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Educational technologies are changing the way in which higher education is delivered. These
technologies include, but are not limited to, e-learning environments or learning management
systems for individual and collaborative learning, Internet resources for teaching and learning,
academic materials in electronic format, specific subject-related software, groupware and social
networking software. With ubiquitous access to technology and technological innovation, over the
last decades not only have we seen the establishment and growth of purely online universities, but
we are also now witnessing a transformation in how instruction is being delivered in most traditional
face-to-face universities. This transformation is affecting the nature of the courses as well as the degree
programs offered by higher-education systems in a global world. These technological innovations
have driven the growth of distance-learning opportunities, as students who are time bound — due to
job or travel difficulties — or place bound — due to geographic location or physical disabilities — now
have the flexibility to access courses and degree programs at their convenience.

e-Learning models are extensively used all over the world. Within mathematics and statistics
teaching, educational reforms are widespread both in purely online and in face-to-face education.
Many instructors have been encouraged to try new teaching strategies such as online support,
interdisciplinary collaborative learning and integration of mathematical and statistical software in
their courses. University departments worldwide have been leveraging technological capabilities
by creating new engaging curricula that promote conceptual understanding instead of procedural
knowledge. Nevertheless, as implementation is not at all easy, especially in mathematics, we are
confronted with numerous challenges. Some of these challenges are due to the intrinsic demographic
characteristics of so-called ‘Internet-generation’ students, while others are due to the intrinsic
disciplinary nature of mathematics and statistics. In fact, most innovative teaching approaches
documented so far have been developed by individuals or by small teams of instructors. These
experiences are rarely generalized outside the institution or even maintained over time. Thus, when
referring to online mathematics courses, generalization and sustainability of innovative approaches
are issues that need to be investigated and promoted by researchers and teaching academics.

In a broad sense, Mathematical e-Learning refers to the use of mathematical software and the
Internet to deliver and facilitate instruction of mathematics-related courses. Established technologies
(e.g. virtual learning environments and specialized software) enable emerging instructional strategies
based on computer-supported collaborative learning. These Web-based strategies are being used
in both new and traditional universities to completely teach (either following a synchronous or an
asynchronous online mode), partially replace (blended or hybrid learning models) or supplement
course offerings in mathematics to a new generation of students. There is little doubt that this new
way of teaching mathematics is here to stay and, in fact, its use continues to grow year on year.

With e-learning experiencing what has been characterized as‘explosive growth; there is an urgent
need to undertake more research to inform best practices specific to the disciplinary particularities
of mathematics e-learning in higher education. While a growing number of publications generically
cover e-learning, computer-supported collaborative learning or mathematics education from
a more theoretical point of view, few — if any — put emphasis on the practical implementation of

mathematical e-learning in higher education. This special issue tries to fill this gap in the literature
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by identifying and publishing worldwide best practices in the aforementioned field, sharing not
only theoretical but also applied pedagogical models and systems. Among others, the goals of
the special issue are: (a) to describe experiences on the use of computer-supported collaborative
e-learning in mathematical education; (b) to forecast emerging technologies and tendencies
regarding mathematical software and its integration into online courses and materials; (c) to explore
how learning management systems are contributing to mathematics education online; and (d) to
highlight current-edge research in the area.

This RUSC special issue contains five articles, selected after a blind peer-review process from
almost thirty submitted papers. The selected articles are briefly introduced below:

In “The Role of Digital, Formative Testing in e-Learning for Mathematics: A Case Study in the
Netherlands”by D. Tempelaar et al,, the authors discuss the importance of formative assessment, in
terms of the feedback it provides both to students and instructors of mathematics-related courses,
and describe their own experiences while integrating this type of assessment into e-learning
platforms.

The article "A Knowledge-Skill-Competencies e-Learning Model in Mathematics” by G. Albano
addresses the emergent issue of how to successfully model mathematics-related competencies in an
e-learning environment. The author presents a model, based on knowledge and skills representations,
which defines a personalized learning experience to promote students'competencies in mathematics.

In "Activity Theory and e-Course Design: An Experience in Discrete Mathematics for Computer
Science”, J. L. Ramirez et al. present an interesting e-learning experience involving a higher-education
course on mathematics. The course design is based on two theoretical approaches: while the
content-related design is supported by different concepts of Activity Theory, interaction between
participants is designed following Slavin's Team Accelerated Instruction model.

The article “Distance Training of Mathematics Teachers: The EarlyStatistics Experience” by M.
Meletiou-Mavrotheris and A. Serradé analyzes how information and communication tools could
be employed to improve the quality and efficiency of teacher training in statistics education. The
authors also point out lessons learned from their own experience with EarlyStatistics, an online course
in statistics education which was offered to European elementary and middle school teachers.

In “On How Moodle Quizzes Can Contribute to the Formative e-Assessment of First-Year
Engineering Students in Mathematics Courses’, M. Blanco and M. Ginovart describe their experience
with the use of Moodle’s quiz module, and discuss the utility of this tool for the formative assessment
of students.

This special issue also contains a review, written by H. Cuypers, of the book Teaching Mathematics
Online: Emergent Technologies and Methodologies, which has recently been published by IGI Global.

Finally, we would like to thank the authors and reviewers of this special issue for their collaboration
and prompt responses to our enquiries, which enabled completion of this manuscript in a timely
manner. We gratefully acknowledge the editor at RUSC, Ms Elsa Corominas, for her help and

encouragement during the entire editing process of this RUSC special issue.
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Abstract

Repeated formative, diagnostic assessment lies at the heart of student-centred learning, providing
students with a continuous stream of information on the mastery of different topics and making
suggestions to optimize the choice of subsequent learning activities. When integrated into a
system of e-learning, formative assessment can make that steering information instantaneous,
which is a crucial aspect for feedback in student-centred learning. This empirical study of the role
of formative assessment in mathematics e-learning focuses on the important merit of integrating
these assessments into a system of state or national testing. Such tests provide individual students
with crucial feedback for their personal learning, teachers with information for instructional
planning, and curriculum designers with information on the strengths and weaknesses in the
mastery states of students in the program and the need to accommodate any shortcomings. Lastly,
they provide information on the quality of education at state or national level and a means to
monitor its development over time. We shall provide examples of these merits based on data from
the national project ONBETWIST, part of the Dutch e-learning program Testing and Test-Driven
Learning.

Keywords
interim assessment, bridging education, mathematics, heterogeneous international education,
mathematics program reforms

El papel de los exdmenes formativos digitales en el aprendizaje virtual
de matemdticas: un estudio de caso en los Paises Bajos

Resumen

La repetida evaluacion diagnéstica y formativa es uno de los elementos clave del aprendizaje centrado en
el alumno, ya que ofrece a los estudiantes un flujo continuo de informacidn sobre su nivel de conocimien-
tos en distintas materias y permite optimizar la posterior eleccion de actividades de aprendizaje. Cuando se
integra en un sistema de aprendizaje virtual, la evaluacion formativa puede convertir esta informacion en
instantdnea, lo que constituye un aspecto crucial para el retorno de informacidn en un aprendizaje centra-
do en el alumno. Este estudio empirico sobre el papel de la evaluacién formativa en el aprendizaje virtual
de matemditicas se centra en la ventaja de integrar estas evaluaciones en un sistema nacional o estatal de
exdmenes. Estos exdmenes proporcionan a los estudiantes una informacion crucial para su aprendizaje
personal; suministran a los profesores los datos necesarios para llevar a cabo la planificacién docente; y
ofrecen a los encargados de elaborar los planes de estudio la informacion necesaria sobre las fortalezas y
las debilidades de los estudiantes de cada programa y la necesidad de solucionar cualquier deficiencia. En
ultimo lugar, ofrecen informacion sobre la calidad de la ensenanza a escala nacional o estatal y son un
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medio para controlar su desarrollo a través del tiempo. Daremos ejemplos de todas estas ventajas segin
los datos del proyecto nacional ONBETWIST, que forma parte del programa de aprendizaje virtual holan-
dés «Los exdmenes y el aprendizaje basado en exdmenes.

Palabras clave
evaluacién intermedia, cursos puente, matemdticas, educacion internacional heterogénea, reforma de los
programas de matemdticas

Introduction

According to a recent, domain overarching meta-analysis of empirical educational studies (Hattie,
2008), feedback is the most effective instructional mechanism. Feedback can have many different
sources, and in student-centred learning, students' mastery or lack of mastery to perform a specific
task is an important part of that feedback. Formative assessment is a means to repeatedly assess a
student’s mastery in order to establish the subsequent learning step, and its importance is extensively
documented, in the context of both traditional learning (Donovan et al., 2005; Pellegrino, et al., 2001)
and e-learning (Juan et al,, 2011). Recently, there has been some interest in systematically combining
formative assessment with the use of state or national tests. In the US.,, this is termed ‘interim
assessment’ (Beatty, 2010). According to the U.S. National Research Council, interim assessments
“are assessments that measure students’ knowledge of the same broad curricular goals that are
measured in annual large-scale assessments, but they are given more frequently and are designed
to give teachers more data on student performance to use for instructional planning. Interim
assessments are often explicitly designed to mimic the format and coverage of state tests and may
be used not only to guide instruction, but also to predict student performance on state assessments,
to provide data on a program or approach, or to provide diagnostic information about a particular
student. Researchers stress the distinction between interim assessments and formative assessments,
however, because the latter are typically embedded in instructional activities and may not even be
recognizable as assessments by students ..." (Beatty, 2010, p. 6).

Continuous evaluation processes are at least as crucial in mathematics education as they are in
other disciplines (Donovan et al., 2005; Taylor, 2008; Trenholm et al., 2011). Beyond assessment for
development and assessment for achievement, both of which are generally recognized as important
assessment functions, formative assessment in mathematics education functions as ‘transition’ or
‘placement’ assessment, particularly in the first year of university education (Taylor, 2008). In their
comparative study of long-term online mathematics teaching experiences, Trenholm et al. (2011)
provide four major case studies, all of which point to continuous assessment as a key factor of success.
However, empirical studies into the effect of formative assessment in mathematics education remain
scarce (Wang et al,, 2006).

In the Netherlands, SURF, the Dutch collaborative organisation for higher education institutions

and research institutes aimed at innovations in ICT, initiated the nationwide program Testing and
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Test-Driven Learning to stimulate the design and use of such interim assessments, among other
things. Part of this program is the ONBETWIST project (http://www.onbetwist.org/), focusing on
mathematics learning, both in the transition from high school to university, and in the first year of
university, using e-learning with the support of these interim assessments. The ONBETWIST project
builds on earlier projects, such as SURF projects NKBW (http://www.nkbw.nl/) and TELMME (www.
telmme.tue.nl),and EU projects S.T.E.P. (www.transitionalstep.eu/) and MathBridge (http://www.math-
bridge.org/). All these projects focus primarily on the design and use of mathematics e-learning tools
to facilitate the transfer from high school to university, e.g., for international students who have been
educated in school systems whose premises differ considerably from those on which the university
curriculum is built. Offering flexible bridging courses in mathematics when the inflow of students
is too heterogeneous in terms of prior mathematics mastery to start immediately with class-based
regular university teaching is, in short, the main aim of all these initiatives. Reviews of some of these
endeavours can be found in Brants et al. (2009), Rienties et al. (2011) and Tempelaar et al. (2008). In
our companion paper, Tempelaar et al. (2011), we report on the outcomes of bridging education
in the context of the NKBW project for one Dutch university. This university is a typical exponent
of European internationalisation of higher education, where international students account for
more than 70% of the total. Although most of these students are not very international in terms
of the geographical distance they have to bridge, there is huge diversity with respect to the high
school education they have received. Secondary school systems, even in neighbouring countries
like the Netherlands, Germany and Belgium, are very different, producing major heterogeneity in
mathematical knowledge and skills that prospective students have. Such heterogeneity means that
there is a considerable need for bridging education in the transfer from secondary to university
education, and it offers an outstanding case to demonstrate the advantages of interim assessment.
While the companion paper focuses on the remedial education component, designed as a voluntary
mathematics summer course, this paper investigates the use of digital, formative tests for diagnostic
aims in the same population of international students. The empirical context of this study refers to
the use of entry tests generated within the national NKBW and ONBETWIST projects (full versions of
the tests can be found in the open-access ONBETWIST question database, available at http://moodle.
onbetwist.org/), where subjects for the empirical study are selected from one university, which is
characterized by a strong international orientation and large year classes.

The aim of this study is to add to the limited body of empirical studies into the effects of formative
assessment in mathematics education, thereby focusing on its role in the first year of university
education, where assessment, beyond development and achievement functions, plays an additional

and important transition or placement role.

The UM mathematics summer course

Since bridging education takes place before students participate in the interim assessments, a short

introduction to the summer course is required in order to understand its impact on performance in
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the assessments. The voluntary mathematics summer course is constructed around the test-steered,
adaptive, e-tutorial: ALEKS (Assessment and LEarning in Knowledge Spaces) College Algebra module.
The tool makes use of server-based computing and can be characterised as supporting individual
distance learning. The ALEKS system (see also Doignon & Falmagne, 1999; Falmange et al,, 2004,
Tempelaar et al,, 2006) combines adaptive, diagnostic testing with an e-learning and practice tutorial
in several domains relevant to higher education. In addition, it provides lecturers with an instructor
module, where students’ progress can be monitored in both learning and assessment modes.

The ALEKS assessment module starts with an entry assessment in order to evaluate a student’s
knowledge of the domain. Following this assessment, ALEKS delivers a graphic report analyzing the
student’s knowledge within all curricular areas of the course. The report also recommends concepts
on which the student can begin working; by clicking on any of these concepts or items, the student

gains immediate access to the learning module. See Figure 1 for a sample of the learning report.

® Student View | Course Forum | Y tnbox (1 new)  Use Advanced IM-2 | Sign Out
A LE KS Instructor Module Good Morning, Dr. Tempelaar

My Course: MUSBE Summer course Maths — Summer 2011 / College Algsbra (Your cour v Edit this Course | Add a Course | Administrator Center | My Account Settings
Home Reports Gradebook Homework Quizzes Tests Assessments Worksheets
Report for Dafnos, Andreas = November 10, 2011
<< Return to Reports Print

No event due in the future
09/28/2011 Leamning -

09/28/2011 (last login date) Learning

Last login: 09/28/2011 Course Calendar
Enroll date: 08/09/2011 Hoursiweek: 1.7
Total Hours: 83 hours 46 minutes

College Algebra
Course Mastery
(341 of 378 Topics)

Sequences, ?g;lzsr_,zazu‘ld Probability ':°(“Lif i?'ﬂ‘;“s

» Systems of Linear Equations
and Matrices (27 of 35)

e

Algebra and Geometry Review
(137 of 137)
» Exponential and Logarithmic
Functions (29 of 33) [

» Polynomial and Rational
Functions (42 of 67)

What Andreas can do

Figure 1. Partial sample of an ALEKS learning report

Some key features of the assessment module are that all problems require the student to produce
authentic input, all problems are algorithmically generated, and assessment questions are generated
from a carefully designed repertoire of items, thus ensuring comprehensive coverage of the domain.
The assessment is adaptive: the choice of each new question is based on the aggregate of responses
toall previous questions. As a result, the student’s knowledge state can be found by asking only a small
subset of the possible questions (typically 15-25). Both the principles of the UM summer course, and
the use of the e-tutorial ALEKS, are described in more detail in Tempelaar et al. (2011). An important
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aspect for this study is that the summer course is extra-curricular; offered before the regular program
starts, participation can only be voluntary. As a consequence, three different groups of students
can be distinguished: those not participating in the summer course (NoSC), those successfully
participating in the summer course (SCPass), and those enrolling the summer course but not
reaching a sufficient level of achievement (SCFail). To distinguish between passing and failing summer

course participants, a mastery level of 55% of the lessons contained in the ALEKS module was used.

