concepts and techniques they learn in a PCC course.
Also, we tried to design an evaluation process which hopefully measures the level of

students’ attainment in a PCC course.
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2. Literature Review Concerning Retention Level

A low level of students’ retention of definitions, concepts and theorems in a math course
is a matter of great concern to relevant academicians. There are quite a number of studies
that were conducted to investigate various problems related to students’ retention. The
issue of retention of knowledge is an important area of research that has the potential to
improve instructional practices and achieve school learning goals. Some studies have
specifically addressed this aspect in the area of mathematics. One such study was
conducted by Kwon, Oh Nam, Allen, Karen, Rasmussen, and Chris [12]. However, a few
studies were carried out about Calculus at the university level.

Central questions regarding retention of mathematical knowledge were considered in
[12]. Here, some discussion led to certain points that may help the educators to facilitate
students' retention of mathematical understanding and skills for longer periods of time.
Another type of question was directed to the relationship, if any, between instructional

approaches and retention of mathematical knowledge.

Garner and Garner [5], compared outcomes of traditional and reformed calculus courses
in terms of students' retention after a passage of time on basic concepts and skills. Among
other findings, it was observed that students subject to reformed calculus courses retain
better conceptual knowledge whereas the others (in traditional calculus) retain better
procedural knowledge. In addition, the former (in reformed calculus) understand concepts

before computational competence is achieved.

In [12], the authors investigated students' retention of mathematical knowledge and skills
in two differential equations classes. Post-tests and delayed post-tests after 1 year were
administered to students in inquiry-oriented and traditional classes. The results show that
students in the inquiry-oriented class retained conceptual knowledge, as seen by their
performance on modeling problems, and retained equal proficiency in procedural
problems, when compared with students in the traditionally taught classes. These results
add additional support to the claim that teaching for conceptual understanding can lead to

longer retention of mathematical knowledge.

11



In another study, Jeanetta du Preez, Ansie Harding, Johann Engelbrecht [10] investigated
the long-term effect of a technique mastering program in first year Calculus course which
involved a group of first year engineering students at the University of Pretoria. This
study investigated which and how much of the knowledge and skills embedded by the
technique mastering program in the first year, is retained after a further two years of
study. A quantitative and qualitative investigation shows that, in general, there is a
disappointing decline in performance over a period of two years. There are, however,
areas in which students performed better after the elapsed period. The research is of
diagnostic value in determining the future of the technique mastering program with

regard to its content.

As far as the retention of material issue is concerned, there are many aspects related to
the review of previous material that would be considered. One aspect, for instance, is

the reasons of reviewing.

There are many reasons for the reviewing to be considered. The review

e promotes continuity and helps students to attain a more comprehensive view of
the mathematical topics covered.

e summarizes main ideas, develop generalizations, and get an overall view of what
they have been learning piecemeal.

e helps students to assimilate or consolidate what they have learned, enabling them
to fit ideas into new patterns.

e serves as a diagnostic tool, revealing weaknesses and strengths to students and
teachers.

e helps teachers identify what is already known and what is not yet known; then re-
teaching can be planned.

e assures that the prerequisites needed for learning new content have been mastered.

e adds to students' confidence in their ability to move successfully to new

mathematical topics.

12



Again, when we discuss the reviewing issue, we may think about the timing of review.
Most textbooks incorporate review sections at both the beginning and the end of most
chapters. Some researchers take exception to this pattern, terming it "spastic.” They argue
that review should be continuous. Instead of presenting 25 problems on a new topic, it is
suggested that only three or four be given, along with 25 review problems. Based on the
outcome of their surveys, they claimed that this approach helps students attain a high

level of understanding.

Research clearly indicates that review should be systematically planned and incorporated
into the instructional program. Before a new topic or unit is begun, an inventory can help
the teacher ascertain whether any prerequisite knowledge is missing. Such a review also
helps students pull together the mathematical ideas they will need for the new topic. The
inventory should range from simpler skills and concepts to the most difficult in order to
pinpoint those which need to be re-taught. It should be noticed that a daily review of
homework alone is not sufficient; it often concerns only a small portion of the needed

prerequisites for a new topic.

After a topic or unit is taught, key points or objectives should be reviewed. Students thus
become aware of the major highlights of the lesson so they can focus on the mathematical
skills or concepts that will be needed in future lessons. It should be made clear to students
that this is not simply a collection of exercises and problems; the review includes those

topics which are the most important to remember.

Long-term retention is best achieved if assignments on a particular skill are spread out in
time, rather than concentrated within a short interval. Reviewing immediately after
instruction consolidates the ideas from that instruction, while delayed reviewing aids in
the re-learning of forgotten material. Additionally, research has indicated that short
periods of intensive review are better than long periods. Interspersing review throughout

the textbook or curriculum is better than concentrating review at one time.

Once again, when we consider the reviewing issue, we have to think about the different

possible types of review. One type of review is outlining. The process of outlining

13



forces students to organize ideas and provides a structure that will help students put ideas
together. When students use the outline they have made as an aid in reviewing,

restructuring or recall of the mathematical ideas is promoted.

Review questions. Another type of review is solving relevant questions. Several
researchers have focused on review questions, finding them effective for revealing
content that has not been meaningful to students. Students who used the review questions
scored significantly higher than those using textbook drill pages. Review questions were
found to facilitate retention by promoting comprehension. Feedback helped students to
consolidate what they had learned in the course of answering the review questions, and
they developed their ability to transfer problem-solving skills. The word-type review
questions required a thorough understanding of the concepts and rules and the ability to
apply them to new situations. On the other hand, the calculation-type review questions
required only comprehension of a narrow range of concepts, rules, and often focused on

rote learning.

Testing. Another way of review is testing. A study sought to determine if the learning
and retention of mathematical knowledge was affected by any of the three types of
review procedures: testing, testing-with-explanation, and unit review. For the unit review,
a list of behavioral objectives for the topics taught was given to students, with a worked
example and an optional exercise identical to the corresponding test item. The test group
was only given a test, and then the answers. Both the unit review and testing-with-
explanation groups were given worked-out solutions for test items and optional exercises.
The reviews enhanced the learning and retention of mathematics, with testing-with-
explanation the most promising and testing alone the least promising. As in other studies,

the usefulness of feedback in promoting achievement was apparent.

Homework. A traditional way of review is the homework. The role of differing types of
homework designed for review in first-year algebra classes was explored by some
researchers. In this type of research, one group was given homework consisting of
exercises related to the topic taught that day. Another group was assigned fewer exercises

related to the topic taught that day, plus exploratory exercises on content taught on each

14



of the prior two days and review exercises on the first and third days after the teaching of
a topic. The group having exploratory and review exercises achieved and retained better

than the group having exercises related only to the daily topic.

It is worthwhile mentioning, that in our project, as will be observed in the latter chapters,
our approach of addressing the PCC based problems and exploring subsequent remedial

measures more or less conform to those appearing in the literature.
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3. Implementation Plan

3.1. Responsibilities

In Phase I, the experiment was carried out in sections 3, 6, 14 and 19 of MATH 102
(Term 042). It may be noted that MATH 102 is a 4-credit hour course with three
lectures/wk and one recitation class/wk®. The principal investigator (Dr. M.A. Bokhari)
and the co-investigator (Dr. M. Samman) acted as the course-instructors respectively for
the sections 3, 6 and 14, 19 whereas the second co-investigator (Mr. B. Yushau) was

responsible to conduct the “Problem Solving Classes” for these sections.

Similar responsibilities were undertaken by the project team in Phase Il of the experiment
for four sections of MATH 101 during the term 051.

As pointed out in the Project Proposal, the course contents and the contact hours (in terms

of number of classroom lectures/recitation classes) were maintained according to the

existing policy of the Department during the period of the experiment. The project

members maintained close interaction among themselves while implementing the plan.

3.2. Initial planning
The project team initiated the project in accordance with the plan given in the Revised
Proposal which was submitted in May 2004 to DAD?. The project team held several
meetings to accomplish the following tasks related to MATH 102 (Term 042) during the
period October 2004-January 2005:

e Literature survey

e Preparation of experiment for Phase I.

e Mode of recitation classes

e Use of technology

! This class is also referred to as a problem solving class in which students are supposed to go over the
problems of the course material covered during the preceding week.

2 Execution of this plan was further clarified in a memo addressed to the Dean (Academic Development)
dated October 04, 2004.

16



3.2.a. Literature Survey

The team went over some reports on Calculus related matters available in the
Department, some papers on Calculus Reforms which appeared in the proceedings of the
“Orlando Sessions on Calculus Reforms (1996)”and some material on Calculus which
appeared in the MAAZ® publications [1, 15-17, 19] and abstracts of some PhD
dissertations related to Calculus [6-8, 11, 14]. In addition, the team looked into some
material which specifically addressed the problem of students’ retention (See Chapter 2
for the details)

3.2.b. Preparation of Experiment for Phase I

The project team analyzed the material of MATH 102 in order to identify the concepts
from the prerequisite courses MATH 001/002/101, which are directly related to the
contents of MATH 102. A survey was designed on the basis of these concepts (See
Appendix 1(i)).

3.2.c. Mode of Recitation Classes
A plan for recitation classes was prepared to create momentous interaction among
students and the recitation class instructor. A specific strategy was planned in order to
utilize the recitation classes with respect to the following aspects

e Group Activity

e Use of Math software

e Maintaining close interaction between the course instructors and the recitation

class instructor.

3.2.d. Use of Technology

A joint WebCT account was arranged for the allocated sections of MATH 102. The main
components of the WebCT were designed for the enhancement of the project plan. It was
decided to introduce the software “Mathematica” just for awareness in the recitation
classes. Therefore, a handout summarizing the main commands of Mathematica was

prepared to facilitate the students’ learning (See Appendix 3(i)). Keeping in view the

3 Mathematical Association of America

17



length of the course, this activity was kept at a minimal level so that it does not affect the

course-coverage.

18



4. Activities during Term 042 (Phase I)

4.1. Survey | & Related Activities

4.1a. Survey |

Survey | was conducted among the MATH 102 students during the 1% week of classes. It
aimed to determine awareness of the students on the basic concepts of MATH
001/002/101 that are frequently used in MATH 102. The students were asked to tick the
appropriate box given against each survey item in case they understand the concept. 416
students from 18 sections of MATH 102 participated in the survey. In Appendix 1(i), the
figure given in a box against each question represents the percentage of students who

claimed that they were aware of the concept.

4.1b. Follow-up Quiz

In order to authenticate the survey, a quiz was prepared from the survey items where at
least 75% of the students claimed their awareness. This quiz was given to the sections of
those students who participated in the survey. 329 students sat in the quiz. It was
conducted during the 1* week of the classes. The Follow-up Quiz and its outcome may be

found in Appendix 1(ii).

4.1c. Preparation of Remedial Material

The concepts related to Survey | and the Follow-up Quiz where the students had a poor
response were classified as a part of Remedial Material. This material was posted on the
WebCT for students’ self-study. It is reiterated that the deficiency material identified
from the contents of MATH 001/002/101 was required in various parts of MATH 102
(See Appendix 3 (ii)).

4.2. Some Teaching Related Activities
4.2a. Teacher-Student Based Learning
The Project Team adopted the following format of teaching for the coverage of course

material:

19



After introducing a new concept in the class, the relevant exercises were divided into
three parts:
e Problems solved in the class lectures with partial involvement of students.
e A set of similar exercises for “Recitation Classes” involving group activity as
well.

e Homework problems similar to text exercises but with changed parameters.

The students were encouraged to consult the course instructor in case of difficulty on

homework or problems assigned for recitation classes.

A good number of students (not all) appreciated the structure of exercises. As a follow-
up, the students were given a quiz that was based on the material they covered in the
preceding week(s). The solution of quizzes and homework was posted on the WebCT. It
was noted that the students considered some of the homework problems challenging for
them. Those who put an effort in doing the homework came up with a good score on the
quizzes. Overall, the students made a better score on quizzes as compared to that on

homework.

4.2b. Recitation Classes
The students were divided into various groups in each class. Each group consisted of 5-6
students with lower to higher achievements in their earlier math courses. The weekly
recitation classes involved the following activities:
e Group activity for problem solving (20 minutes)
e Presentation of solution on board by randomly selected students (15-20 minutes)
e Pop quiz out of recitation material and/or explanation by the instructor (10-15
minutes)

e Assigning 1-2 exercises based on use of “Mathematica” (outside the class)

Further details on “Recitation Classes” may be found in Appendix 3(iii)

4.2c. Use of WebCT and Overhead Projector

20



Based on past experience, the project team identified part of the course material which
used to create a misunderstanding of concepts among students due to the overlapping of

concept/terminology, e.g.,

Volume of solid of revolution by different methods

Various convergence tests for infinite series

Different methods for power series representation of functions

Solution of an integral by different techniques.

This type of material was presented by an overhead projector and students were given a
chance to observe similarities and differences in closely related concepts and the relevant
techniques while solving the exercises. Solutions of some exercises were left incomplete
during the class lectures. It forced most of the students to practice on the partially solved
problems outside the classroom. The students were able to cover a large variety of
problems in the class by this approach. In some cases, part of the lecture material was
posted on the WebCT for the sake of students’ quick revision. This material was
particularly related to the concepts where the students were found in confusion. The
students were advised at the same time to go through the textbook and read the

corresponding examples therein as well.

4.3. Survey Il & Midterm Exam

4.3a. Survey Il

Student Survey Il was designed only for the students of the Project Team (i.e, Sec. 3, 6,
14 and 19). This survey was conducted during the 7" week of the term. The purpose of
the survey was to determine the level of retention of the course material allocated for the

mid term exam. 100 students were present when the survey was conducted.

4.3b. Students’ awareness with their deficiency
It may be noted that the students were not informed about the outcome of Survey II.
However, some did realize their deficiency on some concepts while filling in the survey

form and made an effort to rectify their mistakes before the midterm exam.
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4.3c. Midterm Exam

The mid term exam was given in the 8" week. Its outcome was used to determine the
reliability of Survey Il. 115 students of sections 3, 6, 14 and 19 took the exam. The
details of the survey and mid term exam are given in Appendices 1(iii)-(iv).

4.4. Survey Il & Exit Quiz

4.4a. Survey 111

By the end of the 13" week, while approaching the end of the course material, the 3" and
final Survey was conducted among the students involved in the experiment directly (i.e,
students of Sec. 3, 6, 14 and 19). The objective of the survey was to determine the
retention level of students on the course material covered up to the 12" week of the term

042. 100 students were present during the survey.

4.4b. Exit Quiz (For all the 18 sections which participated in Survey I)
The students of MATH 102 were given a comprehensive quiz during the 13" week. We
shall refer this quiz as to “Exit Quiz”. The purpose of this quiz was two-fold. The first
objective was to determine the reliability of Survey Il which was designed for the
students subject to the experiment. The second objective was to determine the difference
of understanding among the students of two categories:

Q) Students involved directly in the experiment (101 students sat in the quiz)

(i) Students belonging to instructors other than investigators (172 students sat in

the quiz).

In this regard, an analysis of outcomes of both the survey and the exit quiz was carried

out. The details of Survey Il and the Exit Quiz appear in Appendices 1(v)-(vi).

22



5. Activities during Term 051 (Phase I1)

Similar activities as conducted in the term 042 were carried out in Phase 11 with the same
objectives and a similar analysis of surveys and quizzes. Therefore, we shall avoid
repetition and briefly provide the description of these activities. It may be noted that
students of sections 4, 8 (Dr. M. Bokhari) and sections 12 and 17 (Dr M. Samman) were

subject to the experiment.

5.1. Survey | & Related Activities

5.1a. Survey | (Conducted during 1% week of classes)

Survey | was aimed at determining the awareness of the students on the basic concepts of
MATH 001/002 that are frequently used in MATH 101. 559 students from 15 sections
of MATH 101 participated in the survey. In Appendix 2(i), the figure given in a box
against each question represents the percentage of students who claimed that they were

aware of the concept.

5.1b. Follow-up Quiz
The surveyed questions where at least 67% of the students (with a couple of exceptions)
claimed their awareness were selected for a Quiz. As before,
e This quiz was given to the students of who participated in Survey 1.
e It was conducted during the 1% week of the classes.
e The objective of the quiz was to determine the authenticity of the Survey
outcome.

The follow-up Quiz and its outcome may be found in Appendix 2(ii).

5.1c. Preparation of Remedial Material
The concepts related to Survey | and the Follow-up Quiz where the students’ response
was poor, were classified as a part of Remedial Material (Same as described in Section

4.1.c). Appendix 3(iv) describes the nature of review material.
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5.2. Some Teaching Related Activities
5.2a. Teacher-Student based Learning & Recitation Classes

For the details, please see Section 4.2.a - 4.2b.

5.2b. Use of WebCT and Overhead Projector

Some topics like (&-0) definition, differentials, and word-problems based on related rates

and maxima/minima consume a lot of lecture time when explained on the chalk-board in
calculus classes. In our view, it is wastage of class time to explain complex concepts
involving several notations or writing statements of lengthy word-problems. The students
made positive comments after receiving explanation of such topics through the overhead
projector in classrooms. The students in some cases were asked to look into the displayed
material and attempt relevant problems in the class. To provide additional help, the same

material was posted on the WebCT.

5.3. Survey Il & Midterm Exam

5.3a. Survey Il (Conducted during 7" week of classes)

Like in the case of MATH 102, this survey was also meant only for the sections involved
in the experiment directly (See Section 4.3.a for explanation). 93 students were present
at the time of survey. The outcomes of Survey Il and Midterm Exams are given in

Appendices 2(iii)-(iv).

5.3b. Mid Term Exam
The mid term exam was given in the 8" week. Its outcome was used to determine the

reliability of Survey Il. 109 students appeared in the exam.

5.4. Survey Il & Exit Quiz

5.4a. Survey 111 (Conducted during 13" week of classes)

As already described in Section 4.4.a, this survey was conducted among the students of
the 4 sections with the Project Team. 100 students were present at time the survey. It was
designed to determine the retention level of the students on the course material they
covered up to the 12" week of classes.
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5.4b. Exit Quiz (Conducted during 13™ week of classes)
273 students (101 subject to experiment and 172 from other sections) sat in the Exit Quiz.

The details of the Survey 11l and Exit Quiz are given in Appendices 2(Vv)-(Vi).
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6. Conclusion |

(Deficiency & Retention)

It is important to note that our items selected for the surveys and quizzes (both follow-up
and exit) were mostly based on a mono concept. After analyzing the data collected from
these surveys, quizzes, midterm exams and some other classroom activities during the
course of our experiment, we came across several observations concerning the
performance of the students in the PCC. In this regard we shall focus on the following
factors:

e Deficient concepts

e Consistent deficiency

e Retention level

e Authenticity of the surveys

e Study habits

6.1. Some definitions/terminologies

In our analysis, we shall define a “Deficient Concept” and make a distinction among the
levels of deficiency. The concept of “Consistent Deficiency” will also be introduced here.
In addition, we shall explain what we mean by the “Retention Level of the Students” in

the context of Calculus I/11.

Definition 1. We shall characterize a concept as a Deficient Concept if either one of the
following criterions holds:
I. the percentage of students that claim to know the concept is less than 75 on
Survey |
ii. the percentage of students who attempted a surveyed concept correctly in the

follow-up quiz is less than 75

Definition 2. The level of deficiency on a concept is based on its percentage value in
Survey | (MATH 101/MATH 102) or in the follow-up quiz I (MATH 101/MATH 102),
and is defined as follows:

1. High level deficiency if the percentage is < 50
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2. Medium level deficiency if the percentage is between 50 and 64
3. Low level deficiency if the percentage is between 65 and 79.

Definition 3. Any deficient concept which appears more than once in Survey | (MATH
101/MATH 102) or the follow-up quiz I (MATH 101/MATH 102) will be termed as a
“Consistent Deficient Concept™.

