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Abstract 

In this paper, we study the results of some undergraduate mathematics major 

courses, where these courses require doing mathematical proofs, and we 

compare those results with other general mathematics courses in which 

mathematical proofs are not essential. Mainly, we find that the percentage of 

student’s grades which are above or equal to 80 (A or B grades) is much more 

in general math courses than in major math courses which require mathematical 

proofs. 

Keywords: Major Math Courses; Mathematical Proofs  

 

1. INTRODUCTION 

In general, math courses can be classified into two groups: math courses which require 

computations and major math courses which require mathematical proofs. Normally, 

students find those general courses easier than major math courses which require doing 

mathematical proofs, even for math students themselves. University students after 

finishing their first academic year, are then supposed to take math major course in 

which they will learn: writing mathematical arguments, understand the classical logic 

and investigating the validity of a statement, method of proofs. Then in this stage, they 

will be considered differently from other non-math major students, and this will be the 

beginning of their main job as mathematicians, which is “proving theorems”. 

Let us ask the following questions: What is mathematics? Do we need mathematical 

proofs? How to construct a mathematical proof? 

Many authors presented talks on this subject, for example see [1], [2], and [4]. 

We mainly answer the above questions, based on previous studies, see for examples 

[3], [5] and [6]. 
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Mathematics is an abstract representational system used in the study of numbers, 

shapes, structure and the relationships between these concepts. Mathematics is the 

language of Science. Indeed, a mathematician is a machine that turns coffee into 

theorems, his main job is to prove such theorem. 

A mathematical proof is a justification, a sequence of arguments which shows the truth 

of something. It is a method to convince others with some idea, using logical arguments. 

Following the classical logic, every statement must be either true (T) of false (F), never 

both or none. An argument begins with a set of assumptions and proceeds to a 

conclusion. We need proofs in math, first, because we want to be sure that what we do 

is absolutely true. There are enough sources of error in our calculations, from 

measurement to misunderstanding of formulas. 

If we have a conjecture, then the only way that we can safely be sure that it is absolutely 

true, is by presenting a valid mathematical proof, and then it is now called a theorem. 

For example: 

 

Theorem (Euclid): 

There are infinitely many prime numbers. 
With the powerful computers, all we can do is to verify that there are very large prime 
numbers, but still can say nothing about the existence of prime numbers with size 
beyond the ability of the current computers. 
Mathematics is not dependent on partially known physical laws or unpredictable human 

behavior, but simply on reasons. Mathematical proofs are a sequence of steps which 

leads to a conclusion, it is used to convince the community of the truth of an argument. 

Then the most visible role of proof is to verify the truth of deduced theorems. 

It is known that students normally face difficulties on understanding and constructing 

a complete mathematical proof of a certain statement. The author considers the 

mathematics courses which have been taught since about twelve years of service at the 

Department of Mathematical Sciences in UAE University. It has been noticed that in 

general, students prefer questions requiring evaluations and computations rather than 

proving statements. Indeed, many students know the answer for a question, but they 

face difficulties of writing a   mathematical proof. 

In this paper, we consider the results of undergraduate mathematics courses which have 

been taught by the author only. These courses are divided into two groups: Group 1 

(General Math Courses) and Group 2 (Major Math Courses Required Mathematical 

Proofs).  The main results are presented in Section 2 which are summarized on 

Propositions 1,2,3 and 4. We study the results on each group. Mainly, we find that the 

percentage of student’s grades which are above or equal to 80 (A or B grades) is much 

more in general math courses (Group 1: 32.5%) than in major math courses which 

require mathematical proofs (Group 2: 16.2%). Finally in Section 3, we give our 

conclusions and remarks.  
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The author is specialized on functional analysis, in which mathematical proofs, as well 

as other pure mathematics field, is the crucial work of research. Most of the courses 

offered at the Department of Mathematical Sciences at UAE University are general 

math courses, in which the student’s major are science, engineering (Eng), information 

technology (IT) and business. The undergraduate pure mathematics courses which had 

been taught by the author are: set theory and logic, introduction to analysis, real 

analysis, complex analysis and discrete mathematics for IT. But in any course, the 

author always gives certain problems require mathematical proofs, to see the ability 

justifying statements by logical arguments. In this study, we did not include course 

which had been taught by the author in different universities, neither courses by other 

instructors at UAE University, in order to put all the considered coursed under the same 

scale. 

 

2. A STUDY ON MATH COURSES WITH MATHEMATICAL PROOFS 

In this section we study the results of many mathematics courses, which have been 

taught by the author since about 12 years of service at the Department of Mathematical 

Sciences in UAE University. The courses are divided into two groups: General Math 

Courses and Major Math Courses Required Math Proofs. Each group is listed as below: 

General Math Courses: Calculus 1, Calculus 2, Calculus 2-IT, Calculus II for 
Engineering, Differential Equations for Engineering, Calculus for Business, Linear 
Algebra for Engineering, Advanced Calculus and Contemporary Applied Mathematics. 

