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Abstract

In this paper we are studying the connection between the exam failure rate of a course in a university and the capacity of
the teaching rooms offered for the teaching of this course in this specific university

More specifically

1) We determine a function that informs us about the number of students that have the right to attend the course every
moment

2) We calculate an upper bound of the exam failure rate of the course in relation with the capacity of these courses
teaching rooms so that in any academic year the students have the ability to attend this class.

3) We create a mathematic function that demonstrates to the administration authorities of the university the decisions that
need to be made about the enrollment the transcriptions the deletion of students and about the capacity of the teaching
rooms so that in any given moment the students are able to attend the class no matter what courses exam failure rate is

1. Introduction

The motive for this particular paper is the fact that in several Greek universities there is a frequent phenomenon of
students, who have the right to attend an academical course, being more than the offered positions in the teaching room.
The reason of this phenomenon is the fact that the number of students that fail the course exam is such that the previous
academical years failed ones (that obligingly have to select the same course again) along with the new students are more
than the offered positions. So we tried to find an upper bound in the failure rate so that this phenome-non can be eradicated.
In addition we create condition according to which each university administration authorities can make decisions about
the capacity of the teaching rooms, the students’ enrollments etc so that there are always available positions no matter
what the failure rate is.

Problem Statement
More specifically lets think of a supposed university department about which we can make the following assumptions
1) Cis the number of positions the department has for this course
2) The number of the students that have been accepted in the departments is stable and equal to A
3) The course is compulsory and all the A students have to select it. This means that nobody can graduate if they
have not pass this courses exam
4) A number of the A students is finally positioned in other departments and a different number of students
coming from other departments is positioned in the particular department
5) Letd;i=1,23........ n, N e N the courses failure rate. This mean that if Y is the number of students that have

selected the course thend .Y is the number of the students that failed the exam of the year so they have to

select it again the following year. Obviously 0<di<1 Vi=12..n .neN

We do not accept the case di=0(which means that all the students have passed the exam) and the case di=1(which is means
that all the students have failed the exam)

On this paper we use some mathematical tools. Mathematical tools that are necessary to prove our following claims.
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More specifically, we use the sum and the product of n numbers

n
a+a,+..+a+..t+a, = 4 (2.1)
i=1

And a,-a,----a--a,=]]a (2.2)

L, oat-1
l+a+a’+a’+...a"=) a = when a=1 (2.3)
i a-1
(see[6]) .
Also we use the limit of the sequence a" when 0<a<1 .This sequence converge to 0
L
hma =0, (2.9)

Another mathematical tool which we use is the notion of derivative. Actually we use the following Theorem of
Differential Calculus

Theorem2.1: Assume f is continuous on a closed interval | [a,b] and assume that the derivative f exist everywhere
on the open interval (a, b), except possibly at a point c.

(@) If f(x) ispositiveforall X<C and negative forall X>C ,then f has a relative maximum at c.

(b) If, on the other hand, f (X) negative forall X <C and positive forall X>C then f hasa relative
minimum at c. (see more details [2].[6])

3. Main Results
3.1 Determination of the Function That Calculates the Number of Students that Select the Course the Year i.

We initiate the study from the year the department was founded. Let A=the number of students and r; =the percentage of
transfers students to another university department of the country. Thus there are (1— rl)'A 0<r;<1 left. At the same
time B, students are coming with transcription to the department .So the total number of students is(l— q)- A+B, d, =is
the failure rate of the course the first year. Then d, [(1— q)- A+ B] is the number of students that fail the exams so they
have to select the course again the following year. Specifically during the second year of the departments function there
is:

A=the number of new students
r,= the percentage of transfers students to another university department of the country
B,=number of the students that come from another department

So the number of the new students that will select the course will be (1-,)- A+ B, .These student along with the ones
that who fail to pass it will bed, -[ (1-1,)- A+B, ]+(1-r,)- A+B,

d, =is the failure rate of the second year.
So the number of students that will have to try again the following year will be:

d,-(d,[(1-1r)-A+B, ]+(1-1,)-A+B,)=d,-d,-(1-1,)-A+d,-d,-B,+d, (1-1,)- A+d,-B,  The

third year of the departments function the number of the new students will be (1— r3) -A+B; .
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The number of students that will attend the course will be

(1—r3)-A+ Bs+d2-dl-(l—rl)-A+d2-(1—r2)-A+d2-dl-Bl+d2-Bz,

d, = the failure rate

So the number of students that will try again the following  year  will be:
dy-{[(1-1,)- A+B, ]+d,-d;-(1-1,)- A+d,(1-1,)- A+d,-d,-B+d, B, } =
d;-d,-d,-(1-r)-A+d;-d,-(1-r,)-A+d,-(1-r,)- A+d,-d,-d,- B, +d;-d,-B, +d;-B,

