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Abstract

Given the importance of formative assessment in the context of the European Higher Education Area,
it is necessary to explore new tools to implement innovative strategies for the formative assessment
of students. Moodle’s quiz module represents an alternative to traditional tools, such as paper-and-
pencil tests. In 2008, we carried out a project subsidised by the Institute of Education Sciences at the
Universitat Politécnica de Catalunya - BarcelonaTech (UPC), the main aim of which was to elaborate
a number of Moodle question pools and to design, implement and assess a series of quizzes from
these pools. The project covered the compulsory undergraduate subjects in applied mathematics
included in the first- and second-year syllabuses for all branches of Engineering. From the students’
results, it was then necessary to examine and revise the reliability of the quizzes as an assessment
tool of the teaching and learning process. The analysis of the psychometric coefficients provided
by Moodle proved to be a useful tool for assessing whether the questions had an appropriate level
of difficulty and were suitable for discriminating between good and bad performers. Taking into
account the psychometric analysis of this first project, in 2009 we initiated a new project, in which
we planned to revise thoroughly the quizzes created in the former project, to improve their suitability
as an assessment tool. This paper shows: i) the students' results in the quizzes performed in the two
academic years in the courses Mathematics 1 and Mathematics 2 — both taught in the first year of the
four bachelor's degree programmes in Biological Systems Engineering organised by the School of
Agricultural Engineering of Barcelona at the UPC, as well as the students'attitudes towards activities
of this kind; and ii) the revision and fine-tuning of the quizzes from the psychometric analysis to
improve their reliability. Finally, the analysis of the results reported leads to a discussion on the
advisability of using this tool for the formative assessment of students.
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Los cuestionarios del entorno Moodle: su contribucion
a la evaluacion virtual formatiwz de los alumnos de matemdticas
de primer atio de las titulaciones de Ingenieria

Resumen

En el contexto del Espacio Europeo de Educacion Superior, en el que la evaluacién formativa desempera
un papel esencial, es necesario explorar nuevas herramientas con el fin de implementar estrategias inno-
vadoras de sequimiento y evaluacion de los estudiantes. El mddulo de cuestionarios en el entorno Moodle
representa una alternativa frente a las metodologias tradicionales, como pueden ser las pruebas escri-
tas. En el marco de las ayudas para la mejora de la docencia concedidas por el Instituto de Ciencias de la
Educacion de la Universidad Politécnica de Catalufa - BarcelonaTech (UPC), durante el curso académico
2008/2009 se llevd a cabo un proyecto docente cuyo objetivo principal era el disefio de prequntas tipo test
y su posterior implementacidn en cuestionarios del entorno Moodle para asignaturas de matemdticas y
estadistica correspondientes a primeros cursos de titulaciones de ingenieria. Con los resultados de los cues-
tionarios realizados por los estudiantes, se vio que era conveniente analizar y revisar su fiabilidad y adecua-
cién para avalar estas actividades de evaluacion del proceso de aprendizaje. El andlisis de los coeficientes
psicométricos facilitados por Moodle resultd ser una herramienta Gtil a la hora de valorar si las cuestiones
propuestas tenian el nivel de dificultad adecuado y si, en consecuencia, eran convenientes para discriminar
entre buenas y malas prdcticas. En el marco de otro proyecto, también subvencionado por la UPC, durante
el siguiente curso académico 200972010 se revisaron de forma exhaustiva los cuestionarios implementa-
dos con el fin de mejorar su eficiencia como herramienta de evaluacion. En este trabajo se presentan: i) los
resultados de los cuestionarios realizados por los estudiantes durante esos dos cursos académicos en las
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asignaturas Matemdticas 1y Matemditicas 2 de primer afio de los cuatro grados de Ingenieria de Biosiste-
mas de la Escuela Superior de Agricultura de Barcelona de la UPC, asi como la opinidn de los estudiantes
sobre este tipo de actividad, ii) la revision y adaptacion de los cuestionarios a partir de los indices psicomé-
tricos para mejorar su eficiencia. Finalmente, a partir de los resultados analizados se hace una reflexion
sobre la conveniencia de utilizar este tipo de herramientas para la evaluacion formativa de los estudiantes.

