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ABSTRACT - Development of communication and information
technology has an important impact on teaching, learning and knowledge
assessment. According with national trends in objective evaluation of
undergraduate students’ knowledge, starting with experiences obtained by
creation of the multiple choices examination system for general chemistry, an
auto-calibrated online evaluation system was developed. The aim of the
research was to assess the first year undergraduate students’ knowledge on
materials chemistry topic at the Faculty of Materials Science and
Engineering, the Technical University of Cluj-Napoca, Romania by the use
of the developed auto-calibrated online evaluation system. The testing and
evaluation methodologies are presented. The students’ performances in
terms of individual testing points and the average time needed to give a
correct answer were collected and analyzed. The proposed auto-calibrated
online evaluation system proved to offer a stable and valid evaluation
environment of undergraduate students’ knowledge assessment on materials
chemistry topic.
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INTRODUCTION

Development of communication and information technology
had an important impact on teaching, learning and assessment at
all levels of formal education: kindergarten [1], primary
education [2], secondary education [3,4], post secondary
education [5]. The teaching profession is seen in the new
technology era as evolving from an emphasis on teacher-
centered, lecture-base instruction to student-centered, interactive
learning environment [6]. According with the development of
information and communication technology, the educational
system all over the world is confronting on one hand with
challenge of transforming the curriculum and educational process
to provide students with the skills needed in order to function
effectively in the actual dynamic, information-rich, and
continuously changing environment and on other hand with
development of objective, fast and equitable students’ knowledge
assessment methodologies and environments.

The advantages offered by the information and communication
technologies in training and educational process can be
summarizing as follows:

e Facilitate organizational learning, by transforming tacit
knowledge into explicit knowledge [7];

e Provide across the country and across the globe educational
access [8];

e  Provide new tools to support collaborative learning [9];

e Emphasis the instructional process based on relationships,
inquiry and intervention [8];

e Provide an environment which allows the teacher to give
students more options and responsibilities for their own learning
[10];

e Promote active learning in the learning process, producing
and sharing knowledge, and participating at times as expert [11].

At higher education level, computers are used also as
instruments in the students’ knowledge assessment, being found
as common type of evaluation in sciences and applied sciences
domains: computer science [12], engineering [13], medicine [14],
health sciences [15], pharmaceuticals [16], etc.

According with the necessity of development of an objective
system for students’ knowledge evaluation at university level,
starting with experiences obtained by creation of the multiple
choice examination system for general chemistry [17,18], an
auto-calibrated online system was developed [19] and assessed
[20]. The materials chemistry knowledge assessment of the
undergraduate first year students’ was study by the used of the
auto-calibrated online system and the obtained results are
presented.

MATERIAL AND METHOD

At Technical University of Cluj-Napoca, Romania, the
Materials Sciences and Engineering Faculty, the curriculum
contains as core course for the first year of study the Materials
Chemistry topic. According with course description and with the
subject matter, the Materials Chemistry course contains tutorials
and laboratory sessions; at the end of the course there is an exam
for students’ knowledge assessment. In the university year 2005-
2006, there were enroll in the first year of study at the Materials



Sciences and Engineering Faculty a number of ninety-nine
students. All students participated at the lectures (PowerPoint
presentations) and laboratory sessions that included practical
activities and/or computer aided learning environments. Full
copies of materials were available and the students had the
possibility to enroll voluntarily into the team responsible for
creation of the multiple-choice questions (MQCs) banking.

The imposed rules in multiple-choice banking creation were as
follows:

e FEach question has a statement or a situation (steam) and a
list of five suggested solutions (options);

e  Each question has at least one and no more than four correct
options;

e On the received subject matter, each student enroll in the
MQCs Dbanking creation was reasonable by creation of
proportional number of questions with one, two, three and
respectively four correct options.

Each student that completes the assumed activities received
bonus points to the final mark, according with the quality of
work. For example, if the student respect the proportion between
questions with one, two, three and four correct option receives a
number of points as bonus. Penalties were applied (a number of
point were subtract from the bonus points) when the imposed
rules in MQCs creation were not respected and when the created
questions were wrong (errors in statement and/or in option(s)).