Definition 4. The retention level of a course item will be based on its percentage value on
“Survey Il and Midterm Exam” or “Survey Il and Exit Quiz”. We shall identify the
retention level as

1. High if the outcome percentage is > 75

2. Medium if the outcome percentage is between 65 and 75

3. Low if outcome percentage is between 50 and 64

4. Very Low if the outcome is < 50

It may be worthwhile to differentiate between “Deficiency” and “Retention” in our
discussion:
e We shall say that a student has a deficiency in a concept while taking a
course XXX if the concept is related to one of its prerequisite course(s).
e We shall say that a student has a low level retention in a concept while
taking a course XXX if the concept is directly related to the same course.

6.2. Deficient concepts when entering Calculus I class

The material covered by the students in the pre-calculus courses at KFUPM plays an
important role in the study of Calculus. Therefore, first we focus on the students’ aptitude
for these concepts at the time of entering Calculus I course (MATH 101). An analysis

based on Definitions 1 and 2 (Sec. 6.1) is summarized in Table 6.1.
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Table 6.1: Deficient concepts when entering Calculus I class (Term 051)

# Concept Level of Deficiency
Low Medium High

1 Simplification involving Laws of Exponents X *

2 Simplification of Complex Rational Expressions X *

3 Use of Trig. Identities (tan, sec) X *

4 Use of Trig. Identities (Double Angle) X *

5 Use of Trig. Identities (Half Angle) X *

6 Use of Trig. Identities (csc <> sec) X

7 Use of Trig. Identities (tan (a—Db)) X *

8 | Use of Rt. Angled Triangle for finding Trig. Relations X

9 Writing Quadratic Expression in the Square Form X

10 Long Division X

11 Graph of Absolute Value Function ( Shifted |x| ) X *

12 Graph of Quadratic Function (Shifted x*) X *

13 Graphs related to Shift of x° X

14 Graphs related to Shift of +/x and In(x) X

15 Graph of e ™* X

16 | Graph of csc x & sec x (Intervals of Increae/Decrease) X *

17 Factorization using the formula for a* — b° X *

18 Determining Coefficients by Expanding (a — b)° X *

19 Factorization of Quadratic Like Expressions X *

20 Factorization by Pairing X

21 Solving Equations which involve +/x X

22 | Slope of Line from Two Points on Graph of Function X *

23 Distinguishing between Function and Equation X

24 | Domain of Rational Function (Quadratic Denominator) X

25 Synthetic Division X

26 Behavior of Polynomial at o X

27 Domain and Range of Trig Functions (tan, csc) X *

238 Domain and Range of ~/x—1 X

29 Domain and Range of Inverse Trig. Functions X

30 Difference between Radian and Degree X

31 | Solution of System of Equations (1 Quad, 1 Linear) X

32 | Areaand Volume of Standard Geometrical Figures X

33 | Distance between Two Points on Graph of Function X

34 Determining Vertical Asymptotes X

35 Determining Horizontal Asymptotes X

36 | Determining Holes in the Graph of given Rational Fun. X

Legend:

e  Xrepresents the deficiency level according to Survey.

e X * represents the deficiency level tested through a follow-up quiz for a concept for
which at least 70% of the students’ showed their awareness.
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6.3. Deficient concepts when entering Calculus 11 class & Consistent Deficiencies

Here, we consider percentage values on the data based on Survey | and the follow-up
Quiz I conducted at the start of MATH 102 classes (Term 042). The items on Survey |

and follow-up Quiz | were related to the concepts which the students gained in

and are required for the material to be studied in Calculus I1.

Pre-Calculus courses (MATH 001/002),
Calculus I (MATH 101),

Table 6.2 identifies the concepts where the students were found deficient. The table

describes the level of deficiency and also marks it as consistent (see Definition 3) in case

it is related to pre-calculus courses.

Table 6.2: Deficient concepts when entering Calculus 11 class

Level of Consistent
. . ini Deficiency
#| Partl: Concepts Studied in Prep-Year —|rm-Poncleny
Math Courses

1 Simplification involving Laws of Exponents X* Yes
2 Simplification of Complex Rational Expressions X* Yes
3 Use of Trig. Identities (tan, sec) X* Yes
4 Use of Trig. Identities (Double Angle) X Yes
5 Use of Trig. Identities (Half Angle) X Yes
6 Use of Trig. Identities (csc <> sec) X Yes
7 Use of Trig. Identities (tan (a—Db)) X Yes
8 | Use of Rt. Angled Triangle for finding Trig. Relation X Yes
9 Writing Quadratic Expression in the Square Form X Yes
10 Long Division X Yes
11 Graph of Absolute Value Function ( Shifted |x| ) X Yes
12 Graph of Quadratic Function (Shifted x°) X Yes
13 Graphs related to Shift of x° X Yes
14 Graphs related to Shift of +/x and In(x) X Yes
15 Graph of e ™" X Yes
16 Factorization using the formula for a° — b’ X Yes
17 Factorization of Quadratic Like Expressions X Yes
18 Factorization by Pairing X Yes
19 Solving Equations which involve ~/x X* Yes
20 | Solution of System of Equations (1 Quad, 1 Linear) | X Yes
21 | Area and Volume of Standard Geometrical Figures X Yes
22 | Distance between Two Points on Graph of Function X Yes
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Continuation of Table 6.2 (Deficient Concepts)

Level of Consistent
. . . Deficiency Deficiency
# Part 11: Concepts Studied in Calculus I Con T Mediom |- i
23 Finding Linear Approximation X
24 | Finding Eqg. of Tangent Line to Graph of a Function X
25 | Finding Interval where Function Increases/Decreases X
26 Application of lim(@l+1)=e X
. — — Not
27 | Evaluation of limit, e.g., |inrg(e‘;1) (use of L’ Hopital rule) X °
28 Evaluation of limit, e.g., lim «/;(«/;—«/x—l) X | Applicable
29 Evaluation of limit like limtan™ x X Here
30 Derivative of Inverse Trig Functions X
31 Derivative of General Logarithm Functions X
32 Derivative of General Exponential Functions X*
33 Derivative of Trig Functions like csc, sec X

6.4. Retention level

In this section, we shall identify the concepts where the students indicated high, medium

or low level of retention (see Definition 4). Our observations are based on the outcomes

of Survey Il, Midterm Exam, Survey |1l and the Exit Quiz. It may be noted that

Survey Il was followed by the Midterm Exam in both courses MATH 101 and
MATH 102. Unlike the structure of follow-up Quiz which was based on Survey I,
the choice of items on the midterm exam was not dependent on Survey II.

Survey 111 and Exit Quiz were conducted towards the end of both terms 042 and
051. Some of the items on Survey Ill were selected for the Exit Quiz to check
reliability of the students’ response. These items were mostly related to non-
deficient concepts (according to Definition 1) where at least 70% of the students

under experiment showed their awareness in Survey IlI.

Each of the Tables 6.3 and 6.4 is comprised of two parts indicating the students’

retention levels “Around Midterm Exam” and “Closer to the Final Exam”. These tables
respectively refer to the courses MATH 101 and MATH 102.
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Table 6.3 (Related to MATH 101 Students)

Retention Level around Midterm Exam and Before Final Exam

Around Midterm Exam

Closer to Final Exam

# Concept \(25\)// Low Med High \Iii;\)// Low | Med | High
1 One-sided limit X* X*
2 Squeezing Theorem X X
3 Limit (Rationalization) X X
4 Limit (Quadratic Factorization) X X
5 | Limit (Application of limsix=1) X* X
6 Limit of Polynomials at infinity X * X
7 Limit by (¢-5) definition X* X*
8 Limit of tan " x_at infinity X
9 Limit of rational func. at infinity X
10 Limit of composite functions X
11 | Concept of continuity at a point X
12 | Continuity of rational func. at a X
13 | Continuity at end pts of interval X
14 Removable discontinuity X * X
15 One-sided continuity X *
16 | Slope of tangent line to gr of func X X *
17 | Eq. of tangent line to Gr of Func. X*
18 Instantaneous rate of change X * X*
19 | Derivatives by definition (x, x°...) X * X
20 | Derivatives by defin. (v/x,sinx...) | X~
21 Left & Right derivative at a pt X
22 | Func. with infinite slope at a pt X
23 Higher Derivatives X X
24 Product & Quotient rules X X
25 Derivatives of Trig Func. X
26 Chain rule for derivatives X* X *
27 Related rates X * X
28 Local linear approximation X * X
29 Approx. of numbers using X* X *
Differentials
30 | Concepts of Relative & % Errors X
31 Geometrical Formulas X
(triangle, circle)
32 Geometrical Formulas X
(Sphere, Cone, Circular Sector)
33 Simple Graphs (line, |[x + 2|...) X
34 | Graphing by Shift of simple Func. X
35 Word problems (related rates) X* X
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Continuation of Table 6.3 (Retention Level of MATH 101 Students)

Around Midterm Exam

Before the Final Exam

Ver Low Med High Ver Low | Med | High
" Concept Low T ow i
36 Use of I” Hopital Rule (2,2 form) X*
37 Use of I” Hopital Rule (0°,17.. ) X
38 Derivative formulas X*
(sec™ x,log; x,3%...)
39 Implicit Differentiation X
40 Finding Critical Numbers X
41 Intervals where a Function increases X*
or decreases
42 Finding Points of Inflection X
43 | Intervals where a Function is Concave X
up/down
44 Order of Zeros of a Polynomial X
45 | Finding Vertical Tangent Lines for a X
Function
46 Finding Cusps of a Function X
47 Appl of 1 & 2" Derivative Tests X
48 Finding Oblique Asymptotes X*
49 Finding Curvilinear Asymptotes X
50 Difference between Relative & X
Absolute Max/Min
51 Word Problems (Max/Min) X
52 Trig Identities (Simple) X
53 Trig Identities X
(half angle; csc to sec...)
54 Formulas (a — b)®, a® - b® X
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Table 6.4 (Related to MATH 102 Students)

Retention Level around Midterm Exam and Before Final Exam

Around Midterm Exam

Before the Final Exam

# Concept \(Z\r/?// Low Med High \(ZQI/ Low | Med | High
Use of Trig. ldentity X* X
(tan€&->sec)
2 Use of trig. Identity X X
(Double Angle)
3 Use of Trig. ldentity X X*
(Half Angle)
4 Use of Trig. Identities X X
(csc €< sec)
5 Complete square in X
Quadratic Expression
6 Long Division X* X
7 Graph of Linear function X
8 Graph: abs. value func with X X
shifts
9 Graph: Quad. func. with shifts X X
10 | Graph: Cubic func. with shifts X
1| Graph: Vx and In(x) with X X
shifts
12 Graph: 1/x with shifts X
13 Graph: Exp. func. with shifts X X
14 Factorize: a> — b? (use of X
formula)
15 Coefficients in (a — b)° X
16 Factorize: Quad. expressions X
17 Factorization by pairing X
18 Intervals where Function X X*
increases or decreases
19 | Application of lim@+3)=e X X
20 Evaluate limit like lim(=) X
(use of I’ Hopital rule)
21 Evaluate: (Rationalization) X X
limit like lim/x (Vx -x-1)
22 Evaluation of limit X
like !ijrjotan’l X.
23 Finding Limit X X
(Appl. of 157010 xsint=1)
24 Limit of Sequence with (n!) X
25 | Derivative: Inverse Trig Func. X X
26 | Derivative of general log func. X X
27 | Derivative of general exp Func. X X
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Continuation of Table 6.4 (Retention Level of MATH 102 Students)

# Concept Around Midterm Exam Before the Final Exam
Very Low Med High Very Low | Med | High
Low Low
28 | Deriva. of trig func. (csc, sec) X
29 | Derivative of hyperbolic func X
30 Quotient rule X
31 Chain rule for derivatives X X
32 Partition of an Interval X X
33 Riemann sum X
34 Net signed area X X
35 | Local quad/cub. approx of fun X X
36 Monotone sequence X *
37 | Eventually increasing sequence X X
38 | Sequence defined recursively X X
39 Sequence of n™ partial sum X X
40 | Closed form of n™ partial sum X* X
41 Conv./diver. of improper X X
integrals
42 Solving definite integrals by X X
geometrical formulas
43 Closed form of X X
n n n n
Dk KkED KD ark?
k=1 k=1 k=1 k=1
44 | Approx. of definite integral by X X
finite number of rectangles
45 Basic anti-derivate formulas X* X*
46 | Changing limit of integral with X* X
substitution method
47 | 1% and 2" part of fundamental X X
theorem of calculus
48 Mean value theorem for X
integrals
49 Definition of log function by X
integrals
50 | Solving initial value problems X X
51 Finding formula for n™ X X
derivative of functions
52 | Limit of Seq. by I’Hopital rule X
53 Difference between X* X
Taylor/Maclaurin polyn.
54 | Difference between Seq./Series X X
55 Sum of telescoping series X*
56 General term of a sequence X* X*
57 Integral test X X*
58 Divergence test X* X
59 p-series test X* X
60 Basic comparison test X X
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Continuation of Table 6.4 (Retention Level of MATH 102 Students)

Around Midterm Exam

Before the Final Exam

# Concept Very Low Med High Very Low | Med | High
Low Low
61 Integrals with combination of X*
Functions sinx cos’x....
62 Integrals (Algebraic X*
substitutions)
63 Integrals with combination of X*
Functions tan®x sec’x....
64 Check the series for X
Abs. Conv/Cond Conv/Div
65 Check: Conv by Ratio Test X*
66 Check: Conv by Root Test X
67 Approx of sum of Alternat. X
Series
68 Formula: Power Series of X
(1-x)"% e* sinx
69 | Power Series representation of X
functions using (8)
70 | Radius & Interval of Conv. of a X
Power Series
71 Formula for VVol. of Washer X*
72 Formula for Vol. of shell X*
73 Formula for Surface Area. of X
Frustum
74 Vol. of solid of revolution X
about line // to x-axis
75 Vol. of solid of revolution X
about line // to y-axis
76 Finding Arc length of a func. X
77 Surface Area of solid of X
revolution
78 Surface Area of solid of X
revolution (Parametric Form)
79 | Integration by parts: x e*, xcos x X
20 Integration by parts: *cos x X
81 Integration by parts: sin ™ x X
82 | simplify \1+[f'(0]" when X
f(x) is given
83 Solution of System of X*

Equations (1 Quad, 1 Linear)
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7. Conclusion Il

(A Comparative Study of the Performance of Subject & Control)

As stated above, Survey 111 and the Exit Quiz were conducted by the end of the terms 042
and 051. Survey Il was conducted among the students under experiment. However,

students from all those sections which participated in Survey | were invited to write the

Exit Quiz. The students were asked to declare their section numbers in order to identify
the sections under experiment. Here, our purpose was two-fold:
1. To authenticate the response of the students under experiment (High level
response on Survey Il versus performance on the Exit Quiz)
2. To compare the performance of the students under experiment with those

from the other sections.

7.1. Comparative Study in Phase | (Term 042)
This section deals with the performance of the students of MATH 102 towards the end of

the academic term.

7.1. a. Some explanations
There are certain points which may be helpful to draw some conclusions out of the
comparison provided in Table 7.1:
1. Many students consult a solution manual of the text exercises, for the completion
of their homework. Keeping in view this aspect, an exclusive weekly home work

was designed for the students under experiment during the Term 042. The

problems on the homework, though similar (with some exceptions) to the
textbook exercises, were not selected from the textbook. This forced the students
to work out the solutions by themselves. This is the first time when the project
team noticed a higher achievement of students on Class Quizzes as compared to
the quizzes preceded by textbook homework problems. It was also observed that
the students frequently visited the instructors’ offices to discuss homework

problems.
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2. The students were involved in group work in the recitation classes. Again, special
questions were designed for this activity. These questions were posted on the
WebCT at least 4 days prior to the respective recitation class. The students were
urged to take a “serious look” at these problems and the concerned material
covered in the classroom. 50 minutes allocated to recitation class were distributed

over various activities which are stated below:

a. Group work activity on the selective 3-4 problems: 20-25 minutes
b. Presentation of solutions, one by each group: 20-25 minutes
c. Explanation by instructor (if required) or A pop Quiz: 5 minutes

3. The data on the participation of students in Survey I, follow-up Quiz, Survey IlI

and the Exit quiz is as follows:

Activity # of Students | # of Students
(Experiment) (Control)
Survey | 110 306
Follow-up Quiz 99 230
Survey Il 100 None
Exit Quiz 101 172

7.1. b. Summary of comparative study
Table 7.1 on the next page provides a summary of comparative performance of the

students under experiment (E) versus the “Control”(C) students.
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Table 7.1: MATH 102 Students Term 042
Comparative Study of the Performance of Subjects & Control by End of Term

Q. # Survey | Quiz | Quiz
in Item score | score | score
Quiz #in (E) (E) (C)
Survey Concept %) | () | (%)
1 7c Derivative of General Exponential Func :(4") 84 67 74
2 10 Use of geometric formula, to find the value of
0
J V4 —x*dx
5 74 36 41
3 : Aarivati v (2 L1\t
14 Use of Anti-derivative formulas:: (v +1) 82 79 94
4 Solving Integrals by substitution: ngZ N x3dx
0
17a 85 49 44
5 Integrals of type I4 cos xsin® xdx
17b 78 65 78
6 23 Checking a sequence for Increasing/Decreasing 70 54 38
7 30a Use of the Integral Test for testing series 78 40 43
8 22 Finding the n™ term of the sequence 83 64 60
9 36b Volume of Cylindrical Shell (given in the xy-plane) 84 54 12
10 40 T
Integrals of type jwsm wdw (Integ. By Parts)
0 69 60 62
11 b Finding the Vertex of parabola (y = 3+2x+X*) 76 39 11
12 20a n™ Derivative of function, e.g., e 64 70 90
13 8b Solving System of 2 Egs (1 Linear, 1 Quadratic) 84 35 12
14 38a Volume of Solid of Revolution (Disc Method) 67 58 43
15 6c Finding limit of sequence (Rationalization) 75 52 45
16 1c Use of half-angle trigonometric identity while
solving integrals. 60 59 67
17 30e Use of the Ratio Test for testing a series 89 40 42
18 39i Finding the Arc Length of a curve 63 73 54
19 17d Integrals of type J‘Gcot5 X csc? xdx 84 o1 76
20 36a Volume of Washer (given in the xy-plane) 84 30 42
Average of Survey 11 and Exit Quiz 76.65 | 53.75| 51.4
Legend:

E: Stud

ents under experiment

7.1. c. Some observations

C: Students outside experiment

1. At the end of the term, (E)-Students’ perception (Survey) about the course

concepts is significantly higher than their actual performance on the Exit Quiz.
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2. The students wrote the Exit Quiz out of the entire course material without proper
preparation. The low averages (53.75 & 51.4) may be due to this factor (see Table
7.1).

3. (E)-Students on the average basis performed better than (C)-Students. This
difference may be due to following factors:

a. Special homework problems, indeed, helped the students to improve their
conceptual understanding (see 7.1.a item 1).
b. The design of recitation class can be an instrumental factor for slightly
better performance of (E)-Students (see 7.1.a item 2).
c. The number of (C)-Students who participated in the Exit Quiz was 75% of
those who participated in the follow-up Quiz given at the start of the term
042. This number in our view is quite reasonable as the students at the end
of the term are occupied with several academic activities in different
courses (see 7.1.a item 3). As the average performance of an individual
indicates, several (C)-Students had a poor score on the Exit Quiz.
Therefore, we may expect a better performance of (E)-students as compared to
(C)-students.

7.2. Comparative Study in Phase Il (Term 051)
This section deals with the performance of the students of MATH 101 towards the end of

the academic term.