Participants

This study is based on the investigation of five cohorts, of about equal size, of first-year students at a
Business and Economics School in the south of the Netherlands (academic years 07/08, 08/09, 09/10,
10/11 and 11/12). Programs offered by this school deviate from mainstream European university
education in two important ways: the student-centred learning approach of problem-based learning
and a strong international orientation (the programs are offered in the English language and mainly
attract international students). Of the 3,900 students in these five cohorts, 71% have an international
background (mostly European, and just over 50% from German-speaking European countries) and
29% are Dutch. Of these students, 36.7% are female and 63.3% are male. The mean age of the students
was 20.12 years, with a range of 17-31 years, though most students were in their teens: the median
age was 19.82 years. They were all enrolled on a business and economics program.

A large majority of these students took part in the administration of at least one diagnostic entry
test: 3,014. A small minority of the students took part in the voluntary summer course: 622, of which
267 passed and 335 failed (did not achieve a 55% mastery level in ALEKS).

After finishing the summer course in late August, the regular program of bachelor's degree
studies in International Business and International Economics started in early September. Both
programs begin with two eight-week (half semester) integrated, problem-based learning designed
courses, each having a 50% study load. The first course is an introduction to organizational theory
and marketing. The second course, called Quantitative Methods | or QM1, is an introduction to
mathematics and statistics. The very first activity in the QM1 course is to administer the mathematics
entry test. The coverage of the QM1 course mirrors the circumstance that strong heterogeneity in
mathematics mastery, due to students being educated in different national systems and at different
mathematics levels, necessitates a fair amount of repetition. Most of the topics covered are repeats
of those taught in grades 11 and 12 of Dutch secondary schooling, basic mathematics level (the last
two years of high school), with some time devoted to new topics. There is no overlap between QM1
and the content of the summer course, since that content covers those topics taught in grades 7-10
of secondary schooling (middle school and first year of high school).

The major component of heterogeneity in mathematics mastery is caused by the level of
mathematics schooling in high school. European countries generally distinguish between two
different levels of high school mathematics: basic and advanced. Of the students in this study,

28.1% did their high school education under the Dutch national system, called VWO (pre-university

RUSCVOL. 9 No 1 | Universitat Oberta de Catalunya | Barcelona, January 2012 | ISSN 1698-580X
Dirk T. Tempelaar, Boudewijn Kuperus, Hans Cuypers,

Henk van der Kooij, Evert van de Vrie and André Heck, 2012
® FUOC, 2012




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

http://rusc.uoc.edu The Role of Digital, Formative Testing in e-Learning for Mathematics

education), and were taught mathematics at one of two different basic levels (A1 or A1,2) or one
of two advanced levels (B1 or B1,2). The lowest level, A1, prepares students for studies in arts and
humanities, but does not qualify them to take social sciences studies such as business or economics,
so what remains is only the higher basic level: DutchA12 (18.6%). Another two tracks are at advanced
levels: DutchB1 (4.5%, preparing for life sciences studies) and DutchB12 (2.3%, preparing for technical
studies). Due to a reform in mathematics education in the Netherlands, students taking the advanced
track in high school from the last two cohorts (10/11 and 11/12) were educated in an undifferentiated
advanced track: DutchB (5.4%). A majority of students (53.1%) was educated in a German-speaking
high school system. That system again has two different levels of prior mathematics education, the
advanced level or Leistungskurs, and the basic level or Grundkurs. Students taking the basic track
have a further choice to select mathematics as one of their four subjects in the final examination or
Abitur (students in the advanced track always do so). As a consequence, there is one advanced track:
GermanlK (13.9%), and two basic tracks: GermanGKA (25.0%) and GermanGKnA (13.8%), where the
last category has opted out with regard to final examination. Again, in the last two cohorts, a new but
very small category of students can be distinguished owing to a reform in mathematics education in
some of the German states: the merger of basic and advanced tracks into one single, undifferentiated
level of mathematics education: GermanUndif (0.8%). In comparison to other European universities,
there is a rather large share of students having an International Baccalaureate (IB) diploma (6.9%). IB
again allows one advanced level (HL) to be distinguished from two basic levels (SL and StudiesSL),
generating the categories IBMathHL (1.5%), IBMathSL (5.1%) and IBMathSSL (0.3%, but excluded
from this study due to its small size). The remaining students (11.9%) are educated within a national
system outside the Dutch or German-speaking part of Europe. For this last category, students were
asked to classify their own prior mathematics education at the level of either mathematics major or
mathematics minor. This results in the categories OthMathMajor (6.2%) and OthMathMinor (5.7%).

Interim assessments

In this study, we investigate the role of two different interim assessments. Both are designed for use
in the transfer from high school to university and, for that reason, are labelled as entry assessments in
the two projects for which they were designed. We shall adhere to that convention.

The first entry test is called the NKBW entry test, designed within the SURF NKBW project. In that
project, secondary education and tertiary education representatives cooperated on the design of
these entry tests, giving the entry tests the unique characteristic of being based on a shared opinion
of what prospective students should master when graduating from high school and entering
university. That is, the NKBW tests are both entry and exit tests. Tests were developed for different
tracks of high school mathematics education; since mastery of mathematics at higher basic track level
is required, we applied that type of entry test. That 16-item test comprises four topics: algebraic skills
(AlgebraicSkills), logarithms and exponentials (Log&power), equations (Equations), and differentiation

(Differentiation). In this study, we focus mostly on the topic of algebraic skills, since deficiencies in the
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mastery of these skills appear to have a great impact on study success in the first year of university,
and the topic is beyond the scope of most forms of refreshment education provided at the start
of regular university education in many programs. Such refreshment topics typically include more
advanced topics from senior high school, whereas algebraic skills are taught in junior high school,
if not in primary education. Algebraic skills constitute a main part of the summer course program.
NKBW entry tests have been available since 2009, and the two cohorts 09/10 and 10/11 of students
investigated here have participated in this test.

The other entry test applied is the one designed by the TELMME project partners: the three Dutch
technical universities. For that reason, the entry test is called the 3TU test. Since the test is based
on the mastery of the advanced track of high school mathematics education, items belonging to
the topic differentiation and integration were deleted from the test. The remaining categories are
algebraic skills, logarithms and exponentials, and equations, and total 14 items. Written for a more
advanced target audience, items have a somewhat higher level of difficulty than items in the NKBW
entry test. They also have a stronger focus on skills mastery, whereas the conceptual understanding
of mathematics is somewhat more prominent in the NKBW test. The 3TU test was administered in all

five cohorts of UM freshmen, and thus provides a better basis for analysing developments over time.

Results

Prior education and the 3TU and NKBW entry tests

Figure 2 demonstrates the development over the years of diagnostic entry test scores in the topic
AlgebraicSkills of the main prior mathematics education groups in our study. We shall focus on the
component algebraic skills in most of this section, since it is at the heart of the project. However, the
analysis of total scores in the entry test results in rather similar outcomes, with identical patterns, but

at a slightly lower level.

3TU Algebraic Skills by Prior Education

1.0

W 2007

2008

AlgebraicSkills scores

M 2009
W 2010

W 2011

Prior Math Education

Figure 2. AlgebraicSkills scores from the 3TU entry test, by prior mathematics education
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When the entry tests were administered for the very first time in 2007, we were surprised to
find such a major underperformance of national (Dutch) students compared to international
students. For example, national students with the most advanced prior mathematics education,
DutchB12, scored no more than 60%, against a 62% score for German students educated at basic
level (GermanGKA) and a 77% score for German students educated at advanced level (GermanLK).
Needless to say, the scores of Dutch students from the less advanced tracks were even lower:
41% for DutchA12 and 53% for DutchB1. Indeed, they were the lowest of all other types of prior
education. However, given the raison d'étre of our national bridging project, this outcome was not
that surprising. In fact, it did provide justification for the project, since Dutch secondary education
proved to lack in preparing students for university, especially in the area of algebraic skills, not only
in an absolute sense, but also in a relative sense, when comparing Dutch students to international
students.

Since 2007, several remarkable developments have occurred. School reforms in Dutch secondary
mathematics education have improved the performance of advanced track students year after year,
for both the B1 and B12 tracks. The merger of both of these tracks into one DutchB track was another
successful step in terms of mastery of algebraic skills: students from that broad track achieved 72%
and 79% scores, higher than ever before. And by doing so, they approached the score of German
advanced track students (74%, GermanLK). Scores of Dutch basic track students, however, remained
at the very lowest level.

Amongst the three different types of international prior education, radically different
developments can be observed. Mastery levels of the advanced tracks are relatively stable and high
(greater variability present in the scores of IBMathHL, though that may simply be due to sampling
variability, given the smaller size of this group, 15 on average). The OthMathMajor category seems
to demonstrate decreasing scores, but, being a residual category, this is not easy to interpret.
Mastery levels among basic track students do, however, signal a decline over the years for both
German and IB students, with very marked developments for the GermanGKnA and IBMathSL
groups. As a consequence, mastery levels among all tracks of basic mathematics education (except
OthMathMinor) converge to worryingly low levels — ranging between 40% and 50% — that have
been present in the Netherlands for some time. In contrast to the success of the Dutch educational
reform, the reform in Germany of removing different tracks to create an undifferentiated system
seems to be less successful: the score is certainly not higher — and is more likely to be lower — than
that of the basic track still in existence in other states. However, this group is somewhat small to
place a lot of trust in this outcome.

The assessment of the German educational reform also depends on the type of entry test applied:
changing to the NKBW entry test, which is based rather more on conceptual understanding and
somewhat less purely on skills, German undifferentiated system students score midway between the
basic and advanced tracks (60% versus 59% and 69%). In addition, the other educational reform is
assessed differently: the new DutchB group scores similarly to, or even slightly lower than, students
from the advanced track the year before. Besides being more conceptually oriented, the NKBW entry
testis clearly less difficult (scores are uniformly higher) and less discriminative between the basic and

advanced tracks than the 3TU entry test: see Figure 3.
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Figure 3. AlgebraicSkills cores from the NKBW entry test, by prior mathematics education

How large the differences between international mathematics educations can be with regard to
the mastery of very basic algebraic skills is illustrated by the scores of two entry test items from this

category in the 3TU entry test. The items themselves are provided too: see Figures 4 and 5.
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Figure 4. AlgebraicSkillsNo2 scores from the 3TU entry test, by prior mathematics education
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3TU Algebraic SkillsNo3 by Prior Education
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Figure 5. AlgebraicSkillsNo3 scores from the 3TU entry test, by prior mathematics education

Where the AlgebraicSkillsNo3 scores are not beyond guessing level in some group and year
combinations, we at least observe improved mastery over time, especially for the Dutch students,
who were the weakest in 2007. In contrast, scores for AlgebraicSkillsNo2 in the Dutch basic track are
even lower than guessing rate, and do not indicate any sign of improvement over time: students
continue to become strongly attracted to the third answer option, apparently following the strategy
of eliminating equal quadratic terms in numerator and denominator. Beyond very strong differences
between outcomes for the Dutch and other European educational systems, both items, but especially
the first one, also demonstrate considerable mastery differences between basic and advanced track
students. This is remarkable in its own, since algebraic skills are typically taught in junior high school,

to students in both the advanced and basic tracks.

Summer course participation and the 3TU

and NKBW entry tests

Since the mathematics bridging course offered by the program runs in the summer, participation is
voluntary, which allows student performance in the entry tests to be compared for three different
groups of students: successful summer course participants, unsuccessful summer course participants
and non-participants. Figure 6 and 7 contain student performance scores in both types of entry test
in the AlgebraicSkills section and, as reference material, in two other topics in the NKBW entry test.
Figure 6 makes clear that there is a strong effect of successful participation in the summer course.
The true effect is even greater than the figure suggests, since students educated at the basic level
are overrepresented in the group of summer course participants, whereas students educated at the
advanced level are overrepresented in the group of non-participants (according to the aim of the

summer course). Part of this overrepresentation is visible in the scores of unsuccessful summer course
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participants: in three of five cohorts, their mastery level is significantly lower than the mastery level
of the non-participants, indicating that these students initially made the right decision to register for

the bridging course, but failed to materialize that decision.

1.0

3TU Algebraic Skills by Prior Education
0.9

o
©

e
3

o
o

o
3

SCFail
B NoSC

W SCPass

AlgebraicSkills scores
o o
w i

o
S}

o
e

o
o

2007 2008 2009 2010 2011
Class year of summer course

Figure 6. AlgebraicSkills mastery in the 3TU entry test, by summer course participation

The first panel of Figure 7 confirms that impression, be it that effects are much weaker when
measured with the NKBW entry test AlgebraicSkills section. The second panel indicates that items
in the Logs&Powers section contain a stronger effect of bridging education. And the third panel is
added to check the adequacy of comparisons of this type. The third panel contains the items of the
Differentiation section, not part of the summer course. For comparisons between the three groups to

be valid, no effect of bridging education is to be expected in this third panel, which is indeed the case.
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Figure 7. AlgebraicSkills, Logs&Powers & Differentiation mastery in the NKBW entry test, by summer course participation
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Does participation in the summer course help students achieve academic success, beyond
getting higher scores in purely formative tests like the two types of entry test? The answer is clearly
affirmative, as visible in Figures 8 and 9. Figure 8 contains the scores in the final exam for both sections
of that exam: mathematics and statistics (maximum score being 20). The effects of successful summer
course participation are substantial, in both sections, where the true effects are again expected to
be stronger than the visible effects, given that weaker students are overrepresented in the summer
course. Differences in final mathematics exam scores between successful summer course participants
and non-participants are statistically significant at 1% level in all class years, except for 2008 and 2011.