Palabras clave
matemdticas, cuestionarios, Moodle, evaluacién, andlisis psicométrico

1. Introduction

The Bologna Declaration and the implementation in 2010 of the European Higher Education Area
(EHEA) brought about crucial changes both in the curriculum and in teaching-learning methodologies
in university studies (ENQA, 2005). The EHEA promotes a student-centred system based on the
student workload required to achieve the objectives of a programme of study. These objectives
should be articulated in terms of learning outcomes to be acquired. Learning outcomes are sets of
competencies, expressing what the student will know, understand or be able to do after completion
of a process of learning. Competencies represent a dynamic combination of attributes, abilities
and attitudes, which should correspond to specified learning outcomes. In this framework, student
workload consists of the time required to complete all planned learning activities such as attending
lectures, seminars, independent and private study, project preparation and examinations. The
assessment of students is a cornerstone of the EHEA and is expected to“measure the achievement of
the intended learning outcomes and other programme objectives” (ENQA, 2005). ENQA's guidelines
for the assessment of students also include desirable procedures that should be followed in the
assessment process.

According to the EHEA guidelines, it is clear that formative practices are a central component
in the assessment of students. Among the aspects that lecturers must take into account when
designing and developing tools for formative assessment of the teaching-learning process, we
would stress the following: i) To reflect on actions before, during and after the learning process, on
the part of the lecturer and the learner; ii) To include assessments for both learning outcomes and
learning processes; iii) To provide feedback to improve both the teaching and the learning processes;
iv) To incorporate student self-assessment and self-regulation procedures; and v) To explain and share
evaluation criteria with students.

Furthermore, several studies have pointed out the increasing role of information and
communication technologies (ICTs) in the field of assessment (Delgado and Oliver, 2006; Graff,
2004; Steegmann et al, 2008), to the extent that e-assessment has emerged as a new issue in the
educational arena (Brinck and Lautenbach, 2011; Crews and Curtis, 2011; Daly et al, 2010; Ferrao,

2010). Given the importance of formative assessment in the context of the EHEA, it is fundamental
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to explore new evaluation strategies to innovate assessment methods. As Ferrao (2010) points out,
the system of e-assessment must have the hardware and software necessary for test generation and
administration.

Most Spanish universities have adopted Moodle as a learning management system (LMS) to
help educators create quality online courses and administer learner outcomes (Steegmann et al.
2008). Therefore, in this paper we focus on the quiz module provided by Moodle. This module allows
for the creation of quizzes with different question types, adapted to the specific objectives to be
achieved at any step in the teaching-learning process, supplying prompt, automatic feedback. A
powerful tool for monitoring and diagnosing students’learning, Moodle’s quiz module represents an
alternative to traditional face-to-face courses and paper-based testing. Regarding the quality of the
e-assessment system, Moodle's quiz module supplies statistical methods to measure the reliability of
the tests (Ferrdo, 2010). It has been argued that, in relation to the use of ICTs, the boundaries between
formative and summative assessment become blurred (Daly et al, 2010). However, if technologies
are used to carry out low-stakes assessment activities on a regular basis, they can contribute to
formative assessment. Moodle quizzes not only prove suitable for carrying out such activities, but
they can also be modified and adapted according to learners'needs. As discussed in Daly et al. (2010),
adaptivity is a key feature of e-assessment, since feedback is used formatively by learners to adapt
their conceptions and approaches to a task, and by lecturers to adapt a task to learners'needs. We are
well aware that quizzes have become a widely used tool for assessment in recent years (Ferrao, 2010).
However, to our knowledge, there is no detailed survey on how to make the most of psychometric
coefficients to refine quizzes implemented in undergraduate mathematical courses.

This paper reports on the main outcomes of two educational projects where Moodle quizzes
were used as a tool for formative e-assessment in the context of two compulsory undergraduate

mathematical courses. The projects aimed:

1. Todesigna number of quizzes to assess regularly the topics of the two courses, with a subsequent
analysis of the learners’ results and their correlation with other teaching-learning activities
involved in the courses, as well as to collect the students’attitudes towards e-assessment.

2.To carry out a psychometric analysis as a means of feedback on the learning activities in order
to adapt them to the learners' needs and therefore to refine and improve their reliability as a

tool for formative e-assessment.

2. Material and methods

Since 2009, the School of Agricultural Engineering of Barcelona (ESAB) at the Universitat Politecnica
de Catalunya - BarcelonaTech (UPC) has offered the following bachelor’s degree qualifications in
Biosystems Engineering: Degree in Agricultural Engineering, Degree in Biological Systems Engineering,
Degree in Agro-Environmental and Landscape Engineering, and Degree in Food Engineering. The
four bachelor's degrees share a set of compulsory subjects in the first and second years, which count

as six Furopean Credit Transfer System (ECTS) credits each. Two first-year courses in mathematics,
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Mathematics 1 and Mathematics 2, are included in this initial common set. It is worth noting here
that the essentially biological profile of the ESAB has arguably contributed to the students’ poor
motivation in mathematical and statistical areas, and this has traditionally resulted in low pass rates.
In order to improve the learning outcomes and to motivate the students, we decided to launch
a series of low-stakes tasks as an incentive (Lim et al, 2011). Yet, if we wanted to meet the EHEA
guidelines on assessment while dealing with a growing number of students, this would doubtless
mean an increase in teaching staff workload. In order to carry out continuous assessment of our
students without investing an excessive amount of time marking, it seemed appropriate to resort to
the range of e-tools available.