7.2. a. Some explanations
Like Section 7.1.a, we present certain points which will enable us to draw some
conclusions out of the comparison given in Table 7.2:

1. We had a strong observation from the (E)-Students of MATH 102 about the
homework problems. They complained about the excessive amount of time which
they had to spend in order to solve exclusively designed homework problems. The
project team decided to give the (E)-Students of MATH 101 routine text exercises
for homework. The underlying idea for the change was to observe the
performance of these students with those of (C)-Students of MATH 101 and also
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between the two (E)-Groups (i.e., (E)-students of MATH 101 and MATH 102).
As a consequence, we observed that the students scored on the homework almost
90% which was significantly higher than their performance on the class quizzes.
As mentioned earlier, several students consult the solution manual for homework
problems. This practice results in the students not digesting the course concepts
properly. Also, the project team noticed less interaction of the MATH 101 (E)-
students with their instructors as compared to what they observed with their (E)-
students of MATH 102.

2. The activity of recitation classes was kept the same as before (see 7.1.a item 2).

However, the students were given the text problems for this activity.

3. The data on the participation of students in Survey I, follow-up Quiz, Survey IlI

and the Exit quiz is as follows:

Activity # of Students | # of Students
(Experiment) | (Control)
Survey | 105 454
Follow-up Quiz 101 282
Survey 111 100 None
Exit Quiz 87 141

7.2. b. Summary of comparative study
Table 7.2 provides a summary of comparative performance of the students under

experiment (E) versus the “Control”(C) students.
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Table 7.2: MATH 101 Students (Term 051)
Comparative Study of the Performance of Subjects & Control by End of Term

Q. Survey | Quiz | Quiz
#in Item score score | score
uiz #in E E C

2 | sunvey Concept % | o | o
1 1b One sided-Limit 90 44 35
2 1c Limit by Rationalization 79 39 50
3 5a Left/Right hand Continuity at a Point 85 67 54
4 7b L’Hopital Rule (= form: 2*/x%) 69 40 48
5 10a Slope of Tangent Line to the Graph of f(x) 95 46 48
6 3 Limit by (¢-¢) definition 85 24 26
7 4 Differentials: Estimation of Irrational Numbers 54 45 52
8 11b Derivative of log,(x+8) 79 34 46
9 12e Chain rule in derivatives of Trig Functions 95 75 84
10 23 Absolute maxima/minima of function on [a,b] 54 57 52
11 21 Horizontal & Vertical Asymptotes 28 14 10
12 14 Higher Derivatives with Quotient Rule 79 75 77
13 1% Derivative Test to determine intervals

16b where Func is Increasing/Decreasing Property 90 83 80
14 11d Chain rule in derivatives of Rational Func 87 67 70
15 16¢ Points of Inflection 85 51 52
16 10c Instantaneous Rate of Change in Functions 67 56 52
Average of Survey Il1 and Exit Quiz 76.31 51| 52.25
Legend:
E: Students under experiment C: Students outside experiment

7.2. c. Some observations
Besides some similarities, there are some significant differences in the observations made
in 7.1. c and those given below:

1. Like the outcome of Survey Il for MATH 102 (E)-Students at the end of the
term, (E)-Students of MATH 101 showed a similar understanding of the concepts
at the time of their third Survey (From Tables 7.1 and 7.2, note the difference
between averages). This point clearly highlights that the students do have
awareness about a concept but are unable to utilize it in an exam or test (may be

due to lack of sufficient practice).
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2. The students wrote the Exit Quiz out of the entire course material without proper
preparation. The low averages (51.0 & 52.25 as given in Table 7.2) are similar to
those observed in Table 7.1.

3. (C)-Students on the average basis slightly performed better than (E)-Students.
Also, the performance of the current (E)-Students was not as good as that of (E)-
Students of the preceding term 042. Although these students belong to different
courses, the level of Exit Quiz was similar. This difference in performance may
be due to the following factors:

a. The (E)-students were not given special homework problems as it was
done for (E)-Students of MATH 102.

b. The (E)-students had a poor performance on Classroom as well as
Recitation Class quizzes.

c. The number of (C)-Students who participated in the Exit Quiz was only
50% of those who participated in the follow-up Quiz (See 7.2 a. item 3).
Here, we have a feeling (though not authenticated) that only the good and

motivated students of MATH 101 from other sections wrote the Exit Quiz.
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8. Statistical Analysis of Data

(Surveys, Follow-up Quizzes & Midterm Exams)

Here, we present a statistical analysis of the data based on the Surveys, Follow-up/Exit
Quizzes and the Midterm Exams conducted during the period of experiment (Terms 042
& 051).

8.1. Data Analysis related to Term 042. (MATH 102)
This section deals with the analysis related to MATH 102 students. In this regard we shall
tabulate the outcome of Quizzes/Midterm Exam items vs. corresponding survey items.

Statistical analysis will be provided for each table followed by comments.

8.1. a. (E) & (C)-Students at the time of entering MATH 102 Classes

Table 8.1
Result of Survey | & Follow-up Quiz |
#in Quiz | #in Survey | Quiz score (%) | Survey score (%) Difference
1 2 73 86 13
2 16a 90 88 -2
3 13e 94 85 -9
4 4a 80 78 -2
5 139 80 81 1
6 14c 62 84 22
7 14d 59 75 16
8 14e 91 92 1
9 14f 92 88 -4
10 149 87 90 3
11 15a 81 87 6
12 8a 87 84 -3
13 9a 71 95 24
14 9b 76 82 6
15 8b 71 92 21
16 10 71 79 8
17 1 72 87 15
18 3a 33 87 54
19 13d 76 89 13
20 8c 75 94 19
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Analysis based on Table 8.1

Quiz score (%)

Survey score (%)

Mean 76.0500 86.1500
Variance 196.5763 28.2395
Number Of Observations 20 20
Hypothesized Mean Difference 0

df 24

t Stat -3.01247

P-value(One-Tail) 0.004592

P-value(Two-Tail) 0.005965

Comments: There is a significant statistical difference between the two means. We can
therefore conclude that the students claim to know more than what they can actually do.

Note: The test is based on that the two population variances are not equal, because there
is a significant difference between them.
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8.1. b. (E)-Students of MATH 102 around the Midterm Exam

Table 8.2
Result of Midterm Exam vs Survey Score
#inQuiz | #in Survey | Quiz score (%) | Survey score (%) Difference
1 %a 70.4 53 -17.4
2 ad 65 54 -11
3 14 96.2 63 -33.2
4 3 35.7 76 40.3
5 15a 48.4 51 2.6
6a 2a 27.7 65 37.3
6b 14 75 63 -12
6C 14 54.3 63 8.7
6d 3+13 39 74.5 35.5
8 15 84.8 51 -33.8
9 16 85 57 -28
10i 15f 59.2 63 3.8
10ii 15f 62.9 63 0.1
10iii 15f 59 63 4
11 9k 44.9 44 -0.9
12 15i 39.7 41 1.3
13a 17b 57.7 56 -1.7
13b 17c 63.2 70 6.8
13c 17d 324 54 21.6
14 15¢ 79 62 -17
15 15e 59.6 48 -11.6
16a 13 52.4 73 20.6
16b 15 83 51 -32
16¢ of 31.5 65 33.5
Analysis based on Table 8.2
Midterm Exam score (%) Survey score (%)
Mean 58.58333 59.31250
Variance 360.43101 86.16984
Number Of Observations 24 24
Hypothesized Mean Difference 0
df 33
t Stat -0.169033
P-value(One-Tail) 0.866511
P-value(Two-Tail) 0.866790

Comments: There is NO significant statistical difference between the two means. We
can therefore conclude that the students actually know what they claim. It may be noted
in this particular case that both Survey Il and the Midterm exam were designed for the
(E)-students only. Based on the conclusion from the Analysis, it can be stated that the
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students filled in the Survey Il items more seriously as compared to those who took

Survey .

Note: The test is based on that the two population variances are not equal, because there

is a significant difference between them.

8.1. c. (E)-Students of MATH 102 towards the end of the Academic Term

Table 8.3

Exit Quiz vs. Survey |11 [Only for (E)-Students]

Result of the Exit Quiz vs. Survey 11

#inQuiz | #in Survey | Quiz score (%) | Survey score (%) Difference
1 6C 67 84 17
2 9 36 74 38
3 13g 79 82 3
4 16a 49 82 33
S 16b 65 86 21
6 22 54 70 16
7 29a 40 78 38
8 21 64 83 19
9 35b 54 84 30
10 39b 60 69 9
11 4b 39 76 37
12 19a 70 64 -6
13 7b 35 84 49
14 37a 58 67 9
15 5¢ 52 75 23
16 1c 59 60 1
17 29 40 89 49
18 38i 73 63 -10
19 16d 51 70 19
20 35a 30 84 54

Analysis based on Table 8.3

Quiz score (%)

Survey score (%)

Mean 53.75000 76.20000
Variance 190.7236842 75.01052632
Number Of Observations 20 20
Hypothesized Mean Difference 0

df 31

t Stat -6.15896

P-value(One-Tail) 0.000000

P-value(Two-Tail) 0.000001
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Comments: There is a significant statistical difference between the two means. We can
therefore conclude that the students claimed to know more than what they actually do.

This can be attributed to observation 2 made in section 7.1.c.

Note: The test is based on that the two population variances are not equal, because there
is a significant difference between them.
8.1. d. (E) & (C)-Students of MATH 102 towards the end of the Academic Term

Table 8.4
(Comparative Study of the Performance of (E) & (C)-Students)

Result of the Exit Quiz

Quiz score
(%) Quiz score (%)

#in Quiz #in Survey (E)-Students | (C)-Students Dfference
1 6C 67 74 7
2 9 36 41 5
3 139 79 94 15
4 16a 49 44 -5
5} 16b 65 78 13
6 22 54 38 -16
7 29a 40 43 3
8 21 64 60 -4
9 36b 54 12 -42
10 39 60 62 2
11 3b 39 11 -28
12 19a 70 90 20
13 7b 35 12 -23
14 37a 58 43 -15
15 5¢C 52 45 -7
16 1c 59 67 8
17 29 40 42 2
18 38i 73 54 -19
19 16d 51 76 25

20 35 30 42 12
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Analysis based on Table 4

Quiz score (%) for
(E)- Students

Survey score (%) for
(C)-Students

Mean 53.75000 51.40000
Variance 190.72368 579.094737
Number Of Observations 20 20
Hypothesized Mean Difference 0

df 30

t Stat 0.378781

P-value(One-Tail) 0.706958

P-value(Two-Tail) 0.707492

Comments: There is NO significant statistical difference between the two means. We

can therefore conclude from the Analysis that our sample is cross-representative of the
student population taking MATH 102.

Note: The test is based on that the two population variances are not equal, because there
is a significant difference between them.

8.2. Data Analysis related to Term 051 (MATH 101)
This section deals with the analysis related to MATH 101 students. Like the case of

MATH 102, here we shall also tabulate the outcome of Quizzes/Midterm Exam items vs.

corresponding survey items. Statistical analysis will be provided for each table that will

be followed by the comments.

8.2. a. (E) & (C)-Students at the time of entering MATH 101 Classes

Table 8.5

Result of the Follow-up Quiz-101

#1in Quiz_| #in Survey Quiz score (%) Survey score (%) Difference
1 1 61 86 25
2 2 64 86 22
3 3a 38 92 54
4 3b 69 89 20
5 3c 44 86 42
6 3e 49 87 38
7 da 71 66 -5
8 8a 78 90 12
9 8b 44 92 48
10 8d 47 73 26
11 8j 51 70 19
12 9a 55 89 34
13 9b 56 80 24
14 9c 56 75 19
15 11 70 77 7
16 16a 29 81 52
17 16b 44 80 36
18 17 69 74 5
19 22a 69 89 20
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Analysis based on Table 5 Quiz - | Survey-I
Mean 56.0000 82.2105
Variance 174.5556 61.7310
Number Of Observations 19 19
Hypothesized Mean Difference 0

df 29

t Stat -7.4300

P-value(One-Tail) 0.0000

P-value(Two-Tail) 0.0000

Comments: There is a significant statistical difference between the two means. We can
therefore conclude that the students claim to know more than what they can actually do.
The same observation was made for Survey | and the follow-up Quiz in the case of
MATH 102.

Note: The test is based on that the two population variances are not equal, because there
is a significant difference between them.

8.1. b. (E)-Students of MATH 101 around the Midterm Exam

Table 8.6
Result of Midterm Exam vs. Survey Score
#in Midterm | # in Survey Midterm score % Survey score (%) Difference

1 1liv 91 96 5

3 2e 84 83.1 -0.9
2 29 83 94.1 11.1
5 3 62 81.5 19.5
6 Y, 47 444 -2.6
8 4vii 61 71.7 10.7
10 4ix 77 75.8 -1.2
7 4x 78 70 -8
9 4xviii 81 87.2 6.2
11 4Xix 44 75.1 31.1
4 5ii 84 45.3 -38.7
12 6i 65 64.6 -0.4
13 6V 47 64.2 17.2
61 9a 55 61.1 6.1
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Analysis based on Table 8.6

Midterm score %

Survey score (%)

Mean 68.50000 72.43571
Variance 256.42308 249.49632
Number Of Observations 14 14
Hypothesized Mean Difference 0

df 26

t Stat -0.654707

P-value(One-Tail) 0.518407

P-value(Two-Tail) 0.5184085

Comments: There is_no significant statistical difference between the two means. We
can therefore conclude that the students actually know what they claim. It may be noted
in this particular case that both Survey Il and the Midterm exam were designed for the
(E)-students only. Based on the conclusion from the Analysis, it can be stated that the
students filled in the Survey Il items more seriously as compared to those who took

Survey |I.

Note: The test for the equality of the two population variances shows that there is no

significant difference.

8.2. c. (E)-Students of MATH 101 towards the end of the Academic Term

Table 8.7

Exit Quiz vs. Survey 111 [Only for (E)-Students]

Result of the Exit Quiz vs. Survey Il

#INQUIZ | 4 in syrvey Quiz score (%) Survey score (%) Difference
1 1b 44 90 46
2 1c 39 79 40
3 5a 67 85 18
4 7b 40 69 29
5 10a 46 95 49
6 3 24 85 61
7 4 45 54 9
8 11b 34 79 45
9 12e 75 95 20
10 23 57 54 -3
11 21 14 28 14
12 14 75 79 4
13 16b 83 90 7
14 11d 67 87 20
15 16¢ 51 85 34
16 10c 56 67 11
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Analysis based on Table 8.7

Quiz score (%)

Survey score (%)

Mean 51.06250 76.31250
Variance 367.39583 327.02917
Number Of Observations 16 16
Hypothesized Mean Difference 0

df 30

t Stat -3.83273

P-value(One-Tail) 0.000603

P-value(Two-Tail) 0.000606

Comments: There is a significant statistical difference between the two means. We can
therefore conclude that the students claimed to know more than what they actually do.
This can be attributed to observation 2 made in section 7.2.c.

Note: The test for the equality of the two population variances shows that there is no

significant difference.

8.2.d. (E) & (C)-Students of MATH 101 towards the end of the Academic Term

Table 8.8

(Comparative Study of the Performance of (E) & (C)-Students)

Result of the Exit Quiz

#in Quiz Quiz score (%) Quiz score (%)

#in Survey (E)-Students (C)-Students Difference
1 1b 44 35 8
2 1c 39 50 -11
3 5a 67 54 13
4 7b 40 48 -7
5 10a 46 48 -2
6 3 24 26 -2
7 4 45 52 -7
8 11b 34 46 -12
9 12e 75 84 -9
10 23 57 52 6
11 21 14 10 4
12 14 75 77 -3
13 16b 83 80 3
14 11d 67 70 -3
15 16¢ 51 52 -1
16 10c 56 52 4
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Analysis based on Table 8.8

Quiz score (%)

Survey score (%)

Mean 51.00575 52.26064
Variance 363.21399 368.30600
Number Of Observations 16 16
Hypothesized Mean Difference 0

df 30

t Stat -0.185589

P-value(One-Tail) 0.854016

P-value(Two-Tail) 0.854016

Comments: There is_no significant statistical difference between the two means. We
can therefore conclude from the Analysis that our sample is cross-representative of the

student population taking MATH 101.

Note: The test for the equality of the two population variances shows that there is no

significant difference.

8.3. Summary of the finding in the statistical analysis

e Students seem to be unaware that their background is weak in some areas of the

prerequisite courses. This has been indicated in four of the six surveys and their

respective follow-up and Exit Quizzes (Survey | and its Follow-up Quiz, Survey

111 and the Exit Quiz for MATH 101 and MATH 102).

e Similarly, we compared the result of the control group (those who are not in the

experiment) and the experimental group in the Exit Quizzes. Here the result has

shown that the performance of the Control group and the Experimental group is

NOT statistically different. This means that the sample students are a good cross-
representative of the students for both MATH 101 and MATH 102. It can also be

concluded from the Analysis of the Exit Quizzes that there is no statistically

significant difference between retention level of the Experimental group and the

Control group.
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9. Recommendations

We feel responsible for what we bring in as an outcome of our experiment here. The
recommendations we are making in the context of PCC courses may be found unusual.
To us, the students entering in the PCC courses are not too bad; however, the current
status of the PCC is not up to the level of our satisfaction. In order to clarify the situation,
we stress that the students we are letting in KFUPM are not imprudent in general. Their
level of understanding in the Calculus Courses is not as bad as it appears on the surveys
and quizzes given in this experiment-based project. At the same time, the Department of
Mathematical Sciences at KFUPM has got an excellent contingent of faculty that is
capable of taking any teaching assignment whether based on conventional or innovative
methodology. Here, among the students entering KFUPM, we have to make a distinction
between students that are weak in terms of understanding and those in terms of having
problems while studying in the new environment. In our opinion, the latter class of
students is quite wide and faces problems of a diversified nature which vary from being

away from their homes to study related matters that include:

e study habits,

e classroom environment,
e learning process,

e time management,

e process of continuous evaluation.

This is absolutely an exclusive area where the University administration is already taking
measures for its improvement. On the other hand, regardless of the nature of the students’
deficiencies, if we, the custodians of the academic set-ups, do not rectify the basic
conceptual drawbacks of the students and are unable to give them a lead for good study
habits besides other points, the purpose of the entire PCC courses that act like a vertebral
column for various disciplines of engineering, computer and physical sciences will be
ditched. Below we provide our vision on the subject matter which is based mostly on the

current experiment and partly on our past experience.
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9.1. Pre-Calculus Courses (Prep-Year Level)

Based on the data collected from Survey | and the Follow-up Quiz (Both in Phase | and

Phase I1), we note that

1. The students at the time of entering the course Calculus I (MATH 101) carry

several deficiencies which are related to Pre-Calculus material, though covered
thoroughly at the prep-level at KFUPM. We have further noted during the course
of experiment that most of the observed deficiencies remain with the students
even up to the time of entering the Calculus Il classes (See Sec. 6.3 & Table 6.2
for Consistent Deficiencies). In the presence of such weaknesses, we cannot
expect the students to perform well in the Calculus Courses.

Recommendation I: The KFUPM Prep-Year Math Program may be suggested to
look into the data provided in Table 6.1 and relevant parts of Tables 6.2 and 6.3.
In case the concerned body undertakes this exercise, they should also be
requested to review the level of items selected for Survey | (MATH 101) and in the

relevant Follow-up Quiz and bring these points to the attention of instructors.

