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Resum

El procés de Bolonia anima la transicié de I'educacid superior des d'un model basat en
I'adquisicid del coneixement a un model que prima la comprensid de I'acompliment i des
d'un model centrat en I'ensenyament a un model centrat en I'estudiant a través dels
resultats de |'aprenentatge. Una avaluacid centrada en I'alumne significa que I'estudiant
analitza activament el seu propi aprenentatge amb criteris concrets sobre nivells de
desenvolupament en un entorn on obté feedback de forma immediata, freqient i

formativa (Lancaster, Waugh and Wood, 2008).

Avaluar i qualificar sén components molt rellevants del procés d'aprenentatge. Més
encara, només un metode d'avaluacio sembla no ser suficient (Baartman, Bastiaens,
Kirschner and Van der Vleuten, 2006). El fonament d'aquesta tesi consisteix en la
introduccid de conjunts molt diversos d'activitats en el procés d'avaluacié amb I'objectiu
d'enriquir-lo globalment i apropar-lo al procés d'aprenentatge. L'avaluacié continua es
perfila com un dels mitjans més precisos d'executar el procés d'avaluacié tenint en

compte que les competencies es poden adquirir mitjangcant la realitzacié d'activitats.

El procés d'avaluacié s'implementa en una successid discreta de punts de mesura que
denominem “moments d'avaluacid” i que consisteixen en un conjunt d'activitats que sén
necessaries per al desenvolupament del procés. | basant-nos en |'existéncia d'una relacié
d'ordre parcial entre els diferents continguts d'un domini curricular, podem tragar un
graf dirigit amb diverses cadenes de topics que representen, d'una forma natural, la

progressio de I'alumne per assolir el perfil de competéncies objectiu.

L'avaluacidé per competencies ens permet identificar llacunes en el desenvolupament de
les competéncies aixi com les conductes que es requereixen per aconseguir les metes
proposades (Levy-Leboyer, 1997). Proposem un nou procediment d'avaluacié continua
introduint-hi un model actiu/retroactiu, basat en les cadenes de topics abans
esmentades, que afavoreix la identificacié d'aquelles competéncies que s'han assolit i
també de les que no s'han assolit d'una manera adequada. Amb aquesta idea present,
suggerim la introduccié d'un impacte retroactiu sobre els coneixements base d'aquestes
competéncies ja avaluats en la(les) corresponent(-s) cadena(-es) de topics dissenyades. |
encara més, aquest impacte retroactiu podria ser més rellevant mitjancant la introduccié
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d'un amplificador d'impacte qualificador com un procediment d'avaluacié continua
fonamentat en la major experiencia i coneixement acumulat de I'alumne a mesura que

avanca el desenvolupament del curs.

Un aspecte important de I'avaluacié per competencies, introduit per Niss (2003), és la
mesura del progrés en el nivell de desenvolupament de les competéncies durant el
procés d'aprenentatge. En general, qualsevol assignatura es compon de diferents topics i
cada topic es desenvolupa mitjancant I'execucid, amb diferent rellevancia, d'una série
d'activitats com classes magistrals, laboratoris, exercicis, etc ... D'aquesta manera, el
nivell de desenvolupament de cada competéncia depen del tipus d'activitats i de la
recurrencia amb queé s'executen. Agquestes relacions entre activitats, topics i
competéncies poden ser representades mitjancant matrius de tres dimensions a les que

hem anomenat cuboides ATC.

Els cuboides ATC s'implementen mitjancant I'Us d'una avaluacid binaria que verifica en
les activitats cadascuna de les competéncies basiques i les qualifica amb un indicador
veritable/fals. Aixi, obtenim una estructura matricial del rendiment de I'alumne en el
curs, la qual cosa ens permetra dissenyar estratéegies curriculars individualitzades
adaptades a les necessitats particulars de cada estudiant amb I'objectiu que assoleixin el

nivell requerit en cadascuna de les competéncies.

Desenvoluparem els esmentats cuboides ATC per a una mostra d'estudiants i els
compararem amb els resultats obtinguts amb un metode més tradicional utilitzat en el
grau d'Enginyeria Aeroespacial a I'Escola Técnica Superior d'Enginyeria del Disseny,

ETSED, a la Universitat Politécnica de Valéncia.
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Summary

The Bologna process encourages the transition of higher education from knowledge
possession to understanding performances and from a teaching-centered to a student
centered approach via learning outcomes. A student-centered evaluation means that
students analyze actively their own learning with concrete criteria on development
levels, in an environment where they obtain immediate, frequently and formative

feedback (Lancaster, Waugh and Wood, 2008).