In 2005, the UPC started to use Moodle, an open-source LMS that offers a wide variety of teaching
tools (Cole, 2005). In order to make the most of the tools available, we started exploring Moodle’s
assessment facilities. In 2008/2009, we carried out a project subsidised by the Institute of Education
Sciences at the UPC, the main aim of which was to design, elaborate and implement a substantial
range of Moodle question pools for quizzes (“Creacicé de qliestionaris des de lentorn Moodle per a
assignatures de matematiques i estadistica corresponents a primers cursos de titulacions denginyeria”).
The project covered the compulsory undergraduate subjects in applied mathematics included in the
first- and second-year syllabuses for all branches of Engineering. In practice, it was mainly centred
on Mathematics 1 (M1) and Mathematics 2 (M2), compulsory for all students enrolled in the ESAB. In
this project, we analyzed the students’answers, and carried out a psychometric analysis to identify
the appropriateness of the questions asked in the quizzes. It is important to stress that a preliminary
experience was carried out with a small group of students the year before the new bachelor’s degree
system started. This initial experience seemed to suggest that Moodle quizzes were certainly useful
for the promotion of student involvement in mathematical subjects.

However, it is essential to bear in mind that the whole process should be permanently revised
and updated. Therefore, carrying out an evaluation of the various experiences in Mathematics 1 and
Mathematics 2 provided the research group with insights into the entire assessment process.

From those initial experiences, we planned to generate improved quizzes suitable for the
mathematics courses mentioned above. The psychometric analysis provided by Moodle was a great
tool for assessing whether the questions were suitable for discriminating between good and bad
performers, with an appropriate level of difficulty.

Taking account of the psychometric analysis of that first project, in 2009/2010 we carried out a
new project in which we planned to revise thoroughly the quizzes created in the former project in
order to improve their reliability as an assessment tool (“Revisid i millora de leficiéncia de qtiestionaris
MOODLE implementats en assignatures de matematiques i estadistica corresponents a primers cursos de
titulacions denginyeria”).

In order to supervise the students' progress at different stages of the learning process (Heck and
Van Gastel, 2006), we created quizzes for different contexts, such as diagnostic and post-performance
tests, computer lab sessions and chapter checking after the accomplishment of each unit of content.
This contribution focuses on the set of Moodle quizzes that were designed as take-home assignments

for chapter checking, to be completed within a given time frame. The topics covered by each of the
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quizzes in Mathematics 1 and Mathematics 2 were aligned with the learning goals and required
outcomes of the course (Tables 1 and 2). Since different kinds of questions can help to develop
different skills (Smith et al,, 1996; Blanco et al., 2009), the questions used in these quizzes were of
several types: multiple-choice, true/false, short-answer, numerical, matching and embedded (cloze)
(Table 3).

Summative assessmentinboth coursesis carried out on the basis of a weighted formula computed
as follows: two or three written tests during the semester (45%); a cumulative final written exam
(40%); computer lab sessions (5%); quizzes (5%); and several homework and coursework assignments

(5%). It is within this framework that the quizzes have to be considered.

Table 1. Topics covered by quizzes in Mathematics 1.

Functions of a Functions of Determinants Complex Optimization of Optimization
real variable several real and Systems of numbers functions of areal | of functions
variables linear equations variable of several real
variables

Table 2. Topics covered by quizzes in Mathematics 2 (ODEs: Ordinary Differential Equations).

Basic Integrationby | Integrationby | Integration General topics | Separable Homogeneous
integrationby | substitution parts by partial on ODEs ODEs ODEs
substitution fractions

Table 3. Number of questions and question types corresponding to the first project (changes made in the second
project in brackets).