2. In general, several students at the Prep-Year pay a little attention towards an
appropriate understanding of basic concepts. This is clearly evident from the low
average on the Follow-up Quiz (MATH 101). Keeping in view the level of the
Quiz-questions which were mostly based on elementary as well as mono
concepts, we expect that the students entering the Calculus I course must attain an
average of 75-80% on this type of quizzes. Otherwise, they will face consistent
adversity in their calculus classes. It may be noted that a large number of students
suffer from the language problem at the time of entering the Prep-Year Math
Program although they have taken a similar material on Algebra and
Trigonometry though in Arabic during their high school studies. In our opinion,
we should not let the students waste what they learnt earlier. Therefore, an
instructional strategy should be devised that may help the students use their high

school knowledge in the Prep-Year Math courses.
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Recommendation Il: There is a need to review the teaching methodologies
adopted in the Prep-Year. It is suggested that maintaining English as the
language of instruction, Arabic translation of terminologies be introduced during
the course of teaching MATH 001. Then the students should be invited to recall
the concept on the basis of Arabic terminology. These practices will not only help
the students utilize their high school knowledge but also rectify their
misconceptions, if any, which they carry on from their high school studies.
Secondly, keeping in view the nature of deficiencies of the students, it is not
necessary to follow the stream of material provided in the standard texts on
Algebra & Trigonometry. In our opinion, the students should be raised from the
level they enter the Prep-Year Math Program. It is suggested that the coverage of
MATH 001 material should be subdivided into four-five levels that involve
frequent visits of basic concepts already introduced in the course. As a specimen,
we present a design of course coverage for MATH 001 which may be considered

for implementation (with appropriate modification if necessary):

Level 1: (New terminology should be described with its Arabic Equivalence in the class)

Even & odd integers, Rational numbers, Laws of exponents (with examples
involving integer exponents only), Simple linear and quadratic equations,
Quadratic formula, Linear inequalities and their graphs, Multiplication and long
division of algebraic expressions, Function (Domain, Range), Graphs of f(x) = x
and f(x) = x4 f (x) = Jx and their behavior in (0,1) and outside (0,1), Graph of
f(x) = | x |, Geometrical shapes with related terminologies and formulas (Area,
perimeter, angles): Circle, different forms of triangle and quadrilateral, regular
pentagon, trapezium, Rectangular coordinate system, Equation of line (slope,
intercepts), Geometrical meaning of slope when it is between 0 and 1, greater than

1, between -1 and 0, less than -1.
Level 2: (New terminology should be described with its Arabic Equivalence in the class)

Prime and composite numbers, Irrational numbers, Real numbers system,

Complex numbers, Sets with examples based on number system, intervals,
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Quadratic and cubic polynomials, Difference between polynomial expression and
equation, Synthetic division and its application in finding second factor when one
linear factor is known, Simple factorization by pairing, Algebraic formulas,
Rationalization of numbers, Completion of squares and its use in factorization,
Vertical & horizontal shifts and reflection of graphs related to f(x) = x, f(x) = x?
and f(x) = | x |, Relation obtained from the geometrical figures (Word problems
based on geometrical figures), Volume and surface area of standard geometrical

figures: Cuboids, Cylinders, Spheres, Cones.

L_evel 3: (New terminology should be described with its Arabic Equivalence in the class)

Laws of exponents (with examples involving rational exponents); Square root and
radicands, Operations on sets (Union, intersection, difference), Rationalization of
algebraic expressions, Quadratic inequalities and their solutions in set or interval
form, polynomial equations and inequalities with absolute value, Slope of line,

Parallel and perpendicular lines, Comparative study of the graphs of
f (x)=Ux andf (x)=x",n=2,3,4. Symmetries of function (about y-axis and

origin), Domain, range and graphs of f (x):in,n =1,2,3,4. Operations on
X

functions with the help of known examples, Composition of functions. Rational
zeros theorem for polynomials, Simple rational functions, Behavior of a

polynomial at infinity, Horizontal asymptotes.

Level 4: (New terminology should be described with its Arabic Equivalence in the class)

Word problems based on linear and quadratic equations, Sketching graphs of the
form f(x)=*+(x+a)"+b; f(x)=+Ux+a+b; f(x)=x(x+a)™" +b,
n=2,3,4,5, by using horizontal/vertical shifts and/or reflections. Equation of

circle (shift of centre), Symmetries of graph of an equation (about x, y-axes and
origin) with simple examples, Algebra of complex numbers, Discriminant of
quadratic equation and its properties, Complex roots theorem, Fundamental
theorem of Algebra, Sketching graphs of simple rational functions (with linear

denominator, Vertical Asymptotes.
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Level 5: (New terminology should be described with its Arabic Equivalence in the class)

Evaluation of difference-quotient for various functions, Variation, Simple
mathematical models (constructing functions), Oblique, quadratic and cubic
asymptotes, Rational functions and their graphs using all features learnt in the

course.

The texts on Algebra & Trigonometry accompanied with test banks in which the
test items assure the students understanding of course concepts. The level of
difficulty is also narrated beside each of the test items. The structure of questions
given in the test bank usually backs up the Calculus material and is not
unnecessarily twisted in nature. The students doing well on the tests based on
such items or alike do not possess any deficiency as we have observed in the
outcomes of follow-up quiz given to MATH 101 or MATH 102 students in our

experiment.

Recommendation I11: It may be appropriate to devise an evaluation policy that
may ensure students’ comprehension level of basic concepts. We suggest that the
style of the exam-questions provided in the Test Bank accompanying the textbook
should be followed, and to keep the standard high, the passing marks should be

fixed at around 75%.

9.2. Calculus Courses

Based on the data collected from Survey |1l and the Exit Quiz (in Phases | & Il) we note

that students’ retention level of basic Calculus concepts is not up to the desired level.

Although most of the students are found attentive during the Calculus lectures, they keep

on forgetting what they learn in the classroom environment. To us, this aspect is mostly

related to the students’ study habits as well as their deficiency on the Pre-Calculus

material which, in some cases, leads to consistent deficiency. The latter part of the

problem has already been addressed in the foregoing paragraphs. As far as the first point

is concerned, a collaborative effort is needed from both the teacher and the taught. Here,

we highlight some points that may enable the students to have a sound grip on the basic
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calculus concepts. It will be followed by some tips particularly for the new Calculus

instructors which may help improving the classroom learning environment.

1.

It may be noted that the retention problem is a universal phenomenon and it is
widely addressed in the literature as pointed out in Chapter 2. Here, it is also
interesting to observe the following figure downloaded from internet resources. It
indicates the rate of forgetting a new concept with a possible remedy:

The Curve of Forgetting (Black Wave)

100 %% 10 minutes 5 minutes 2 - 4 minutes

Day 1 Day 2 Day 7 Day 30

(Revision Time & its Frequency to Keep the Material Alive in your Mind)

This figure clearly stresses on the revisit of new material for the sake of its
retention in a systematic way. Thus, a straightforward remedy to this problem is
revising a new concept periodically, in particular, by seeking its application to
other problems. A natural and reasonable question arising here is that how far a
student may go for revision of an old concept in the light of the above figure?
Based on our interview with several students, it turned out that most of the
students review the material near an exam or sometimes for a quiz. The
underlying reason is obvious: either they are deficient in time management or they
are overburdened with their academic load. In both cases, they are unable to carry
out the review as suggested in the above figure. However, our students
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appreciated the strategy of mixing the problems related to past and current
exercises for the weekly homework.

Recommendation 1V: To cope with this situation, the prep-year material where
the students are found deficient should be made available to the students on the
WebCT or instructor’s homepage. Besides, the instructors may pay additional
attention while designing a Calculus course for classroom presentation. In this
regard,

e Some examples, which involve a couple of concepts covered in the past
lectures, should be picked up periodically in the classroom.

e 1-2 problems based on some of the past concepts should be exclusively
designed for a weekly homework (see Appendix 3(ix) where homework
includes some exercises based on past material for the sake of review).

e A short question concerning one of the past concepts may be included in a
classroom Quiz. However, the students may be asked to review the
relevant concepts at hand. The practice will remind the students about the

importance of going over the past concepts off and on.

. An appropriate design of quizzes and exams forces the students to pay enough

attention on the basic concepts.

Recommendation V: A part of the quiz and exam should be based on mono
concept questions. We have experienced a positive impact on the retention level of
students where this strategy is applied.

The students should be indicated clearly what they have to understand and which
concept they have to revise to the extent that it should be retained in their mind.
Most of the time the students memorize a formula but they are unable to apply it

appropriately.
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Recommendation VI: It may be appropriate to post on the WebCT or hand over
to the students a list of closely related formulas or specific techniques required in
the course related exercises. Each formula should be appended with a couple of
exercises (as an example see Appendix 3(v-vi): the list of integration techniques;

basic geometrical formulas related to application of integrals.)

Reorganization of course topics in contrast to the flow of the text material
sometimes helps the students to retain difficult concepts. In particular, if the
material having little connection with the preceding course concepts appears at
the end of the course, most of the students are unable to digest it. According to
our observation, most of the students felt overburdened at the end of the term and
therefore, could not pay attention to new concepts at that time. One such example
that we encountered in MATH 102 is related to the entire chapter of “Sequences
and Series”. This portion is usually covered during the last five weeks of the term.
Here, the final part which provides the crux of the entire topic “Approximation of
Integrals by Power Series Representation” is covered around the second last
lecture of the course. Therefore, a vast majority of the students are unable to
digest this concept. In our opinion, only a few students retain these concepts after
the completion of this course.

Recommendation VII: To cope with this situation, we strongly suggest
reordering some sections or even a chapter of the course according to its nature.
This practice may let the students have a thorough review of such topics during
the term. Sometimes the reshuffling requires certain uncovered concepts of the
course material. However, an instructor can easily find a way to bridge the gap.
(See reshuffling of contents in the Syllabus of MATH 102 in Appendix 3(vii).
Here, the entire topic of sequences & series is introduced in the second quarter of
the course. This change requires only a couple of concepts like elementary
treatment of improper integrals of the first kind and the integration by parts
which can be easily introduced to the students at hand. In our view, this change

helps the students to grasp this material which they find very much confusing
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when offered at the end of the term. The left over course material after covering
this particular chapter is found relatively easier for the students).

Introducing Word Problem in the Calculus courses is another major task for the
instructors. Mathematics in general and Calculus in particular turns out not only
meaningless but also boring for the engineering, computer and business students
if they do not find applications of the subject in their disciplines. However, this
activity consumes a lot of class time if the material is not prepared in a

“presentable form”.

Recommendation VII1: The students should be referred to the guidelines given
in the text sections for solving the word problems. Alternatively, one-sheet
instructions on the subject matter (in simple English) may be posted on the
WebCT or the instructor’s homepage. Writing the statement of word problems on
the board should be avoided. Instead, overhead projectors or power point
presentation should be used for this purpose. Use of tables to complete the
required steps is found useful in this context. (See Appendix 3(viii) for introducing
the “Applications of Maxima/Minima” in MATH 101)

. The weekly recitation classes meant for problem-solving in Calculus | & Il
(MATH 101 and MATH 102) do help the students in increasing their
understanding of the subject and retention level if organized properly. The
students may benefit a lot from these classes when given an opportunity to solve

problems in a supervised environment.

Recommendation 1X: The problem solving classes (Weekly Recitation Class)
should be designed in such a way that reflects maximum amount of students’
participation. In these classes we may:
e gQenerate a group activity which is based on solving pre-assigned
problems,

e ask students to explain solutions on the board,
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¢ introduce challenging problems,

e discuss the common mistakes/problems faced by the students,

e introduce and maintain use of technology, e.g., software like Mathematica,

e introduce any other activity which may help the students in increasing
their understanding as well as retention level.

If these classes are being conducted by a faculty/graduate assistant other than the
course instructor, a weekly interaction between the two is highly recommended.
(See Appendix 3(iii) regarding the design of Problem Session Classes carried out
during the period of experiment. Students found the designed activity helpful for

their understanding).

Evaluation & Exam Analysis are significant tools to assess the retention level of
students. However, designing an exam with this objective requires a lot of effort
on the part of a course instructor. In particular, a careful selection of test items is
required in order to measure the students’ retention level on the essential course
concepts. The current research on appropriately designing a Calculus exam
suggests that a student regularly attending his classes should be able to solve at
least 50% of the exam items correctly. A part of such exam items are in fact
referred to as mono concepts related to the course. An itemized analysis of such
exams provides an insight to an instructor regarding his students’ understanding

of course concepts.

Recommendation X: Here we recommend that an instructor should be clear
about what he intends to measure from an exam item in the PCC courses. The
exam items should be spread uniformly over the course material. Moreover, the
exams should be designed to check what the students know about the course and
not what they don’t. As indicated above, after grading an exam, its item analysis
should be given due attention as it provides a way to judge the students’
understanding of specific concepts and paves a way for the instructor to improve

his teaching abilities.
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8. With the passage of time, technology (computers, overhead projectors, WebCT,
internet resources etc.) is becoming an integral part of teaching. In our opinion, an
advantage of this facility should be taken as far as its utilization improves the
students’ comprehension of course material. However, it is important to note that
no component of technology can substitute the role of an instructor, at least in the

Calculus courses.

Recommendation XI: There are various ways to make positive use of technology
in and outside the classroom. However, we suggest that the off and on use of an
overhead projector and power point should be considered by the instructors in
PCC courses. Some of the advantages in this regard are already mentioned
above. Also, the use of WebCT or other equivalent tools should be made
compulsory in order to interact with the students outside the classrooms. The
software like “Mathematica or MATLAB™ is a good tool to introduce certain
tedious concepts related to the course material and its use motivates the students
for further exploration of related ideas outside the text. However, it is should not
be done at the expense of regular class timings. An instructor may arrange a part
of recitation class or a help session for this purpose. We recommend that such
activity should be left at the discretion of the course instructor unless the

department formulates a unified policy in this regard.
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Analysis of Survey I & Follow-up Quiz I (MATH 102-042) Appendix 1(i)
A Adle gl Al Agling Jlige JS 8518 sla )l Math 102 claab )l 8abe Al s A Lgaliad dilu aliag Adlaia 45Y) ALLY)
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Participated in: Survey | 416 students Quiz

1. Do you know the Laws of Exponents, e.g. 6. Canyou find a, b and c when 5—4x—2x’is

(23.2’2 )4 written in the form a +b(x +¢)*?
(32) 59%
7. Canyou do the long division, e.g., divide
2. Do you know how to simplify complex 5x* +3X2 —4X—5 by X2 —2X+47
expresglons, e.g., —
x-1 Py — 8. Can you sketch the graphs of following
2X 0 functions?
Xtax a.  y=2x-3 84%
3. Do you know the following Trigonometric b. y= |x + 2| 92%
Identities, e.g.
a. l+tan’@=sec’d 87% o y=x 94%
b. cos20=cos?0-sin2g | > 76%
d x=y’-5y+6 )
.6 1-cosd 3 74%
C. SInEZi — 51% e. y=X"-6
67%
. 3% f. y=+/x-1
d. csc X—E =—Secx
g y=In(x+1) 59%
tana—tanb
e. tan(a-b)=—————| 74% h =e”
(@-b) l+tanatanb| y 60%
9. Can you factorize
4. Do you know how to use Right Angled . 95%
Triangle to find Trigonometric Ratios, €.g. a. X —64
If sinx =h in the diagram, then A (x—2) 82%
61%
h c. x°-5x’+6
X
78% 80% d. 3x* —x*+3x-1? 45%
2 seexs El
Vin?

10. Can you find the solution of \/9X = X+27?

b.  sin(2x) = 2hy/1-h? 33%

79% 71%

cosizm/ 11. Linear approximation of f (x)=sin x about
2 2

18%
T 1 3 T

X=—isgivenby f(X)x=+—| x—=

519 y f(x) 5 2( ej

Can you find the equation of the tangent line

/X2—9:3|tan X| 22% to the graph of y =sinx at %?

48%

5. Do you know if x=3secé, then




12. Can you find the interval(s) in which the

13.

. -X .
function f (X) =—— is decreasing?
1+x

Can you find the followi

4x
lim (1—£j
X—00 3X

et
lim )
Xx—0 X

64%

ng limits:

55%

63%

Iim\/;(\&—\/x—l)

X—0o0

. X—3
lim———:.
x->3 X° —5X+6

i 8x*-3x-11
x>0 53X+ 7%

lim tan™* x

X—>—00

46%

89%

85%

41%

limSM3X _ 3,

x—0 X

81%

76%

94%

80%

14. Can you find the following derivatives:

63%

d sec(x+1)
dx

d
&Iogs(x+8)

70%

da
dx

84%

d
—csc(X—=5
™ (x=5)

75%

i\/x—l
dx

92%

i(i)
dx\ x+1

88%

90%

d -8
—(x* -3
dx( )

62%

59%

91%

92%

87%

15.

o

=

16.

17.

Can you solve the system of equations?

5x+3y=0
2x-4y=1

X +y?=7
2X+y=-3

Do you know the formulae

87%

2%

following Geometrical figures:

Area of Triangle

88%

Area of Trapezoid of height h

Volume of Cylinder

Surface area of a Cone?

31%

68%

60%

related to

Can you find the distance between points A
and B given in the diagram:

f(x)

28%

° ®
a b

18. Are you aware of the formulae:

S, n(n-1)
kzﬂlk_—z .

a+ar+ar’+---+ar’™

18%

1:@9
1-r

14%

Note: The figure in the white box represents the
percentage of students who showed
awareness of the material included in that item.

The figure in the red box against a survey item
represents the percentage of students who gave
correct answer for the item when included in the

Quiz.

their



3.

Name:

SH
o

. 5x—2x*+11
lm = =
X TX° +5X° -2

Quiz (MATH 102) [C1] ID#

(Number of Students who wrote the Quiz: 329)

If tanx:%,then COS X =

h
a.
h? +1
2
b. 1+h
1-h?
1
C.

73%

90%

94%

80%

Appendix1(ii)



sin 3x
m J—

x—0

tad

=3
o1
P olw wlo x

C.

d. does not exist.

6. The value of di(Sx) atx =0 is
X

a. 5
b. 5In5
c. In5
d 1

7. The value of i[CSC(X—Z)] atx= 7 is
dx 2

a. 0

1

80%

62%

59%

91%

92%




d (x*-3)%atx=2is

10. The value of

dx

87%

1

a.

32
-32
-16

C.

d.

81%

1
,then x+y=

5x+3y =
X+2y=3

11. If (x, y) is the solution of the system

O «—«H N ™

T O S O

87%

12. The graph of the equation y=-2x+3 is:

R N P

[4+]

13. One factor of x®—64 is:

71%

a. x> —8x+16
b. x* —8x—16
c. X*+4x+16
d. x> +4x-16



76%

a. —6

b. 6
d. -12

c. 12
15. The equation that represents the following graph is:

14. The coefficient of x? in the product (x—2)%is:

71%

T L Ny

e d e —F ——d - — = —2

71%
2%

a. |x+2/+1
b. |x-2/+1
c. |x-2/-1

d. |x+2]-1
16. The sum of the solution set of \/& =X+2 IS;



18. 1-sec’ @

33%

a.tan @

b. tan’4 -1
c. tan’@

sin’ @
cos’ @

-3 X2 —Tx+12

19. lim

76%

o -

o o

oes not exist

@)

x? —5x+6 is:

20. The graph of the equation y

e

75%

-2
2
|

fi}'.ﬂ 0 ,]:_0
| |

_n
|

I el e e R £ i

T
|
|
-
|
|

| e e e

|
|
|
|
| e
|
|
|

Quiz Overall Average

76%







Analysis of Survey II & Midterm Exam (MATH 102-042) Appendix 1(iii)
Jalt  Adle g Al lia Jiige JS 3518 el Math 102 @bl 5abe dud )3 B Lgaliag A8lu aaliey Ablie 409 ALY
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Participated in:  Survey Midterm Exam

5. Can you factorize 20
1. Do you know the Laws of Exponents, €.g.
(23_2*2 )4 a x-64 90
o3 90
(3-2) b, (x—2) 85
2. Do you know the following Trigonometric
Identities, e.g. C. %8 —5x% + 6 66
a. l+tan’@=sec’d % 20l
_ o d. 3 —x*+3x-1? 4
b.  c0s26 =cos*d—sin’* @
) 1—cosé 6. Can you find the interval(s) in which the function
C. sin—=+= 47 —X
2 2 f (X) = —— is decreasing?
1+x
d. CSC| X—— [=—SecX
2 7. Canyou find the following limits:
4x
tana—tanb a. lim 1+£ 50
e. tan(a-b)=———— 72 x>~ 3x
l+tanatanb
b, lim&— o
3. Can you perform the long division, e.g., divide ' x>0 X

5x* +3x° —4x—5 by x* —2x+4?