The methodology of undergraduate students’ knowledge
assessment was included:

e  Place of the examination: at test center;

e  Type of examination: computer- and teacher-assisted;

e Period and time of examination: according with the structure

of academic year and with the students and teacher schedule;

e Number of MCQs: thirty;

e  Generation of the MCQs tests: double randomization from

MCQs Dbanking (randomization of the steatement and

randomization of the options order);

e Number of tests: as many time as the student wanted in the
imposed period of time and according with the schedule;

e Penalties when the student gives up shortly after the test
begun.

The applied score and results methodologies contains the
following specifications:

e Each question received one point if all the correct answers
and none of the distractors (the incorrect answers presented as a
choice) are selected, and zero points otherwise: all-or-none rule;
e At the end of the test, student identification data, the time
when the test begun and ended, the number of correct answers
and the average time needed to gave a correct answers are
displayed;

e Starting from the distribution of the individual scores (which
include the number of correct answer and the average time
needed to give a correct answer) the system assign to the lower
score the mark equal with four (the exam is failed) and to the

highest score the mark equal with ten (ten being the best mark).
The students’ marks were auto-calibrated each time when a
student performed a test.

All students from the Faculty of Materials Science and
Engineering were included into the study. They had the
possibility to familiarize with the evaluation environment before
final examination as many time as they wished. A number of five
variables were collected from each evaluation during the imposed
examination period: student first and second name, data and time
when the test begin and end (as yy.mm.dd hh.mm.ss format), the
number of correct answers, and the time needed to give a correct
answer. Data were store into a database and were summarized
and analyzed with Statistica at a significance level of 5%. The
95% confidence intervals for proportions were calculated by the
use of an original method, based on the binomial distribution
hypothesis [21].

RESULTS

The auto-calibrated online evaluation system on materials
chemistry was developed and is available via the address:
http://vl.academicdirect.org/general _chemistry/materials_chemist
ry/, the access being restricted to the test center by checking the
IP addresses.

Each student performed at least one time the materials
chemistry test by the use of the auto-calibrated online evaluation
system. For each student the system generated a test with thirty
MQCs out of eight hundred sixty-one. The MCQs banking
contains: 34.4% questions with one correct option (95%CI [31.3,
37.7]), 23.2% questions with two correct options (95% CI [20.5,
26.2]), 20.9% questions with three correct options (95%CI [18.3,
23.8]) and 21.4% with four correct options (95%CI [18.7, 24.3]).

The distributions of the number of tests express as relative
frequency and associated 95% confidence intervals are in table I.

The range of days between two tests, when was applicable,
varied from zero (the student performed the test twice in the
same day) to 21 days; in 75.75% cases were less than or equal
with 10 days. Nine students out of ninety-nine (95%CI [4.05-
16.15]) performed the test twice in the same day.

TABLE .
DISTRIBUTION OF THE NUMBER OF TESTS
Test Students
No. | (%) | 95% CI

One 12| 12.12| [6.07-20.19]
Two 55]55.56 | [45.46-65.65]
Three | 20 |20.20 | [13.14-29.28]
Four 9] 9.09| [4.05-16.15]
Five 1] 1.01 [0.01-5.04]
Six 1| 1.01 [0.01-5.04]
Seven 1] 1.01 [0.01-5.04]
Total | 99| 100




In conformity with the specification of the auto-calibrated
online system, when the students had more than one test, the less
performing results (in terms of the number of correct answers
and/or the average time needed to give a correct answer) was not
took into consideration in computing the final mark. Statistical
characteristics (express as average — mean, median, mode,
standard deviation — StdDev, minimum — Min and maximum —
Max) of the testing points (Cy,) and of the average time needed to
give a correct answer (Cy,) are summarized in table II.