Numbt.er of Multhle- True/False Matching Short-anfwer/
questions choice Numerical

M1 83 65 (60) 10(18) 3 5(2)

M2 59 19 38 2

3. Results and discussion

As an interactive and dynamic tool, Moodle quizzes have an impact on the lecturers’and students’
attitudes towards computer-assisted assessment. Moreover, the fact that the number of enrolled
students has been growing in recent years means that we have to apply the EHEA guidelines (ENQA
2005) to groups of 60 students or more. Hence, the automatic assessment offered by the quizzes can
free up time for lecturers to concentrate on other aspects of the learning process (Blanco et al., 2009).
As mentioned earlier, the UPC's LMS — Atenea - is based on Moodle. From the very beginning, the

university’s strategy has been to encourage lecturers and students to use this LMS to work towards
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the learning and teaching process as understood by the EHEA. So, the use of Moodle's quiz module,
as described in this paper, is a move in that direction. This section is organized as follows. The first
subsection analyzes the students’ results for the quizzes set in both academic years (2009/2010 and
2010/2011). The second subsection presents the main results for the psychometric analysis of the

quizzes. The third and final subsection discusses the students’ opinions on the quizzes.
3.1. Analysis of the students’ results

In the context of our projects, Moodle’s quiz module provided information about which questions our
students got wrong or partially right, overall quiz results and individual responses. In both projects,
we performed a linear regression analysis relating the score mean of the quizzes to the final mark
of Mathematics 1 and Mathematics 2, computed using the above-mentioned weighted formula
(Figure 1). Overall, the analysis was significant and displayed a good positive linear correlation,
with the following correlation coefficients: 0.69 (p-value<0.001) for M1 in 2009/2010 (with N,=91
students); 0.55 (p-value<0.001) for M2 in 2009/2010 (with N =78 students); 0.44 (p-value<0.001) for
M1in 2010/2011 (with N,=176 students); and 0.67 (p-value<0.001) for M2 in 2010/2011 (with N,=154
students). These results led us to conclude that Moodle quizzes can be regarded as a suitable tool
to inform students of their performance throughout the learning process, in line with Ferrdo (2010).
It is interesting to note that, from the data, it is possible to recognize the different strategies that
the students use to pass the course. These different behaviours can explain some of the atypical
or extreme observations collected over the two years in question. The year 2009/2010 was an
exceptional course because there were only new students in the two courses, that is, none of them
were retaking the year. In contrast, in the following year, new students and students retaking the
course were mixed in the same classroom. The behaviour of the latter was noticeable; their quiz
results were different from those of the former (Figure 1). Moreover, it is evident that the results for the
Mathematics 2 course were better than those for the Mathematics 1 course, especially in 2009/2010.
This is understandable in the following context: i) the nature of the topics of this second subject of
mathematics is different from the first one, with new topics for all the students and, in some way,
independent from those studied in previous mathematics courses at high school (Tables 1 and 2);
ii) the students of Mathematics 2 have already gone through a previous mathematics course and
have therefore learnt how to adapt successfully to the environment; and iii) the students who chose
to pursue the second subject are the good students from the previous semester (that is to say, they
passed Mathematics 1) or, if they were retaking the course, they may have had some advantage over
the students taking the subject for the first time. This aspect becomes much more evidentin the year
201072011, Mathematics 2, as Figure 1 shows. The four scatter plots show a higher concentration of
points in the first and third quadrants. When it comes to Mathematics 2 in 2010/2011, it is true that
marks are mainly concentrated in the first quadrant only. This means that most of the students who
took the quizzes, passed both the quizzes and the course in general, thus providing more evidence

supporting the particular nature of Mathematics 2 observed in the second academic year.
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Figure 1. Scatter diagrams of the mean of the students’scores in the quizzes and the final mark in the two subjects (M1:
Mathematics 1, and M2: Mathematics 2) in the years 2009/2010 and 2010/2011.

3.2. Psychometric analysis

As Ferrdo (2010) argues, the e-assessment system must provide a set of tools to analyze the reliability
of the tests and, consequently, to ensure the quality of the system. Psychometric analysis is a
great tool for assessing whether the quizzes are a reliable instrument for measuring the students’
performance, attitudes and abilities (Heck and Van Gastel, 2006). Moodle’s quiz module performs the
item analysis of a quiz, a particular tool associated with psychometrics. Having performed the item
analysis, the module allows all the statistical reports to be exported as a spreadsheet file, rendering
all the information easier to manage.

In this section, we discuss two parameters provided by the item analysis of the quizzes: the Facility
Index (Fl) and the Discrimination Coefficient (DC). These parameters, calculated as explained by
classicaltest theory, can help us answer whetherthe questions are well chosen in order to demonstrate
concepts and of an appropriate level of difficulty, and whether the questions are suitable enough to
discriminate between good and bad performers. The Fl describes the overall difficulty of the questions.
This index represents the ratio of users that answer a question correctly. In principle, a very high or
low Fl suggests that a question is not useful as an instrument of measurement. The DC s a correlation
coefficient between scores at the item and at the whole quiz level, ranging from -1 to +1. This is

another measure of the separating power of the item to distinguish proficient from weak learners.
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Although it is necessary to be cautious when relying upon item-discrimination parameters (Burton,
2001), we opted for the DC because it is associated with the Moodle tools available. In addition, since
the quizzes did not contain disparate topics, as Tables 1 and 2 show, they met one of the requirements
indicated by Burton (2001) for the performance of a more reliable item-discrimination analysis.