76 ¢ limVx(Vx-vx-1) 4
4. Can you sketch the graphs of the following
functions? . 8x*—3x-11 92
a  y=2x-3 0 R U v
b y=|x+2+4 86 e. limtantx 52
X—>—0
2 73
¢ y=(x-2)-3 f.  limxsinZ ?
X—>0 45
63

d y=x"-5x+6

8. Canyou find the following derivatives:

: = (x+1)° -2 4
e.  y=(x+1) d -
a. d—sec (x+1)
f. y=+x-1+3 >8 X
d 60
g. y — (ij)z _1 26 b &IOQS(X+8)
h. y=In(x+1) 55 C. i32(x—1) -
dx
—(x+2)+1

i. y=e



d 12. Can you approximate an integral by finite
d. ™ csc(x—5) 76 number of rectangles? o7

13. Are you aware of Basic anti-derivative

. di \/E formulas 73
X

94
14. Do you know how to change the limits of
integration when you solve an integral by

d X e
el AN substitution method?
f. ™ ( . J =3 63 75.33

15. Do you know

q a. 1% & 2" part of the Fundamental theorem

g. ™ (x*-3)°® 56 of Calculus?
X

b. Mean Value theorem for Integrals

9. Are you familiar with the following terms: 70
a. Partition of an interval 53 704 c. definition of logarithmic function with
the help of integral 38
b. Integrand 56 d. How to solve initial value problem
29
c¢. Riemann Sum 52 e. How to find a formula for n™ Derivative
of a function. 8
d. net signed area 54 o5 f. How to find limit of a sequence EEH!
I’Hopital Rule 63
e. Local Quadratic or Cubic )
Approximation of a function about g. The difference between _Tavlor and
a point 62 Maclaurin Polynomials 62
h. Difference between a sequence and a
f. Monotone Sequence | 65 series 51
g. upper bound of a sequence i. How to find the sum of tmeseries like
72 1 a
ZZ: n?4+n-2 39.7
h. tually i ing sequence e
eventually Increasing 52q 16. Can you write general term of a sequence when
3 first 3 or 4 terms are known? .
. Sequence defined recursively 17. Do you know the following tests relaﬂe 0
19 Infinite series?
) @ . a.  Integral Test 65
j. Sequence of n™ partial Sum of an .
Infinite Series b.  Divergence Test 56 57.7
51 44.9
k. Closed Form of n" partial Sum 70 63.2
C. P-series test
44
d. Basic Comparison Test 54 32.4
. Convergence or Divergence of
- - *hhhkkhhhkkhhhhhhrhhhhhkhhrhhhhihhhihhhix
improper integrals 77 i _ )
Note: The figure in the white box represents the
10. Can you evaluate a definite integral in which the percentage of students who showed their
integrand involves basic geometric figures like awareness of the material included in that item.
part of a Circle, Trapezoid, rectangle and The figure in the red box against a survey item
triangle? represents the average percentage score obtained
58 I
by the students while giving the answer related to
11. Can you write the following finite sums in closed the item given in the Midterm Exam.
form: 56 The choice of exam items is not dependant on
the survey outcome unlike Survey |

Zn:k; Zn:kz; Zn:ke' ;Zn:ar"‘l; .
k=1

k=1 k=1 k=1



Appendix 1(iv)

Midterm Exam

MATH 102



King Fahd University of Petroleum and Minerals
Department of Mathematical Sciences

(Mid-Term Exam 042)

Time 120 min

MATH 102

Name:

ID#

Serial#:

Sec.#:

No calculator is allowed in the exam.

Show all necessary work



1. Partition the interval [0,8] into 4 equal subintervals and then approximate the

8
integral / (x + 2)dx by using 4 subintervals and mid point rule. (5 points)
0

2. Find the net signed area between the curve y = 2® — 52 + 6 and the interval
[—3,3]. (5 points)



5 5 2
3. If/ f(z)dx =7 and / f(z)dx = —1 then find / f(z)dz. (3 points)
0 2 0
"2’ 46z -5
4. Evaluate/3 %dm. (5 points)

5.1 F(z) = [* (2 —2V8) dt  find F'(1). (3 points)



6. Evaluate each of the following integrals

(a) /sinzxdx.

(b) / vz + Lda.

(d) /$2 2

241

(3 points)

(5 points)

(5 points)

(5 points)



5

b
7. Using the substitution u = 42 — 3, if we write / rv(42® - 3)dx = | f(u)du
2 a

/2

then find a,b and f(u). (4 points)

8. If /f(x)dx = j_ 1 + ¢ then find f(z). (4 points)
x

9. Find the n'* term of the sequence —2,4, —6,8, —10, ... (2 points)



10. Find the limit of the sequence when it exists

0 {(_)}

(ii) { W —2nZ 18— n2}oo

n=1

) {2

(5 points)

(5 points)

(5 points)



11. Find the closed form of the sum

n —
6k2

Z Qk+4 (5 points)

k=1

12. Find the sum of the series Z

00
k=1

1 1
(k+2 B k:+5) ' (5 points)



13. Which of the following series converge or diverge. Give reason:

> 5n
(2) Z 2n — 6
n=1

2n+1

(©) Z In(2n + 1)

(3 points)

(3 points)

(5 points)



14. Find the 4th Taylor Polynomial of cos x about z = . (5 points)

15. Find the n'* derivative of f(z) = 2@+, (4 points)



10

16. Answer TRUE or FALSE with justification. (2 points cach)

(a) For any interval I in R, the function f(z) = —— has an antiderivative.

[]

(b) The fundamental theorem of calculus is used in evaluating definite integrals.

[]

(c) If a sequence {a,} -, is monotone and all its terms lie between the numbers

25 and 1000, then this sequence must diverge.

[]



Analysis of Survey III & Exit Quiz (MATH 102-042)

Appendix 1(v)

A Adle gl Al Agling Jlige JS 3518 sla )l Math 102 @bl )l 8abe Al e A Lgaliad Ailu aaliag Ablaia 45Y) ALuY)
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Participated in:

Exit Quiz

Survey | 100 101
1. Do you know the following Trigonometric C. lim (\/ﬁ —4/n —1) 75
Identities, e.g. X
2 2 "
a. l+tan“@=sec” @ 98 d  lim& 62
n—x nl
b.  cos28=cos’§-sin’o 76 o
e. limnsing ? 30
nN—oo
c sin€—+ 1-cosé
: 2 2 60 7. Do you know all basic derivative formulae:
d 60
d. csc(x—%j:—secx 33 a5 (x+1)
. 5. d 56
2. Canyou find a, b and ¢ when 5—4x—2xis b. &|095(X+8)
written in the form a + b(x +¢)*?
- : al-
c. —3 67
3. Can you do the long division, e.g., divide dx
5x* +3x* —4x—5 by x* —2x+47?
d 2 e 86
71 d. (-3
4. Can you sketch the graphs of following?
a y = | 2% + 3| +4 8. Can you solve the system of equations?
87
2 y=x
b. y=Xx"-5x+6 a B
76 39 :
El v -
c. y=x-4x 54
Ay =x 52 , Xy =T 84
2X+y=-3
e. y=In(2x+1)-3 43
9. Do you know how to Partition [-3, 7] into 5
—(x+1 i 2
f y=e*_2 39 subintervals of equal length? 59
. 10. Can you solve the definite integral
- - - 2
5. Can you check if the sequence {m} is J‘ /4_ x2dx by using basic geometric
n=1
-2
increasing or decreasing? formulae? 74 36
_ Em
. o 11. Do you know the difference between area
6. Canyou find Ihe following limits: and net signed area due to Definite Integrals?
: 2"
a. lim|1+— s
n—ow 3n 54
L, 12. Can you write the following finite sums in
b. limn%™. 53 closed form:

n—0




n

n

k2.

n

k; k> ar" | 64
k= k=1 k=1 k=1
13. Can you approximate an integral

2

J.\/4—X2dx by using finite number of

-2

rectangles?

59

14. Do you remember Basic anti-derivative

formulas e.g. for

a  (ax+h) ®
b. tanx 70
c. sec’x 87
d. secx 67
e. cothx 56
f. cschx 56
g 1/(@+x?) 82
h. 1/41-x2 80
78
i 1/ xJx*-1

15. Do you know how to change the limits of

-1
integration in 'f x?/4 — x*dx when you solve
2

it by substitution method?

61

16. Do you know how to apply the Fundamental

X
theorem of Calculus: diJ\M +3t3dt
X 1

82

17. Do you know how to solve the following

integral by substitution method?

» S
(3] ©

a. j 24— xdx ®
b. _[sin x cos® xdx 78
c. J tan xsec* xdx 70
d. J.tan3 xsec® xdx 84

. Can you solve initial value problem:
ﬂ:sinx+2;y(7r):4. 57
dx

. Do you know how to find Local Quadratic or
cubic Approximation of f(x) =In xabout a

point x = e?

64

. Do you know how to find formula for n

Derivative of the functions:

a f(x)=e™ 64

b. f(x)=In(2x+1) 59

. Do you know the difference between Taylor
Polynomial and Maclaurin Polynomial?

83

. Can you write general term of a sequence:
2 4 8 -6
58711 14 1" 83

(o]
H

. Do you know how to check if the sequence

1-n]" . . .
oh is increasing or decreasing?
+nj, . o4

. Do you the meaning of eventua
sequence?

.Can you find the limit

ly increasing
69

of sequence

()" wherea, =242+ 2+ 2

24

. Do you know the difference between a
sequence and a series?

86
. Do you know the use of limS where S, is

n—o0

the " partial Sum of an Infinite Series?
41

. Do you know the two series for which the n™
partial Sum can be written in Closed Form?
41

. Do you know how to check Convergence or
dx ’
1+x°

Divergence of improper integral J
0

64




30. Do you know how to apply following tests to
check Convergence or Divergence of Infinite

series?
78

77

a. Integral Test

b. Divergence Series Test

c. P-series test 90

d. Basic Comparison Test | 79

e. Ratio Test 89

f. Root Test 80

31. Do you know how to check if the series

0 _1 n
Z( ) is absolute convergent, conditional
~ninn

convergent or divergent? 55

32. What is the use of formula S-S, |<a,,,

related to i(—l)n a,a >0.[ 35
n=1

33. Do you remember the Power series of
following functions:

a. (].—X)_l 54
b. e* 63
C. sin X; Cos X 54

34. Do you know how to use standard series for
finding Power Series Representation of

a 1/(4+5x-4x) 29

b. 1/(1+x)?
(Term by Term Differentiation)
X 34

c. j'e"gdt
0 25
(Term by Term Integration)

35. Can you find radius and interval of

convergence of Power Series?

0

(-1 T, 48

k=1 n!

36. Do you remember the following formulas:

a. Volume of Washer 84

b. Volume of Shell 84

(62 w
HH

c. Surface Area of Frustum 69

37. Can you find the area of the region bounded
by the graphs of y=x*—2,y =X.
87

38. Do you know how to find Volume of a Solid
which is generated by revolving the region

bounded by graphs of y=x*-2,y=x
a. Aboutthe liney=3

()]
(o]

67
b. x=-4
71
39. Do you remember the formulas
i.  For Arc Length 63

=]
w

ii. For Area of Surface when a curve is
revolved about x-axis or y-axis

59
iii.  (a) and (b) For parametirc curves
38
40. Can you integral of
a.  xet 68
b. X COS X 69 m
X 55
C. e” cos X
d  sin™x 49

41. Do you remember the technique to simplify

the expression /1+| f ’(x)]2 when

X2 43
a. f(x):?—lnx

46

b. f(x)=coshx

c. f(x)=In(sinx) 38
*khkkkkhkkhkhkhkhkkikhkhkhkkhkihhkhkikhkhkkhkihkhkkhkkiihkkhkkihkhkhiiikhkikx

Note: The figure in the white box represents the
percentage of students who showed their
awareness of the material included in that item.
The figure in the red box against a survey item
represents the average percentage score obtained
by the students while giving the answer related to
the item given in the Exit Quiz.




Code: 001 MATH 102-042 (Exit Quiz) Time: 1 hour Appendix 1(vi)

ID. Section or Instructor Serial#:___

1
4. J'9x2\/l—x3dx
0

. %4}
X e a3
a. 8In8 b. 2
b.161n x c.1
c.16In4 d -2
d. 4In4 e. -3
e. 16
2. Using basic geometric formula, the value
0
of integral Jﬂdx =
-2
a. —2x
b. 27
c. 712 5. J'4cosxsin3xdx
d 4r
e sin*x+C

a

b. 4sin* x/3+C
c. —sin*x+C
d. cos* x+C

e. —cos’ x+C

-1
3. The anti-derivative (v2 +1) is

a.v/(v’+1)+C

b. —2v(v’+1) % +c
c. (V2 +1)°/3+C
d. tan"v+C
e.1/0



6. The sequence {ﬂ}
5+n).,

a. is neither increaing nor decreaing
b. is decreaing

c. has limit 5/4

d. is increaing

e. is eventually decreaing

7. Using the Integral Test for testing the series

0

z; , we find that the series is
~100nInn

a. Divergent because lim =0

n>onlnn

b. Convergent because lim =0

n>onlnn

c. Divergent
1000
d. Convergent because j
2

<o
xIn x

e. Convergent

8. The nth term of the sequence %,4,% 15 ...
is given by

a. 23
b. 2"
c. 2%
d. 22—2n
e. 2&"

9. Volume of Cylindrical Shell when the
Shaded Rectangle is revolved about y-axis is
given by

2
a. 7[(1.1)* = (0.9)%]
b.0.87 >
c. 27[(1.1)—(0.9)] 0/ 09 11 X
d. 27{(1.1)* - (0.9)%]
e.04r

10. [Note: cosz =-1;sinz=0]

The value integral of stin wdw is
0

a. T
b.0
C.2rx
d. 4x
e.3x/4



11. The parabola y =3+ 2x+ X’ has

a. vertex at (a,b) witha+b =5
b. 2 real zeros

C. y-intercept at 6

d. vertex at (a,b) witha+b=1
e. one absolute maxima

12. The 50" Derivative of the functione® is

a. 50e**

b. 25062X

c. e

d. 50%e**

e. 2x(2x—1)---(2x —49)e*

X2—y2=—1
X+y=1

13. The system of equations

a. has a solution (a,b) witha—-3b =1
b. has a solution (a,b) witha—-3b=2
c. has a solution (a,b) witha—-3b=0
d. has a solution (a,b) witha—3b=-2
e. has two solutions

14. Volume of a Solid generated by revolving

the region bounded by graphs of
y= 2x, y =0,x=1about the liney =0 is

a. rzl4
b. 2z /4
C.xw

d. 4x
e.2rx

n—w

15. Iim(n—\/n2 +9n)

a.0

b. o

c. —-9/2
d —o

e. —3



16. Using half-angle trigonometric identity, the 18. Arc Length of the curve y=1/Xx between
the point (1,1) and (2, ¥2) is given by
integral I 8cos? (2w)dw

1+ x?

X2

2
V1+X |

X

d

a. (sin®2w)/6+C a. X

2

!

b. 4w+sind4w+C )

. (sin®2w)/3+C b. |

1

d. (cos’2w)/6+C 5
e. 4w+cosdw+C C. J'de
1
2
|
i
1

1+ x*dx

+
X

d.

A

>

e

19. J' 6cot® x csc? xdx

a. cot* xcsc® x+C
b. 2cot’ x/3+C
c. —csc* x+C

d. —cot®x+C

e. cot* x+C

17. Using the Ratio Test for testing the series
Z (2n-1)! .
, we find that
nzz;‘ (2n)!

a. The Ratio Test fails.
b. The series is Convergent by Ratio Test

c. The series is Divergent by Ratio Test 20. Volume of Washer when the Shaded
(2n-1)! Rectangle is revolved about x-axis is given
d. lim——=—=0 by
n—o (2n)| A
2
(2n-1)! 1
e. = a.04
2n)!  2n-2 d
b.0.1x
C. 37 1
d. 0.6z
e. 03 >
0f 01 X
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Participated in:

Analysis of Survey I & Follow-up Quiz I (MATH 101-051)

Appendix 2(i)

Jaly W Adle a ol Aliay Jsm JS 5818 slasll Math 101 chadaly sl 5l dal j3 B Lgaliad Ailu aalie ddlaie 45Y) ALY
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Survey

559 Students

Quiz 383 Students

Do you know the Laws of Exponents, €.g.

(2222
(32)°

86%

61%

Do you know how to simplify rational

expressions, e.g.,
3

_x—l
2X

X+——

3—-X

86%

64%

Do you know the following Trigonometric

Identities, e.g.
1+tan? @ =sec’ 9

c0s 26 = cos®> @ —sin? @

singzi /1—0056’
2 2
T
CSC| X—— |=—Secx
*5)

tan(a—b) = tana—tanb

92%

38%

89%

69%

86%

44%

59%

87%

49%

l+tanatanb

Do you know how to use Right Angled
Triangle to find Trigonometric Ratios, €.g.
If sin x = h in the diagram, then

sin(2x) = 2hy/1-h?
cos% = Vl*ﬁ/

66%

71%

=

39%

33%

Do you know if x =3secéd, then

Vx? -9 =3tanx

26%

L

=3

o

o

@

=h

Q@

=

o

1

o

6. Canyou find a, b and c when 5—4x—2x%is

10.

11.

written in the form

a+b(x+c)’?

56%

Can you do the long division, e.g., divide

5x* +3x? —4x-5

Can you sketch the
functions?
y=2x-3

y=|x+2|

y:|x2—5x+6|

y=x"-6
y=+x-1
y=In(x+1)
y=e
y = sec X

Can you factorize
x* —64

(x-2)°

x° —5x° +6

33 —x*+3x-1?

by x> —2x+47?
67%

graphs of following

90% 78%

92% 44%

58%

73%

62%

54%

58%

50%

54%

70% 51%

89% 55%

80% 56%

75% 56%

53%

Can you find the solution of v/9X = X+27?

62%

A straight line passes through the points

(0, — 4) and (-5,2).
the line?

Can you find the slope of

7%




12. Do you know which one of the following is a
function in x?

2

ay =—
y 1+X
—X
b.yl=—2
y 1+x
_2
c.yi+1l= 20%
y 1+ x?

13. Can you find the Domain of the function:
I 65%
y 1+x

14. t -2 is a factor of the expression:

t*+3t>-12t+4. Can you find its second
factor?

43%

15. Do you know the behavior of the graph of

1000x* —3x>
when x increases indefinitely to the positive
side,?

13%

16. Can you find the domain and range of the

following functions:

a. tanx 81%

b. cscx 80%

c. log(x-2) | se%

17. Can you find the inverse of

f(X)=2x+3? | 69%

18. For a given function f(x)=+/x-1, canyou
find the domain and range of f*?

53%

19. Do you know the domain and range of an
inverse trigonometric function?

54%

20. Do you know the difference between Radian
measure and Degree of an angle?
47%

21. Can you solve the system of equations?

X +y'=7
2X+y=-3

62%

22. Do you know the formulae related to
following Geometrical figures:

Area of Trapezoid of height h

Area of Triangle

28%

Volume of Cylinder 28%

Surface area of Cylinder | 6%

Surface area of a Cone? | 19%

Volume of a Cone? 2%

23. Can you find the distance between points A
and B given in the diagram:

A B f (x)

27%

a.