Assessing and grading are extremely important parts of the learning process.
Furthermore, one single assessment method seems not to be sufficient (Baartman,
Bastiaens, Kirschner and Van der Vleuten, 2006). The rationale of this dissertation
consists in introducing the execution of disparate sets of activities into the assessment
process in order to enrich the whole procedure keeping it close to the learning process.
Continuous assessment seems to be the most accurate mean of executing the
assessment process taking into account that competencies are achieved by executing

activities.

The evaluation process is implemented throughout a discreet number of measurement
points called “moments of evaluation” which consist in a set of activities necessary for
the development of the process. And based on the existing partial order relationship
among specific curricular domains we could draw a directed graph with several chains of

topics representing a natural way of progress in order to reach the profile competences.

The competency assessment allows us to identify gaps in the performance of the
competencies, as well as the behaviors that are required in order to achieve the
proposed goals (Levy-Leboyer, 1997). We propose a new procedure in continuous
assessment by introducing an active/retroactive model, based on the aforementioned
chain(s) of topics, which aims to identify those competences that have and those that
have not been adequately achieved. With this in mind we suggest introducing a
retroactive impact on the outcome assessment of the concerned competencies
evaluated in the corresponding chain(s) of topics. These retroactive impacts might be

amplified by the introduction of a grade impact amplifier as continuous assessment
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procedure based on the greater experience and knowledge of the students as the course

advances.

An important aspect of the competency assessment defined by Niss (2003) is to measure
the progress on the achievement level of the competencies throughout the process of
learning. In general, any subject is composed by different topics and each topic is
developed through the execution, with different relevance, of a number of activities
such as lectures, laboratories, exercises, etc. In this way the level of achievement of each
competence depends on the type of activities and the recurrence of their executions.
Relationships between activities, topics and competences can be distributed in a 3D

matrix array which we will call ATC cuboid.

ATC cuboid uses a binary assessment as a check of an activity in each of the core
competencies. In this way, we have a matrix structure of the performance of the student
over a course, which is the basis to design individualized curricular strategies with the

goal of achieving the required level of development of each competence.

We will develop the aforementioned ATC cuboids on a sample of students and a
comparison between this method and a more traditional method used with Aerospace
Engineering students in the Design Engineering School ETSID at Universitat Politécnica

de Valéncia (Valencia, Spain).
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Resumen

El proceso de Bolonia anima la transicion de la educacidn superior desde un modelo
basado en la adquisicion del conocimiento a un modelo que prima la comprensién del
desempefio y desde un modelo centrado en la ensefianza a un modelo centrado en el
estudiante a través de los resultados del aprendizaje. Una evaluacion centrada en el
alumnado significa que el estudiante analiza activamente su propio aprendizaje con
criterios concretos sobre niveles de desarrollo en un entorno donde obtiene feedback de

forma inmediata, frecuente y formativa (Lancaster, Waugh and Wood, 2008).

Evaluar y calificar son componentes muy relevantes del proceso de aprendizaje. Mas
aun, sélo un método de evaluacion parece no ser suficiente (Baartman, Bastiaens,
Kirschner and Van der Vleuten, 2006). El fundamento de esta tesis consiste en la
introduccidn de conjuntos muy diversos de actividades en el proceso de evaluacidon con
el objetivo de enriquecerlo globalmente y acercarlo al proceso de aprendizaje. La
evaluacién continua se perfila como uno de los medios mas precisos de ejecutar el
proceso de evaluacién teniendo en cuenta que las competencias pueden adquirirse

mediante la realizacidon de actividades.

El proceso de evaluacidn se implementa en una sucesion discreta de puntos de medida
gue denominamos “momentos de evaluacién” y que consisten en un conjunto de
actividades que son necesarias para el desarrollo del proceso. Y basandonos en la
existencia de una relacion de orden parcial entre los distintos contenidos de un dominio
curricular, podemos trazar un grafo dirigido con varias cadenas de tdpicos que
representan, de una forma natural, la progresién del alumnado para alcanzar el perfil de

competencias objetivo.

La evaluacidon por competencias nos permite identificar lagunas en el desarrollo de las
competencias asi como las conductas que se requieren para alcanzar las metas
propuestas (Levy-Leboyer, 1997). Proponemos un nuevo procedimiento de evaluacién
continua introduciendo un modelo activo/retroactivo, basado en las cadenas de tdpicos
antes citadas, que favorece la identificacion de aquellas competencias que se han y que
no se han alcanzado de una forma adecuada. Con esta idea presente, sugerimos la
introduccion de un impacto retroactivo sobre los conocimientos base de estas
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competencias ya evaluados en la(s) correspondiente(s) cadena(s) de tdpicos disefiadas.
Es mas, este impacto retroactivo podria ser mas relevante mediante la introduccion de
un amplificador de impacto calificador como un procedimiento de evaluacién continua
fundamentado en la mayor experiencia y conocimiento acumulado del alumno

conforme avanza el desarrollo del curso.