At the beginning of the first project, we decided to group the DC values into three categories:
Low (DC < 0.33), Medium and High (DC > 0.66). In order to discard those questions with Fl values that
were either too low or too high, the boundaries were set at 15 and 85, respectively. Quizzes with just
a few questions with Fl values between 15 and 85 should be newly constructed, as should those with
low DC values. In 2009/2010, we set ourselves the goal of revising and redesigning those quizzes with
low DC values or with Fl values that were either too low or too high.

When it comes to Mathematics 1, from the information provided by Moodle, only those questions
with Fl values that were either very low or very high should be rewritten, as should those with low
DC values. In Blanco and Ginovart (2010b), there is a detailed description of how the revision of
questions was tackled. Once revised, the quizzes were run again and a new psychometric analysis
was carried out. Table 4 shows that the results of the psychometric analysis obtained in the second
year are generally better than those obtained in the first year. Another way to display the results of the
psychometric analysis is to focus on the individual quiz questions, rather than on the quizzes as units.
The plotsin Figure 2 and Figure 3 seem to indicate an improvement in the psychometric analysis after

the revision, with higher DC values in the second year than in the first year.

Table 4. Mathematics 1: Psychometric analysis corresponding to 2009/2010 and 2010/2011.

Fl (%)
0 )
% ofq.uestlons % of % of questions ,
with FI , . ) % of questions
questions with Medium .
between 15 . with High DC
with Low DC DC
and 85

Q1 2009/2010 14-82 933 20 80 0
201072011 36-84 100 0 100 0

Q2 2009/2010 32-85 100 13 74 13
201072011 41-91 80 7 80 13

Q3 2009/2010 22-87 94.1 18 76 6
207072011 25-96 64.7 12 82 6

Q4 2009/2010 57-86 20 0 20 10
207072011 23-87 20 20 70 10

Q5 2009/2010 24-73 100 21 50 29
20707201 21-86 92.9 7 86 7

Q6 2009/2010 29-66 100 8 76 16
2010/2011 18-78 100 8 76 16
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Figure 2. Mathematics 1: Scatter plots of Fl and DC, corresponding to all the questions used in the six quizzes in the years
2009/2010 and 2010/2011.
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Figure 3. Mathematics 1: Plot of the difference between the DC values in 2009/2010 and in 2010/2011 for each question.

With regard to the eight quizzes performed in Mathematics 2, in the first year (2009/2010), the
solutions for the quizzes were made available on the UPC’s virtual teaching campus. There was
therefore a risk that this, together with the fact that the quizzes were take-home assignments,
might tempt the students to copy the answers from the previous year. Consequently, to prevent the
students from cheating, in the second year 2010/2011, we redesigned the quizzes already answered
the previous year by introducing a few changes, mainly numerical, enough to maintain the essence
and reliability of the quizzes. Nevertheless, this could not be taken for granted, since factors alien to
the questions, such as changes in the student cohort or changes in the teaching team, might have

an impact on the results of the item analysis of a particular quiz. As Figure 4 suggests, such changes
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in the questions, however slight, could lead to different outcomes, depending on the features of
the group of students involved. The positive results obtained in the second year, as noted above,
are reflected in higher Fl values in general. The random distribution of values around zero in Figure
5 aligns with the fact that no specific action was taken to improve the DC of the quiz questions of
Mathematics 2, in contrast to Figure 3, where the values tend to concentrate in the area below zero.
Notwithstanding the slight changes made to the quizzes, it is possible to assert that they maintained
their DC values in the main. This is therefore acceptable in terms of arguing in favour of the DC’s

reliability as a psychometric parameter in our study.
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Figure 4. Mathematics 2: Scatter plots of Fl and DC, corresponding to all the questions used in the eight quizzes in the years
2009/2010 and 2010/2011.
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Figure 5. Mathematics 2: Plot of the difference between the DC values in 2009/2010 and in 2010/2011 for each question.

