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ABSTRACT: The expert system implemented at the
“Tibiscus” University of Timisoara, Romania is applied for
almost ten years to ensure the quality assessment of the
educational process, made by the students at our university
using an online web-based application. Our portal allows
the evaluation by students, the interpretation of the results
and the study of the evolution of the results. We’re using
statistical indicators as the average, the mean squared
deviations, the class values, the correlations and others. The
results of the statistical analysis of the current evaluation
are afterwards used on departments to improve the
educational methods. However, a statistical survey upon
the evolution of the students’ responses throughout their
academic course has never been done, so in this paper we
present a study on similarities responses as students filed
in years of study, to be concluded on academic
management measures that it has taken to improve the
methods and techniques of teaching and examination.
KEYWORDS: Fisher test, Student test, students'
satisfaction, education assessment.

1. INTRODUCTION

Previously ([KM14]), we presented a survey upon
the evolution of the B.Sc. students’ satisfaction upon
the educational process. As presented in the paper,
students’ expectations are fulfilled: more than ¥ of
the students are satisfied/very satisfied on the
offered conditions: between 2011 and 2014, 78 to
80% of the answers are “good” and “very good. We
could also determine that the students’ expectations
improve continuously during their academic route:
in the same period, 78 to 89% of the answers were
“good” and “very good”. The differences between
the studying years are low; we concluded that the
results are harmonious and reflect a median trend of
the students’ opinion.

In [KM15] we also concluded that M.Sc. students’
expectations are fulfilled: more than 75% of the
students are satisfied (by answering “good” or “very
good”) about the studying conditions: between 2011
and 2015, 85-91% of the freshman answered “good”
and “very good”; 88-92% of the 2™ year students
answered “good” and “very good”.

Also, the students’ expectations improved during their
academic route: the “good” / “very good” answers
increased from 90 to 93% between 2011 and 2015.
In this survey, we tried to follow the evolution of the
responses during the standard 3-year B.Sc. studying
term, namely to determine if the evolution of
students’ answers follows the same trend.

2. MATERIAL AND METHOD

We analyzed the evolution of the means of the
student’s answers from the freshman year
(2011/2012) to last year (2013/2014), as presented in
Table 1 and Figures 1-15.

Question 1% Year 2" Year 3 Year
Q1 4.30 457 4.60
Q2 4.25 4.30 4.47
Q3 4.45 441 457
Q4 475 4.60 4.67
Q5 4.20 4.20 453
Q6 4.25 4,70 455
Q7 421 3.93 4.03
Q8 3.84 410 4.33
Q9 3.58 4.07 4.37
Q10 4.45 453 4.60
Q11 415 3.93 4.26
Q12 4.30 4.03 4.37
Q13 3.26 3.23 3.87
Q14 4.35 4,50 458
Q15 4.20 4.63 4.63

After reviewing, question by questions, the answers
of the students, we concluded that the evolution,
meaning the improvement (or not) of the students’
satisfaction regarding the educational process,
follows 3 patterns:
1) Some of the answers show a continuous
increase of the satisfaction: questions Q1,

Q2, Q5, Q6, Q8, Q9, Q10, Q14, Q15;
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Figure 2: Evolution of Q2 answers

Figure 8: Evolution of Q8 answers

4.6

/

4.5

4.4

\/ ——0Q3

4.3

2011 2012 2013

Figure 3: Evolution of Q3 answers
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Figure 4: Evolution of Q4 answers
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Figure 10: Evolution of Q10 answers
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Figure 5: Evolution of Q5 answers

Figure 11: Evolution of Q11 answers
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Figure 13: Evolution of Q13 answers
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Figure 14: Evolution of Q14 answers
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Figure 15: Evolution of Q15 answers

2) Some of the answers show a minimum in
the 2" year but go up at a higher average in
the last year: questions Q3, Q11, Q12, Q13;

3) Some of the answers show a minimum in
the 2™ year but go up at a lower average in
the last year: questions Q4 and Q7.

The main conclusion about the evolution of answers
is that the general trend shows the continuous
growth of students’ satisfaction upon the educational
process powered by the faculty.

However, this conclusion bases only on the
evolution of the medium value of the student’s
answers. To obtain a better (statistical) appraisal on
the changes between the responses of students in the
first year with those in 2" year and the changes
between the responses of students in the 2™ year
with those in 3" year, we apply several times (for
each question), a test to compare the averages of two
populations ([SP09]). Here, a population is
represented by all students of a year. Because the
population variances, namely of;, o3, , o3;,
j =1,15, are unknown and the three sample size
(for each question) are less or equal to 30, we first
apply a Fisher test to determinate if they are equal or
not, and then we apply a Student test with a
confidence level of test of @ = 0.05. In order to
apply this test, we need to compute the average, the
standard deviation and the sample size for each

question and each year in part. The results are given
in Table 2 bellow.