Differences in final statistics exam scores are statistically significant at 1% level in class years 2007 and

2009.
20
Exam scores, Math & Stats
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Figure 8. Score in final mathematics exam and final statistics exam, by summer course participation

The strongest effects are visible in Figure 9, containing the passing rates for the QM course. Since
most students score in the region of 55% (required to pass), the effects of summer course participation
are stronger on passing rates than on absolute score. Differences in passing rates between successful
summer course participants and non-participants are statistically significant at 1% level in all class

years except for 2008, where significance is at the 10% level.
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Figure 9. QM passing rate, by summer course participation

Prior education and summer course participation,

and the 3TU entry test

In order to properly disentangle the combined effects of prior mathematics education and summer
course participation, it is necessary to analyse the effect of bridging education separately for students
of each of the different types of prior education. Figure 10 provides the outcomes of one sample of

such an analysis.

NKBW Algebraic Skills by Prior Education and Summer Course Participation
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Figure 10. AlgebraicSkills scores in the 3TU entry test, by prior education and summer course participation
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Since only a minority of students participated in bridging education, comparison is restricted
to those prior education categories that had a sufficient number of students (five) in each of the
three categories NoSC, SCFail and SCPass. Prior education categories that satisfy that constraint are
DutchA12, GermanGKnA, GermanGKA and GermanLK. With the exception of the last category, these
are all categories of basic tracks of mathematics education. German students are overrepresented,
partly because many German students interrupt their studies after finishing high school and go to
university only after a break of often two or more years. These students, even if educated at advanced
level, regard the summer course as an effective refresher of their mathematics mastery. For all four prior
education categories, Figure 10 contains three panels, corresponding to failing, non-participation
and passing the summer course. As expected, we observe that entry test scores demonstrate both
a prior education effect and a summer course participation effect. The summer course effect seems
to be weakest among advanced track students, which is no surprise: beyond some refreshment,
these students cannot gain much from participating in the bridging course. Stronger effects are to
be found for students educated at the basic level. But beyond the systematic differences, there is
more sampling variability present, due to smaller samples, which makes interpretations from these

decomposed data less easy.
Cluster analysis of 3TU entry test scores
A very different approach to analysing data derived from entry test takes is to look at groups of

students with similar score patterns for the different items in the test. We did this by applying cluster

analysis; Figure 11 contains a graphical representation of the outcomes of such a cluster analysis.
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Figure 11. Clustering of students in high, middle and low clusters based on five years of 3TU test takes
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The analysis is performed on all test takes together, by adding all five cohorts. In the analysis,
each student is allocated to one of three clusters, where the clusters are calculated to maximize
variation between clusters and to minimize variation within clusters. Such cluster analysis can be
repeated within each of the prior education groups; in this contribution, we shall limit ourselves
to the outcomes of cluster analysis applied to all groups together. In most of these cluster
analyses, distinguishing three clusters works quite well and, in most cases, these clusters are
easily interpretable. As one can see from Figure 11, the clusters represent high scoring students,
low scoring students, and a group of students whose performance is between the two. The latter
middle group is by far the most interesting one, especially since the students perform similarly
to the high scoring students for some items, and similarly to the low scoring students for other
items. In Figure 11, students in the middle cluster score similarly to those of the high cluster for
items belonging to the AlgebraicSkills section, with the third item (discussed earlier) as a potential
exception. In contrast, students in the middle cluster score similarly to students in the low cluster,
or even lower, in items in the Log&power section. They score highly again in the Equations section,
especially on the third item, which requires them to find the zeros of a standard quadratic equation.
Deviant patterns are here for the second question, which acts as a kind of trick questions: it asks for
the number of different zeros of a third order polynomial, in which two zeros coincide. And the last
question, where beyond solving an equation, students need to know how to find a tangent line.
In short, middle cluster students act on the same level as high cluster students when items can be
solved by the straightforward application of regular solution strategies taught in high school, but
fall back to the level of low cluster students when items deviate from the regular pattern of class

exercises.

Conclusions and discussion

The repeated use of formative, diagnostic tests is a crucial component of any mathematics e-learning
program, providing the feedback required for the optimal steering of individual learning. The use of
broad ‘interim’ assessments for these purposes brings many additional advantages. First, it allows
the strengths and weaknesses of different prior education tracks to be distinguished for programs
attracting large numbers of international students educated in very different high school programs.
Second, when the heterogeneous inflow is accommodated by implementing bridging education, it
allows the effects of prior education and of remedial education to be properly disentangled. Finally,
it allows different clusters of students with very different patterns of mathematics mastery to be
distinguished. Doing so provides important information — beyond that for the individual students
— for instructional planning, for regular curriculum design, for the implementation of bridging
programs, for the streaming of education and even for admission regulations. Inferential statistical
analyses indicate that first-year students using these formative assessments and participating in the
summer course (based on such a formative assessment strategy) are substantially more successful (in

the sense of statistical significance) than students who do not.
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Both students and instructors evaluate the facilities of online formative assessment as highly
positive. However, it is difficult to assess the evaluation of the developmental and placement
functions of formative assessment separately from the evaluation of the achievement functions.
As in many other programs, online formative assessment is introduced together with online low-
stakes testing in the form of quizzes. Positive evaluation of formative assessment is therefore not to
separate from the appreciation of low-stakes testing and the availability of online tools to prepare
these quizzes.

Future research will have a dual focus. First, formative tests, specifically entry tests, provide crucial
feedback with regard to the mathematics proficiency of students from different backgrounds. Given
the recent major reform in Dutch secondary mathematics education, longitudinal monitoring of
the mathematics proficiency of prospective students from different secondary education systems
will continue to serve an important function. Second, future research will focus on the role
formative tests can play in both providing continuous and instantaneous feedback to students,
and in making education itself more adaptive, with the aim — in both instances — of optimising the

learning process.
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Abstract

This paper concerns modelling competence in mathematics in an e-learning environment.
Competence is something complex, which goes beyond the cognitive level, and involves meta-
cognitive and non-cognitive factors. It requires students to master knowledge and skills and at least
some measurable abilities, which Niss calls ‘competencies. We present a model that exploits the
innovative technological features of the IWT platform to define a personalised learning experience
allowing students to increase their competence in mathematics. It is based on knowledge and
skills representations by means of a graph metaphor, and on a theoretical framework for modelling
competence.

Keywords

mathematics learning, knowledge, skill, competence, competency, e-learning

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

306
& Giovannina Albano, 2012

® FUOC, 2012



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

http://rusc.uoc.edu A Knowledge-Skill-Competencies e-Learning Model. ..

Conocimientos, destrezas y competencias:
un modelo para aprender matemdticas en un entorno virtual

Resumen

Este trabajo se centra en la competencia matemdtica en un entorno de aprendizaje virtual. La competen-
cia es algo complejo, que trasciende el nivel cognitivo, e implica factores metacognitivos y no cognitivos.
Exige de los estudiantes su dominio sobre conocimientos y destrezas y, por lo menos, sobre algunas capaci-
dades medibles, a las que Niss llama «competencias especificas» [competencies]. El modelo que presenta-
mos utiliza las innovadoras caracteristicas tecnoldgicas de la plataforma IWT para definir una experiencia
de aprendizaje personalizado que permite a los estudiantes aumentar su competencia en matemdticas.
Se basa en la representacion de conocimientos y destrezas mediante metdforas grdficas y en un marco
tedrico para modelar la competencia.

Palabras clave
aprendizaje de matemdticas, conocimientos, destrezas, competencia, competencia especifica, aprendizaje
virtual

1. Introduction

Competence in mathematics is something complex, hard to define, which requires students
to master not only knowledge and skills, but at least some measurable abilities, which Niss calls
‘competencies’ (detailed in section 2). In this paper we face the problem of mathematics teaching-
learning in an e-learning environment, with particular respect to competencies. The author has
extensive experience in undergraduate blended courses supported by the e-learning platform IWT
(Intelligent Web Teacher), which allows personalised Units of Learning (UoLs) for each learner to be
created and delivered by means of an explicit knowledge representation (see section 3). The latter has
been improved in order to make a clear distinction between knowledge and skills (Albano, 2011a).
Competency modelling requires a different approach and further work, since itis based on knowledge
and skillsand goes beyond the cognitive and meta-cognitive levels of both. In this paper, starting from
the assumption that the learning of competencies comes from the engagement of learners in suitable
Learning Activities (LAs), we propose a model that is able to generate and update suitable templates
associated with the learning of a certain competency. Moreover, we give a complete framework of
how the knowledge-skill-competency model should work in the IWT context. In particular, the IWT
learning personalisation features can be exploited to personalise the delivery of LAs, so as to engage
learners in those activities that best match their individual cognitive states and learning preferences.

The paper is organised as follows: sections 2 and 3 give an overview of the theoretical and
technological frameworks, respectively; section 4 describes a model for knowledge and skills
in mathematics learning, based on a multi-level graph representation of the domain; section 5
describes a model for competencies, framed in Dubinsky research on undergraduate mathematics

education (RUME); section 6 shows how the three models work and integrate; section 7 analyses
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costs and benefits; section 8 explores the opportunities for future research; and section 9 draws some

conclusions.

2. Theoretical framework

Many authors (Weinert, 2001; D'’Amore, 2000; Godino, J,; Niss, 2003) have tried to explain competence
in mathematics. According to Niss (2003), “possessing mathematical competence means having
knowledge of, understanding, doing and using mathematics” All these authors agree that it is
not something to be taught; rather, it is a long-term goal for the teaching-learning process. It is
something complex and dynamic, which requires mathematics domain knowledge of a declarative-
propositional type and of a procedural type, that is, knowledge (to know) and skill (to know how), but
at the same time goes beyond cognitive factors. Table 1 shows a list of some basic requirements for

the distinction between knowledge and skills:

Table 1. Classification of the main types of mathematical content.

Content type Knowledge Skill
Definition Statement Procedure/computation
Theorem Statement Procedure/computation
Theorem Proof Procedure/computation
Algorithm Performance of the algorithm
Example (counter) Description
Exercise Computational skills
Problems Solving standard problems

In order to make the notion of mathematical competence more factual, we can consider a
mathematical competency as a clearly recognizable distinct major constituent in mathematical
competence (Niss, 2003). Niss has distinguished eight characteristic cognitive mathematical
competencies, adopted by PISA 2009 (OECD, 2009). They correspond to relational mathematics
(Skemp, 1976), which consists of reasoning, thinking, problems, and processes. This is reflected by
relational comprehension;, which means to know why. The following table lists them in two clusters
(Niss, 2003):

Table 2. Clusters related to cognitive mathematical competencies.

The ability to ask and answer questions The ability to deal with mathematical language
in and with mathematics and tools
Mathematical thinking competency Representation competency
Problem handling competency Symbols and formalism competency
Modelling competency Communication competency
Reasoning competency Tools and aids competency
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3. Technological framework

From a technological viewpoint, we refer to the IWT platform that we used in our practices. It is
a software platform for distance learning, equipped with Learning Content Management System
(LCMS) and adaptive learning system features. It allows teaching-learning experiences to be both
personalized and collaborative by means of the explicit representation of knowledge and the use of
Web 2.0 techniques and tools. Realized at the Italian Pole of Excellence on Learning & Knowledge and
marketed by MOMA!, this platform, which is not open source, has been adopted by various Italian

universities and high schools.
3.1 The main features of IWT

Personalisation of the learning process is made possible in IWT by means of three models: Knowledge,
Learner, Didactic.

The Knowledge Model (KM) is able to intelligibly represent the computer and the information
associated with the available didactic material. It makes use of:

1) Ontologies, which allow the formalization of cognitive domains through the definition
of concepts and relations between the concepts. They consist of graphs, whose nodes are the
concepts of the cognitive domain and whose edges represent the relations HasPart, IsRequiredBy
and SuggestedOrder, designed by domain experts using a specific editor available in IWT (Figure
1).

1€ WT Ontology Editor - Windows Intemet Explorer

Oy —r
]

T T —— T BTV SPetDs 8]

File.Inform: ‘

BEAD=S|(d¢|u|nn|88 | @R [ z|Em|E|e a8k

Dictionary:  Geometry
Contexts

(conTEXT ONE
CONTEXT TWO

(Concepts avaiable

Concepts used
Matrces

Reltion type
IsRequredsy

(=

Fine @ Intemet | Modalits protetta: attivata v R00% ~

Figure 1. An example of an ontology for the topic Matrices.

2) Learning Objects (LOs), consisting of “any digital resource that can be reused to support
learning” (Wiley, 2000).
3) Metadata, which are descriptive information tagged to each LO in order to associate it with

one or more concepts in an ontology (Figure 2, red box). Further information refers to educational

1. http://www.momanet.it/index.php?lang=en
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parameters such as LO typology (video, text, slide, etc.), context (high school, college, training, etc.),

type of interaction (expositive, active, mixed) and its level, difficulty and semantic density.

| 4 1WT - Inteligent Web Teacher ] & A=l

S =

General Information. Wizard| Metadata|
\* 2. Educational )@ O O OO [ sk [ e ] I
Educational
Dictionary /@ private ©
Comeoes! ! @ private O public | Geonetry [+]

5 &
Miomatle. [ erste metadata )
‘metadata B
sencration
Learning. =
resource | DXERCISE [=] e @
type.
Context HIGHER EDUCATION [~] W @

7 (@ @ Interet | Modalits protetta: attivata ‘o - ®wom -

Figure 2. An example of metadata (zoom on Ontology/Concept association).

The Learner Model (LM) allows a user profile to be managed (Figure 3). The user profile
automatically captures, stores and updates information on individual learners’ preferences and needs
(e.g., media, level of interactivity, level of difficulty, etc.) and their cognitive states (that is, concepts of

a knowledge domain that have already been learnt).

| @1WT - Inteligent Web Teacher | B~ ~ [ dé= v Paginav Sicurezzav Strumentiv @~ |

Personal data Additional fieds Didactic preferences Skils| Competences| Learning Activities Summary Time Spent
ABCDEFGHIJ KLM

[Py -] [Csemren ]
NOPQRSTUVWXYZ Complete st
Dictionary ¥ Taxon ¥ vote ¥ LastUpdated ¥
AgebraLinearel RappresentazionDiUnSottospazio 7 28/08/201 13:23:31
AgebraLineare2 Sistemiomogenet o 03/10/2011 23:54:24
AgebraLineare2 TeorRouehéCapeti 45 03/10/2011 23:54:37
Agebralineare Matricelnversa 5 03/10/2011 23:54:37
€3Page 2 of 2 2> Go topage 1 (w1 Number of tines to show: |10 (o ]

(@ @ Intemet | Modalita protetta: attivata - ®i0x ~

Figure 3. An example of a learner profile.

The Didactic Model (DM) refers to a pedagogical approach to learning (e.g., inductive, deductive,
learning by doing, etc.). Currently, it is associated with specific LO typologies (for instance, a simulation
refers to inductive didactic learning) and it is stored both in the LO metadata and in user profiles (as
preferred LO typologies).