3.3. Analysis of the students’ratings of Moodle quizzes

Some years before the creation of the four bachelor's degree courses in Biosystems Engineering at
the UPC, the teaching and learning of mathematical topics at the ESAB was hindered by the students’
underachievement, absenteeism and lack of motivation. In order to overcome such obstacles, we
decided to work on a new design for the subjects with a substantial increase in the use of computer-
assisted methodologies. Therefore, we designed a methodology based on the use of electronic tools
aiming at solving standard problems and fostering lecturer-student communication.

At the end of each semester of the academic years 2009/2010 and 2010/2011, we asked our
students to rate certain aspects of the quizzes performed and of the use of Moodle. Even though this
is not the only source of feedback, the students'ratings provide an excellent guide for designing the
teaching process and, in particular, for assessing student motivation. The interaction between the
lecturer and the learner helps the former to adapt the learning and assessment tasks to the latter’s
needs (Daly et al., 2010). Table 5 gives a summary of their answers.

The students were also invited to note down the positive and negative aspects of the quizzes. It

is important to underscore the following positive aspects, as expressed by the students themselves:

“Itis an easy way to put into practice the theoretical concepts learnt in class”
“Quizzes are entertaining”

“Quizzes provide an instantaneous correction of my responses”

“Quizzes helped me to be in contact with the subject”

“It is an indirect way to enhance the study”

When it comes to the negative aspects, the students not only tended to regard the time available

to perform a quiz as insufficient, but they also complained about the poor feedback provided once
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the quizzes had been performed. Moreover, when asked what improvements they would suggest,
the students placed emphasis on getting more feedback on the answers.

Yet, from the results shown in Table 5 and the positive and negative aspects mentioned above,
our overall impression is that the students of Mathematics 1 and 2 regarded the quizzes performed
positively, both in 2009/2010 and in 2010/2011.

Here it should be noted that the authors undertook a similar project dealing with Moodle quizzes
on a Statistics course (Blanco and Ginovart, 2010a). The results of this experience, in keeping with the
results obtained in Mathematics 1 and Mathematics 2, would support the advisability of using this

type of formative assessment in teaching and learning in higher education.

Table 5. Mathematics 1 and Mathematics 2: The students’ratings.

2009/2010 | 2010/2011
M2 M1
n=83 n=158
(%) (%)

QUESTION

Have you used Moodle before on this course?

Not at all 21.7 7.0
Rarely 30.1 16.5
Sometimes 325 53.8
Often 10.8 17.1
Always 48 5.7
Overall, | would rate the quizzes performed as

Very poor 0.0 3.1
Poor 12.0 8.8
Satisfactory 41.0 40.9
Good 337 40.3
Very good 133 6.9
The quizzes helped me to understand some of the topics covered in the

theoretical classes 48 6.3
Strongly disagree 15.7 8.2
Disagree 217 36.1
Neutral 422 4.1
Agree 15.7 8.2
Strongly agree

Once answered, | got enough information about correct answers

Strongly disagree 48 8.2
Disagree 229 220
Neutral 313 34.6
Agree 30.1 258
Strongly agree 10.8 9.4
Performing the quizzes has made me more interested in the subject

Strongly disagree 24 8.2
Disagree 16.9 16.5
Neutral 41.0 52.5
Agree 30.1 17.7
Strongly agree 9.6 5.1
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2009/2010 | 2010/2011
M2 M1
n=383 n=158
(%) (%)

QUESTION

I think my scores in quizzes were fair

Strongly disagree 37 2.5
Disagree 49 3.8
Neutral 25.6 19.6
Agree 415 53.2
Strongly agree 24.4 20.9

4. Conclusions

This paper has presented the results obtained from two projects subsidised by the Institute of
Education Sciences at the UPC, the main aim of which was to design and implement a number of
Moodle quizzes for the formative e-assessment of students enrolled on mathematics courses for
Engineering bachelor’s degrees. Subsequently, the reliability of the quizzes as assessment tools was
analyzed to ensure the quality of the e-assessment system proposed.

Following the ENQA's report about the standards and guidelines for quality assurance in European
highereducation,thedesignanddevelopmentoftheMoodlequizzesinvolvedareflectionthatwasclearly
motivatedbythediverseaspectsoftheteaching-learningprocess,onthepartofthelecturerandthelearner.

First of all, it was fundamental to prove whether the consistency of the e-assessment system
used aligned with that of the traditional assessment tools used so far. The correlation between scores
in the quizzes and the final mark of each subject (Mathematics 1 and Mathematics 2) for the years
2009/2010 and 2010/2011 showed that Moodle quizzes could be regarded as a suitable tool to
inform students of their performance throughout the learning process. In addition, the particular use
of the quizzes as low-stakes assessment activities for chapter checking contributed to the promotion
of student self-requlation and regular work throughout the year. Therefore, this paper provides
evidence that Moodle quizzes represent a consistent alternative to open-ended tests in terms of
continuous and formative assessment.