Table 2. The sample size, the mean and the standard
deviation for each question and each year in part

Question | First year | Second year | Third year
n;; =20 n,, =29 ng, = 30
0, X, =43 Xp1 = 45517 | x5, = 4.4333
s, = 0.4702 531 = 0.6317 s3; = 1.04
nyp =20 Nyp =29 N3, = 30
Q, Xy, =415 Xy, = 4.3448 X3, = 4.3
Sy, = 0.7452 532 = 0.6695 53, = 1.0554
ny3 =20 Nyz = 29 ns3 = 30
Qs 3x13 =445 | x5 = 42414 | x35 = 4.4333
s13 = 0.686 | s,, = 0.9876 533 = 0.9714
ny 4 =20 Nyq = 29 nz, = 30
Q4 X4 = 475 Xp4 = 4.5862 Xpp = 45
S1,4 = 0.4443 Sp4 = 0.568 534 = 0.9738
ny s =20 Nys = 29 nzs = 30
Qs X15 = 4.2 X5 = 4.2069 Xy5 =43
515 = 0.9515 S35 = 0.7736 | S35 =1.0554
nye = 20 Nnye = 29 nge = 30
Qs X16 = 4.25 X26 = 4.6897 | x54 = 4.5667
516 = 0.6387 Sy6 = 0.5414 S36 = 0.9714
ny ;=20 Nyy =29 ng; =30
Q, Xyy =4 Xp7 =3.9310 | x3, =4.0333
517 = 1.0761 S37 = 0.8422 s37 = 1.3257
n;g =20 nyg =29 nsg = 30
Qs X1 = 3.65 Xy = 4.069 | x5 = 4.2333
518 = 1.0894 Sy = 1.0997 | s3g = 12507
nyq = 20 Nye =29 nzo = 30
Qo X190 = 3.4 X0 = 4.0690 X3 = 4.2
539 =1.0954 | 5,9 =07987 | S39=1.0635
ny10 = 20 ny,0 =29 ng10 = 30
Q10 X110 = 445 | x5,0 = 45172 | x340 = 4.4667
S110 = 0.8256 | 5,50 = 0.6336 s310 = 1.008
nyq, =20 Ny =29 n3q1 = 30
Q11 X111 =415 | x5 =3.8966 | x3,, = 4.2667
S1qp = 0.8751 | s34, = 0.8170 | s34, = 0.8277
Ny = 20 Ny1p =29 N1, = 30
Q12 X112 = 43 Xz12 = 4.0345 X312 = 4.2
S11z = 0.8645 | s51, = 0.8230 | s34, = 1.0635
Nyq3 = 20 Ny3 = 29 ng43 = 30
013 X113 = 3.1 Xp13 = 3.2759 | X343 = 3.8667
51103 = 1.1653 | 55,5 =0.9963 | 533 = 1.1666
ny14 = 20 N4 = 29 N34 = 30
Q14 Xy 14 = 4.35 Xp14 = 45172 | X314 = 4.5667
S114 = 08127 | 5,,, = 0.6336 | S314 = 0.5683
N5 = 20 Ny.5 = 29 ng15 = 30
Qs X145 = 4.2 X5 = 4.6207 X345 = 4.5
Sp15 = 0.8944 | 55,5 =0.7277 | s3;5 = 1.0422

In as follows, let j = 1,15.
We establish the statistical hypothesis of the
Fisher test that will be verified:
= gj; ofr Hy :05; = o3;: The null
hypothesis under which the variances of the
two populations are equal.

(] H00'12]

. H10'12]¢ 0-221

or

. A2 2.

The

alternative hypothesis under which the
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variances of the two populations are not
equal.

2

Then, using the formula F; = z;—] such that Fc=1
2j
2 .
(or Fp = Si—") we find out the computed value of
52']-

the Fisher test.

From the statistical tables relating Fisher
distribution for a confidence level of 95% (0=0.05),
we determine the critical value of the Fisher test.
The results of the Fisher test are given in Table 2
(bellow).

Table 3. The results of Fisher test

Question Computed value Critical value Conclusions Computed value Critical value Conclusions
0, Foy1, = 1.8051 Hy: 0% = o2, Fliz, = 27107 Hy: 0 # 03,
Q, Flpq, = 1.2387 Hy: 0% = 02, Flps, = 24846 Hy: 0% # 02
Qs Fo31, = 2.0706 Hy:o% # 0% Fe3.3, = 1.0335 Hy:0% = ok
Q. Foyq, = 1.6348 Hy: 0% = 02, Foy3, = 2.9389 Hy: 0% # 02,
Qs Fes.q, = 1.5125 Hy: 0% = o Fes.3, = 1.8609 Hy: 0% = o
Q6 Fog12 = 1.3916 Hy: 0% = 02, Feg32 = 3.2196 Hy: 0% # 0%
Q, Foy0 = 16323 Hy: 0% = o2, Fups, = 24775 Hy: 0% # 0%
Qg Feg12=1.0190 | F . =1.8051| Hy: 0k = o} or Feg3, = 1.2935 Fiqp = 1.972 Ho: 03 = of
Q Flgq, = 18811 H,: 02 # o Flos, = 1773 Hy:0% = 0%
Q10 Feipnz = 1.6977 Hy: 0210 = 0210 Fli032 = 2:5309 H,: 0% # o2
Q11 Fepp, = 11473 Hy: 0%y, = 02y, Ferra, = 10263 Hy: 0%y, = 0%y
01, Ferp, = 1.1034 Hy: 0%y, = 024, Ferps, = 16698 Hy: 0%, = 034,
Q13 Fey31, = 1.368 Hy: 0213 = 0215 Foi33, = 1.3711 Hy:0313 = 0313
Q4 Foig1z = 1.6452 Hy: 021, = 02y, Foigs, = 1.243 Hy: 0214 = 0314
Q15 Fuis2 = 1.5107 Hy: 02,5 = 0245 Fuiss, = 2.0512 Hy: 0215 # 0315