3.2. How IWT works

IWT allows both guided and self-requlated learning. The former consists of standard courses (e.g.,
Geometry, Calculus) and the latter allows learners to express their learning needs in natural language

(e.g. learning to solve linear systems). In both cases, IWT gives rise to tailored UoLs, taking advantage
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of the previous models (Albano, 2011b; Albano et al., 2007; Gaeta et al., 2009). Domain experts (i.e,,
teachers) first define a number of suitable specifications for courses or learning needs, choosing or
editing a suitable ontology for the course topics. They then set suitable learning goals (e.g., one or
more target concepts on the chosen ontology) and finally choose certain parameters for the teaching
flow (e.g., pre-test, how many intermediate tests, educational context). The UoL is generated at run-
time from IWT, when a student accesses it for the first time, through the following steps: the ontology
is used to create the list of concepts needed to reach the target concepts of the course, then user
profile information allows this list to be updated according to the cognitive state, and the LOs to be
chosen. These LOs are those whose metadata best match the learner preferences. Further, the UoL is

dynamically updated according to the outcomes of intermediate tests.

4. Multi-level graphs to model knowledge
and skills learning

The current use of ontology in IWT corresponds to a rough version of teaching according to
‘fundamental nodes. With this term we refer to “those fundamental concepts which occur in various
places of a discipline and then have structural and knowledge procreative value” (Arzarello et al,
2002). In mathematics education, teaching by fundamental nodes means “to weave a conceptual
map, strategic and logic, fine and smart” (e.g., Figure 4), where each concept is the goal of a complex
meshed system, where no concept stands completely alone and each of them is part of a relational

web rather than a single “conceptual object” (D’Amore, 2000).

(soas)_
for the square ones
SN

operations can be defined have a characteristic
I./ number, that is
for defining

o mI"s of \ is r:?ded

ives condition for
Matrix-matrix Gauss algorithm 9
Product /
product I/ =7

are

allows to compute

/
Echelon form or
reduced echelon form

Figure 4. An example of a conceptual map for the topic Matrices.

As we can see, the distinction between the knowledge and the skill levels is made clear by the
relations between the nodes (i.e, the edges). Edges in IWT ontologies cannot do the same. So the
two levels are flattened onto the nodes, thus associating LOs for both of them.

In order to overcome this restraint, we propose the use of a multi-level graph representation
(Albano, 2011a). At the first level, the fundamental nodes are seen as roots’ of a further two graphs

(ontologies), where the levels of knowledge and skill are made explicit.
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» Knowledge level (Figure 5), where the nodes correspond to definitions, theorems, examples, etc.

(Table 1), and the possible relations, mandatory (continuous lines) or not (discontinuous lines).

Knowledge level
Definition -
Statement

: Al Algarithms -

Figure 5. Generic ontology at the knowledge level.

Theorem -
Staternent

« Skill level (Figure 6): where the nodes correspond basically to computational methods and

standard problem-solving capabilities (Table 1).

Skill level .
e =y

Theorem - Algorithms - =
Computational method practice e W
2 oo
Definition - =
Computational method ~ E"?mses Problems -
Computational capabilities Standard solving procedures

=
g =
T

—_— T T —

|

e -
— e
s —
I~ J_—/

e

Figure 6. Generic ontology at the skill level.
Moreover, a third level related to competencies can be devised:

» Competency level: where the nodes correspond to those competencies for the fundamental
node root’ (Table 2).

In the following section, we shall take the competency level and its modelling into consideration.

5. Dubinsky’s cycle to model competency learning

According to the theoretical framework, we assume that competencies develop from students’
engagement in LAs. This is why, in order to model competencies, we refer to Dubinsky’s RUME
framework (Asiala et al.,, 1996). It consists of a cycle of three interrelated elements, which are theoretical
analysis, instructional treatment and data collection/analysis.

Let us see what they mean in our context. Starting from a concept, we can single out one or more
associated competencies. Then, we can implement a LA aimed at getting students to practice them.

Thus, we can start the cycle described below:
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Theoretical analysis

The theoretical analysis aims to propose a competency learning model, that is, a description of
mental construction processes used by learners in their understanding of the competency,
called Genetic Decomposition (GD). Such GD is strictly dependent on the content to which the
competency is applied (e.g., representation competency has a different meaning if it concerns a
set of real numbers or the lines in a 2D space) and it is not necessarily unique with respect to fixed

content (Figure 7).

.. A .
Description of the Computation of theline’s Computation of the set of

Linear systems i fali intsf .
solvingtechniques solutionsetofa linear direction from the points rom.Car‘teswlan
representation of aline

system Cartesian representation

N S I

Write the solution setin terms of
parametricdescription ofthe n-

uples ofvariables
\, —

Computation a specific
point from Cartesian
representation ofaline

Write the parametricequations
ofaline given a pointanda
direction

Apply conversion from Cartesian
representation to parametricone

Solve problems using conversion

Figure 7. Example of algebraic (on the left) and geometric (on the right) genetic decomposition for a given competency.

Moving along a GD, the mechanism for practicing and constructing mathematical competency

is described in terms of the following four elements (APOS):

* Action: a transformation generated as a reaction to external stimuli (physical or mental).

Process: the interiorisation of the object, so that transformations can be mentally imagined.

* Object:the encapsulation of the process, due to reflections on operations applied to a particular
process, making the individual aware of the process in its totality.

» Schema: objects and processes can be organized in a coherent collection, explicating

the interconnections between them and giving rise to what is called a ‘schema’ A schema

represents an individual’s knowledge of a competency and it is invoked in order to understand,

deal with and face a perceived situation involving that competency.

Given a competency, its GD together with the related APOS give rise to a Learning Scenario (LS)

suitable for a learner to practice and master such a competency.
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Instructional treatment

Theoretical analysis indicates a specific LS to be fostered by instruction. This means designing
instruction for a LA associated with a LS, which enables students to construct the appropriate actions,
processes, objects and schemata. Such instruction can be described using a specific language for
learning design (forinstance, IMS-LD 2003) allowing the description of an activity workflow associated
with the LS. These workflows include the definition of actions, processes, pedagogical strategies and
specific environments comprising sets of LOs and services (forum, chat, calendar, virtual classroom,
access to maths engines, etc.). The outcome of this phase will be one or more templates for a LA
associated with a fixed LS. The templates also contain descriptive information in order to associate a
LA with both a competency and to one or more concepts in an ontology (at knowledge and/or skill

level).

Data collection/analysis

Once the instruction is implemented and experienced by students, observations and analysis of
learning results in terms of theoretical expectations are needed. This means examining whether
students have made the mental constructions predicted by the theoretical analysis or whether they

have used alternative constructions. The data are used to validate the theoretical analysis and the

consequent instruction treatment. Appropriate adjustments or a complete revision can be made.

6. How the new models work

From the above sections, we can sketch out the following Figure 8.

Domain representation

[ Fundamental nodes ﬁ |

- T . PR
Enowledge skills Competencies
7~ A o 7l

Clletadata > & Templates >

Learning Learning
Objects Activities

Figure 8. Model of learning experience generation.
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Domain representation in the platform will consist first of all of an ontology on fundamental
nodes, and then further levels of ontologies (knowledge and skills) and a database of competencies
are devised.

Taking into consideration both guided and self-requlated learning, let us see how the new domain
representation impacts on them. Concerning the former, the UoL corresponding to the standard

course differs from the ones described in section 3.2 with respect to two aspects:

* The selection of target concepts can be specified at one or more ontology levels and the
learning path will develop from the merging of the lists generated at each level; then the
process continues as previously shown.

* The Uol will be enriched by engaging learners in LAs corresponding to selected competencies
in the third level of domain representation (sections 4 and 5). The choice of LAs will be guided

by the best match between a template's descriptive information and a user profile.

Concerning self-regulated learning, the models are also able to meet learners'needs with respectto
competencies(e.g, tolearn proving statements).In this case, fromamongthe available LAs, the platform
selects the ones that best match the needs expressed by learners and, at the same time, that refer to
concepts(inanontology)alreadypresentintheircognitivestates.Inanyevent,apre-testonsuchconcepts

can be done and a tailored Uol can be offered to each learner in order to bridge the gap if necessary.

7. Costs, benefits and feedback

In traditional teaching, teachers are, at one and the same time, the authors, tutors and evaluators
of their courses. In an e-learning environment, we can explicitly distinguish the roles of author and
tutor. Authors are collective subjects possessing all the skills required for the preparation of teaching
materials in a digital context; they are not only experts with competencies in general and discipline-
specific education, but also professionals with technical capabilities in ICTs, management and
pedagogy. Tutors can be human or artificial agents to give students the right scaffolding needed to
reach the desired educational goals. Teachers can assume one or more roles, including that of author,
according to their expertise. For instance, in the case of our courses at the University of Salerno,
teachers act as domain experts in Geometry or Calculus and have designed the related ontologies
(by means of a user-friendly graphical tool, shown in Figure 2). They have also designed various LOs
(from hypermedia to structured video and dynamic exercises with Mathematica?) and supervised
their implementation by suitable technical staff.

While the work of an author in an e-learning context may seem tougher (since it also requires
technical capabilities) than that of a teacher in traditional lectures, there are some considerable

advantages, including:

2. www.wolfram.com
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* Reusability: ontologies, LOs and templates constitute a repository available to all authors using
the platform (not only to the owner).

+ Continuous enrichment of the learning pool: this is a direct consequence of the previous item,
as every teacher can take advantage of the others work, thus benefitting from the chance to
use much more material than they are individually capable of producing.

* Support for diversity in students’ learning methods: the personalisation of teaching is not
possible at undergraduate level, especially with large classes of freshers, but blended courses
that combine face-to-face classes and distance mathematics instruction/learning can bridge
the gap.

+ Automatic learning tracking data: for both individuals and groups. Their analysis provides a
great deal of information at the domain level (e.g.,, topics with intrinsic difficulty) and at learning
level (e.g., basic shortcomings) so that adjustments can be made in the design/implementation
of LOs and LAs.

Regarding students, we can make some considerations on the basis of our experience at the
University of Salerno. Over the last few years, some mathematics courses at the University of Salerno
have been IWT supported. Traditional classes have been supported by distance instruction, consisting
of tailored UoLs (section 3.2) and teacher-driven cooperative or individual learning activities (whose
formalisation, and the generalisation of the latter, has given rise to the model in section 5). Apart
from the grades obtained in exams, we submitted questionnaires to students engaged in blended
classes in order to investigate outcomes concerning meta-cognitive and non-cognitive levels. We
essentially found that LAs have fostered a change in their working methods: going into depth as
a standard practice, broadening perspectives, changing attitudes towards learning, focusing on
relevant activities, organizing homework timetables and giving continuity to their work. Besides
changing their working methods, they begin to grasp mathematical meanings and improve their
ways to tackle problems, which were our main goals. Then their attitudes towards mathematics
change (even those of individuals who are not usually successful at mathematics), thus initiating a

productive learning process.

8. Future trends

We plan to continue our research on the knowledge-skill-competency model. Implementation on a
platform requires details to be investigated, and integration with IWT algorithms for the automatic

generation of personalised UoLs poses new open problems, such as:

* Investigation into tools useful for instructional treatment: it would be very interesting to
have the chance to choose, at run-time, LOs involved in LAs, taking account of the assigned
metadata.

* Investigation into the possibilities of LA interconnection with Uols needed as prerequisites.
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* Definition of competency assessment procedures according to the requirements of PISA
(OECD, 2009), both in closed and open form (Albano, 2011b; Albano et al.,, 2008).
* Integration of the outcomes of competency open assessment to automatically update the

UoLs and choose subsequent LAs.

9. Conclusions

In the context of mathematics e-learning, in this paper we have focused on competency learning.
Assuming that competencies develop from learners'engagement in LAs, we have proposed a model
apt to generate learning experiences, which can be further tailored to individual learners according to
their user profiles. This model supplements the knowledge and skill models based on multi-graphs. All
three modelsinteractin order to generate a knowledge-skill-competencies model capable of creating
anddelivering personalised UoLs consisting of collections of LOs or LAs. The IWT platform hasbeen used
tovalidatethe modelsin undergraduate courses. The outcomes show that studentsimprove theirways

of tackling mathematics problems or studying, while changing their attitudes towards mathematics.
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Abstract

The aim of this article is to present a distance e-learning experience of mathematics in higher
education. The course is offered as a remedial program for master’s degree students of Computer
Science. It was designed to meet the particular needs of the students entering the master’s degree
program, as a response to the lack of understanding of logical language which was identified in
several previous cohorts of students at CENIDET. The course addresses mathematical abilities of
comprehensive functional use of logical language as a basic ability to be developed for later successful
participation in the Master of Computer Science and also for later use in professional contexts of
Computer Engineering. Eighteen students distributed throughout Mexico volunteered to participate
under the guidance of one instructor. The techno-pedagogical design of the course is grounded
on two theoretical approaches. Content-related instructional decisions are supported by different
concepts of the second generation of Activity Theory. The concept of Orienting Basis of an Action was
particularly useful to define the skills the students were expected to develop. Instructional decisions
related to the participants’ interaction are underpinned by Slavin's Team Accelerated Instruction
model. We present the course structure in detail and provide some student interaction excerpts in
order to illustrate their learning progress.

Keywords
e-learning, instructional design, higher education, discrete mathematics, activity theory, mathemati-
cal abilities

Teoria de la actividad y diserio de cursos virtuales:
la enserianza de matemdticas discretas en Ciencias de la Computacio’n

Resumen

El objetivo de este estudio es presentar una experiencia de aprendizaje virtual a distancia en el dmbito de
la ensefianza de las matemdticas en educacion superior. £l curso se ofrece como programa de apoyo para
alumnos de un mdster de Ciencias de la Computacion y estd especificamente disenado para satisfacer las
necesidades de los estudiantes que iniciaban dicho programa, particularmente la falta de comprension
del lenguaje I6gico detectada en varias promociones anteriores de los alumnos del CENIDET. El curso tiene
como objetivo el desarrollo de la habilidad de uso del lenguaje I8gico, la cual es bdsica para cursar con
éxito el mdster de Ciencias de la Computacion, asi como para su posterior aplicacion en contextos profesio-
nales relacionados con la Ingenieria computacional. Dieciocho estudiantes distribuidos por todo México
participaron voluntariamente en el estudio bajo la direccidn de un tutor. £l disefio tecnopedagdgico del
curso se basa en dos premisas tecdricas. Las decisiones diddcticas relacionadas con el contenido se funda-
mentan en varios conceptos derivados de la sequnda generacion de la Teoria de la Actividad (TA). El con-
cepto de «base de orientacion para la accién» ha sido particularmente Gtil para definir las habilidades que
se esperaba que desarrollaran los estudiantes. Las decisiones diddcticas relacionadas con la interaccion
de los participantes se basan en el modelo de enserianza acelerada en equipo de Slavin. A continuacion
se expone detalladamente la estructura del curso y se presentan algunos extractos de la interaccion de los
estudiantes para ilustrar su proceso de aprendizaje.