Major Math Courses Required Math Proofs: Discrete Mathematics for IT Students, 
Introduction to Analysis, Real Analysis, Set Theory and Logic, Complex Analysis. 
All the above mathematics courses have been taught by the authors, very often on both 

Fall and Spring semesters along 12 years of service at UAE University. We list the 

results of each section on each time it was offered. Of course, the number of general 

math courses is more the major math course. Also, the enrolment students in general 

math courses are more than the enrolled students in major math courses. Questions in 

general math courses are normally stated by asking using the verbs: calculate, evaluate, 
find, compute, solve, describe, etc… which mainly requires from students to evaluate 

by applying main theorems and results. However, for the major math courses which 

require mathematical proofs, normally questions will. Be stated by asking using the 

verbs: prove, show that, clarify, justify, explain, etc… which mainly requires from 

students to use mathematical proofs, in order to justify the validity of a statement, which 

can be either true (T), so a complete general proof is required by any method of 

mathematical proof, or false (F) which requires that a students should provide a 

counterexample showing the statement is not mathematically valid in general. 

In the following tables, as a survey, we list the result of each section, consisting of the 

following items: 

 The code and title of the course, 

 The semester on which the section is offered 
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 Enrolment of students,  

 Number of students got marks above or equal 80 out of 100, 

 The percentage of those students got mark above or equal 80 out of 100, 

 The average of the marks in the sections, and 

 The pass percentage of the section. 

 

Group 1: General Math Courses 

No. Course 
Semester 

offered 
No. Stud. >=80 >=80% Average Pass % 

1 Calculus 1 Fall 2009 22 2 9% 57 54 

2 Calculus 2 Fall 2009 4 0 0% 65 100 

3 Calculus 2-IT Fall 2009 15 0 0% 55 73 

4 Calculus 2 Fall 2020 28 7 25% 69 79 

5 Calculus 1 Fall 2011 31 3 9.6% 62 68 

6 
Calc-II-

Engineering 
Fall 2013 28 8 28% 68 86 

7 Diff-Eqns_Eng Fall 2013 17 8 47% 79 100 

8 Calc-Business Fall 2014 26 4 15% 67 62 

9 
Calc-II-

Engineering 
Fall 2014 35 7 20% 69 74 

10 
Calc-II-

Engineering 
Fall 2014 36 11 30.5% 71 86 

11 
Calc-II-

Engineering 
Fall 2015 26 8 30.7% 68 85 

12 
Calc-II-

Engineering 
Fall 2015 34 7 20.5% 66 75 

13 
Linear 

Algebra_Eng 
Fall 2016 27 10 37% 74 93 

14 
Linear 

Algebra_Eng 
Fall 2016 37 17 45% 75 97 

15 
Calc-II-

Engineering 
Fall 2017 11 6 54% 66 73 

16 
Calc-II-

Engineering 
Fall 2018 36 8 22% 66 75 

17 
Calc-II-

Engineering 
Fall 2018 33 15 45% 69 79 

18 Diff-Eqn_Eng Fall 2018 31 18 58% 78 100 

19 Calculus-1 Fall 2019 35 5 14% 62 65 
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20 Calculus-1 Fall 2019 34 4 11% 64 64 

21 
Advanced 

calculus 
Fall 2019 6 5 84% 87 100 

22 Diff-Eqn_Eng Spring 2009 20 6 30% 72 100 

23 Diff-Eqn_Eng Spring 2009 22 5 22.7% 73 90 

24 
Linear 

Algebra_Eng 
Spring 2009 18 4 22.2% 72/100 85 

25 Calculus 2 Spring 2011 17 6 35% 67 88 

26 Calculus-2-Eng Spring 2013 30 14 46% 73 86 

27 Calculus-2-Eng Spring 2014 15 3 20% 65 93 

28 Diff-Eqn_Eng Spring 2014 23 11 47% 77 86 

29 Calculus-2-Eng Spring 2015 30 9 30% 71 90 

30 Diff-Eqn_Eng Spring 2015 35 12 34% 74 91 

31 
Linear 

Algebra_Eng 
Spring 2016 39 

 

14 
36% 73 

 

97 

32 
Linear 

Algebra_Eng 
Spring 2017 26 8 30% 70 

 

88 

33 
Linear 

Algebra_Eng 
Spring 2017 16 10 62% 82 100 

34 Calculus-2-Eng Spring 2017 17 8 47% 64 82 

35 Calculus-2-Eng Spring 2018 39 22 56% 77 92 

35 Calculus-2-Eng Spring 2018 36 16 44% 72 91 

36 Calculus 1 Spring 2019 32 4 12.5% 58 56 

37 
Contemporary 

Applied Math 

Summer 

2013 
28 18 64% 80 100 

 All Courses  995 323 32.5 % 69.9/100 84.3% 

 

Proposition 1: Total Results for General Math Courses are as follows: 
1. Number of students: 995 
2. Number of students got marks above or equal 80 out of 100: 323 
3. Percentage of Marks >= 80/100: 32.5% 
4. Total average of the marks in the sections: 69.9 
5. Pass Percentage: 84.3%. 
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Group 2: Major Math Courses Required Mathematical Proofs 

No. Course 
Semester 

offered 

No. 