24. Consider the following function

y- X2 —2x+1
(x-1)(x-2)
Do you know how to find

its vertical asymptote? 56%

its horizontal asymptote?| 49%

The point where the graph has a hole?

46%

Fhkkhkhkhkhkhkkhkhkhkhkhhhhhhhhhhrhhhhhhhdkiiikikx

Note: The figure in the red box against a survey
item represents the percentage of students who
gave correct answer for the item when included
in the Quiz.



Sec #: Quiz (MATH 101) [C 003] ID# Appendix 2(ii)
One Hour

1. Area of the given Triangle is

oo
|_\
Nlmc»oor—\

2. When x* +2x* —4x+6 is divided by x* —x+1, the remainder is given by

a.3x* —3x+6
b.3x? —x—-1
c. X*-3x+6
d. x*-5x+6

3. If tanx=%,then COS X =

h
a.
h?-1
b 1+h?
1-h?
h

4. The graph of y=secx is

NN

a. isincreasing in the interval [O,

)

,0

b. isundefined atx=0

S

N—

c. is increasing in the interval [

B
NN

d. is decreasing in the interval (

)

|



The function y =tanx is

a. defined in the interval (%T”Oj

b. a bounded function
c. not defined in the interval (0, )

d. not defined in the interval (%%)

The inverse function of f(x) =3x+2 is given by

a. fl(x)zé(x+2)
b. f*(x)=3x-2
C. fl(x)zé(x—Z)

d_fl(y):%(m)

One of the factors of x* —5x? +6 is given by

ax—/3
b.x+3
C.X+2
d. x-3

The graph of x = y?+1 is a parabola which
a. Opens on the left side of y-axis.

b. Has axis along the y-axis
¢. Has the vertex at (1,0)
d. Has vertex at (0,1)



10. Using “Half-Angle Formula”, only one of the following holds

1-cos 400°

a. sin 200° =

2
1-cos 200°

b. sin 100

2
1+cos 200°

c.sin 100° =

2
1-cos 400°

d. sin 200°

2

CSCX is

11. The range of the function y

a. (~o0,0) U (0,00)

b. (-1,1)
C. (—o0,)

d. (—o0,-1] U[1, )

12. The graph of the equation y =-2x+3 is:

4o
|

30
|

—— - — - — —

&,
R ol I

(&)




13. One factor of x*—64 is:

a. x> +4x+16
b. x> —8x—16
c. x>—8x+16

d. x> +4x-16

14. The coefficient of x* in the product (x—2)%is:

a. —12

b. 6

c. 12
d. -6

15. The equation that represents the following g

T Y
T

a. |x+2[+1
b. [x+2|-1
c. [x-2]-1
d. |x-2/+1

16. The slope of the line that passes through the points (0,7) and (2,3) is



18. 1-sec’ @ =

a.tan 8
sin’ @
" cos’d
c. tan’@
d. tan’9-1

19. tan (Z - aj =
4

20.

a. (tana-1)/(tana+1)
b. (—tana+1)/(tana+1)
c. tana/(tana+1)

d. tana/(tana+1)

COS2X =
a. 1-2cos® x

b. 1—2sin’® x
C. 2sin XCcOoS X
d. 2sin? x—1



Analysis of Survey II & Midterm Exam (MATH 101-052)

Appendix 2(iii)
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[]

1.

Participated in:  Survey 93

Do you know about
i limf(x)=L?

X—a

i. limf(x)=w?

[or]
[ee]

©
N

©
=

iii. lim f(x)=L"?

X—>o0
iv. one-sided limit?
v. relationship between one-sided and two

sided limit?

vi. Squeezing Theorem?

(62

HE

Do you know how to find following limits:

limx (Vx=/x-1)

X—>0

N
byl

N

©
~

. X—3
|Im2—.
x>3 X° —5X+6

©
N

8x?—-3x-11
x>0 53X + 7X?

[or]
(o]

lim tan™ x

X—>—0

. sin3x
lim =

x—0 X

83.1

. xX*=27
lim 100

x=>3 X—3

i 65 -5¢ -5

Do you know how to apply(s—0)-
definition of limit to show that

i 1) =-47 62 815
lim(3x-1) =4 52 |

Midterm Exam

4. Do you know

Vi.

Vii.

viii.

Xi.

Xii.

Xiil.

Xiv.

XV.

XVi.

how to show a function f(x) is

continuous at a point a?

when is a rational function continuous at

a point a?
under what condition can we write
lim f (g(x))= f(limg(x))?

38

when is a function continuous at an end
point of interval [a,b] ?

69
about removable discontinuity?

| I

about slope of tangent line to the graph
of a function f (x) at a point a?

equation of the tangent line to the

graph of y =sinx at %

about instantaneous velocity?

81
about average and insta %Ius rate

of change?

the definition of derivative of a

function? “
Ves?
53

Left hand and right hand derivati

Function with infinite slope at a point?

w
N

Function with corner point at a point?
1

Higher derivatives? -

HH

Product rule for derivatives?

Quotient rule for derivatives, e.

E(Lj? -
dx\ x+1

«

H



XVii. Formulas for derivative of viii.
Trigonometric functions?
xviii. Chain rule for derivatives
d . 2 -8
e.g. —sin(x*-3)7°?
0 G -9
XiX. the Related rates?
44
L« | I
XX. Use of chain rule in Related rates?-
5. Do you know how to find the derivatives of
the following functions using the definition? 8
i f(x)=vx
a.
ii. f(x)=sinx 453
b.
6. Do you know about
i. Local linear approximation (L. L. A.) of a
function at a point? - C.
65 m
ii. Using L. L. A. to approximate numbers d.
like +/4.001,sin31°,(10.03)%?
[« ] e
iii. Differential of a function? ;
iv. Differential form of L. L. A.?
v. Approximation of error using differentials? 9.
47 64.2
a.
vi. Relative error?
vii. Percentage error?
b.

7. Do you know the formula for finding

i. Area of triangle?

)

Area of circle?

©

Area of circular sector?

iv. Volume of sphere?

v. Surface area of sphere? 1
vi. Volume of cone? 49
vii. Surface area of cone?

w 2] w o] [{e]
ol (=

26

Relation between x, y, u, v in the

following diagram (Similar Triangles)?

Vv

_/

Can you sketch the graphs of following
functions?

u

<

y=2x-3

y=|x+2|
y=x>—5x+6
y=x'-6
y=+/x-1
Word problems

| can solve with some effort 55

If your answer for 9 (a) is no, go to question
9(b).

| cannot solve because of difficulty in

i. English Language
ii. Sketching the Diagram
iii. Geometrical Formulas

iv. Identifying the variables

v. finding the relationship in variables
-47



King Fahd Univesity of Petroleum & Minerals Appendix 2(iv)
Department of Mathematical Sciences

MATH 101-051 (Midterm Exam)
(November 27, 2005)

Name: ID: Sec. #: Serial #

Time: 90 minutes Max Points: 100

Show all necessary work

No calculator is allowed in the exam.

Points: /100



Part (1)
(Each question carries 5 pts)

_[2t—4
Q.1. Evaluate Ilrp—
t—2"

Q.2. Evaluate lim (1+20y° -12y®+5000y°).
y—>—w

. 1-cosw
Q.3. Evaluate lim—
w-0  sinw

Q.4. Only using the idea of derivative, find
lim cos(y+t)—cosy
t—>0 t




Part (I1)
(Each question carries 7 pts)

Q.5. Find a value of 6 >0 which satisfies the (¢ —¢&) definition of limit when
4u® -1

m
% 2u+1

=-2;¢=05.

X—2

Q.6. Find all Removable Discontinuity(ies) for the function f (x) = 5 :
(X+1)(x"—3x+2)




Q.7. Using the definition of derivative, find g'(1) when g(v) :iz.
v

Q.8. Find the equation of tangent line to the graph of f(x) =1L atx =1.
+ X

Q.9. Find diw/COS(ﬂ'XZ -5).
X



Q.10. A particle is moving along a straight line such that its position is given by s(t) =5t* —t+5.
a) Find the average velocity of the particle in the time interval [1,3].

b) The instantaneous velocity of the particle at t=2.

Q.11. Let I be the length of the diagonal of a Rectangle. Suppose that Sides of the Rectangle have
lengths x and y. Assume that x and y are changing with time t.

a) Draw a Picture of the Rectangle with the labels x, y and I.

b) How are x, y and | related?

c) How are dx/dt, dy/dt and dl/dt related?

d) As x increases at a constant rate of % ft/s and y decreases at a constant rate of ¥ ft/s, how
fast is the size of Diagonal changing when x =3 ftandy = 4 ft.

e) Isthe length of Diagonal Increasing or Decreasing at that instant? Give Reason.



Q.12. (a) Find the Local Linear Approximation of at xo = 2.

1
VX+2

(b) Use (a) to approximate

1
v4.01

Q.13. The side of a square is measured with a possible percentage error of +1%. Use
differentials to estimate the percentage error in the area.




Part (I11) (8+9 pts)
Q.14. Water is pouring at the rate of 6ft*/min in a cylindrical tank of radius 120ft. How fast is
the height of water rising up in the cylinder? [Note: Volume of Cylinder = zr’h].
(Show complete work)

sin 2k (x—1)
Q.15. Find value(s) of kso that f(x)=1 7(x-1) is continuous at x = 3.
k -1, x=1




Analysis of Survey III & Exit Quiz (MATH 101-051) Appendix 2(v)
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Participated in:  Survey (E-Students) Exit Quiz (E-Students)

7. Using L’Hopital Rule Can you evaluate?

_ _ a.  limx%™. 62
1. Can you find the following limits: X0
. 2—X
a.. ||m2—7 100 2X
22X =5X+6 b. lim= CN 402
X—>00 X
. - 43.7
b. lim u? 90 i in2
o2 X2 —4 c. IXT;\O xsinZ ? 59
x2_1-+/3 79 39.1 8. Can you evaluate the Indeterminate Form?
C. lim| ————— | ? ax
! . 2
X2 X=2 a. I|m(1+—j 4
X—00 3X
d. lim (150-60x*—2x°)? .
Ko 97 b. Iim(x’l ~(e*-1) ) 26
x—0
sin(z —2x)
e. Ixm— ? 56 C. lim (eX + x)% 37
X X—00

9. Can you find the derivatives of following

2. Using the concept of limit, can you find all functions by using definition:

horizontal and  vertical  asymptotes

W2 _4 a f(x)=x° 97
f(X)=—5——7 72 .
X —5X+6 b. f(x)=sinx 85
3. Using the (& —&)— definition can you show c. T(x)=logx 64
2
that lim 2x" -8 - _87 85 241 10. Do you know the relation between
X>2 X+ 2 derivative of a function f (x) and
4. Canyou estimate Sin1° or 3/26.09 using a. Slope of tangent line to f (x) | 95
Differentials? b. Velocity of a particle having position
o4 44.8 function f (x) s
c. Instantaneous rate of change
5. Can you find the vaule(s) of k for which of f (x)?
) 67 56.3
Xx+k® x<0
f(x)=
k+x x>0 11. Do you know how to differentiate
a. IS continuous’ d | 79
b. is only left continuous? 59 a. &sec (x+1)?
6. Can you find all the removable b. i log, (x+8)? 79 34.5
discontinuity(ies) of dx
2—X d ., 79
f(X)=—5——7 62 C. —3?
X —5x+6 dx
d 87 66.7
d —(x*-3)7%?
dx

Please see the other side



12. Do you understand the

a. Sandwich Theorem? 62
b. Intermediate Value Theorem? 41
c. Product Rule for derivatives? 95
d. Quotient Rule for derivatives? 95
e. Chain Rule for derivatives? 95 74.7
f. Derivative of Inverse of a functiop?
62
g. Related Rates? 64
h. Local Linear Approximation? 67
i. Differential of a function? 62
j. Estimation of Error using Differentials?
54
13. Can you solve Word Problems based on
Related Rates? 59
14. Do you know how to find higher

derivatives of a function?

79

15. Can you find dy/dx for xy® +sin(xy) =5

(Implicit Differentiation)?
16. Do you know how to find

a. Critical points of f (x)?

62

82

b. The intervals in which f(x) is increasing or

decreasing?

c. The points of Inflection of f (x)?
d. The intervals in which f (x) is C

or Downward?

17. Do you understand the geometrical meaning

of the order of a zero of pol

z
85 50.8
oncave Upward

85
vnomial?
44

18. Can you check if at a critical point graph of

f (x) has

a. Vertical Tangent Line?
b. Cusp?

59

49

L

=3

o

o

19.

20.

21.

22,

23.

24,

25.

Do you know the use of 1%

and 2"

Derivative Tests to check Critical points for

i )
Relative Extrema 7 67

Do you know when does 2" Derivative Test
fails while checking Relative Extrema?

62

Do you know how to find for a
Function

Rational

a. Oblique Asymptote?| 28

13.8

b. Curvilinear Asymptote?

28

Do you know how to find for f (x)

Absolute

Maxima/Minima
a. on Closed Interval ?| 69

b. on Open Interval? 67

Do you know the difference
Absolute Extrema and Relative

between
Extrema

of f(x)?
54

57.5

Do you know how to solve Word Problems

based on maxima/Minima?

33

Do you know the following Trigonometric

Identities, e.g.

1+tan? @ =sec’ 0 74
c0s26 =cos’ @ —sin? 6 69
SinQZi 1-cosé 46
2 \/ 2
csc(x—%j:—secx =1

26. Do you know the following formulas?

a. (a—b)’ =a’-3a’h+3ab® —b’

b. a®—-b® = (a—b)(a® +ab+b?

69

N—r

74

Please see the other side.



Code: 003

MATH 101-051 (Exit Quiz)

Time: 1 hour Appendix 2(vi)

Note: The matching Survey Question is mentioned against each of the Exit Question

# of Respondents from Sec 4, 8, 12, 17 = 87

# of Respondents from Other Sections = 141

_[3-uf
1. lim—>— =
-3y -9

b.1/3

c. -1/6 Survey Question: 1b

e.1/6

1-v2x-1
m-_Y&rT-
X—1 1-—X

a.l
b. 2

c. 0  Survey Question: 1c

3. The sum of all values of k which make
kx+4, x<1

f(x)= continuous for
() {k2x3+k, x>1

all real numbers is

a. 2

c.4 Survey Question: 5
d.o

e.l

20
W—o0 104 W2

a. 1/10*

b. o

c.0 Survey Question: 7b
d. 10*

e. none of the above



5. The equation of the tangent line to the
graph of f(X)=x*+2x when x = 2

contains the point

a. (-12)

b. (0,2)

c. (,2) Survey Question: 10a
d. (4,2)

e. (2,-1)

6. When &=0.36, the value of & that
satisfies  the  (&—0)-definition  for

Ixi_r];(9—4x) =-3 is given by
a. —0.12
b. —0.09
c. —0.36 Survey Question: 3
d. 0.04

e. 0.09

7. The approximation of +/1.1 by using

differentials and the function f(X) =X,
is given by

a.1.01

b. 2.3/2

c.3.2/3 Survey Question: 4
d. 2.1/2

e. 2.001/2

d
8. &[Iogmo(x+4)]xz6 =

a. In10/In100
b.1/(20In10)
c. In100/10 Survey Question: 11b

d.100/In10

e.1/(2In100)



d 2 2
9. —tan?(x?) =
i (x%)
2sin(x?)
" cos(x?)

2sin(x?)
" cos®(x?)

c. 2xtan(x®) Survey Question: 12e

4xsin(x?)
" cos®(x?)

e. tan(x*)sec®(x?)

10. If a and b are respectively absolute maxima
and absolute minima of the function

f(x)=4(sinx)—3 in [0,27] then ab=

c.0 Survey Question: 23
d. 9

e.3

11. The function f (X) =

X3 —x?

X4

has only

a. One Horizontal Asymptote
and Two Vertical Asymptote

b. One Horizontal Asymptote
and One Vertical Asymptote

c. Two Vertical Asymptote

d. One Horizontal Asymptote

e. One Vertical Asymptote

2
1. d_z(i
dx“\ x+1

a. —-2/9

b.1/9

c. —2/27

d. 2/3

e. —2/18

Survey Question: 21

Survey Question: 14



13. If the first derivative of a function f is given

by x(x—1)*(x+3), then f is

a. increasing in (—oo,-3) U (-3,1)
b. decreasing in (—3,0) U (1, )
c. decreasing in (—o0,0) U (1, )
d. increasing in (—,1)

e. increasing in (—oo,-3) U (0, )

Survey Question: 16b

dx /(x2—3)3 »

a. —3/2

b. -6

c. -2/3 Survey Question: 11d
d. -3

e. -1/6

15. If Second Derivative of a function f is given
by x*(x*—1)(x+2)?, then f has point of

inflection at (x, y) only when

ax=0,x=-1Lx=1Lx=-2
b.x=-1Lx=1x=-2
c.x=0,x=-2
d.x=0,x=-1,x=1

e.x=1-1
Survey Question: 16 ¢

16. The instantaneous rate of change in
2

X T
g(x)=—+sinx at x=— isequal to
Vs 2

b. 2
c.l Survey Question: 10c
d =z

e. 7+1



Appendix - 11



How to Use Mathematica to solve Some Problems of Mathematics

1. Introduction
With the help of Mathematica, we can do
i. Arithmatic and Algebraic Manipulations,
ii. Solve Different Types of Equations,
iii. Sketch Graphs of Functions and Equations.

2. How to Start
i. Click on the icon “Mathematica”.
ii. Click on the new file.
iii. Type your operation

iv. Press the keys: &
(We shall call these two keys: [SE] keys)

v. You will find the Answer in the Next Line.

3. Basic Algebra Operations
Addition: + Subtration: — Square root: sqrt
Division:/  Power:  Multiplication: *

(Examples)
Example 1. Type: 5+3 outside the Existing Cell
i. Press the [SE] keys.
ii. You will get on the screen:
In[1]:= 5+3
Out [1]= 8

Example 2. Type: —7 ~3 outside Existing Cell
i. Press the [SE] keys.
ii. You will get on the screen:
In[2]:= -7"3
Out [2]= —-343

Example 3. Type: 4 + ¥ outside Existing Cell
i. Press the [SE] keys.
ii. You will get on the screen:
In[3]:= 4+Y,

out[sl=

Example 4. Type: 4. + %
i. Press the [SE] keys.

ii. You will get on the screen:

In[4]:= 4.+1/4

Out [4]= 4.25

[Check the difference between Examples 3 & 4]

Example 5. Type: 2 (1/3)
i. Press the [SE] keys.

ii. You will get on the screen:
In [5]:= 27N (1/3)
Out [5]= 213

Example 6. Type: N[2 /™ (1/3)]
i. Press the [SE] keys.

ii. You will get on the screen:
In [6]:= N[2 " (1/3)]
Out [6]= 1.25992

Example 7. Type: 2~ (1/3) /IN
i. Press the [SE] keys.
ii. You will get on the screen:
In[7]:= 2" (1/3) IIN
Out [7]= 1.25992
[Check the difference among Examples 5, 6 & 7]

4. Built in Functions

For Type For Type

-2] Abs[- 2] e? Exp[2]
sin(5 radian) | sin[5] sin?(:3) | ArcSin[.3]
sin(5 Degrees) | Sin[5 Degree] sinh(5) Sinh[5]
Natural Log Log of 5

of 5 Log[5] to base 3 | Log[3,5]

Try the following Exercises
a. Find cos(30) and cos(30°). Use the methods of
Examples 5 & 7. Explain the answers.
b. Find In(7.8), log(15), loga(9), e &, tan®(12)
c. Evaluate: 5-2(8°-60)/4  [Ans: 3]
3
d. Evaluate: f—%+#

e. Evaluate: 2sin™(1/3) — cosh? (4/5).