In order to meet the requirements of formative assessment, the e-assessment system had to
supply tools for the lecturers to adapt an activity to the learners’ needs, thus improving its reliability
from the feedback obtained. The item analysis provided by Moodle’s quiz module turned out to be
an interesting psychometric tool to estimate, refine and improve the reliability of quiz questions.
In relation to the psychometric analysis performed with the 14 quizzes and with the responses of
around 500 students, we achieved a significant step forward in the treatment and comprehension of
two indicators, namely, the Facility Index and the Discrimination Coefficient.

Finally, a key aspect in the design and development of the e-assessment system was to check
whether the students had a favourable view of it. The fact that the students’ ratings of the Moodle

quizzes were very positive reinforced the idea that activities of this kind were suitable for mathematics
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teaching and learning. But not solely mathematics, since the system could be extrapolated naturally
to other courses. The results reported in this paper, as well as the students’ attitudes, are very
encouraging in terms of continuing to work with this e-assessment system and even extending it to
other disciplines in the future.

The experience acquired in the development of the reported projects, together with the data
generated by the implementation of the quizzes, allowed us to visualize an optimal way to drive
forward the effective use of Moodle's quiz module for the formative assessment of students in
keeping with the EHEA guidelines. It is worth noting that, by means of this e-assessment system, we
managed to carry out the continuous formative assessment of a considerable number of students
without overburdening the lecturers with marking or jeopardising assessment quality. This would not
have been possible if we had not made full use of Moodle as the LMS supported by our university;
this greatly facilitated not only the implementation of tools, but also the collection and analysis of the
results. In short, from the results presented in this paper, we can conclude that Moodle quizzes are a
consistent and reliable tool for formative e-assessment and consequently we hope that our study will

become a reference for further uses of the quiz module.

Acknowledgments

We gratefully acknowledge the financial support received from the Institute of Education Sciences
(UPQ).

References

BLANCO, M.; GINOVART, M. (2010a). “Moodle quizzes for assessing statistical topics in engineering
studies” In: K. Resetova (ed.). Proceedings of the Joint International IGIP-SEFI Annual Conference 2010.
Diversity unifies — Diversity in Engineering Education. Brussels: SEFI.

BLANCO, M., GINOVART, M. (2010b). “Andlisis de la eficiencia de cuestionarios Moodle como
herramienta de evaluacion de asignaturas de matematicas correspondientes a primeros cursos de
titulaciones de ingenieria”. In: Proceedings of the VI CIDUI: New Areas of Quality in Higher Education.
A comparative and trend analysis. Barcelona: UPC.

BLANCO, M,; ESTELA, M. R; GINOVART, M. SAA, J. (2009). “Computer Assisted Assessment through
Moodle Quizzes for Calculus in an Engineering Undergraduate Course” Quaderni di Ricerca in
Didattica (Scienze Matematiche). Vol. 9, No 2, pages 78-84.

BRINCK, R; LAUTENBACH, G. (2011). “Electronic assessment in higher education”. Educational Studies.
Vol. 37, No 5, pages 503-512.

BURTON, R.F.(2001)."Do Item-discrimination Indices Really Help Us to Improve Our Tests?". Assessment
& Evaluation in Higher Education. Vol. 26, No 3, pages 213-220.

COLE, J. (2005). Using Moodle. Teaching with the popular open source course management system.

Sebastopol (CA): O'Reilly Community Press.

RUSCVOL. 9 No 1 | Universitat Oberta de Catalunya | Barcelona, January 2012 | ISSN 1698-580X

& Moénica Blanco and Marta Ginovart, 2012

® FUOC, 2012




R“sc Revista de Universidad y Sociedad del Conocimiento
Universities and Knowledge Society Journal

http://rusc.uoc.edu On How Moodle Quizzes Can Contribute to the Formative e-Assessment...

CREWS, T. B,; CURTIS, D. F. (2011). “Online Course Evaluations: Faculty Perspective and Strategies for
Improved Response Rates”. Assessment & Evaluation in Higher Education. Vol. 36, No 7, pages 865-
878.

DALY, C,; PACHLER, N.; MOR,Y.,; MELLAR, H. (2010)."Exploring formative e-assessment: using case stories
and design patterns”. Assessment & Evaluation in Higher Education. Vol. 35, No 5, pages 619-636.
DELGADO, A. M.; OLIVER, R. (2006). “La evaluacidon continua en un nuevo escenario docente /

Continuous assessment in the new teaching scenario” RUSC. Vol. 3, No 1, pages 1-13.