Now we can apply the Student test. First, we formulate
the null hypothesis under which the averages of the two
populations are equal (Ho: uyj = pp; Of Hy :psj =
uzj) and the alternative hypothesis under which the
averages of the first population is less then the average
of the second one (Hy: py,j < ppj OF Hy: iy j < psz j).
The computed value of the Student test, when the
population variances are equal (Table 4, Table 6),
uses the following formulas:

_ |2, — %o A (1 — )5y + (ny; — 1)sy
1 1 \ ny;+n,;—2

so|—+
Ny j

te

Naj

v="nq;+n, —2

The computed value of the Student test, when the
population variances are not equal (Table 5, Table
7), uses the formulas:

_ |7y =3
t, = —
2 2

s7; 8%

Myj  Maj

1

c? + (1-c¢)?
n;—1" my;—1

v =

2
N2,j51,j

c= z 1 2
Np,jS1,j T MN,jS25

Table 4. The results of Student test when we compare
the answers of the students form the first year with
those of the second year, when the population
variances are equal

The critical
The computed value
Question | value of the |for 0=0.05 and| Conclusion
Student test v degree of
freedom
0, t. = —1.52908
Q, t. = —0.95742
Q. t. = 1.087888
Qs t. = —0.02806
Q¢ t, = —2.60475
Q, t. = 0.253291
Qs to=—131571 | ¢, = 201174 | WHS He
Q10 t. = —0.32527
011 t. = 1.03747
01, t. = 1.087782
Q13 t. = —0.56832
Q14 t. = —0.81496
Q15 t. = —1.82035
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Table 5. The results of Student test when we compare
the answers of the students form the first year with
those of the second year, when the population
variances are not equal

The critical
The computed value
. value of the .

Question Student test for a=0.05 and| Conclusion

v degree of

freedom

Qs t. = 0.87239 teap = 2.01289 | Hyiptys < fys
Qo t. = —2.33616 Hy: o < figo

Table 6. The results of Student test when we compare
the answers of the students form the second year with
those of the third year, when the population variances

are equal
The computed | The critical
Question | value of the value Conclusion
Student test for 0=0.05
Qs t. = —0.75263
0 t. == —0,38989
Qs t. = —0.53646
Qs t. = —0.53906
tean = 2.002465 < U
Qs t.=-17281 | Hay = Hag
Q15 t. = —0,67232
Q13 t. == —2.094696
Q14 t. = —0.31611

Table 7. The results of Student test when we compare

the answers of the students form the second year with

those of the third year, when the population variances
are not equal

The computed | The critical
Question | value of the value Conclusion
Student test for 0=0.05
0, t.=0.53045 | t;qp = 2.010635
Q, t. = 0.195487 | t.o, = 2.009575
Q4 t.= 041701 | t,q = 2.012896
Q6 t. = 0.603269 | t.o, = 2.014103 Hoy < Hay
Q, t. =—=0.35499 | t,q), = 2.009575
Q10 t. = 023153 | t,qp = 2.009575
Q15 t.= 0517132 | tio, = 2.007584

3. DISCUSSION

We assumed that a standard system of evaluation
and quality assurance follows the operating rules of
a standard management system (see Figure 16):
o we have the educational process (PC) we
need to improve;
e we have the quality management system
which tracks the PC working (DC);
e we have the inputs of the system (v):
students and teachers;

e we have the results of the process (z):
knowledge and abilities;

e we have the feedback of the process (r)
based (partly) on student’s evaluation;

e we have the principles of quality assurance
(w);

e we have the interpretation of student’s
answers (y),

o finally, we have the concrete measures
proposed by the faculty leadership to
improve the PC functionality (u).

lv

T,

Figure 16: Layout of a management system

The information gathering bases on an expert system
(ICK07, KLA12, K+07, TCS08]) that collects the
answers from the students ([Furl2]) and processes
them to offer the general trends of the respondents.
A better understanding and a better interpretation of
the answers offers the best ways to improve the
activity of the staff (PC in above figure) in order to
increase the quality of the knowledge transferred to
the students and the methods of teaching ([KM14,
KM15, PPV10, P+10, Sko10]).

4. CONCLUSIONS

The processed data shows that the general tendency
of the student’s belief about the quality of teaching
is the growth of their satisfaction upon the
educational process powered by the faculty.

Both empirically and by statistical methods we
showed that the evaluation and the quality assurance
are measurable by different means (in this case,
watching the opinions of students) so there are
mathematical ways to follow and to translate into
measures leading to an increase in performance of
teaching.
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