Palabras clave
aprendizaje virtual, disefio diddctico, educacion superior, matemdtica discreta, teoria de la actividad, ha-
bilidades matemadticas

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

& José Luis Ramirez, Manuel Judrez and Ana Remesal, 2012

® FUOC, 2012




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

http://rusc.uoc.edu Activity Theory and e-Course Design...

1. Introduction

Working with formalized or semi-formalized statements is often a challenge for many students of
mathematics. A typical coping strategy is to read the statements informally, avoiding mathematical
formalism.Unfortunately,animportantloss of mathematicalknowledge happensby usingthisstrategy.
Various researchers have linked these difficulties with: i) the negation of mathematical statements
(Antonini,2001;Durand-Guerrier,2004);i)) thetranslation (formalization) of natural-language statements
into the formal language of First Order Logic (FOL) (Barker-Plummer, Cox, Dale & Etchemendy, 2008);
and iii) the identification of the logical structure of mathematical statements (Selden & Selden, 1996).

Inthe field of Computer Science (CS), there have been recent proposals to include Formal Methods
in the curriculum. Students are now expected to develop skills to read and write formal specifications
for professional practice (Boca, Bowen & Duce, 2006). However, although many of them first encounter
formalized or semi-formalized mathematics in Discrete Mathematics (DM) courses, their instructors
often expect them to master FOL already. Hence, the students face difficulties in understanding
and communicating new and complex concepts in their discipline with semi-formalized texts.
Consequently, they need specific help to develop the skills to read mathematical texts in different
settings. A good presentation of content does not suffice; therefore, remedial courses in higher
education must work towards the explicit development of this ability (Merisotis & Phipps, 2000).

This paper describes the use of some elements of the second generation of Activity Theory (AT) to
design an online remedial course. Particularly, the concept of Orienting Basis of an Action (OBA) was
helpful to provide master's degree students with the necessary support in their learning processes.
The online remedial course covers DM Preliminary Concepts (Logic, Set, Relations and Functions) for
students entering a Master of CS in Mexico. In the following sections, we shall present the contextual
backgroundindetail, thetheoreticalassumptionsand the consequencesforinstructional design.Some

excerpts of the interactions occurring during the course will illustrate the students'learning progress.

2. The institutional context: mathematics teaching
in Computer Science

Most DM courses offered to CS students follow a traditional model of mathematics teaching, such
as: (1) concept definition; (2) theorem presentation; (3) demonstration; and (4) exercising (see Meyer,
2005, for example). Alternative courses are still the exception. Furthermore, they usually lack the
theoretical underpinning of mathematical education (see, for example, Sutner, 2005).

Whether traditional or problem-based, all of these instructional proposals emphasize the
accuracy of mathematical definitions. They all establish the definitions of content by means of
logical language. In contrast, previous evaluation of the Mexican context (Ramirez, 1996; 2005) has
repeatedly pointed to two comprehension lacunae among CS students: (a) translating mathematical
language into natural language (and vice versa); and (b) analysing mathematical definitions. Hence,

instructional programs of mathematics for CS students should address both topics. Regarding the
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latter topic in particular, students need to connect different representations of one concept, such as

natural language, logical language, mathematical language and pictographic language.

3. Theoretical background: Activity Theory

AT allows mathematics educators to address all the above-mentioned deficiencies and requirements
in DM online courses. Currently, there are three generations of AT (Engestrom, 2000). The concepts
defined by the first generation of AT — mediation, internalization and zone of proximal development
(Vygotsky, 1988) — and those proposed by the third generation — learning by expanding, shared zone
of proximal development (Engestrém, 1987) and situated learning (Lave & Wenger, 1991) — are well
established. In contrast, the development and applications of the second generation of AT are less
recognised. Our instructional experience specifically draws on the second generation of AT. One of
the basic elements of this approach is the accurate definition of the activity structure, through actions
and operations (Leontiev, 1984). These concepts enable the study of human activity by facilitating
the characterization of the notion of ability, which is a key element in our instructional proposal, both
for the design of activities and learning materials, and for the analysis of advancements in learning.
In the following subsections, we shall address the instructional decisions step by step, as guided by

this theoretical framework.

3.1.'The second generation of AT and mathematics teaching
in higher education

Leontiev's concept of activity was used by Tallizina (1988), and later by Hernandez (1989) and
Valverde (1990), among others, to describe mathematical abilities. For Leontiev, the activity appears
as a refinement of the internalization concept and is a constituent element of the psychological
subject in both its cognitive (awareness) and its affective and motivational aspects (personality). The
activity orients the subject in the objective reality, transforming it into a form of subjectivity. That is,
an activity is not just a reaction or a series of reactions; it is a system with structure, development,
transitions and internal changes. An activity system produces actions and is, in turn, realized through
actions. However, the activity is irreducible to particular actions. Each activity is always linked to a
motive (either material or abstract), which responds to a need. The components of human activities
are the actions performed by the individuals. The action has an operational aspect (how, by what
means can we achieve the objective?), defined by the objective conditions required to achieve the
goal of the activity. Activities, actions and operations are dynamic: they can change their ‘level’ within
the macrostructure of the activity under certain conditions.

The design of a learning process departs from the psychological characterization of the activity in
terms of its structural components: actions and operations. The educational interpretation of these
components is expressed in terms of skills, and requires the mastery of a complex system of actions

for self-regulation of the activity. The process of acquiring abilities involves the systematization of
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the actions they comprise. In turn, this process requires a conscious execution by the subject. The
successful execution of the actions indicates the degree of skill development to perform the task.
Hence, the subject must master the system of actions in order to fully develop the skill. In other
words, we could argue that, for the teaching of mathematical text comprehension, it is essential to

characterise the ability and identify the skills it comprises.
3.2. Designing the Orienting Bases of Action

The development of higher mental functions has a social origin (Viygotsky, 1988). This development
happens in two separated stages: interpsychological and intrapsychological. Thus, development
results from internalized actions. Galperin's Theory of the Stage-by-Stage Formation of Mental
Activity (Galperin, 1969) is grounded on Vygotsky's premises and applies them to the instructional
context. First, there is the stage of material activity, in which the learner needs to manipulate real
objects, and embodied activity, in which the individual can handle models, diagrams and drawings,
depending on the learner’s age. Second, there is verbalization, when the student needs to repeat the
sequence of operations aloud. By rewording, the action moves from the outside to the inside. Finally,
the activity can take place at a wholly inner level, which implies thinking.

These evolutionary events can be tailored through the performance of certain guided actions.
It is precisely that set of actions which will allow the student and the instructor to monitor and, if
necessary, to correct each stage of assimilation. Galperin introduced the term ‘orienting basis of an
action’ (OBA) to refer to the whole set of orienting elements by which the student is guided towards
the successful execution of an action (also conceptualized as‘scaffolding’ (Samaras & Gismondi, 1998).

In our study, we assume that the ability to read and understand mathematical texts comprises the
following actions: (a) the translation of a mathematical statement into natural language, or vice versa;

(b) the translation of the statement into the FOL language in order to reveal its structure; and (c) the

MATHEMATICAL
LANGUAGE
SENTENCE

NATURAL
LANGUAGE ! ranslate |
SENTENCE | ~— 1~
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Figure 1: Ability system for the reading of mathematical texts.
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representation of the statement in graphical language. To proceed with these steps and correctly
interpret the mathematical statements, the students need to master both codes. This identification
and characterization of the necessary skills for reading and comprehending mathematical texts

provides a basis for designing and implementing online instructional processes (see Figure 1).

4. Addressing the challenges of instructional design

In line with AT, we took three axis elements for the instructional design: course objectives, contents
and the scaffolds for the students (OBAs). We shall address each of these elements one by one further
below. We shall then explain how these elements were implemented in a Learning Management
System (LMS).

4.1. Course objectives

As a result of the problems identified in previous courses, we wanted the students to develop skills
to identify and analyze the formal language (logical language and mathematical language itself) and
thus represent mathematical concepts and their definitions. This main goal was divided into three
objectives:

Students should...

a) Analyze and identify the FOL language in natural language.
b) Identify the mathematical language that is expressed through logical language, and the
mathematical entities to which it relates.

Q) Interpret definitions in mathematical language, both in formal and pictographic codes.
4.2. Content focus

The basic contents of DM traditional courses in higher education are Propositional Logic, Predicate
Logic, Sets, Relations and Functions. Logic is usually taught on the basis of a deductive model of
content presentation, aiming at demonstration, and using its own rules. In contrast, our course
focused on the handling of FOL language and emphasized the process of translation of natural-
language statements into logical and mathematical languages. The topic Reading Mathematical
Texts was introduced after the Logic unit. For the translation from natural to mathematical language,
students received a specific OBA.

The topics Sets, Relations and Functions had the following structure: first, the instructor presented
a brief reading of the disciplinary area, where target mathematical concepts appeared in their usual
contexts. After that, he presented the mathematical subject with standard texts. Thirdly, the students
performed the exercise system for each topic, which included two main activities: (a) the analysis of
definitions and (b) the use of the corresponding OBAs. Finally, the students received other additional

readings of the disciplinary area, in which the target mathematical concepts appeared.
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4.3. Orienting Bases of Action

We defined OBAs to help the students in their problem-solving processes. In this course, there were
OBAs to translate statements: (a) from natural to propositional-logic language; (b) from natural to
predicatelanguage; (c)from naturalto mathematicallanguage,and vice versa. Finally, we proposed one
OBA for (d) reading mathematical texts and for (e) analyzing the definition of mathematical concepts.

We offered the OBAs throughout the course, along with the material used by the students,
introducing them by examples. In the unit Logic, OBAs were characterised and provided in order to
develop the translation ability from natural language into FOL language. For the units Sets, Relations
and Functions, an OBA was provided for the analysis of definitions. The following is an example of a

partial implementation of an OBA for the analysis of definitions.

4.3.1. Example of an OBA
Initially, we offered the students step-by-step examples, performing the eight actions of the analysis:
(1) differentiating between the expression of the definition in natural language and its expression
in mathematical language; (2) identifying the mathematical entities in it; (3) giving examples of
objects that both meet and do not meet the definition; (4) finding different ways to represent it; (5)
identifying the underlying logical structure; (6) setting its negation; (7) finding the logical equivalence
of the definition; and finally, (8) generalizing it.

The process presented to students as a model for using the OBA is outlined in Figures 2 and 3. In
these Figures, the actions are listed in the left-hand column and possible responses are illustrated in

the right-hand column.

Definition Analysis

OBA Exemplifying action
a. Differentiate between Definition expressed in Definition expressed in
natural language natural language mathematical language
expression and its Theunion of sets A and B, denoted

A s B, is the set of all objects thatare | AuB:={x|xec AvxeB}

expression in
P a member of A, or B, or both.

mathematical language

b. Identify mathematical
entities used in the Definition of set, concept of belonging or being part of a set.

definition.

c. Analyze various
representations of
the definition.

AuUB

d. Give examples of ‘
situations in which the
definition is either met :
or not satisfied - : - P

Figure 2: Actions #1 to #4 presented to students as an example for the analysis of a definition.
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Definition Analysis

OBA Exemplifying action
e. Identify the If P(x) means that x belongs to A and Q(x) means
definition’s

that x belongs to B, the union definition of the logical

logical struct
ogleal structure structure of two sets is: P(x) v Q(x).

f. Set the denial of From the definition’s logical structure P(x) v Q(x) we
the definition apply the legical negation ~{P(x) v Q(x)), getting
TP(x) A7 Q(x). So the denial is F(AUB)={X|xeA ~ X ¢B}

g. Find the logical In this case an equivalent expression to P(x) v Q(x)
equivalences of would be unnatural, we could use 7{ "P{x} A7 Q(x)).
the definition How can we read this expression in natural language?

The union of a finite number of sets is given by
h. Generalizing the “successive unions”

definition (A U B)UC)uUD)... U WIS{x|xeAv X €B v Xe... v XeW}
That can be summarized

| J4; =fxeU|3peBixec4,}

Aeb

Figure 3: Actions #5 to #8 presented to students as an example for the analysis of a definition.

This OBA assumes the partial development of the skills to translate statements from mathematical,
pictorial and natural languages into each of the three codes. Performing the analysis of definitions

provides students with fertile ground for developing the ability to read mathematical texts.

4.4. Techno-pedagogical design of the e-course

In e-learning, many drop-outs are caused by a lack of motivation (Juan, Huertas, Steegmann, Corcoles
& Serrat, 2008); therefore, the instructional design of the courses is a key issue in the context of adult
education. The term techno-pedagogical design refers to the instructional characteristics of a course
as supported by technological devices (Mauri, Colomina & De Gispert, 2009). Indeed, the design of
e-learning courses cannot be reduced to the traditional elements of the curriculum, i.e,, objectives,
content and learning activities and assessment. On the contrary, it must include a reasoned selection
and planning of the technological tools that will be used throughout the course, together with a plan
for the actual use of these tools and spaces by all participants. Hence, the techno-pedagogical design
must include a careful planning of the interactions (instructor-students and among peers) that will

be pursued throughout the course.

44.1.The LMS

For this course, we used Moodle (V.1.5.8) as the LMS. Moodle presents a flexible structure and leaves
many choices open to the course designers and instructors. For example, it is possible to manage
different spaces for diverse, flexible groups within the same course. This feature was particularly

relevant in this course since it allowed for whole-class group interaction as well as small-group
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private spaces. The course administrator/instructor takes these decisions, according to the techno-
pedagogical design. Furthermore, it allows the management of the course content in individual
modules. In this course, we presented each of the five topics separately, in ‘week-mode; all of which

had the same recursive structure to help the students assume the participation norms.

4.4.2. Interaction design

For the selection and planning of technological tools, it is necessary to determine the interaction
among students, and between students and instructor. We adapted the collaborative technique
called Team Accelerated Instruction (TAI) (Slavin, 1994) to the Virtual Learning Environment (VLE). In
keeping with this technique, the students have to perform three kinds of activities. First, the students
must work independently with the learning materials. They are expected to read the course materials
and solve the exercises and problems. The second step is for them to work in pairs in order to share
and discuss solutions and difficulties with exercises and problems. For this purpose, the students have
accesstoboth a synchronous (chat) and an asynchronous (forum) private room on the online platform.
The third interaction level covers the whole group. Again, both chat and forum tools support group
interaction. The use of each of these spaces and tools is regulated by means of specific participation

norms. Figure 4 shows a scheme for the organization of participants and content-learning materials.

STUDENT / GROUP

OF STUDENTS

INSTRUCTOR ICT CONTENTS

Figure 4: Techno-pedagogical course design.