TABLE II.
STATISTICAL CHARACTERISTICS OF THE TESTING POINTS AND OF
THE AVERAGE TIME NEEDED TO GIVE A CORRECT ANSWER

Test Characteristic |[Mean |Median [Mode [StdDev |Min |[Max
st Cyp 12.00 [11.40 |5.3 ]6.07 0.8 [24.7
Cim 1.64 [1.24 1.23 |1.13 0.15 14.76
Second Cy 16.07 [16.25 [17.4 [6.45 3.8 |30.2
Cim 2.51 |2.17 2.13 |[1.49 0.29 16.64
Third Cy 17.63 [17.75 [N.A. [6.70 7 27.6
Cim 2.86 [2.57 N.A. [1.52 0.71 |5.76
Forth Cyp 20.33[19.90 [N.A. [1.69 18.9 |22.2
Cim 3.38 [3.48 N.A. [0.52 2.81 |13.84
ISt Cy 21.65[21.65 |[N.A. [5.87 17.5125.8
Cim 3.55 [3.55 N.A. [1.87 2.23 |4.87
Seventh Cyp 23.00(23.00 |[N.A. [N.A.  |N.A.[N.A.
Cim 3.98 [3.98 N.A. [NA.  [N.A[NA.

StdDev = standard deviation; Min = minimum; Max = maximum; N.A. = not applicable
C,, = testing points; C,,~ average time needed to give a correct answer

Twenty students out of ninety-nine (20.20%) performed the
examination for three times. The less performing test in terms of
number of corrected answer or the average time needed to give a
correct answer was withdrawn. The distributions of the testing
points give by the students which performed the test three times
are in figure 1 (the students’ id are from left to right: std_6,
std 11, std 15, std 17, std 18, std 19, std 20, std 23, std 27,
std_35, std 37, std 40, std 48, std 58, std 67, std_74, std 78,
std_81, std 88, and std_99).

Nine students out of ninety-nine (9.09%) performed the test for
four times. For this sample of student, the graphical
representation of the testing points after the less performing test
were withdrawn are in figure 2.

The comparisons between the average of testing points and of
the average time needed to give a correct answer according with
the number of test are summarized in table III. Note that the
comparisons were performed between results obtained at the
initial and at the final evaluation.

Comparison of the testing points obtained by students at the
initial and final test (after withdrawn of the less performing test)
shown that the average of the testing points were statistical
significant higher at the final (18.741) evaluation comparing with
the initial (8.675) evaluation (p < 0.0001, ny,;q = 32, see figure 3).
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Figure 1. Distribution of the testing points for sample of students that performed
the test three times
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Figure 2. Distribution of the testing points for sample of students that performed
the test four times
TABLE III
COMPARISON BETWEEN TESTS: TESTING POINTS (C,,) AND
AVERAGE TIME NEEDED TO GIVE A CORRECT ANSWER (C,,)

No. of] First test Last test aC aC

tests aC[p aCun |Dyatia aC.p aCun | Nyaiia P-atp p-atm
One [10.68]1.322| 12| N.A.| N.A.[N.A. N.A. N.A.
Two [14.22]2.052| 55| N.A.| N.A.[N.A. N.A. N.A.
Three |8.915|1.103| 20{18.145|2.891| 20(<0.0001|< 0.0001
Four [9.244]|1.070] 9[18.789|3.158 9] <0.005| <0.005
Five | 4.30| 0.40[ 1| 18.90| 2.81 1 N.A. N.A.
Six 9.60| 0.97 1| 25.8] 4.87 1 N.A. N.A.
Seven| 2.20| 0.15 1] 23.00] 3.98 1 N.A. N.A.

N.A. = not applicable



22

20

No. of correct answer(s)
o

Cen Ceur | Mean
T +0.95 Conf. Interval
Initial (Cc-ai) versus final (Cc-af) evaluation

Figure 3. Distribution of the number of correct answers gave by students at initial
and final evaluation

Comparison of the average time needed to give a correct
answer for the initial and final evaluation reveled that the average
time was significantly higher at the final (3.059) evaluation
comparing with the initial (1.038) evaluation (p < 0.0001, ny,;q =
32, see figure 4).
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Figure 4. Distribution of the average time needed to give a correct answer at the
initial and final test

DiScusSION

The evaluation of the students’ knowledge is an obligatory task
at the end of a course for undergraduate students. The classical
essay examination is not the proper type when the class is of
ninety-nine  students. According with speed, accuracy,
objectiveness and fairness [22], testing methods which contains
multiple-choice questions are frequently used [23,24].

