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Abstract. Number of correct answers and time spent by the students enrolled at
Faculty of Materials Science and Engineering from Technical University of Cluj-Napoca and
attending at Materials Chemistry discipline answering to a multiple choice multiple answer
online evaluation system were analyzed. The analysis shown that the evaluation
characteristics it follow a lifetime distribution.
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INTRODUCTION

An auto-calibrated online system for students evaluation was previously designed
(Jantschi and Bolboaca, 2006) as alternative to a classical multiple choice examination system
(Nascu and Jéantschi, 2004). The system were implemented for a series of disciplines
(Bolboaca and Jantschi, 2007; Jantschi and others, 2007). Descriptive statistics of students
performances were the subject of another paper (Jantschi and others, 2008).

The present study are based on the evaluation results obtained by the students
attending at Materials chemistry discipline in first year of study at Faculty of Materials
Science and Engineering from Technical University of Cluj-Napoca during the second
semester of 2008-2009 year of study. The aim of the study was obtaining of the distribution
law for the number of correct answers and for the time necessary to answer to the quizzes.

MATERIALS AND METHODS

A number of 59 students participated to the supervised online evaluation from June 5
to June 21, 2009. The system allows multiple evaluations during a period of evaluation. The
students used this feature of the system, giving a total number of 83 evaluations. When a
student participate more than once at evaluation, the lowest score obtained does not enter in
the computation of the average, giving thus to the students the opportunity to first
accommodate with the system. A number of 63 evaluations meet these criteria from all 83
evaluations. The obtained scores are online available by querying the database:

http://l.academicdirect.org/Education/Evaluation/Chemistry/Materials/statistics.php?punctaje=09

The search of the statistical distribution of the points (from 0 to 30) and of the times
spend (from near O to near infinity) were conducted using Maximum likelihood estimation
(Fisher, 1912) to obtain population parameters and using Pearson-Fisher (Pearson, 1900;
Fisher, 1922; Fisher, 1924), Kolmogorov-Smirnov (Kolmogorov, 1941; Smirnov, 1948) and
Anderson-Darling (Anderson and Darling, 1952) statistics to measure the goodness of fit. A
number of 61 alternatives of probability density function were available (by using EasyFit
software) and were included in the analysis.
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RESULTS AND DISCUSSION

Data were subject of analysis according to the design of the experiment from Table 1.
The histograms of the observables are given in Figure 1.

Table 1. Quizzes answers analysis: design of the experiment
Number of observables Correct answers | Times spent
All evaluations 01 (N=83) 02 (N=83)
Evaluations contributing to the final scores 03 (N=63) 04 (N=63)

0.44

0.36
0.4 o1 02
0.36 0.32
0.32 0.28
0.28 0.24
0.24 0.2
0.2 0.16
0.16 012
0.12
0.08 0.08
0.04 0.04 [
5 10 15 20 25 500 1000 1500 2000
X X
[JHistogram —Lognormal [JHistogram —Lognormal
0.4
0.36
O3 | o3s 04
032 0.32
0.28 0.28
0.24 0.24
0.2 0.2
0.16 0.16
0.12 0.12
0.08 0.08
0.04 j—‘ 0.04 —
| |
0 5 10 15 20 25 0 400 600 800 1000 1200 1400
X X
[JHistogram —Lognormal [JHistogram —Lognormal

Figure 1. Histograms of the correct answers (O1 and O3) and time spent (O2 and O4)

Table 2. Probabilities (in percents) from goodness of fit statistics for five alternatives of distribution
Obs. 01 02 03 04

S\D |BS| IG |LN| NG |WB|BS|IG|LN| NG |WB|BS|IG|LN |NG|WB|BS|IG|LN|NG|WB
PF 149]2.80| 66 |0.10| 13 |14 [14[16[0.10] 1 [90|99|87| 2 |79 ]60|8 60| 2 | 2
KS |27] 66 |56 ]4.60| 35 566355 9 |13 (438474 | 8 |42 |61 |51|59| 11|24
AD 36| 44 |52 ]6.10| 31 |57]60|55] 7 |12 [39|54|55| 11|31 /49]39/47 23|25
Min. |27 ] 3 [52]0.10] 13 [14]14]16 |0.10] 1 |39|54|55| 2 |31 |49|8 |47 2 | 2
Obs.: Observables; S\D: Statistic vs. Distribution; Min.: Minimum of the probability