Student-content interaction. Earlier editions of the course presented a technical difficulty while
using chat and forum tools. The participants faced troubles when writing in logical and mathematical
language. These problems had been reported previously in similar studies (Smith, Ferguson & Gupta,
2004).Thus, to facilitate mathematical communication, we added an HTML editor with a mathematical
equation editor (WIRIS, V.2.1.26) to the chat device (Judrez & Ramirez, 2010). Figures 5 and 6 show the

equation editor and some examples of how it can be used.
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e 2 > LN
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&% 17:35) : Estas son tres de ellas: D
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-
e tees
o U =
,.‘; 17:37 ) : Estas son tres de ellas: R1={(1.1)}. R2={(1.2)}. R3={(1.3)} -~
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N~ Ok, ahora tres u de dos -~
N -
e-:‘ 17:41 Jo : como seria de 2 elementos —
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I 1 2 3 :
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0a 0 | también estas dos?
0(3.2) (33)

Figure 5: Example of the equation editor and its use in synchronous interaction.

& pues como una doble diferencia de a-b y b-a

[ W80 W[ Vi mIUS

\“2 es decir, tenemos el siguiente caso: ::
A B [
[——— ]
-*
ANB —
1 e
| — ]
-]
-
&% 1119 EE— ress
“=  Exjx’no_cAyxno_caB D
-
&% 11:19 BN Y cémo se representaria lo que escribiste? s
S e
5 1120 I D
Q seria un "o" en lugar de "y" no? "
i
% 1120: D < ot S - la sals sess
L
oy .
&% 1120 et -
s
=2

Lats B et e -

Figure 6: Using WIRIS for online pictorial representation.

Student-instructor interaction. The main area of the course had three communication spaces.
First, there was a forum for small-group discussion. This forum provided an asynchronous space to
facilitate continuity of discussions and feedback to students by the instructor. Second, there were
two chat rooms for synchronous interaction, serving two purposes: there was a first chat room for
organized whole-class discussion to resolve doubts under the instructor’s guidance, and a second

one for technical support.
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Student-student interaction. Student-student interaction was designed to occur in pairs and
was facilitated by means of different tools. First, there was a chat room for synchronous interaction;
second, a wiki for joint resolution of mathematical problems; and third, a database to share results
and reflections. Each pair of students could freely decide which tool to use. The group spaces were
private to each pair of students; only the instructor could access all the small-group spaces. Hence,
he was able to check or participate in the students’interaction, as would be the case in face-to-face

TAl situations.

4.4.3. Course structure

The course lasted five weeks, from July to August 2008. A group of 18 students voluntarily accepted
to enrol on the master’s degree course in CS at CENIDET. The students were CS Engineers from
several states across Mexico. The instructor had experience in conventional courses on the subject;
in addition, he was familiar with basic technological tools and had participated in the course design.

The course included five units (Logic and Mathematical Language, Sets, Relations, Functions and
Applications), one per week. The students worked together in pairs, following the TAl model previously
presented. If doubts remained after peer interaction, they were brought to the whole-class forum or
the whole-class chat.

After each week, the students carried out a self-assessment using a feedback sheet provided
by the instructor as a model of resolution. The students had to compare the model with their own
resolution in order to identify deviations, strengths and weaknesses. This self-assessment was not
graded. The instructor conducted weekly sessions of two hours to offer guidance and clarify doubts.
He gave feedback and interacted with the students both synchronously (whole-class chat room)
and asynchronously (whole-class forum). Strict turn-taking was established in order to facilitate
synchronous interaction in the whole-class chat room. Each student pair had a particular interaction
turn with the instructor for 20 minutes. The other participants attended the chat session as observers;
they had the chance tolisten’ until the change of turn. This instructional design is presented in more

detail in an earlier publication (Remesal, Judrez & Ramirez, 2011).

5. Results: evidence of ability development through the use
of Orienting Bases of Action

In order to assess the development of the students'abilities, we performed an interpretive analysis of

the following discursive aspects (Lacity & Janson, 1994; Willig, 2004):

1. The students’answers to the exercises.
2.The questions asked in the forum and chat.
3. The comments made in student-student interaction.

4.The results of the students'weekly self-assessment.
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We shall now go on to present the specific results of the analysis of data sources #1 to #3, with the
purpose of illustrating rather than providing an exhaustive account.

In the following sequence, we can observe an example of a student’s development of abilities,
that is, of her internalization process (translated from the original language, participants are quoted
by pseudonyms). First, we can see how Lois begins the analysis of the definition by indicating what
definition she used for inverse functions; then she indicates her doubts regarding its logical structure.
She finally tells Mary how she interprets the mathematical definition in natural language. Her
explanations and doubts show the acquisition of a skill to organize definitions according to the model
shown in the OBA. In this asynchronous interaction, Mary’s answer shows how she partially performs
the definition analysis. She starts with the definition in natural language and then in mathematical
language. Mary provides more elements about what she understands as the logical structure of the
definition. She concludes by commenting on the types of properties that a function must satisfy in
order to have an inverse function. Despite her analysis, she is unsure about the correctness of the

logical structure she proposes:

[Small-group forum. Author Lois. 08/02 08:59]

“Hello Mary,
What definition in mathematical language did you use for an inverse function? |
used the following one, but I'm not sure what its logical structure is:

fEBIA [ x=f"(y),

which in natural language is: a function is inverse is any rule or correspondence that

allows us to get the values of

x € A from the values of y € B

Do you have any other idea?”

[Small-group forum. Author Mary. 08/02 11:27]

“Hello Lois! Good morning,

Well, let’s see if | can help you, OK? Look, my definition of natural language came
out like this....

Be AinBand Bin A aninverse function, if and only if the function is bijective, that is,

a one to one correspondence and above the co-domain.

fef!

in mathematical language...
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It's an inverse or invertible function.

f=f"1If
ffA—Bandf':B— Aff,
fiA—>B(Vx3dy A Vy3dx)

and in its logical structure, I'm not quite sure, but look at what | got. ..

P(x) > Q(x) and Q(x) -——-> P(x)
Well, that's what I think, look, because reading the definition, it says that in order for
a function to be inverse, you first need to know that it's a function, secondly, check

if it has the properties of injective and surjective in order to say that f: A — B and
f1:B— A,

Well, girl, | hope this was helpful,... if it wasn't, tell me and we can talk, | may be

wrong and that way we can clear things up, OK?”

Through peer interaction, by sharing doubts and efforts to grasp the OBA in order to handle
mathematical content in the multiple communication spaces of the course, the students proved
to be progressively internalizing these abilities. In the last units of this course, most students
formed definitions according to the OBA through the following actions: first, negating the
function; second, translating the function from mathematical language to natural language and
vice versa; third, representing the different forms of the function; and finally, representing the

logical structure.

[chat room, Mary and Instructor. 07/31]
...
s Mery: hello teacher, I have doubts regarding the logical structures of each definition.
...
S 18:22 nstructor:  for example..
...
S 1824 Mary: for example in the surjective function, look, ITunderstood it as follows: one f: A in B is sugjective
if £ (A) is a subset of B and that f{A) is=B
...
S 18:25 Instructor:  but the basic logical structures are: P and Q; P or Q; P --> Q and the quantifiers, of course
...
S ]18:30 Marv: it has to be for all “y” (element of the range) corresponds to an x (domain element), then I have to
represent its structure using P(x) and Q(x) with the quantifiers”.

Figure 7: Example of first steps of OBA use in a chat session.

For instance, the following intervention by Cinthya (Figure 7) shows how she explicitly states the
first step for the OBA: “First is the analysis of the definitions. Please, tell me if I'm doing OK” At certain
times, the instructor intervened actively to remind the students of the actions that structured the
OBAs and guided them to establish a link to the learning content. In the following sequence, for

example, the student shows some early recognition of the logical structure of a statement. Thus,
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the instructor intervenes to remind her of one of the scaffolding actions related to the translation of
statements and the recognition of their logical structure.

After the instructor’s indications on basic logical structures, Mary remembers the need to use
the predicates and quantifiers. Feedback and scaffolding for solving exercises was not only provided
by the instructor; at times, other students who participated in chat sessions also contributed to this
assistance intervention.

In addition to the chat and forum interaction, the weekly quizzes that the students performed
for each unit also informed on the skills development by means of the OBAs, For example, Figure 8
shows part of a student’s answer to the first question the third weekly quiz. In this quiz, the student

begins rewriting the entire OBA for definition analysis. Then he solves the exercise one step at a time.

Definition Analisys: Reflective Relation

SAGS
Team Lambda
For the definition analysis seven steps should be followed:

a) Distinguish between the definition expressed in natural language
and its expression in mathematical language.

b} Think about the mathematical entity or entities referred to in the
definition.
c) Analyze various definition’s representations.

d) Give examples of situations that either meet the definition or no meet
that definition.

e) ldentify the logical structure of the definition.
fy Establish the negation of the definition.
g) Find logical equivalences of the definition.

a) Distinguish between the definition expressed in natural
language and their expression in mathematical language.

Natural Language Definition | Mathematical Language Definition

*The relation R is reflexive | Let A be any not empty set. Let
if every element of set Ais | Rbe arelationon A. Ris
related to itself. reflexive if and anly if

*A relation Ronaset Ais Vx(xe A=>xRx
reflexive if any element of
A relates to himself

To complete this step, we must think other ways to say that a
Relation is Reflexive and express it in mathematical language.

“R is a reflexive relation on A if and only if all elements of
A are related to themselves via R”

RR=is the Set of Reflexive Relations on A.
R = a Relation
ReRRevVX(He A>XRX)

Figure 8: Using the OBA to analyze a definition.
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The student’s response shows the first step of the definition analysis, expressed in both natural
language and mathematical language. The student began his analysis by writing the expressions
in both languages in a table. He concluded this step by proposing a different way of expressing
the definition in natural language and its corresponding formalization in mathematical language.
The student was able to propose his own way of describing the reflexive relationship concept and
formalizing it in mathematical language. These actions show how the student used the OBA, and
hence, they bear witness to his mastery of the targeted skill to translate a sentence expressed in

natural language into mathematical language.

6. Conclusions: assessment of the course design

The need for remedial courses to promote Mexican students’successful participation in the CEDINET
master’s degree program has been confirmed in recent decades (Ramirez, 1996; 2005). In face-to-face
educational situations, the development of mathematical skills is a complex teaching and learning
task. Consequently, re-locating it in the virtual context is a risky business in its own right. Particularly,
the instructional design and its implementation in an LMS constitute a fundamental challenge to
higher education instructors. In this course, the techno-pedagogical design allowed the participants’
interaction within the system to be anticipated by promoting student-student synchronous and
asynchronous interaction followed by whole-class student-instructor highly structured synchronous
interaction. On the one hand, this was pedagogically enabled by the TAI model. On the other, it was
technologically facilitated by the flexibility of the LMS and the incorporation of the WIRIS application.

However, and most importantly, the online instructional design presented in this article strongly
suggests that the second generation of AT provides useful theoretical elements for promoting the
development of the pursued abilities by means of virtual tools. Based on AT, it was possible to define
the course objectives in terms of skills, knowledge and application conditions. This in turn allowed
the focus to be placed on skills development, using mathematical content as a means, in contrast to
traditional approaches of teaching mathematics in higher education, which often focus on content
presentation.

In earlier works, we reported the positive assessment that all the participants made of the course
(Remesal, 2008). After analyzing the participants’interactions on the virtual platform with regard to
undertaking the translation exercises following the OBAs provided, we evaluate the course design
positively with respect to three important teaching aspects. First, regarding the content sequence,
starting with logical-language proficiency and moving towards an understanding of semi-formalized
mathematical texts appeared to be a highly appropriate strategy to facilitate the development of the
target abilities. Second, the interaction structure and norms had three positive effects: (1) they allowed
the resolution of exercises; (2) they fostered the appropriation of content and the development of
abilities; and (3) they encouraged social interaction between pairs of students at a distance. And
third, the incorporation of specific software (WIRIS) helped the participants to overcome difficulties

in handling algorithmic and pictographic codes in virtual written communication.
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Nevertheless, theinsufficientduration of the course poses a clear limitation for the full development
of the intended abilities, since the development of skills requires gradual practice; indeed, five weeks
is too short a time span. In future editions of this course, a longer term (up to eight weeks) should
be considered. In addition, we are looking at three possible directions for the next research and
instructional steps. First, a longitudinal study is needed to identify how students use the OBA for the
analysis of definitions on the Master of CS after the remedial course. This longitudinal project would
facilitate the assessment of the remedial course. Second, we intend to expand the remedial course to
other related content, such as Modal Logic and Dynamic Logic of the master's degree program. Finally,
audio and videoconferencing tools will be added to upcoming editions in order to establish whether

interaction is enhanced through their use.
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Abstract

The affordances offered by modern Internet technologies provide new opportunities for the
pre-service and in-service training of mathematics teachers, making it possible to overcome the
restrictions of shrinking resources and geographical locations, and to offer, in a cost-effective and non-
disruptive way, high-quality learning experiences to geographically dispersed teachers. This article
focuses on how information and communication tools made available online could be exploited
effectively to help improve the quality and efficiency of teacher training in statistics education. First,
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it describes the main pedagogical issues and challenges underlying distance education in general,
and online teacher training in particular. Then, it provides an overview of EarlyStatistics, an online
professional development course in statistics education targeting European elementary and middle
school teachers, and the main lessons learned from the pilot delivery of it. The article concludes with
some instructional implications.

Keywords

statistics education, e-learning, blended learning, teacher training

Formacion a distancia para proﬁzsores de matemdticas:
la experiencia de EarlyStatistics

Resumen

Las potencialidades que ofrecen las modernas tecnologias de internet brindan nuevas oportunidades a
la formacién inicial y permanente del profesorado de matemdticas, que permiten superar las limitacio-
nes impuestas por recursos cada vez mds escasos y por la ubicacion geogrdfica, y que para este colecti-
vo geogrdficamente disperso significan el acceso a un aprendizaje de calidad, econémico y compatible
con el resto de actividades. Este articulo se centra en cdmo aprovechar eficazmente las herramientas de
comunicacion e informacidn disponibles en linea para mejorar la calidad y la eficiencia de la formacion
del profesorado en la educacion de estadistica. En primer lugar, describimos los principales problemas y
retos pedagdgicos de la educacién a distancia en general, y de la formacién de profesorado en linea en
particular. A continuacion, ofrecemos una vision general de EarlyStatistics, un curso virtual de desarrollo
profesional para la educacion estadistica dirigido al profesorado de educacion primaria y primeros cursos
de secundaria (de 6 a 14 anos), y las principales conclusiones derivadas de la edicién piloto del curso. Con-
cluyen el articulo algunas sugerencias educativas.