Un aspecto importante de la evaluacién por competencias, introducido por Niss (2003),
es la medida del progreso en el nivel de desarrollo de las competencias durante el
proceso de aprendizaje. En general, cualquier asignatura se compone de distintos
tépicos y cada topico se desarrolla mediante la ejecucidn, con distinta relevancia, de una
serie de actividades como clases magistrales, laboratorios, ejercicios, etc... De esta
forma, el nivel de desarrollo de cada competencia depende del tipo de actividades y de
la recurrencia con que se ejecutan. Estas relaciones entre actividades, tépicos vy
competencias pueden ser representadas mediante matrices de tres dimensiones a las

gue hemos llamado cuboides ATC.

Los cuboides ATC se implementan mediante el uso de una evaluacién binaria que
verifica en las actividades cada una de las competencias basicas y las califica con un
indicador verdadero/falso. Asi, obtenemos una estructura matricial del rendimiento del
alumnado en el curso, lo que nos permitird diseflar estrategias curriculares
individualizadas adaptadas a las necesidades particulares de cada estudiante con el

objetivo de que alcancen el nivel requerido en cada una de las competencias.

Desarrollaremos los mencionados cuboides ATC para una muestra de estudiantes y los
compararemos con los resultados obtenidos con un método mas tradicional utilizado en
el grado de Ingenieria Aeroespacial en la Escuela Técnica Superior de Ingenieria del

Disefio, ETSID, en la Universitat Politécnica de Valéncia.
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Not everything that can be counted
counts,

and not everything that counts

can be counted.

Albert Einstein

1 Introduction

1.1 Motivation

Throughout my professional career | have had the opportunity of teaching in multiple

occasions and in a wide variety of scenarios.

In the 80’s | was a Math teacher for 7 years and the Head of Studies for over 6 years at a
Secondary State vocational training school. Back then, vocational training’s approach
was more practical, and for that, the main subjects were used as a technical base in

order to develop professional skills.

Concurrently, | had the chance of teaching at a private agrarian school whose
educational system was completely different and based on alternation/rotation.
Students alternated 15-day periods of boarding and 15-day periods working on
agricultural holdings, whether they were theirs or not, and where they made use of the

techniques they had acquired during the boarding period.

Surely both educational systems differed. The former’s point was to learn basic concepts
and to develop professional skills during practices. The latter’s objective was to develop

competences by alternation of studying and working.

The former’s assessment system was comparable to the ones we find nowadays in most

educational institutions. Assessment basically is the result of written test’s scores and in
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some cases there is an assessment about the practice sessions, where the final score is
deduced by the weighted average. In the latter’s case, while being a similar method,
there was a prevailing component regarding assessment in terms of competences and
continuous assessment since after each stay at the agricultural holdings students were

tested on the outcomes obtained from the techniques or procedures applied.

In the last 15 years | have occupied the position of director of business intelligence
projects at a bank with thousands of employees. Among other things, we trained
business analysts in managing and elaborating information. Here the assessment system
is clearly a competence assessing one. It was tested whether the person was able to
carry on the work as efficiently as it was supposed to, otherwise, the person might be
placed somewhere else. This is how competences affect real professional life and it is

key to be prepared for it.

As a consequence to all these years’ expertise | have also come to the conclusion that
developing competences is highly important. In order to guarantee this development, it

is needed an assessment system which grading about competences can be reliable.

In this respect, continuous assessment is of major importance not as an average of tests
but as a weighted average that encompasses all of the student’s work and effort along

his academic life.

We have analyzed 38 mathematics learning guides of Aerospace Engineering degrees
from 10 Spanish universities websites in order to study how continuous assessment is

approached. The following table shows the results of this study.

Qualitative aspects #items % over sample
Documents analyzed 38 100.00
Competences are detailed 33 86.84
Outcomes are detailed 38 100.00
Relate outcomes and competencies 28 73.68
Continuous asessment is referenced 24 63.15
Specific section for continuous assessment 33 86.84
Relationship between competences and activities 10 26.31
Other activities than witten exams are taking into account 15 39.47
Other activities/Continuous assessment not referenced| 7 over 33 21.21
Other activities/Continuous assessment referenced| 8 over 33 24.24

*References [166] to [176]
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The majority of learning guides from the analyzed subjects relate to general and specific
competences as well as learning outcomes. They all describe different kinds of activities
that are taken into account for the final grade to a greater or lesser extent. A smaller
percentage relates activities to the development of competences, and only 10 of them

do it systematically and in detail.