Distributions: BS - Fatigue life; IG - Inverse Gaussian; LN - Lognormal; NG - Normal; WB - Weibull
Statistics: PF - Pearson-Fiher; KS - Kolmogorov-Smirnov; AD - Anderson-Darling

Table 2 contains the results of the goodness of fit for five alternatives of two
parameters probability density functions: Fatigue life or Birnbaum-Saunders (Birnbaum and
Saunders, 1969), Inverse Gaussian (Chhikara and Folks, 1977), Lognormal (Aitchison and
Brown, 1957), Normal (Gauss, 1809), and Weibull (Weibull, 1951).

As can be seen from Table 2, two two-parametric distribution functions have good
agreements with the observed data: Fatigue life distribution (27% of their samples are worst
than the O1 observable; 14% of their samples are worst than the O2 observable; 39% of their
samples are worst than the O3 observable; 49% of their samples are worst than the O4
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observable; a geometric mean of 29% for all O1-O4 observables) and Lognormal distribution
(52% of their samples are worst than the O1 observable; 16% of their samples are worst than
the O2 observable; 55% of their samples are worst than the O3 observable; 47% of their
samples are worst than the O4 observable; a geometric mean of 38% for all O1-O4
observables). Since is no reason to reject any of Fatigue life and Lognormal distribution as
population distribution hypothesis, Table 3 contains the distribution parameters as was
obtained from maximum likelihood estimation procedure for these two distributions and for
all four observables.

Table 3. O1-04: population parameters and statistics for fatigue life and lognormal distributions
Distribution | Parameter| Ol 02 03 04
Fatigue life | Shape | 0.631 | 0.460 | 0.581 | 0.414
Scale | 8.159| 731 |8.619| 678
Mean |9.784 | 808 | 10.08 | 737
St.Dev. | 6.301 | 378 |5.974| 310
Mode |5.324| 586 |6.013| 568
C.Var. |64.4%|46.8%(59.3%[42.1%
Lognormal | Scale |0.593]0.450 | 0.542 | 0.408
Location | 2.123 | 6.592 | 2.178 | 6.522
Mean |9.966| 809 | 10.23 | 739
St.Dev. | 6.473 | 382 |5.969| 314
Mode | 5.877| 595 |6.586| 575
C.Var. |65.0% |47.4%|58.4% |42.5%

The population statistics from Table 3 can serve for further analysis. Thus, is expected
that the population true distribution to have highest accuracy around the mode. A +5%
interval can be constructed around the mode for both theoretical distributions and in it should
be about 10% of the sample. Chi Square statistic can be used to check this hypothesis for both
distributions; then the probability from Chi Square distribution measures the likelihood of the
observation. Table 4 contain this procedure.

Table 4. Likelihood of the theoretical distribution

Distribution Parameter Ol 02 03 04
Fatigue life Mode-5% 4.80 547.9 549 535.2
Mode+5% 5.85 623.6 6.54 599.8
Observations falling in 8 14 7 10
Expected fallingin 6.3 (10%) 8.3 (10%) | 6.3 (10%) | 8.3 (10%)
$(6.17,4)=19% X*=(0-E)*/E 0.01 391 0.08 2.17
1(6.18,4)=2% X’=(0-E)"/E 0.88 0.35 0.84 941
Lognormal Expected fallingin 6.3 (10%)|8.3 (10%)|6.3 (10%) | 8.3 (10%)
Observations falling in 11 10 4 14
Mode+5% 6.40 632.8 7.11 607.5
Mode-5% 5.35 558.2 6.07 543.4

Results from table 4 suggest that is more likely fatigue life than lognormal the
distribution of the observables (19% vs. 2%).

CONCLUSIONS

The correct answers and the spent time of students solving the proposed online
evaluation with multiple choice multiple answer are distributed by a lifetime law. Most likely
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this law is the fatigue life distribution. For the students which use the feature to be tested more
than once the mode of correct answers increases significantly with 13% (from 5.324 to
6.013), and the mode of spent time decreases insignificantly with 3% (from 586s to 568s).
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