Palabras clave
ensefianza de estadistica, aprendizaje virtual, aprendizaje mixto, formacion del profesorado

1. Introduction

Inrecentyears, it has been recognized that for mathematics teacher training to become more effective
in producing real changes to classroom practices, it ought to promote continuous, professional
development opportunities that are cumulative and sustained over the career of a teacher (Joubert,
2009). The financial and logistic difficulties of engaging teachers in face-to-face training, as well as
the need for professional development that can fit with teachers’ busy schedules and can draw on
powerful resources often not available locally, have encouraged the creation of online professional
development programs for teachers (Dede, 2006).

This article analyses the possibilities of information and communication tools made available by
modernInternettechnologiestoimprove the quality ofinitialand in-service teachertrainingin statistics
education. First, itdiscusses the main pedagogicalissuesand challenges underlying distance education

in general, and online teacher training in particular. Then, it provides an overview of EarlyStatistics,
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a European Union-funded program that has utilized distance education to offer teacher training

in statistics education. The article concludes with some implications for distance teacher training.

2. Distance education: main
pedagogical perspectives and challenges

Educational institutions at all levels, including leading research universities, are becoming increasingly
involved in distance education initiatives. Online course delivery has become common in a wide
variety of disciplines, including mathematics and statistics, and this expansion is likely to continue,
owing to ever-greater access to the Internet and emphasis on lifelong learning.

Several advantages associated with distance education have been identified in the literature.
Distance education offers flexibility and convenience, allowing learners to determine their own place,
pace, time and content of study. Further, the distance option may give students the opportunity
to take courses from prominent experts in their field of study (Evans, 2007). Moreover, from the
viewpoint of statistics education, network-based training creates some unique opportunities for
enhancing statistics instruction. The Internet offers a vast array of tools and resources that can be
used for a better understanding of statistical concepts. Interactive Java-applets and virtual statistical
laboratory experiments, for example, allow for the visualization of statistical ideas and hands-on
simulations with a high pedagogical potential (Vermeire, 2002). Several statistics instructors mention
using technological tools and resources in their online courses (e.g., Everson, 2008).

In spite of the undisputed benefits and proliferation in recent years of online programs, concerns
remain about their quality, as research suggests that the effectiveness of distance education is
variable and inconsistent (Evans, 2007). While most studies indicate that students taking courses
with an online component have similar achievement and satisfaction levels compared to students
in traditional, face-to-face classrooms (Dutton, 2005), there is growing evidence of many web-based
distance-learning courses failing to meet the expectations raised.

Early attempts at Internet-based instruction assumed that setting up an attractive website with
interesting online and multimedia applications was sufficient for learning to take place. It is now
recognized that the level of success of a distance-learning course is determined by multiple factors.
Elements in the design of a web-based course such as the content and structure of the course, the
presentation of the online materials and the amount of interaction between instructors and learners
- as well as among learners themselves — are important factors affecting students’ learning and
attitudes (Tudor, 2006). Another important criterion of the level of success of web-based statistical
training is the extent to which instruction allows learners to experience the practice of statistics and
to apply statistical tools in order to tackle real-life problems (Vermeire, 2002).

In addition to the general issues and considerations regarding distance education in statistics,
the distance training of statistics teachers poses special challenges. For example, one of the main
challenges for developers of online teacher training programs is how best to take advantage of the

variety social networking tools and technologies now available in order to foster the creation of online
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communities of teaching practitioners as vehicles for teacher learning and development. Research
studies in this area indicate that online communities of practice are indeed a promising model for
both pre-service and in-service mathematics teacher training (e.g., Cady, 2009). They have enormous
potential to support the professional development of teachers by placing educators at the center of
their learning, thus promoting their independence and self-directed learning. Online communities
of practice facilitate not only communication, but also the collaborative finding, shaping and sharing
of knowledge. At the same time, existing research highlights several difficulties in building and
maintaining online communities involving shared professional learning.

Despite the early enthusiasm and encouragement of participants, many online communities of
practice fail to thrive (Riverin, 2007). For example, after examining 28 studies, Zhao (2001) reported that
there was little conclusive evidence to demonstrate the effective use of reflective online communities
of practice. Other studies (e.g.,, McGraw, 2007) raise several issues that consistently create challenges for
community building among participating teachers and for sustainability, including barriers to access,
usability, sociability, lack of time to spend in online discussions, and language. In statistics education,
while it is well-documented in the literature that incorporating discussion and active learning into
the statistics classroom can help students learn to think and reason about statistical concepts, it has
proved challenging to bring these important learning approaches to an online course (Everson, 2008).

Gould (2005), in their first offering of INSPIRE, a distance education professional development
course targeting new secondary school statistics teachers in the U.S., which had community building
asone of its main objectives, experienced disappointment, with a much lower than anticipated level of
student-studentinteraction. A more successful example of a program adopting acommunity-building
approach to the distance training of statistics teachers is Becoming a Teacher of Statistics, an online
graduate-level course offered by the University of Minnesota that prepares teachers of introductory
statistics at college and high school levels (Garfield, 2009). While originally delivered in a face-to-face
setting, the course was subsequently converted into an online course to make it accessible to a wider
variety of pre-service and in-service teachers. The first online version of the course was offered in
spring 2008, with very encouraging outcomes. Evaluation of the course indicated that it was equally

successful, and it provided students with parallel experiences to those in the face-to-face class.

3. Experiences of distance teacher training in Europe

In modern, information-based society, statistical concepts are occupying an increasingly important
role in mathematics curricula across Europe. The subject, however, has been introduced into
mainstream mathematics curricula without adequate attention being paid to teachers' professional
development. There is substantial evidence of poor understanding and insufficient preparation to
teach statistical concepts among many pre-service and practicing teachers (e.g., Espinel, 2008).

In this section, we provide a brief description of the main experiences gained from implementing
the European Union-funded program EarlyStatistics: Enhancing the Teaching and Learning of Early
Statistical Reasoning in European Schools (226573-CP-1-2005-1-CY-COMENIUS-C21). EarlyStatistics
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has exploited the affordances offered by Open and Distance Learning (ODL) technologies to improve
the quality of statistics instruction offered in European schools. The project consortium, comprising
five higher education institutions in four countries (Cyprus, Greece, Norway and Spain) developed,
pilot tested and is currently offering an online professional development course targeting elementary
and middle school mathematics teachers across Europe. The course, which is the first of its kind
in Europe, aims to help teachers improve their pedagogical and content knowledge of statistics
through exposure to innovative learning methodologies and resources, and cross-cultural exchange
of experiences and ideas.

Before being offered to the European educational community, the EarlyStatistics course and its
accompanying resources were pilot tested locally in three of the partner countries (Cyprus, Greece
and Spain). Fourteen teachers participated in the pilot delivery. In order to evaluate the applicability
and success of the course, there was also follow-up classroom experimentation. Participating teachers
developed and delivered teaching episodes integrating the use of the course tools and resources
provided to them. The course was revised based on feedback received from the pilot delivery, and
then entered into the European Union Lifelong Learning Training Database for European-wide
recruitment. It is offered to the European educational community as a Comenius in-service training
course targeting elementary and middle school mathematics teachers. The course has already been
offered twice. The consortium intends to continue offering the course in subsequent years, thus
facilitating access to larger numbers of mathematics teachers involved in statistics education.

Presented below are an overview of the EarlyStatistics course design and a synopsis of the main

findings from the pilot delivery of the course.
Design of the EarlyStatistics course

EarlyStatistics course content and structure

The EarlyStatistics course design focuses on participatory and collaborative learning. Teachers
enhance their knowledge about statistics and its pedagogy through hands-on and computer-
based practice, experimentation, intensive use of simulations and visualizations, feedback from
one another and reflection. Then, being actual practitioners, they apply what they learn to a real
classroom setting.

The EarlyStatistics course lasts for 13 weeks and is made up of six Modules. In Modules 1-3 (Weeks
1-6), the focus is on enriching the participants’ statistical content and pedagogical knowledge by
exposing them to similar kinds of learning situations, technologies and curricula to those they should
employ in their own classrooms. The conceptual “Framework for Teaching Statistics within the K-12
Mathematics Curriculum” (Franklin, 2007), has been used to structure the presentation of content.
Statistics is presented as an investigative process that involves four components: (i) clarifying the
problem at hand and formulating questions that can be answered with data; (i) designing and
employing a plan to collect appropriate data; (iii) selecting appropriate graphical or numerical
methods to analyze the data; and (iv) interpreting the results. In order to help teachers go beyond

procedural memorization and acquire a well-organized body of knowledge, the course emphasizes
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and revisits a set of core statistical ideas. Through their participation in authentic educational
activities such as projects, experiments, computer explorations with real and simulated data, group
work and discussions, participating teachers learn where and how the “big ideas” of statistics apply,
and develop a variety of methodologies and resources for their effective instruction.

In Modules 4-6 (Weeks 7-13), the focus shifts to classroom implementation issues. Teachers
customize and expand upon provided materials, and apply them in their own classrooms with
the support of the design team. Once the teaching experiment is completed, they report on their
experiences to the other teachers in their group, and also provide video-recorded teaching episodes
and samples of their students'work for group reflection and evaluation.

Each module involves a range of activities, readings and contributions to discussion, as well as
the completion of group and/or individual assignments. Both the dialogue and the assignments are
structured so as to explicitly establish links between theory and practice. Reflective questions create
situations for the participating teachers to critically examine the subject matter and to make new
connections between theory and their personal and professional experiences. The Marijuana Survey
task presented in Figure 1, taken from Watson (2010), is indicative of the activities in which teachers

engage during the course.

Look carefully at this fagk:

Decriminalise drug use: poll
SOME 96 percent of callers to youth radio station Triple J have said
merijuana use should be decriminalised in Australia,
The phone-in listener poll, which closed yesterday, showed 9924 - out of
the 10,000-plus callers - favoured decriminalisalion, the station said,
Only 389 believed posscssion of the drug should remain a criminal
offence.
Many callers stressed they did not smoke marijuana but still believed in
decriminalising its use, a Triple ] statement said.

Is the sample reported here a reliahle way of finding out public suppart
Jor the decriminglisation of marjivana? Why o why not?

1. 'What are the big statistical ideas in this problem?

2. Please can you give an example of an approprizte respanse and an inappropriate responsa that
your siudenis might give'?
3. What opportunities would this problem provide for your teaching?

4. Aswdent gave thiz answer. "vis, because 10000 peopla is enough fo get an accurate average of
fhr wigw of the public”. How would you mova this student's understanding foreard?

5. Astudent gave this answer, "Wo, because If is not everyone in Australa voting. How would you
mowe this student’s understanding forward?

6. Astudent gave this answer: "o, because some people coufd be fying”. How would you move this
student's understanding forward?

Figure 1: The Marijuana Survey task (Watson, 2010)
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The course activities encourage critical reflection on workplace practice and productive
interaction among course participants. Members of the EarlyStatistics consortium with expertise
in statistics education act as facilitators of a deeper learning experience by guiding discussions,

encouraging the full, thoughtful involvement of all participants and providing feedback.
Media and technology choices

The EarlyStatistics pilot course is delivered using a blended-learning method. At the beginning
of the course, there is a face-to-face meeting with all participants. Teachers from all over Europe
gather together to attend a one-week-long intensive seminar (they can finance their expenses by
applying for an in-service training grant). They are first introduced to the objectives and pedagogical
framework underpinning the course. They then become familiarized with the facilities offered by
the e-learning environment and, more importantly, they get the chance to meet and interact with
one another.

The remainder of the course is delivered online, through text, illustrations, animations, audio/
video and technology-rich interactive problem-solving activities. The instructional content and
services of the project’s dedicated information base are used for teaching, support and coordination
purposes. In addition to the course content, the site (http://www.earlystatistics.net/) offers access to

various other links and resources:

* Technologically enhanced instructional materials for statistics teaching and learning.

* Adigital Video Case Library containing segments of real teaching episodes, obtained from the
classrooms of the teachers participating in the pilot delivery.

= Adatabase of Student Work Samples developed through contributions made by the participating
teachers.

* Collaboration tools for professional dialogue and support, including email, conferencing, chat
rooms, discussion forums, wikis, etc.

* Archived forum discussions.

* Reports and articles arising from the project.

* Links to statistics education resources available on the Internet.

* Multilingual interfaces (English, Greek and Spanish) to partly overcome language barriers.

In order to offer teachers flexibility and to accommodate different time zones, the largest portion
of the course is delivered asynchronously. There is also some synchronous communication through
the use of technologies such as audio/video streaming and videoconferencing.

Central to the course design is the functional integration of technology and core curricular ideas,
and specifically the integration of statistics educational software (the dynamic software Tinkerplots®
and Fathom®) and a variety of online activities and resources (e.g., simulations, animations, video
clips, etc.). The aim of the latter is to stimulate and engage teachers while providing them with the

opportunity to model and investigate real-world statistics-related problems.
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Evaluation of EarlyStatistics

In EarlyStatistics, evaluation was an integral part of the project design. It was a process carried out at
every stage of project development in order to ensure that all key activities were performed on time
and effectively, and that any necessary revisions or improvements to the project’s methodologies,
products and outcomes were identified in a timely manner. Itincluded both formative and summative
assessment tools, protocols and services, and was conducted both internally and externally. The main
external evaluation took place during the pilot delivery of the course and the follow-up classroom
experimentation. Multiple forms of assessment were used to collect and document evidence of
changes in teachers' pedagogical and content knowledge of statistics, in their attitudes towards
the subject and in their teaching practices as a result of participating in the course: pre- and post-
questionnaires, video-recording of classroom episodes, teacher and student interviews, samples of
student work and use of statistics automatically generated by the online information base.

The overall feedback from the target user groups from all partner countries participating in the
pilot delivery of the EarlyStatistics course, as well as from external experts in statistics education
regarding the course content, services and didactical approaches was generally very positive. Key
conclusions drawn from the analysis of user feedback were that EarlyStatistics was quite successful
at helping teachers improve their pedagogical and content knowledge of statistics by offering
interactive, technology-rich instructional materials and services that enhance the teaching and
learning process, and also by providing course participants with the opportunity to collaborate with
other teachers and thus initiate the construction of a community of practice. Moreover, data obtained
from the teaching experimentations in the course participants’ classrooms suggest positive gains in
student learning outcomes and attitudes towards statistics (for more details see Chadjipadelis, 2008).

In the survey administered on completion of the pilot delivery of the course and the follow-
up interviews, teachers were asked to indicate “what they liked the most about the EarlyStatistics
course”. The flexibility and convenience associated with distance education was an aspect of the
course appreciated by all 14 course participants. They all considered the distance training nature
of EarlyStatistics to be an advantage of the course, since it made it possible for them to determine
their own place, pace and time of study: It is a form of training that does not place stifling limits and
restrictions of freedom on the teacher”; “You decide your own workload”; “You can follow your own
pace of work”. Further, a few teachers noted that the distance option gave them the opportunity
to attend a course in statistics education offered by experts in the field originating from different
European countries.