Some of them refer to continuous assessment explicitly and 33 of them allot a visible
section to discuss how it is going to be executed. Generally, they use a weighted average
to two or three written tests with a small contribution from other activities such as
laboratory practices. The other ones do specify in more detail how to implement a
guantification of other activities with a higher weight in the assessment system. Two of
them detail with a great assortment of activities such as work groups, presentations and

do on.

Nevertheless, there are plans that consider the implementation of different activities
not relating to a continuous assessment method at all (7 out of 33). Only in two of them
there are a reference regarding the possibility of retrieving past contents through
successful results from later tests, which presupposes the existence of previous
knowledge and it is an implementation of the retroactivity concept we are going to

explain in this dissertation.

At the Universitat Politecnica de Valéncia, the Superior Technical School of Industrial
Design, ETSID, offers the degree of Aerospace Engineering. The mathematics programme
has put effort in the implantation of continuous assessment developing procedures for

assessing which consider the expertise acquired by the student.

After many conversations with Professor Luis Manuel Sanchez Ruiz, director of this
dissertation, in which we commented on experiences concerning assessment,
competences and the future about education in coming generations, he coaxed me into
reading about research on this topic so that | became increasingly interested in working
on this topic and writing about a computation procedure for continuous assessing as a

formalization of the methods applied.
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1.2 Objectives and methodology

The main objective of this dissertation is the specification of a calculation procedure to
obtain qualifications in a continuous assessment system. Assessment is intended to
'measure' what a student has learned and the competences developed during the time
the course lasts. The learning outcomes can be estimated by demonstrating the ability
to develop studied procedures and/or techniques that have been practiced throughout
the course. Normally, through carrying out tests, oral or written, in a controlled
environment to ensure the authorship of these tests. Measuring the development of
competences is much more complex, as the students should be in an appropriate
professional context to observe their behavior and professional execution, which is not
always possible in all subjects, though students have time to go on placements in

companies where this facet can be observed.

A written test that demonstrates the developed skills has uncontrollable negative factors

that affect the reliability: stress caused by the need to pass, fatigue by overexertion, etc.

The concept of continuous assessment is a utopia in a way, which we would like to
approximate the mathematical concept of continuity. Time is a continuous variable, but
the actions we perform for a particular objective are discrete actions. The learning
process is not so far from this utopia since we learn not only in class but also talking to
classmates, teachers or friends, we learn walking around and observing, among other
things. We are in a setting of continuous inputs of information, and whilst not every
input is a mathematical one, the mathematics we study are used daily in many different
ways. Decisions are made based on an estimated probability, we surf within social

networks which are immense relationships graphs

We wonder, why do we not consider any thing the student does regarding the subject
when assessing? It will not be “continuous” mathematically speaking but it will surely be

more “continuous”, our objective being for it to be as continuous as possible, ACAP.

It is helpful to remember that the word “assessment” comes from the Latin term ad
sedere, meaning “to sit down beside.” When we assess, it should be as if we are pulling
up a chair next to individual students, getting down on their level, and putting ourselves

in their corner to give them information that will help them succeed (Talbert, 2014).
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And, does everything affect the learning process and the development of competences?
By all means. For instance, at lectures, students learn nuances of concepts that would
not be perceived if not by attending, supposing they pay attention. They develop the
communication competence by seeing their teacher do it and argue about subject topics

with classmates.

What if students solve problems and questions outside the classroom? They also learn
by using the studied concepts and try to put them into practice. And, what about if help
is offered? They learn through reliable people, too, since they enlighten them on

reasoning students could not think of at first.

ACAP’s target is not only sustained by the implementation of how many measuring or
assessment points are possible. It aims, in the performance of these actions, to take into
account the necessary background in order to finalize and prompt past performances’
re-evaluations. This leads to the concept of retroactivity which is basically the
manifestation of the continuous assessment character that attempts to make
contributions to the assessment measure in parallel with the student’s effort and

achievements.

A second objective is to implement an assessment procedure which allows to appreciate
the development of the mathematics competences embedded in the performance of
the studying and learning processes by means of a rubric system that qualifies certain
aspects such as the capability to communicate or mathematical reasoning and also
guantifies the capability to resolve problems. Not to forget that the procedure requires a

final score that is compatible with the traditional assessment methods.