Stud. 
>80 >=80% Average Pass % 

1 Discrete Math Fall 2010 19 0 0% 60 57 

2 Discrete Math Fall 2010 20 3 15% 74 85 

3 Discrete Math Fall 2011 19 3 15.8% 71 100 

4 Discrete Math Fall 2011 16 0 0% 63 81 

5 
Introduction to 

Analysis 
Fall 2011 9 2 22% 75 100 

6 Discrete Math Fall 2012 11 4 36.4% 75 100 

7 Real Analysis Fall 2012 8 2 25% 65 75 

8 Real Analysis Fall 2013 22 0 0% 55 72 

9 
Set Theory & 

Logic 
Fall 2017 14 2 14.3% 54 57 

10 Real Analysis Spring 2010 16 1 6.25% 65 81 

11 Discrete Math Spring 2011 25 5 20% 71 96 

12 Discrete Math Spring 2011 28 4 14.3% 65 86 

13 Discrete Math Spring 2012 23 4 17.4% 68 78 

14 
Introduction to 

Analysis 
Spring 2012 8 1 12.5% 67 87 

15 Real Analysis Spring 2012 11 1 9% 60 72 

16 Discrete Math Spring 2013 25 8 32% 77 96 

17 
Complex 

Analysis 
Spring 2013 25 6 24% 76 100 

18 Real Analysis Spring 2016 18 3 16.6% 64 83 

19 
Introduction to 

Analysis 
Spring 2018 9 2 22% 65 88 

20 
Introduction to 

Analysis 
Spring 2019 19 5 26.3% 71 73 

 All Courses  345 56 16.2% 67.05/100 83.35% 

 

Proposition 2: Total Results for General Math Courses are as follows: 

1. Number of students: 345 
2. Number of students got marks above or equal 80 out of 100: 78 
3. Percentage of Marks >= 80/100: 16.2% 
4. Total average of the marks in the sections: 67.05 
5. Pass Percentage: 83.3%. 
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Then combing Proposition 1 and Proposition 2, we deduce the following: 

 

Proposition 3: Among all the mathematics courses which were taught by the same 
instructor and including Groups 1 and Group 2, we have the following results in 
general: 

1. The pass percentage does not depend directly on the course, i.e. among either 
Group1 or Group 2, we have the same pass percentage, almost. 

2. The average of the section’s marks does not depend directly on the course, i.e. 
among either Group 1 or Group 2, we have the same average, almost. 

3. The percentage of student’s grades which are above or equal to 80 (A or B 
grades) is much more in general math courses (Group 1: 32.5%) than in major 
math courses (Group 2: 16.2%). 

 

Proposition 4: Major math courses require mathematical proofs, which are consisting 
of logical arguments and deep understanding, so that students will not easily get higher 
grades in those courses. On the other hand, on general math courses, students will 
apply mathematics theorems to establish or evaluate a certain quantity, which mainly 
depends on understanding the theorem beside strong skills to be used. Then in those 
courses higher marks will be easier to be achieved. Indeed, the percentage of grades 
above or equal 80 (A or B grades) is much more in general math courses than in major 
math courses having mathematical proofs.  
 
Proposition 5: Critical thinking questions can be in both Groups 1 and Group 2. The 

more critical thinking the less the higher marks, no matter the course belongs to Groups 

1 or 2. 
 

3. CONCLUDING REMARKS 

Finally, let us conclude and comment on the following points, as a result of the current  

research. The math courses which have been studied in this research were all taught by 

the same instructor, so we can say that the same scale has been used uniformly on 

teaching such courses in Group 1 and Group 2. Each instructor has his/her own policy 

of evaluating the student’s answers. Major mathematics courses, are consisting of 

mathematical proofs and logical arguments, which require deep understanding from 

students. Then we expect the grades of students will be relatively lower than those 

general math courses, which mainly requiring computations using mathematics 

theorems. Indeed, lower grades does not mean less achievement or understanding of 

course, but lower grades are due to critical investigation of the logic of the mathematical 

proofs. Hence, the instructor will be more precise on evaluating the work of the major 

math students, as they are supposed to write in justified logical steps, not only 

evaluations. Students in major math courses are expected to write complete justified 

statements in their answers (both Math and English) in order to get a full mark. 
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According to classical logic, if at least one logical step is missing, then the whole proof 

will not be under consideration. This explains normally the lower grades among major 

math courses. Indeed, the percentage of grades above or equal 80 (A and B grades) is 

much more in general math courses than in major math courses having mathematical 

proofs.  It is also worth to be mentioned that in the general math courses (most of the 

time are general requirement courses), the majority of audience are engineering 

students, and those in general have stronger skills of computing and evaluating things 

than others.  
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