To make this

procedure more general during the n+1 year of departments function the number of students that will attend the course
will be the sum of the students who failed the exams the previous n year plus with the newcomers of the year n+1,
ne N So,itwill be

d,-d_...d,-d-(1-r) A+d,-d ..d,-(1-r,)-A+..+d -d - (1-r_) A+d, -(1-1,) A+

d-d ,..d,-d-B+d-d ..d,-B,+.... +d,-d,,-B_+d,-B +(1-r,,) A+B,,

n+1

The previous sum can be written (see 2.1) and (2.2)

zK "K di].(l_rk).A}gka[di].Bk}(l_rm).m B,.,

k=1 i=|

Therefore the function that gives us the number of students that attend the course in the year n+1 will be:

f :ZK nk oli].((l—rk)-AJrlsk)}r(l—rn+l)~A+Bn+l .

k=1 i=
The variables of T are supposed to be the failure rate d,,d,,......d,

3.2 Calculation of the Maximum Failure Rate That Can Be Allowed

We have mentioned that the department has a number C of attending positions so must f <C . However, since the
failure rate is not stable we define the function having as a variable the maximum failure rate.

More specifically let us assume that d =max{d,,d,,....d,} the maximum failure rate during the n years of the

department function. Then [ [ d; <d"™* (see[14] ) therefore
i=k

f< Zn“d”*k*l ((1-1)-A+B )+ (1-r,,)-A+B,,
k=1

We want the maximum of f to be less than C. For this reason we consider that

r=min {rl, PRI rn} is the minimal rate of students who go to another department.
Then r,>r,vk=12...n+1<1-r <1-r weobtain(1-r )-A<(1-r)-A
Consequently we assume that B=max{Bl,Bz, ...... Bml}is the maximum number of students who come to our

department by transcription from another department of the country. Obviously B, <B,Vk =12....n+1 then we

have
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). A+ B”+l :((l_r). A+ B).idn7k+l+(l_rn+1). A+ Bn+1

k=1

f Szn:d”’k*l-((l—r)-A+ B)+(1-,
k=1

n+l

However (1., )- A+ B,,, <(1-r)- A+ Band now we have

n+l —

f < ((1— r) A+ B)~Zd n-kd +(l— r ) A+ B now denoting n-k+1=m when k=1,2...n then we obtain m=n,n-1,.....2,1.

k=1

Thus f < ((1—r)~A+B)'idm+(1—r )-A+B =
k=1

[(1-r)-A+ B].dm_d +(1-r)-A+B=

d-1

d™-d+d-1 griog %9
[(1-r)-A+ B]-Tz[(l—r)-m B] T

We have that d & (0,1) and we found that lim d"* =0 (see 2.4).

0-1 1
f=[(1-r)-A+B] 2T =[(1-r)-A+B]-— .
Thus max f =[(1-r)-A+ ]d—l [(1-r)-A+ T4
. 14 1 (1-1)-A+B
f<Ce[(1-r)-A+B]——<C > = e1-dx o LETE
Must max Q[( I’) + ]1—d <:>(1_r)-A-i-B C<:> c
ed Sl‘wﬁ d gc_(l_é) A-B (1)

The condition (1) states that if the maximum failure rate of the course,d is less than or equal to the value
C-(1-r)-A-B
C
Example 3.1 Consider that if one year thestudent transfers to other department have been banned but this department
accepts students from other department then r =0 .Also we consider that the maximum number of the students who

then the department will never face a capacity issue.

25
C—(1—0)~A—m~A7 C-125A_, A
C C T C

. 25 .
come to the departmentis B, = 00 A. Then according to (1) we have ;

. 1
If the department has 380 positions and A=150 then d <1-1, 25.% ~ 0,507

If the maximum failure rate is less than 50% then there will never come up a capacity issue but in any other case the
danger is very big.

However we have to confess that the previous upper bound contains important dangers to the quality of studies and the
function of the department.In particular, it is not morally accept that the examiners adjust the grades of the exam questions
so that the previous rate is accomplished. They need to be independent during the exam so that they can achieve their
academical duty. Thus we have to determine one function which irrespectively of the exam failure rate, can give the
ability to the administration authorities of the department to change other parameters, so that there will never come up a
capacity issue. We named this function parameter determination function PaDeFu

3.3 Creation of the Function PaDeFu

One factor that maximizes the danger that the department does not have enough space for the attention of the course is
the fact that students who have not been able to pass the exam during many years are still enrolled. Thus it is normal
that after m years of functions in the year m+1 the department can delete the students that select the course in the first
year of function and still have not passed the exam. In the year m+2 the department deletes the students that selected the
course in the second year of function and still have not passed the exam etc.
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3

According to the thing we have mentioned before we know that in the year mZ[ d.j [1 r)-A+B ] students

k=1

failed the exam.

Among these students the department expects [Hdi)[(l—rl)- A+ Bl]who are the ones that selected the course in the
i=1

first year of function and keep on failing the exam.