The promotion of communication and collaboration among teachers was an aspect of the
EarlyStatistics course that was also considered by all of the course participants to be an important
strength of the program. Teachers enjoyed the interaction and the sharing of experiences and ideas
with the other teachers:"| liked the interaction with the other teachers. It is useful to share your ideas
and problems with other teachers from different educational levels” In particular, teachers praised
the fact that EarlyStatistics had allowed them, through computer-mediated communication, to share

content, ideas and instructional strategies with teachers from different countries and educational
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systems: “It is good to ‘hear’ colleagues from other countries that face similar problems like you and
sometimes, because of a different view on a point, suggest ideas you didn't think of"

Another aspect of the EarlyStatistics course that was also much appreciated by teachers is the fact
that the course dialogue and assignments were carefully designed to be learner-centered, and to
make explicit links between theory and practice by utilizing participating teachers'own experiences
as learning resources. Several of the course participants pointed out that EarlyStatistics offered them
professional development that addressed their workplace educational needs because it was deeply
contextualized in their professional activity:“It is a form of training that respects teachers’professional
experience and contributes to the improvement of their educational work through the enrichment
of experiences and the exchange of opinions with other teachers that work in different cultural and
educational environments!”

The EarlyStatistics project won, ex-aequo with Maths4Stats (a joint project coordinated by Statistics
South Africa), the 2009 Best Cooperative Project Award in Statistical Literacy. This prestigious award
is given every two years by the International Association of Statistics Education (IASE) “in recognition
of outstanding, innovative and influential statistical literacy projects that affect a broad segment of
the general public”.

Despite the overall success of the pilot course, a number of shortcomings have also been
identified. The biggest difficulty experienced by the consortium was in achieving the successful
building of an online community of teaching practitioners, which was one of the main objectives
of EarlyStatistics. From the outset of the project, we were well aware of the challenges in developing
such a community, of the fact that merely forming a discussion group and providing the technology
does not automatically lead to the establishment of relations and group cohesion (Gordon, 2007). The
experience gained from pilot testing the course further alerted us to the fact that community building,
particularly in a cross-national context, is very difficult. Despite the fact that we employed several
strategies to promote teacher dialogue and collaboration, we experienced similar disappointment
to that of Gould (2005), with a lower than expected level of online interaction among participating
teachers (Meletiou-Mavrotheris, 2011).

While at the beginning of the course there was considerable enthusiasm and very high
participation in the discussion forums, interaction dropped off over time. A total of 229 messages
were sent to EarlyStatistics over the 13 weeks that the course lasted (76 messages/month on average).
However, the vast majority of the messages (167 messages, 73% of all messages sent) were sent in
the first six weeks of the course. In contrast to the vibrant interaction and rich dialog characterizing
the earlier part of the course, towards the end of the course it was often the case that only 3-4
teachers would actively participate in the discussion forums, while the rest would make minimal or
no contributions.

The analysis of the data obtained from the pilot delivery of the EarlyStatistics course and follow-
up classroom experimentation has provided the consortium with invaluable insights regarding the
course’s effectiveness in delivering its stated aims. In particular, findings from the pilot delivery have
allowed us to identify a number of factors that adversely affected the online participation of course
participants (Meletiou-Mavrotheris, 2011). These factors informed the revision of the course to better

support community building among participating teachers.
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A main factor contributing to our limited success in building an online community of practice
during the pilot delivery was the fact that there was no face-to-face meeting with all course
participants. There were a few face-to-face meetings with local teachers, but not with the group as a
whole. Course participants got the chance to virtually meet teachers from other countries through
videoconferencing, but this cannot be considered as effective as face-to-face interaction. As a result,
while teachers built strong local groups, their interaction with participants from other countries
was limited. In current offerings of the course, teachers are recruited from across Europe, and at the
start of the course there is a face-to-face meeting with all participants. This initial in-person meeting
reinforces the online engagement of teachers by helping to mitigate the problem of trust and social

presence online.

4. Conclusion

In a world where the ability to analyze, interpret and communicate information from data are skills
needed for daily life and effective citizenship, developing a statistically literate society has become
a key factor in achieving the objective of an educated citizenry. Recognizing teachers’ ongoing
professional development and learning as a linchpin of instructional innovation and success for
their students (Ginsberg, 2003), EarlyStatistics has exploited the affordances offered by open- and
distance-learning technologies to help improve the quality of statistics instruction in European
schools. The project consortium has incorporated into the course design best pedagogical practices
in statistics education, adult education and distance learning. The course is based on current
pedagogical methodologies utilizing collaboration, statistical investigation and exploration with
online interactive problem-solving activities. Particular care has been taken to build on participating
teachers’ knowledge and experiences, and to promote collaborative and participatory learning.
Teachers from different countries have the opportunity to improve their content and pedagogical
knowledge of statistics through open-ended investigations, simulations, visualizations, collaboration
and reflection on their own and on others'ideas and experience.

The EarlyStatistics project outputs and services are useful not only to teachers, but also to
academic experts in statistics education, to teacher training institutions and to designers of online
professional development programs across Europe and internationally. Academic experts and
material developers can become more sensitized to the needs of statistics teachers in different
countries, supporting the development of new professional development methodologies and
materials grounded on a community-building model. Teacher training institutions can gain a clearer
understanding of the issues facing statistics teaching and learning, and can use the project outputs
for further improvement of their teacher training programs.

A particularly important issue in the online professional development of teachers is ensuring the
successful building of an online community of practice. The first experiences with EarlyStatistics concur
with the research literature, indicating that the successful building of an online community of practice

is very challenging. As Gould and Peck (2005) have pointed out, leading a discussion of substance on
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a discussion board is more challenging than in a real classroom. For Kling (2003), the transformation
of a group into a community is “a major accomplishment requiring special processes and practices”
(p. 221). An online community of practice will not automatically take shape through the availability of
anonline space. Rather, it requires carefully crafted designs — both technical and social (Rourke, 2007).

Teaching online courses is a new, unexplored territory for most statistics instructors. Online
instruction is similar yet different from face-to-face learning, and requires new teaching skills and
strategies. Online instructors' new role as course facilitators turns them into both guides and learners
(Heuer, 2004). In order to facilitate student success and to foster online participation, they must be
trained in this new mode of instruction while developing the art of becoming online guides. Online
courses should also be subject to continuous evaluation and enhancement. Garfield (2009), whose
distance teacher training course has been quite successful in achieving learner participation and
collaboration, explain that their online courses are subject to an ongoing cycle of evaluation and
improvement. Each time an online course is taught, changes are made to the way in which discussion
assignments are structured and used, based on feedback received from students and on careful
examination of the patterns of interaction occurring within different discussion groups. EarlyStatistics
has also adopted an iterative model of continuous improvement. Evaluation continues to play a
pivotal role in each subsequent offering of the course. This allows us to continuously improve the
quality and effectiveness of EarlyStatistics, which is the first online professional development course

in the area of statistics education at the European level.
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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.

Keywords

mathematics, quizzes, Moodle, assessment, psychometric analysis

Los cuestionarios del entorno Moodle: su contribucion
a la evaluacion virtual formati‘va de los alumnos de matemadticas
de primer ario de las titulaciones de In genieria

Resumen

En el contexto del Espacio Europeo de Educacion Superior, en el que la evaluacion formativa desemperia
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 Cataluia - BarcelonaTech (UPC), durante el curso académico
2008/2009 se llevd a cabo un proyecto docente cuyo objetivo principal era el disefio de preguntas 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-
cion para avalar estas actividades de evaluacion del proceso de aprendizaje. El andlisis de los coeficientes
psicométricos facilitados por Moodle resultd ser una herramienta ttil 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 2009/2010 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 Matemdticas 2 de primer aio 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
matemadticas, cuestionarios, Moodle, evaluacioén, andlisis psicométrico

1. Introduction

The Bologna Declaration and the implementation in 2010 of the European Higher Education Area
(EHEA) broughtabout 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). ENOQA'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; Ferréo,

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 Ferréo (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. Todesignanumber 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 European 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 (“Creacié de questionaris 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 leficiencia de questionaris
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 assessmentin both 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.

Q1 Q Q 4 Q5 Q6
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).

Q1 Q Q (17 Q5 (1] Q7 (1]:]
Basic Integration by | Integrationby | Integration General topics | Separable Homogeneous
integration by | 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).

Numb'er of MulthIe- True/False Matching Short-ans.wer/
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 M2in 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 evident in 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 (FI) and the Discrimination Coefficient (DC). These parameters, calculated as explained by
classical test theory, can help us answer whether the 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 is 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 FI 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 plots in 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 ot
between 15 . with High DC
with Low DC DC
and 85

Q1 2009/2010 14-82 933 20 80 0
2010/2011 36-84 100 0 100 0

Q 2009/2010 32-85 100 13 74 13
2010/2011 41-91 80 7 80 13

Q3 2009/2010 22-87 94.1 18 76 6
2010/2011 25-96 64.7 12 82 6

Q4 2009/2010 57-86 90 0 9 10
2010/2011 23-87 90 20 70 10

Q5 2009/2010 24-73 100 21 50 29
201072011 21-86 92.9 7 86 7

Q6 2009/2010 29-66 100 8 76 16
201072011 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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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:

“It is 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 217 7.0
Rarely 30.1 16.5
Sometimes 32.5 53.8
Often 10.8 17.1
Always 48 57
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 21.7 36.1
Neutral 4.2 411
Agree 15.7 8.2

Strongly agree

Once answered, | got enough information about correct answers

Strongly disagree 438 8.2
Disagree 229 22.0
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=83 n=158
(%) (%)

QUESTION

I think my scores in quizzes were fair

Strongly disagree 3.7 2.5
Disagree 49 3.8
Neutral 25.6 19.6
Agree 41.5 53.2
Strongly agree 244 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-regulation 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.
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Abstract

The following text reviews the book Teaching Mathematics Online: Emergent Technologies and
Methodologies, recently published by IGI Global. This book brings together experiences and best
practices related to the use of Web-based and computer-based methodologies to teach and learn
mathematics courses in higher education. Although there is a plethora of books on e-learning and
also a considerable amount of books on mathematics learning in secondary education, this is — as far
as we know —the first book combining e-learning and mathematical education at the university level.
Thus, it constitutes a basic reference for academics and practitioners of this constantly emerging field.
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Resumen

El siguiente texto es una resena del libro Teaching Mathematics Online: Emergent Technologies and
Methodologies, publicado recientemente por IGl Global. En él se han reunido una serie de experiencias y
mejores prdcticas relacionadas con el uso de metodologias basadas en internet y en sistemas informdticos
que tienen por objeto la ensefianza y el aprendizaje de las matemadticas en el ciclo educativo superior. Pese
ala gran cantidad de libros existentes sobre e-learning y la abundancia de obras referidas a la ensefianza
de las matemdticas en el ciclo educativo secundario, este es —que sepamos— el primer libro que combina e-
learning y ensefianza de las matemdticas a un nivel universitario. Asi pues, nos hallamos ante una referen-
cia bdsica para entornos tanto académicos como profesionales de esta disciplina en constante evolucion.

Palabras clave
e-learning, ensenanza de las matemdticas, ensenanza superior, aprendizaje asistido por ordenador

In this voluminous book of over 400 pages, the editors bring together 18 chapters on mathematics

e-learning. They do so for two main reasons, as quoted below:

* “to provide insight and understanding into practical pedagogical and methodological issues
related to mathematics e-learning,"and

* “to provide insight and understanding into current and future trends regarding how
mathematics instruction is being facilitated and leveraged with Web-based and other emerging

technologies!

The book contains a variety of chapters, addressing many interesting developments within the
area of technology-enhanced mathematics learning. It contains chapters discussing best practices
regarding mathematics e-learning in higher education, chapters providing theoretical or applied
pedagogical models in mathematics e-learning, chapters describing emerging technologies and
mathematical software used in mathematics teaching online, as well as chapters presenting up-to-
date research work on how mathematics education is changing through the use of online teaching
methods.

The book starts with an introduction by the editors. They give an overview of the various chapters,

which they have grouped into the following three sections:

1. Blended Experiences in Mathematics e-Learning
2. Pure Online Experiences in Mathematics e-Learning

3. Mathematics Software & Web Resources for Mathematics e-Learning

The chapters are equally divided over the three sections. We briefly summarize the content of the
various sections and chapters.
The first section focuses on experiences in mathematical e-learning, in which face-to-face

teaching is blended with distance or online instruction. It starts with a chapter by Miller describing
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the successful implementation of an asynchronous model for online discussions on a mathematics
course for mathematics teachers. The section continues with a chapter by Abramovitz et al. on a
blended experience in calculus courses for undergraduate engineering students, in which online
assessments are used to help students understand theoretical concepts and theorems, and with
a chapter by B. Loch, in which she describes how screencasts of live lectures as well as screencasts
of short snippets of theory or examples have been used within an operations research course to
supply online students with just-in-time information. Chapters 4 to 6 by Albano, Perdue and Divjak,
respectively, discuss some experiences using general e-learning tools, ranging from LMSs, wikis and
speaking avatars to video and social media, to enhance their face-to-face mathematics courses.

The second section of the book is devoted to experiences of purely online mathematics
e-learning. It contains two chapters on the use of online communication and collaboration tools by
Meletiou-Mavrotheris and by Silverman and Clay, both focusing on the education of mathematics
teachers, and two chapters on the use and impact of online teaching material in bridging courses in
mathematics for the transition from high school to university by Tempelaar et al. and by Biehler et al.
The other two chapters by Jarvis and by Trenholm et al. both identify, review and evaluate a number
of models and methods of mathematics e-learning.

The final section of the book is concerned with mathematical software and Web resources for
mathematics e-learning. It contains a chapter by Cherkas and Welder reviewing some popular
websites, a chapter by Alcazar et al. describing experiences with the software packages WIRIS,
GeoGebra, SAGE and Wolfram Alpha, and a chapter by Lokar et al. describing the NAUK si initiative to
create Web-based learning blocks. Badger and Sangwin discuss the use of Grobner basis techniques
in the automatic grading of online exercises involving systems of equations. Misfeldt and Sanne
discuss the problems that both students and lecturers face when writing mathematical formulas on a
computer, as well as some solutions to these problems. The last chapter by Mac an Bhaird and O'Shea
reviews a number of general-purpose software tools to be used in mathematics classes, including
podcasts, screencasts and videos.

With this book, the editors have indeed succeeded in reaching their goals. They have brought
together a great variety of interesting information about online Web resources and their use in both
blended and online mathematics teaching. This collection of chapters provides a good insight into
teaching methods, trends and possibilities offered by technology-enhanced mathematics learning.

Mathematics educators will certainly find both information and motivation in several chapters to

improve their teaching through the good use of technology and online resources.
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