ENQA (2005). ENQA report on Standards and Guidelines for Quality Assurance in the European Higher
Education Area. Helsinki: Multiprint.

FERRAO, M. (2010).“E-assessment within the Bologna paradigm: evidence from Portugal”. Assessment
& Evaluation in Higher Education. Vol. 35, No 7, pages 819-830.

GRAFF, M. (2003). “Cognitive Style and Attitudes Towards Using Online Learning and Assessment
Methods" Electronic Journal of e-Learning,Vol. 1, No 1, pages 21-28.

HECK, A; VAN GASTEL. L. (2006)."Mathematics on the threshold"”. International Journal of Mathematical
Education in Science and Technology. Vol. 37, No 8, pages 925-945.

LIM, L. L; THIEL, D. V,; SEARLES, D. J. (2011). “Fine tuning the teaching methods used for second year
university mathematics” International Journal of Mathematical Education in Science and Technology.
Pages 1-9, iFirst.

SMITH, G. H; WOOD, L. N, COUPLAND, M., STEPHENSON, B, CRAWFORD, K, BALL, G. (1996).
“Constructing mathematical examinations to assess a range of knowledge and skills”. International
Journal for Mathematical Education in Science and Technology.Vol. 27, No 1, pages 65-77.

STEEGMANN, C,; HUERTAS, M. A;; JUAN, A. A,; PRAT, M. (2008)."E-learning de las asignaturas del dmbito
matematico-estadistico en las universidades espafolas: oportunidades, retos, estado actual y
tendencias / E-learning in the area of maths and statistics in Spanish universities: opportunities,

challenges, current situation and trends” RUSC. Vol. 5, No 2, pages 1-14.

About the Authors

Monica Blanco
monica.blanco@upc.edu
Lecturer in Applied Mathematics, Universitat Politecnica de Catalunya - BarcelonaTech (UPC)

She holds a bachelor's degree in Mathematics awarded by the University of Barcelona and a doctorate
in Mathematics awarded by the Autonomous university of Barcelona. Her research focuses on the
history of mathematics and on statistical data analysis. She has participated in several education
innovation projects to improve mathematics learning. She teaches on the four bachelor’s degree
courses in Biosystems Engineering at the UPC and in the Faculty of Mathematics at the same
university. She has also been an adjunct lecturer at Rovira i Virgili University and a tutor at the National
University of Distance Education, Spain.

RUSCVOL. 9 No 1 | Universitat Oberta de Catalunya | Barcelona, January 2012 | ISSN 1698-580X

& Moénica Blanco and Marta Ginovart, 2012

® FUOC, 2012




R“sc Revista de Universidad y Sociedad del Conocimiento
Universities and Knowledge Society Journal

http://rusc.uoc.edu On How Moodle Quizzes Can Contribute to the Formative e-Assessment...

Marta Ginovart
marta.ginovart@upc.edu
Lecturer in Applied Mathematics, Universitat Politecnica de Catalunya - BarcelonaTech (UPC)

She holds a bachelor's degree in Sciences-Mathematics Section awarded by the Autonomous
University of Barcelona and a doctorate in Sciences-Mathematics awarded by the UPC. Her research
focuses on the discrete modelling and simulation of biological systems and on statistical data analysis.
She has participated in several education innovation projects to improve mathematics learning. She
teaches on the four bachelor’s degree courses in Biosystems Engineering at the UPC, basically in the
mathematics and statistics subjects. She has prepared a variety of teaching materials in order to link
her teaching on the Biosystems Engineering courses to her experience in the use of agent-based
models (or individual-based models), which offer a number of advantages over certain continuous
and more classical models when it comes to studying complex systems and biological systems.

Departament de Matematica Aplicada lll
Universitat Politecnica de Catalunya
Edifici ESAB

C/ Esteve Terradas, 8

08860 Castelldefels (Barcelona)

Spain

The texts published in this journal are — unless indicated otherwise — covered by the Creative Commons
Spain Attribution 3.0 licence. You may copy, distribute, transmit and adapt the work, provided you attribute it
(authorship, journal name, publisher) in the manner specified by the author(s) or licensor(s). The full text of the
licence can be consulted here: http:/creativecommons.org/licenses/by/3.0/es/deed.en.

=3

Universitat Oberta
de Catalunya

RUSCVOL. 9 No 1 | Universitat Oberta de Catalunya | Barcelona, January 2012 | ISSN 1698-580X

& Moénica Blanco and Marta Ginovart, 2012

® FUOC, 2012





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