5. Manipulating Algebraic Expressions
Example 1: Find the value of 6—3x> for x=3.
Solution: Type: 6-3*x"5/.x—3
i. Press the [SE] keys. You will get:

In [6]:= 6-3*X"5/.x—>3
Out [6]=-723
Example 2: Find the value of /x*+y? when
y=x+1 and x=3.
Solution: Type: x=3;y = Xx+1sqrt[x* + y’]
Press the [SE] keys.You will get:
In [6]:= x=3;y=x+1Lsqrt[x’ + y*]
Out [6]=5

Example 3: Expand (x+ Y)°.
Solution: Type: Clear[x,y]; Expand[(x+ y) 5]
Press the [SE] keys. You get
In [6]:= Clear[x,y]; Expand[(x + y) 5]
Out [6]= x° +5xy* +10x°y2 +10x2y® +5xy* + y°

Appendix 3(i)




6. Solving Equations Numerically
Example 1: (Eqg. of one variable)
Solve the equation x*+x=2 inx.
Solution: Type: Solve[x"2+x==2, X]
Press the [SE] keys.You will get:
In [1]:= Solve[x"2+x==2, X]
out [1]= {{x —>-2},{x > 1}}
Example 2: (Eq. of two variables)
Solve the equation x> —4=0,y> =x" inx &Y.
Solution: Type:
Solve[{x"2-4==0, x"2=y"2}{x,y}
Press the [SE] keys. You will get:
In[2]:=
Solve[{x"2-4==0, x"2= y"2}{x,y}]
Out [2]=

{{(xo>-2y->-2}.{x>-2y->2}.{x>2y->-2},{x>2y->2}}

Example 3: (Complicated Equation)
Solve the equation In (x+\/1+ X2 ) =2 inx

Solution: Type:
Solve[Log[x+Sqrt[1+x"2]]==2, X]
Press the [SE] keys. You will get:
In [3]:=
Solve[Log[x+Sqrt[1+x"2]]==2, X]

Out [3]= {{x—»iez(—l+e4ﬁ}-

7. Solving Equations Symbolically
Example 1: (Eq. of two variables)
Solve the equation x* —k*=0,y* =x* inXx, y.
Solution: Type:
Solve[{x"2—- k"2==0, x"2= y"2} {x,y}]
Press the [SE] keys. You will get:
In[2]:=
Solve[{x"2- k"2==0, x"2= y"2}{x,y}]
Out [2]=

{{(x> -k y>—k}.{x>-ky->kl{x>ky->-k}{x>ky->k}}

Example 2: (Complicated Equation)
Solve the equation In (x+\/a+ X2 ) =D inx.

Solution: Type:
Solve[Log[x+Sqrt[a+x"2]]==b, X]
Press the [SE] keys. You will get:
In [3]:=
Solve[Log[x+Sqrt[a+x"2]]==Db, X]

Out [3]= {{x—aieb(—a+e”)}}-

8. Numerical Solutions of Equation(s)
Example 1: Find the roots of the equation:

X +x+1=0.
Solution: Type:
NSolve[x*3+x+1==0, X]
Press the [SE] keys. You will get:
In [1]:= NSolve[x"3+x+1==0, X]
Out [2]=
{{x — -0.682328}, }

{X - 0.341164—1.16154i} , {X - 0.341164+1.16154i}

Example 2: Find solution of the system of equations:
X+y=2,Xx-3y+z2=3,x-y+2=0.

Solution: Type:

NSoNeBx+y==Zx—3y+z==&x—y+z==0L{m%zﬂ

Press the [SE] keys. You will get:
In[2]:=
NSoNeBx+y=:Zx—3y+z:=&x—y+z:: }{KYJE

Out [2]= {{x —35y—>-152z2— _5'}} '

Example 3: Find approximate solution of the equation:
3cosx =Inx

starting the approximation at x=1

Solution: Type:

FindRoots[ 3cos[x] == Log[x], {1} ]
Press the [SE] keys. You will get:
In [3]:= FindRoots| 3cos[x] == Log[x],{x,1} |
Out [3]= {x —>1.44726} .

9. Sketching 2-D Graphs
Example 1: Draw graph of y = sin x when
0<x<r.
Solution: Type Plot[cos[x],{x,0, 7}]
Press the [SE] keys. You will get:
In [3]:= Plot[cos[x],{X,0, 7}]
Out [3]= You find the graph of cos x when
0<x<rx.
-1, x>0

x?,  x<0.

Example 2: Draw graph of f(x) ={X

when -4 <x<5.

Solution: Type

fix ]:=x*-1/;x>0

fIx_]:= x%/; x <0,

Press the [SE] keys. You will get:

In [3]:= fix :=x3-1/;x>0
f[x_]:= x%; x < 0.



Review Material at the Start Calculus Il (Deficiency) Appendix 3(ii)

1. The Laws of Exponents:
i. If a,b are reals and r, s are intgers then

ea'a*=a"" ° (ar )s —a"
o (ab) =a'b’ . % =a"*
2% 93 310) %
% |:Ans_ £:|
(3_2) 27

Method: Simplify numerator and denominator
separately. [Patience is required for simplification]
Remember:

e When is ¥a defined?
If a < 0 then n must be ODD.

e When x is a variable,

X =X,

2. Simplifications
i. Simplify complex expression, e.g.,
5 2X
7_'_7 2
X+1 X+3 Ans. 2X°+7Xx+15
X, 7 X2 +10x+7
x+1 x+3
Method: Simplify numerator and denominator

separately. [Patience is required for simplification]

ii. Simplify the following:

9x*—4  9x*—6x*+4x° X
a— . 7 Ans. ——
3X°—=5x+2 27X" +8x X—
5x% +12x+4 . 25%° + 20X+ 4
x'-16 X2 +2x

[Ans. (x2 + 4)X(5x + 2)}

Method: Factorize numerators and denominators and
use the formulas:
e a°+b®=(a+b)(a®—ab+b?)

e a°—b*=(a-b)(@*+ab+b?

iii. Simplify the following:

2x+1 6X 3 X+5
- - + Ans. — 5

X“+4x+4 x° -4 x-2 (x+2)
Method: Factorize the denominators and find the
LCM.

N 2(4x?+9)" - (2x+3)(%)(24x2 +9)" 8x)
((4x2 +9)%)
Ans_ M
(4x* +9)"

Method: Take out common factors in the numerator.

iv. Rationalize the Denominators

81x* 16y’
. ﬁ [Ans. (9x+4y)(3\/;+ Z\N)J

Method: Use of formula:

(\/5+x5)(x/5—x5)=a—b

1 €/u72 + E/W + 3/v72
°- — Ans.

Ju-3pv u-v
Method: Use of formula:

(3/5—3/6)(3/?+§/£+3 bz):a—b

3. Review Trigonometric Identities
a.  l+tan®@=sec*o
b.  cos26=cos’6-sin*@

1-cosé
2

C. Sil‘]g:i
2

VA
d. CSC(X—EJ=—SGCX

e.  cos(w—@)=-cos@



tana—tanb

f. tan(a-b)=———
l+tanatanb

[See similar other Identities in your Textbook]

4. Use of Right Angled Triangle to

find Trigonometric Ratios
e.g. (i) If sinx =h in the diagram, then

b.  sin(2x) =2hy1-h?
c. cosg = V“ﬁ/

(i) Use Right Angled Triangle to check:

If x=3secd, then

Vx> -9 =3tanx.

Read Page 44-48 & 64-74 of the Text for

the following Topics

5. Sketch the Graph of Basic
Functions

eg.i. y=vx y=x x=yiy=xy=|y
il y=ey=Inx;

nLyzzﬁyz[éj;

iv.y=log, x;y =log, x
2
V. All trigonometric Functions

6. Symmetry about Axes and the
Origin
Recall the Tests for Symmetries.

7. Vertical & Horizontal
Translation of Simple Graphs

e.g. Sketch the graphs of

y=(x-1+2; y=+/x+2-Ly=sin(x+1)—2

y=e""-2;y=In(x+1)-2;

8. Writing Quadratic Function in
Standard Form

Find a, band c wheny =5-4x— 2x2is written in

the form y =a+b(x +¢)*? Then sketch the graph

of the function
(Check: Vertex, x & y intercepts, parabola opens
upwards or downwards) See page:

Q. Long Division
Divide 5x‘+3x*-4x-5 by x°—2x+4and
find Divisor; Quotient; Remainder.

10. Area of Geometrical Figures
Triangle, Trapezoid, Circle; Sector.

11. Factorize

x]—64; x*-5x*+6; 3x®*—x*+3x-1

12. Chain Rule for differentiation

Rule: Differentiate Extreme outer function, the
next outer function, and then next....
e.g. find the derivative of

oy= (sin3(x2 —3)+eo* )4

6
. y:In(sin\5/x3+5) .

[Identify the outer functions in order.]



MATH 102: Recitation Class Appendix 3(iii)

Instructions:
l. Before going to Recitation Class, the students should
1. copy each problem on a separate sheet,
2. read the statement of each problem before coming to the class.

1. During the Recitation Class, the students should

sit in the assigned group,

sign attendance sheet,

discuss problems with each other in the group,

solve all the assigned problems,

be prepared to present solution of any question on blackboard,
be prepared to write a short quiz at the end of class.

ok owdE

Problems for Week 11

Q1. Using the power series of € and cos x, find the Power series representations of the
function f (x) = cos®(5x%) . Also state its Radius of Convergence:

Q2. Using the power series of 1/(1-x), find the Power series representations of f(x)=_—-— . Also

state its Radius of Convergence:

=

X

2
Q3. Using appropriate power series, approximate the integral -[—64 VG dx up to 3 decimal places.
0

Q4. Find the 1% 4 terms of the power series of cscx (Hint: Use division of power series)

Q5. Find the points of intersection of the following pair of functions and sketch the region in xy-plane:
f(x)=x% g(x)=2x—-x
Q6. Sketch the region enclosed by the curves. Decide whether to integrate with respect to x or y. Draw a
typical approximating Rectangle and label its height and width. Then find the area of the region.

y=sinx, y=e;x=0,y=x"

Q7. Find the number a such that the area of the region enclosed by the parabolasy = x* — a? and y = a* - x?
is 576.



Review Material at the Start Calculus | (Deficiency) Appendix 3(iv)

1. The Laws of Exponents

i. Remember for Q/g =a’: If a<0then n must be Odd.

ii. If a,b are reals and r, s are Rational Numbers then

ea'a*=a" o (ar )s =3"
b r — rbr _r= r-s
e(ab) =a 0= a
(22.2°3%)" )
Simplify ~——— {Ans. —}
(3,2) 27

Method: Simplify numerator and denominator
separately. [Patience is required for simplification]

2. Importance of \/X_2=|X|.
Find the horizontal asymptote(s) (H.A.) of

2x° —3x+1 2 =22
Ans.yzg, y=—

f()()2\/5+9x1°—x“ 3

Note: For H.A., you have to check both limits:
X —> 00 and X — —oo0

3. Simplifications
i. Simplify complex expression
5 N 2X

2
x+1 X+3 | pns. 2)2 +7x+15
X 7 X“+10x+7

Xx+1 x+3
Method: Simplify numerator and denominator
separately. [Patience is required for simplification]

ii. Simplify the following
Ix*—4  9x* —6x3 +4x? [ X }
Ans

a —, . X .
3X°—-5x+2 27X" +8x X—
5x2+12x+4;25x2+20x+4
ox*—16 0 x2+2x

{Ans. (x*+ 4)X(5x + 2)]

Method: Factorize numerators and denominators and
use the formulas (must remember these formulas):
[Also, see (9) for factorization]

e a®+b®=(a+b)(a®-ab+b?)
e a’—b®=(a—b)(a’ +ab+b?)

iii. Simplify the following:
2x+1 6X 3 X+5
- = — Ans. ————
X“+4x+4 x° -4 x-2 (x+2)
[Method: Factorize the denominators and find the LCM.]

5 2(4x? +9)% - (2x+3)(3)(4¢° +9)% (8x)

((4x2 +9)* )2

Ans. LZXZ
(4x2 +9)

[Method: Take out common factors in the numerator.]

iv. Rationalize the Denominators

81x* —16y?
. ﬁ [Ans. (9x+4y)(3\/;+ Zﬁ)}

[Use of formula: («/5+\/5)(\/5—\/5): a-b]

1 Ju? +3uv +3IJv?
*« —— Ans.
u -3 u-v

[Use :(%—%)(i/gﬁ/ﬁﬁ/bj):a—b]

4, Completion of Square
Find a, b and ¢ if 5—4x — 2x?is written in the form of
a+b(x+c)*?

Sol. (Re-write the expression in descending order)
5—4x—2x" =-2x* —4x+5

=-2(x*+2x)+5 (Complete square)
[Ans: a=7,b=-2 c=1]

5. Equation of Straight Line
m = Slope of line L passing

through points P & Q

=(b-d)/(a-c)=tan A

P(a,b)

Equation of L:
y—-b=m(x-a)

x-interceptof L =e

y -intercept of L=f @& Q(c,d)

6. Sketch Graph of Basic Functions
(Also, find their domain and range)

Ly=Vx;y=x% x=y%y=x,y=|«
ii.y=e*,y=2% y=27
lii.y=Inx; y=log, x; y=1log, x
2
iv. All trigonometric Functions

7. Sketching Graph [by using (5)]
3-Step Method: i. Identify the basic function
ii. Use Horizontal & Vertical Shifts
iii. Use Reflections about the axes



i. y=5-4x—2x* (Parabola!!!)

Sol. (a) Complete square on Right Side (See 4)
(b) Basic function y =kx* (k is a real number)
(c) Make use of Horizontal & Vertical Shifts.

i, y=[2x-3/+4

Sol. (a) Note |2x —3| = 2|x— ¥|

(b) Basic function y =k|x| (k is a real number)
(c) Make use of Horizontal & Vertical Shifts.

i, y=[x*—x—§
Sol. (a) Sketch Parabola y = x* —Xx—6 by finding the

x-intercepts
(b) Reflect the part of graph which below the x-axis.

iv. Sketch the following graphs:

ay=(x-27>+4 b.y=In(x+2)-4
cy=e*°-1 d.y =[In(x+2)|-4
e.y=Injx+2-4 fy=e"9-1

(Use the 3-step Method explained above)

8. Distance Formula
Two points P and Q lie on the graph of

y=+/Xx-1+2 with 1" coordinates 5 and 10
respectively. Find the distance between P & Q.

9. Factorization
i. Factorize: X® —64; x° —5x* +6; 3x* —x* +3x -1
ii. Check if x =-2 is a zero of the polynomial
x® —2X+4. If so, factorize it.

10. Use of inequalities
Domain of the function: y = /_—X Ans: (-1, 0]
1+ X
11. Long Division

Divide 5x* +3x? —4x—5 by X —2x+4 and find
Divisor; Quotient and Remainder.

12. Zeros (Roots) of Polynomial p(x)

a. Check that x = a is a zero of p(x)
Use Remainder Theorem: p(a) =0

b. Note: Graph of p(x)
at a Single zero: crosses x-axis
at a Double zero: does not cross x-axis

C. Synthetic Division
Find Quotient and Remainder when

p(x) = 2x* —3x +1 is divided by x—3

d. Rational Zero Theorem
Find all possible rational zeros of

p(x)=2x*-3x>+4
13. Inverse of Function
Find the inverse of (i) f(X)=2x+3,
(i) f(x)=+/2x+3. Also, find the domain and
range of f .

14. System of equations
2 2
Solve Xyr=T
2X+y=-3

15.  Finding vertical & horizontal
asymptotes and holes

x> —2x+1

=——— find
(x=1)(x-2)

ory

a. its vertical & horizontal asymptotes?
b.  the point where the graph has a hole

16. Trigonometric Formulas
i. sin(a+b); [Same for cos & tan]

ii. sin(ax£%); sin(axrx);

[Same for cos & tan]
iii.sin(2a); [Same for cos & tan]
iv.sin(#%); [Same for cos & tan]
v.sina+cos’a=1tan’a+1=sec’a

17. Use of Right Angled Triangle to
find Trigonometric Ratios
A. If sinx = h in the diagram, find

h
X

i. [Secx ; ii. sin(2x); iii. cosg

[Recall Half & Double angle formulas]

B. Show that v/x* —9 = 3tan x if x =3secd.
[Use Right Angled Triangle]

18. Geometrical Figures
See inside Text Cover Page for
all figures and formulas for
Area of Triangle, Trapezoid, Circle; Sector
and
Volume and Surface Area of
Cylinder, Cone and Frustum.



Integration Techniques

Appendix 3(v)

Ne | Type Formula Exercise 1 Exercise 11
1 | Power (ax+b)™* (2-7x)"dx I d
m _\errb) . _ X
5 | s | [9(F 00 F00dx= [g)ae _(x=2x%)dx [ (¢ =6x)(x¢ -9 ~17)dx
. 7
where u = f(x) 6(x* —x*+7)3
ol . 3x2 - 7x
e I. | =dx=In|x|+cC I. i X
Direct ‘ '[X | | J.ZOX I2X3—7X2+5
Formulas | 4
3| e | i [etdx=e+c i j—?le““gdx i. [(3-8x*)e™ *dx
- a’ iii. J5 2.5)" dx 5(6x—7)
log iii. jaxdx=| +c;a>0 i, J' e
na x
i. J'sin(ax+b)dx:_—1cos(ax+b)+c . J'sin(6x—4)dx . IX sin(6x° —4)dx
a . Lo
1 ii. J'cos(8—9x)dx ii. J'sm35x0055xdx
ii. j'cos(ax+b)dx=—sin(ax+b)+c ! )
a iii. Jsec (3x+7)dx iii. _[tan48xsec 8xdx
Simple 2 _
Trig. | " J sec” xdx =tanx+c iv. J'csc2(2—5x)dx iv. jcotg xcsc* xdx
Function | ; 2
Iv. | csc” xdx =—cotx+c
4 J. V. jtan 4xsec4xdx v iztanzseczdx
_ X X X
V. Itan Xsec xdx =secx+c Vi ICOt;rXCSCﬂXdX y J'x6 o e
vi.J'cotxcscxdx=—cscx+c '
1 X . dx . dx
Use of f — =sin- —+c i J'—Z i J'—Z
Inverse va V25-9x V18 +8x—x
Trig. X dx .. dx
5 | Functions | ii. =—tan‘1—+c i, | ————— ii.
unetions Ja T a IFrmpwry J170+70x+49x2
dx
Also, see 9 | il =—sec +C i, | ——— iii.
so, see '[X ,—X JX ,_16X2—81 J- /X _18x
Rule: judv=uv—fvdu i. J'sin’1 xdx i. J'GxeSX‘gdx
i. jxe*dx= xe* —e* +¢; ii. Ilog xdx ii. jx7 cos x*dx
[u=x,dv=ede:>du:dx,v:_[exdx] iii. JXZ In xdx iii. J.X4 In(SX5 —11)dX
s "““i"\“f“"" . fxsin xdx = —XCOS X +Sin X+ ¢ iv. J.xtan‘1 dx In x*
Parts i, {In xdx = xIn X—X+C; v.| x?2*dx
j I V. j(xz —2x)cos ™ (x* —3x*)dx
[u=Inx,dv=dx] Vi. J.X2 sin xdx . I g
vi. | xsec™ xdx
iv. jcosxexdx=1(cosxex+sin xe*)+c| vii. jx3sin x*dx N
2 Vii. Ixtan’1 xdx
i. [ tan xdx =~ In|cos x| + ¢ i. J'xtan(xz—Y)dx i j(5x—1)sec(5x2—2x)dx
More i, [cot xdx = In|sin x| +C
6 Trig. | ii. jde ii. | 1 csc L dx
Formulas |iil. [sec xdx:ln|secx+tan x|+c \/; (3x—l)2 3x-1

iv. Jcse xdx = In |csc X —cot x| +c

in.jxsecxdx




Use of Trig. Identities in Integration

Trig. Identities Exercises
i Coszle+cg52x i, [sin?@x+Ddx i [sin*5xdx i, [ xsin®(7x* +3)dx
H 2 3 H 2
70, 1-cos2x o Iv. Ixcos (Bx+1)dx . Icos 5xdx Vi. Ixcos(?x +3)dx
ii. sin“x==—7>"-—(See **) | _ _
vii. J'cos2 3xsin’ 3xdx viii. J.xe‘smz(x2 +3)dx
iii. sin 2x = 2sin X cos X
i. sin(atb)=sinacosh+cosasinb;ii. cos(ath)=cosacoshFsinasinb; iii.sin asinb:%[cos(a—b)—cos(a+b)]
8 . . 1. . 1
iv. sin acosb:E[S|n(a+b)+sm(a—b)]; V. cosacosb:E[cos(a+b)+cos(a—b)]
Exercises: i. [sin5xcos3xdx ii. [cos5x cos 3xdx iii. [sin5xsin 3xdx
Example: [Completion of Square & Use of Right Triangle]
X—2 2 2 2
| = ————dx:x" —2x+10=(x—1)" +9;Set x—1=3tan u = dx = 3sec” udu.
9 VX2 =2x+10 x—1 JO2 =2 x+ 1)