Thus,thereareZ( d,j 1 r) A+B] left.

k=2

In the year m+1 Z(Hd,J [1 r -A+B ] +1)~A+ B,.. students will select the course. In this year

k=2 \_i=k

dmﬁ-Hsz dij-((l—rk)-A+Bk)]-(1 M) A+B, } f(ﬁdj[l r,)- A+ B, |students will fail the exam.

k=2 \i=k k=2 \_i=k

m-+1

m+1/ m+l
Among these students [H d, J . ((1— r, ) A+ Bz)will be deleted. So there will be Z(Hdi )((1— r)-A+B) left.

i=2 k+3 \_i=k

m+1/ m+l
In the year m+2 (Z(Hdij-((l— r)-A+B.))+(1-r,,) - A+B,,, students will select the course. In this year

k+3 \ i=k

((Zl(ﬁdJ( )-A+B )] (1-r,,)-A+B, J = Zz[ﬁdj( )-A+B,) students will fail the exam.

k=3 \'i=k k=3 \|i=k

If we go on with this procedure, in the year m+n+1 [ > ( d,j [(l r)-A+B ]j —loinit ) A+ B, students

k=n+1\_i=k

will select the course. In order to avoid the capacity issue it is necessary that P =

(mz (ﬁdij-[(l—rk)-A+Bij+ ~Tynn) A+B, . <C

k=n+1\ i=k

d= max{d} p- max{B} .4 r= min{r}

i=n+1,n+2,.... n+m+1’ i=n+1,n+2,....n+m+1 i=n+1,n+2,...n+m+1

We consider then we have

m+n

P S(:idmm'[(l_r)' A+ B])+(1—r)-A+ B=((1-r)-A+ B)-( >

d m+n—k+1 + 1j

k=n+1

m+n m dm+1
Nevertheless Y d™"**=d™+d" " +..+d =) d*= (see 2.3)

k=n+1 k=1

d™ —d d™—d+d-1
Therefore P < ((1-r)- A+ B)-[ +1J=((1—r)-A+ B)-T@
P<[(1—r)‘A+ B]- " -1 We want to calculate d such that ((1-r)-A+ B)-dmﬂ_lsC@
- d-1 d-1

C C C

dm™-_1>—~  .(d-1 dmt— -d -1>0
A @Y T T A A
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C C-(1-r)-A-B
dm+l_(1—r)-A+ 5 d+ (1(—r)-?6\+ 520  when de(0,1) Now  we  study  the  function
f(X)=Xm+1— C C—(l—l’)~A—B

1-r) A B ' (1-r)A+B

We want that VX € (0,1) the f(x)>0 such that any failure rate would not cause capacity issue.

' . C
Now we derivative the function f f (x)=(m+1)-x —m
f(%)=0cx= c i (does no matter if m is even or odd number because x>0).So f (x)>0

(m+1)-((1-r)-A+B)
for every X&(0,%,) and f'(x)<O forevery Xe&(X,,+00) .From the previous results we have that the function f

is strictly increase in (XO,+00) and strictly decrease in (0, XO) .(see theorem 2.1)

C-(1-r)-A-B

lim f (x) =
Thus 1im f (x) (1-r)-A+B

>0(we consider A>(1-r)-A+B because in a different case it is possible that the

tudents will f it from the first year function).Also f (1)=1 C__,C-(-r)As
stuaents wi ace capacity even trom tne Tirst year tunc IOﬂ). SO = (1—r).A+B (l—l’)~A+B

=0 so

since f is strictly decrease in (0, XO) will be strictly decrease also in (0.1). Therefore Vxe(O,l) f(x)>f(1)=0.

Therefore vxe(0,1) we have the desired result f(x)>0 SO must
X, >l c a>1<:>\c >(m+1)-((1-r)- A+B)|
(m+1)-((1-r)-A+B)

The last one is the PeDeFu where C= is the number of the offered positions
m=the time interval during which every student has to pass the course
r=maximum rate of transcriptions, A=the number of the new students
B=maximum number of students with transcription.

It is necessary for the departments administration authorities to be aware of the previously mentioned condition so that
they will adjust the previous parameters with the intention to keep this condition valid in any case.

However it is time to refer to some commitments .More specifically the department has a function regulation that stable
for a period of years and cannot be changed every year. This where the time interval m, during which every student has to
pass exam, will be mentioned. So we can accept that m is stable (or that it can be changed but only after many years have
passed). We can also accept that the number of positions C is stable. However the department could construct or even rent
some positions, if that would be possible. But in that case the function expenses would increase and that would definitely
be something not easy to do. Therefore, we accept that C is stable.

In addition the transcription rate r <(0,1) is not stable. However the department needs to be prepared for the negative
possibility of r=0, which is means that not even one student leaves. Then in that case the only variables are A the
number of the new students and B the number of the students with transcription.

C

Thus must C>(m+1)-(A+B) < |A+B< — .Therefore the number of students that will be accepted every year has

to be less than £
m+1
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4. Conclusions

If we keep in mind that the students pay fees we can investigate the existence of a condition so that the department does
not have a capacity issue and at the same time maximizes the income .In addition by doing a research and collecting
statistical data we will investigate the creation of a condition according to which the r and B are stable and come from the
data of the past. Also, since the attending of the course is not obligatory we will create a new condition which can solve
the problem given that the new variable will be course attending rate
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