The developed auto-calibrated online system had advantages
and disadvantages. One of the main advantage results from the
active implication of the students in creation of multiple-choice
banking. This activity motivates students to ask questions and to
find answers, implying them into an active learning process and
an active interaction with the teacher, processes useful in
acquiring materials chemistry knowledge. Another advantage
refer the speed of examination: on a class of ninety-nine students,
the time needed to assess each essay is significantly greater
comparing with the use of auto-calibrated online system. At the
end of the examination, according with data stored into database,
the system display the number of correct answers, and allows to
the student to view his/her performances in terms of number of
correct answers and the average time needed to give a correct
answer reported to the results obtained by his/her colleagues.
Regarding the objectiveness and fairness, the proposed auto-
calibrated online system discourages cheating. On one hand, with
a database of eight-hundred sixty-one multiple choice questions
is a little bit hard to learn just the questions (note that the
randomization process is double: a randomization of the question
and a randomization of the order of the five options). On the
other hand, the number of distinct tests generated based on the
questions store into database is of Cse>? which is equal with
2.54:10%, thus the probability that two students to have the same
test is very small. The system has its disadvantages. The most
important disadvantage is represented by the assessment
environment: each student is able to write on a paper but there is
no certitude that every student had minimum computers skills. In
order to withdraw this disadvantage, the students had possibility
to use before the examination the evaluation environment in
order to familiarize with interface, modality of choosing the
answer and of navigation. With these occasions, the students had
also the possibility to assess their knowledge and to identify
personal gaps.

Each student had the possibility to test his/her knowledge as
many times as desired into the imposed period of time. Twelve
out of ninety-nine students performed the evaluation once, being
content with obtained performances. Fifty-five students decide to
performed the assessment for the second time and the average of
testing points was greater with four points comparing with first
evaluation (see table II). Analyzing the results in assembly it can
be observed that the average of the testing points increase with
the number of examination (see table II, figure 1 and 2). The
greatest difference between testing points it can be observed on
sample of students which performed the test three times (see
figure 1, std _78) when the difference is of 24.90 points. In the
sample of students which performed the test four times, the
greatest difference was of 18.20 points (see figure 2, student id
std_13, difference between last and first examination). There
were also observed the decreasing of performances from the first
test to the final test: -0.40 points (see figure 1, student id std_48),
respectively -1.40 points (student id std 42, figure 2). With few
exceptions, the students presented to the third or fourth



examination after they acquired more knowledge on materials
chemistry topics with two exceptions: std 48, respectively
std_42.

Analyzing the average time needed to give a correct answer
(see table II) it can be observed that the value increase with the
number of test. In other word, at first evaluation, the average time
needed to give a correct answer was of 1.64 seconds and increase
with evaluations until 3.98 seconds (seventh evaluation). The
greatest difference is observed between first and second
evaluation; the time needed to give a correct answer in the
second evaluation is greater with 0.87 seconds comparing with
first evaluation. These increases can be explained as follows: the
students realized that they need to read more carefully the
questions and associated options in order to make de correct
chooses.

Comparing the average of testing points and respectively the
average time needed to give a correct answer on the samples of
students which performed the test more than two times (see table
III), it can be observed that the performances were significantly
better (p-value always less than 0.005). Further study are
necessary in order to analyze the answer gave by each student to
each question, study that can provide useful information about
the materials where students had difficulties in understanding and
learning. The practical activities, the seminaries and the courses
on materials chemistry topic could be improved based on obtain
information.

On assembly, it can be observed that the performances of
students were significantly better at the final evaluation
comparing with initial evaluation in terms of testing points (see
figure 3) as well as in terms of average time needed to give a
correct answer (see figure 4).

CONLCUSIONS

The proposed auto-calibrated online evaluation system proved
to offer a stable and valid evaluation environment of
undergraduate students’ knowledge assessment on materials
chemistry topic.

Students’ performances in terms of testing points and of
average time needed to give a correct answer revealed to be
improved at final evaluation comparing with first evaluation,
showing an improvement in acquired materials chemistry
knowledge.
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