[y2
| = [(3tanu-1)secudu :3secu—ln|secu+tanu|+c:\/xz—2x+10—|n| X _§X+10+X;1|+c Cu E

3

Use of Partial Fractions Decomposition of Rational Functions N(X)/D(X) in Integration
[ *Note: If deg (N) > deg (D), first divide N by D. Then find Partial Fractions Decomposition. ]

Here, in (i-iv), we assume that deg (Numerator) < deg (Denominator)

10| Type Method Exercises
i Non- p(x) A B Xx+11 A B .
Repeated = + = + '
P (x—a)(x—b) x-a x-b x*-2x-15 x+3 x-5
Linear o AL _
Factors [Write: p(x)=A(X-b)+B(x-a)] Ans:A=-1 B=2
ii I}f?eated p(x) A LB C X 42x+7 A, B C |
inear = 3 BT R TR
Factors (x—a)(x—b)z x-a x-b (X_b) x(x-1) X (1)
Ans:A=7, B=-6,C =10
iii Non- p(x) Ax+B Cx+D 3x+16 A Bx+C,
Rg’;;tfd (X +bx+c)(x2+dx+g) X +bxrc X’ +dx+g (x-2)(x2+7) X2 x247
Linear Ans:A=2, B=-2,C=-1
Factors
iV jozzted p(X) _ A n 2BX;-C n Dx+E 4X3+5X2+7X_1 Ax+B . CX+D .
= _ 2 2 X—a X X+C 2 2 = )
Linear (x—a)(x*+bx+c) TOX+C  (x“+dx+g) (X2 4 X+1)° X2 4+x+1 (0 +x+1)?
Factors Ans:A=4,B=1,C=2D=-2
* | deg (N) NGO N RO . * an? 10x_
= =Q(X)+ X" —4x°-19x-35 R(x) .
v > D(x) (x-a)(x—b) (x—a)(x—b) B v Q(x) + 75’
deg (D Rx) _ A _ B Rx) A B
g ( ) where (X—a)(x—b) - X—a + x—b where )(2 57))( = ;‘i‘ﬁ, Ans:Q(x) = x+3;
R(x) = 2x - 35; A=4,B=1,C=2D=-2
** | Trig. Identities: cos ° 0 + sin * 0 =1; 1+tan? 0 = sec % 0; 1+cot®0=csc’0




Chapter 7. Area, Volume, Arc Len

th, Surface Area

Appendix 3(vi)

l.i. Area of Rectangle
Height: fi—g;

Width: Ax; =X; —X;,

Area: (f; —g;)Ax,

ii. Area of Region R bounded above by f (x) &

xinfab]. | f (%)
N

below by g(x),
a. Area of jth Rectangle X;

=[f(xj)_g(xj)AXj

v

b. Area of Region R f%()

lim [Z[f(x ) - 9(x;)1Ax, }

max(Ax; —0)

[ () - g (x)]dx

Il 1. Disc: Given in the xy-plane
X

a. a Vertical Rectangle X; fi

b. a Horizontal line L

c. One side of X is
connected to L.

0
Xj-1 X

When X; is Revolved about L, then
a Solid object Dj is produced in R
The object Dj is Called the

Disc with centre on L.

D;
ii . Volume of Disc D; .

Consider the Rectangle X; in the above figure.
Note that

a. Distance (Upper Edge of X, x-axis) = f;

b. Distance (L, x-axis) = |

¢. Width of Xj = Ax; =X; =X

Then
a. Heightof X; = fj—1 (Radius of Dj)

b.Width of X; = AX; =X, —X;,
(Thickness of Dj)
¢. Volume of D; = 7 (fi-1)*Ax,

Il 1. Washer: Given in the

Xy- plane fi

a. a Vertical Rectangle X;

b. a Horizontal line L 0j

c. Any side of X is not _
connected to L.

When X; is Revolved about L, then a Solid
object W; produces in R®. The object W; is
Called the Disc with centre on L.

Outer Radius

Inﬁer Radius
ii. Volume of Washer W; .
Consider the Rectangle X; in the figure (3 i).

Note that

I. Distance (Upper Edge of X, x-axis) = f;
ii. Distance (Lower Edge of X, x-axis) = gj
ii. Distance (L, x-axis) = |

iii. Width of X; = AX; =X =X,

Then

I. Outer Radius of W; = fj— I
ii. Inner Radius of W; = g
ii.Width of X; = AX;

X = Xja
Thlckness of W;

iii. Volume of W;
= 2 [(5-1)>(gi-1)71Ax,



IV 1. Cylindrical Shell: Given in the xy-

plane 4->
a. a Vertical Rectangle X;
b. a Vertical line L

c.linesx=a,x=b L

| Xj-
gj

When X; is Revolved about L, then a Solid
object S;j is produced in R®. The object S is
called the Cylindrical Shell.

Shell S;

ii. Volume of Cylindrical Shell S;.
Consider the Rectangle X; in the figure (XV).

Note that

a. Distance (Upper Edge of X;, x-axis) = fj
b. Distance (Lower Edge of X, x-axis) = gj
¢. Width of Xj = Ax; =Xx; =X,

Then
a. Outer Radius of §; = x;-1
b. Inner Radius of §; = X1 -1
i+ X
c.Ave. Radius of §; =[1—— % —1]

d.Width of X; —ij =X; —Xj,4

= Thickness of S;
e. Volume of §;
=(fi- gi) 7[(X= 1’ (%= 1)’]
= 7 (fj= 05) [0 = X1 )X+ Xja = 21)]
=7 (fi— i) [+ X1 —21] AX;

X
=27 (fi- g) [P0t A,

=27 (fi- gi) (% —|)AX,-

[Xj* —lis called Average Radius of Shell]

V i. Arc Length:

Given:
a. A small Arc A; with end

points (Xj-1, fi-1) and (x;, ;)

b. The line segment L; joining

the points (-1, f(Xj-1)) and (x;, f(X;).

Length of Arc A; = Length of Segment L;
if AX; =X; =X, =0.

ii. Length of Segment L;

= % X P AL (x)— f(x,)F
= I =%, P+ 1% = %) F ()T

(By Mean Value Theorem)

= J1+(f'(x]))? Ax; ~Length of Arc A

IV i. Frustum F; : Given in the xy-plane: “
A small Slant Segment L; joining the points
(%1, T (x-1)) and (x;, f;) .

When L; is Revolved about x-axis, the surface

produced is called Frustum F; . ; o f)

(X1, i)

Formula: Surface Area of Frustum.= 7 | (r + R)

iii. Surface Area of Frustum F; :

:”\/(Xj _Xjfl)z +[f(xj)_ f(xj—l)]z{f(xj)+ f(xjfl)}

:ﬁ\HW} £F06)+ 06 MK —X,1)

j-1

2

Average Height of Trapezium

=27t (x])1+ (F/(x]) 7 Ax,

=2 \/1+ (TG ij[(f(xj)Jrf(Xj—l)j

L 1
By Interm Value Theorem




King Fahd University of Petroleum and Minerals Appendix 3(vii)
Department of Mathematical Sciences

SYLLABUS & Policies
Semester 11, 2004-2005 (042)

Course #: Math 102

Title: Calculus 11

Textbook: Calculus (Early Transcendentals) by H. Anton, 1. Bivens and S. Davis, 7"
edition, 2002.

Course Description: Definite and indefinite integrals. Fundamental Theorem of Calculus.
Techniques of Integration. Hyperbolic functions. Applications of integration.
Improper integrals. Sequences and series: convergence tests. Alternating
series. Absolute and conditional convergence. Power series. Taylor and
Maclaurine series.

Week Date Sec. # Topics
1 Feb. 12-16 6.1 An Overview of the Area Problem
6.2 The Indefinite integral: Integral Curves
2 Feb. 19-23 6.3 Integration by Substitution
6.4 Sigma Notation: Area as a Limit
3 Feb. 26-March 2 6.5 The Definite Integral
6.6 The Fundamental Theorem of Calculus
4 March 5-9 6.8 Evaluating Definite Integrals by Substitution

6.9 Logarithmic Functions from the integral Point of View

8.8 Improper integrals of the form j f (x)dx
1

Note: Chapters 7 & 8 will be covered after the presentation of Chapter 10

5 March 12-16 10.1 Maclaurine and Taylor Polynomial Approx. (till p. 644)
10.2 Sequences
10.3 Monotone Sequences

6 March 19-23 10.3 Monotone Sequences (Continued)
10.4 Infinite Series
10.5 Convergence Tests

7 March 26-30 10.5 Convergence Tests (Continued)
10.6 The Comparison, Ratio and Root Tests
10.7 Alternating Series Test; Conditional Convergence

Midterm Exam: April 3 (Sunday) 6:30-8:30 pm [Building 10]

8 April 2-6 10.7 Alternating Series; Conditional Convergence (Continued)
10.8 Maclaurin and Taylor Series; Power Series
10.10 | Differentiating and Integrating Power Series

MIDTERM BREAK: Thursday, April 7—Friday, April 15, 2005

9 April 16-20 7.1 Area Between Two Curves
7.2 Volumes by Slicing: Disks and Washers
10 April 23-27 7.3 Volumes by Cylindrical Shells
7.4 Length of a Plane Curve
11 April 30- May 4 7.5 Avrea of a Surface of Revolution
7.8 Hyperbolic Functions and Hanging Cables(pp. 509-513 only)
12 May 7-11 8.2 Integration by Parts (Please go over sec. 8.1 before starting 8.2)
8.3 Trigonometric Integrals
13 May 14-18 8.4 Trigonometric Substitutions
8.5 Integrating Rational Functions by Partial Fractions
14 May 21-25 8.6 Special Substitutions (pp. 558-560 only)
8.8 Improper Integrals

15 May 28-June 1 - Review and/or catching up




The students are advised to go through the following Text Exercises and consult

the Instructor incase of any difficulty in solving any exercise.

Sec. Suggested Practice Problems

#

6.1 2,3,10,14, 8,13

6.2 1(a),12,23,30,32,41(c),46,55(a), 2(a),15,27,33,48,55(b)

6.3 2(a),6(a),8,19,28,38,48,50,53(c),57,62, 6(d),16,26,46,54(b),55,67
6.4 1(e),2(c),5,10(a),19,25,28(a),41,49, 6,10(b),14,24,43,60

6.5 1,6,9(b),11(a),13(d),19,22(a),23, 8,14(d),20,22(h),26

6.6 5,18,29(a),31(a),39,50,54,59(a),61, 8,24,30(b),40,55,60(b)
6.8 4,17,20,23,32,37,45,55(¢),70(a), 18,21,26,30,42,50,55(a),69
6.9 1(c),3(a,c),16(b),17,21(a),25,34,43, 3(b,d),22,27,30

10.1 | 3,7,14,22,23,25,34, 11,18,21,26,35

10.2 |2,6,10,11,20,21,26,30,31,37,40, 8,12,16,22,36,43

10.3 |5,10,15,23,27,11,17,22,28,30

10.4 | 1,3,10,13,17,23(a),24(h),25(c),27,30, 2(a),9,14,20,25(a),33
10.5 | 1,4(a,d),7(b),12,16,25,29(a,c), 2(b),5(d),21,29(b)

10.6 | 3(a),4(a),9,11,19,32,38,43, 2,8,28,44,51

10.7 |1,6,9,14,22,26,33,37,46, 12,20,30,32,36

10.8 | 2,5,12,15,21,24,29,35,44,50, 10,16,23,38,47

10.10 | 1(c,d),6(d),7(a),9(a),14(a),25,27(a),33(a),34(a), 2(a),5(d),11,15(b),26,33(b),34(b)
7.1 3,6,9,14,15,32,33,44, 4,8,18,31

7.2 3,11,15,24,25,28,31,39(a), 8,20,30,33,39(b)

7.3 4,12,16,21,27, 10,20,26

7.4 4,6,9,12, 8,13

7.5 2,8,24, 18,23

7.8 3(b,d),4(a,c),12,15,33,37,51,64(b),67, 3(a,c),17,36,56(f),63(c)
8.2 2,7,14,18,23,27,37,41(a),46,54(a), 12,20,28,38,41(h),47,57(b)
8.3 8,11,21,30,41,51,55, 15,32,44,50,64

8.4 3,8,20,24,29,38,41, 4,25,31,45

8.5 2,8,9,14,16,25,30,33, 7,13,32,36

8.6 56,59,66,69,72, 58,71

8.8 1(b,c),2(a,b),4,12,17,26,29,31,41,44,62, 2(c),5,30,33,49

Evaluation:  Grades in this course are based upon the point total of Midterm Exam,

quizzes, Homework assignments and a comprehensive final exam (worth 200
points). The following grading scale can be used to estimate grades for
individual quizzes and exams:

90% - 100% 4.0 65% - 69.9% 20
85% - 89.9% 35 60% - 64.9% 15
78% - 84.9% 3.0 55% - 59.9% 1.0

70% - 77.9% 25




Homework:

Attendance:

Changes:

There will be no “make-ups” for exams or quizzes unless a valid excuse is
presented in advance., A missed exam or quiz will receive the score 0.
Students must look at this syllabus carefully and plan well ahead.

Weekly Homework problems will be displayed on instructors website every
Tuesday-Wednesday. Students must do the homework according to the
instructions. Homework should be submitted every Monday in the class.

You are encouraged to visit my office hours or make an appointment to
discuss any difficulties related to the course, including the homework
problems.

Remember:
“The best way to learn Mathematics is to do Mathematics.”

KFUPM policy with regard to attendance (lectures and recitations)
will be enforced. Students are expected to attend all class meetings and are
responsible for all of the material covered.

Any changes in the syllabus or in the scheduling of exams, quizzes, etc. will
be announced during class meetings. Students who miss a class meeting
should consult a classmate and also copy his notes for that meeting.
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MATH 101(Applied Maxima/Minima)
Appendix 3(viii)

Guideline to Solve Applied Maxima / Minma Problems

Label the unknown quantities.

Draw a diagram suitable for the Problem.

Identify the variable (in Step 3) that is to be Maximized or Minimized.

Find the Relation among the Variables / Known Quantities of the problem

7. Convert the Main Equation to Equation of 1 variable using Step 6, if

required

8. Find the interval suitable for the variable to be Maximized or Minimized.
9. Find the Critical Numbers of the function in Step 7.

*hkkhkhhkkhkkkhhkhkkhkhkhhhkkihkkhhkhkihkkihhkhkihkihkhkhhkkihkhhhkkihkkhhhihkhhhihkihkhihkihhihkiihihkikx

Ex 5.3
Q 2. How should 2 nonnegative numbers be chosen so that their sum is 1 and

sum of their squares is (@) as small as possible (b) as large as possible.
Solution:
1. Identify the Unknowns: 2 nonnegative numbers;

4.

S.

6.

Label the Unknowns:

Identify the Variable to be
Maximized/Minimized:

Relation among the Variables
Side Conditions:

Convert Main Eq. To Eq.
of One Variable:

Sum of Squares of x & y
X & y =2 nonnegative integers;

z = Sum of Squares of x & y

Interval for x & y
[0, 1]

e Find C.Nofz
x+y=1

z=x*+(1-x)* | zis Minimum: x =y = Y2
z is Maximum: x =1, y=0




MATH 101(Applied Maxima/Minima)

Q 8. A rectangle has its 2 lower corners on the x-axis and 2 upper corners on
the curve y = 16 — x°. For all such rectangles, what are the dimensions of the one

with largest area?

1. Draw the Diagram:

2. ldentify the Unknowns: i.Coordinates of upper corners of rectangle
Il. Length & Width of Rectangle
iii. Area of Rectangle

3. Label the Unknowns: B = (-x,0) C=(x,0)
D = (x, 16 - X%
W =16 - x°
A=Area of Rectangle
4. ldentify the Variable to be

Maximized/Minimized: A
Interval for x & y
> [0, 4]
6. Side Conditions: 0<x<4
] e Find C.NofA

7. Convert Main Eqg. To Eq. A=LW e Test the C.N. and

of One Variable: =2x (16 = x?) 0,4 for Max/Mini

3 values
= 32x-2X

y 2
A’=32-6 X AisMax.atx:y
C.N: \/§

L=2x=18
Tl
\/§ 2
W=16-X =3%




MATH 101(Applied Maxima/Minima)

Specimen Form for Solving Applied Minima / Maxima Problems [MATH 101]

Analyze the Word Problem by Filling in the following Table

Item Analysis

Draw the Diagram
(if required)

Identify and Label
the unknowns

Identify the Variable to be Optimized
(Maximized or Minimized)

Relation among the Variables
(May need Geometrical Formula)

Side Conditions
a) Relation between the variables
[other than the variable to be

optimized]
b) Any Restriction on the Range
of Variables.

Convert Main
Equation

To Equation of One Variable
(Use (5) in (4)

Find Critical Number(s)
of the Variable to be Optimized

Use 2" Derivative to Test
Stationary Points for Local
Extrema (if Required)

Form a Table to Test
a) all C.N.
b) the numbers restricting
the Independent Variables
in (6)

for
Absolute Maxima Minima




MATH 101(Applied Maxima/Minima)

Classroom Problems
(Use the above Table to solve the following problems)

Q 19. An open box is to be made from a 3 ft by 8 ft rectangular piece of sheet metal
by cutting out squares of equal size from the 4 corners and bending up the sides.
Find the maximum volume that the box can have.

Q 26. Show that the right circular cylinder of greatest volume that can be inscribed
in a right circular cone has volume that is 4/9 the volume of the cone.

Q 38. A trapezoid is inscribed in a semicircle of radius 2 so that one side is along the
diameter. Find the maximum possible area of the trapezoid.

Q. Find all points on the curve x* — y* =1 closest to (0,2).



Appendix 3(ix)
MATH 102 [Homework 11: Due on Wed, May 11]

Q1. Find the volume of the solid by rotating the region bounded by the given curves about the specified line.
Sketch the region, the solid, and a typical disk or washer:

i.x=y-y* x=0; abouty =0.

2/3

ii.y=x""", x=1, y=0; about y —axis.

Q2. Find the volume of a frustum of a pyramid with square base of side 4, square top of side
1 and height 6. (Sketch the diagram. Use the method of cross section)

Q3. Set up, but do not evaluate, an integral for the volume of the solid obtained by rotating
the region bounded by the given curves about the specified line.

i. y=0, y=sinx,0< x<7; abouty=1.
ii. 2x+3y =6, (y—l)2 =4-x; abouty = -5.

Q4 . (Review) Find the limit of the sequence:

. { inn }:=2 U {1'2“(424512):71) } n=2

Q5. (Review) Find the sum of the series: i?’ +2
n=1

n