Its purpose is to obtain a greater granularity of information of the one expressed as a
final grade and also provide a vision of the student’s performance in the learning process

from the competences point of view.

A third objective is to draw up a path towards individualization of the learning programs.
This idea, which is key within a children educational environment given that they
promote integration in education and curricular adaptation, is not so clear in higher

education. Be that as it may, the implementation of technologic systems that contribute
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to the study with assessment capacities might help design and complement the

student’s learning program adapted to particular needs.

This dissertation is not set to establish learning methods or new assessment techniques.
It is based on the use of existing assessment tools commonly used in these educational
levels, and the purpose is to formalize to what extent the use of them can be quantified
in the assessment, trying at all times to follow a time sequence and promoting a
contributive measurement of the effort considered as an expression of the continuous

assessment.

The methodology followed is based on the observation of the use of the assessment
tools, both formative and summative. The correlation of these instruments with the
development of the mathematical competences is what will enable us to establish a
guantification of the formative actions and their performance by the students. With this
guantification and an additive method of contributions based on a streaming of
performances with continuous feedback, both in current and past performances, we try
to settle a final grade related to the student’s performance and an estimation of the

evolution in the achievement of basic competences.

In contrast with the previous method, a sample of students with different levels of
performance in a subject has been selected and the available material re-evaluated
(mainly written tests and registered laboratory practices) so as to compare the learning
outcomes obtained at school and end up concluding that this method does not divert
much. Anyway, in the studied subject from ETSID there exists a great experience in the
use of continuous assessment; consequently the result was to be expected. This enables
us implementing in the future the concepts covered in this dissertation on the
assessment system. As we shall see in due time, adopting a system of these
characteristics requires technological systems to help assessment and self-learning
since, otherwise, its use requires an effort that cannot be borne by the people in charge

of the assessment.
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1.3 Contents

This work is composed of thematic chapters which go through the use of the
instruments for assessing and bring in concepts about computer procedures of an

assessment method based on efficiency and dynamic assignment of the contents.

Chapter 2, the assessment process, is a review of the background about the importance
of assessment. It covers the different types of assessment according to their function,
the moment of application, the person that assesses or the person that is assessed. It is

referred to as the nature of assessment and is looked at from an historical perspective.

Chapter 3, activities and competences, defines basic mathematical competences
introduced by Niss in the KOM project and the interpretations of SEFI, Mathematical
Working Group and OECD Pisa. There are classified different types of training activities
which are carried out with students or are run by them to then study how activities and

basic competences are related.

Chapter 4, a procedure to compute continuous assessment, introduces the concept of
continuous assessment, which stands up for this dissertation. Also, the concept of active

and retroactive assessment is one of the pillars on which the procedure is based.

Chapter 5, ATC cuboids in assessment of mathematical activities, brings in the concept
of binary assessment as a system of rubrics true/false about the relation of competences
with the activities. A data structure, ATC cuboids, is built in order to allow registering
and quantifying the binary assessments of each student and form the streaming system
which comes along with the assessment of the student. The concept of master ATC as a

metric structure that makes the quantification possible is also settled.

Chapter 6 examines the assessment of a sample of students from the ATC perspective. In
this chapter it is detailed step by step how each of the elements of the ATC structures
compute through the creation of the backlog of activities and the use of metric
structures. Given that this students’ material from the selected sample is re-evaluated,
we have described in detail this re-evaluation for one of them emphasizing some of the
aspects of the binary assessment and the criteria followed. It is detailed the way in
which a component of retroactivity based on rules in an additive and novel way. It also

explains a new concept, GIA, which amplifies the impact of the activities of the student
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on the assessment system based on the acquired experience as the course progresses.

The sample is compared with the results obtained by these students in the ETSID.

Chapter 7 explains in a very general way the foundation for constructing a model of
information that can sustain the assessment method by using computerized systems
which assist the assessment to allow to do the feasible method. In this chapter there are
included the basis for formulating algorithms based on banks of activities and estimation
methods which enable the implementation of individualization of the résumés adapted
to the particular needs of each student. As mentioned before, it is a general chapter
that is not intended to be a formal design. Formalization requires a far more extensive
and expensive technological project from which we have no more than a few basic

concepts.

Finally, Chapter 8 consists of a final discussion of the presented method and its results. It
strives to answer the issues raised throughout the dissertation and visualizes the future
advantages that kind of system might bring in assessment. It also tries to devise future
work paths along this line, although there is a wide variety of studies aiming at this type
of work methods based on predictive modelling, banks of activities and traditional
business intelligence techniques implemented in educative intelligence also known as

learning intelligence.

After the references, it is shown the results of the ATC assessment of all the students of

the sample studied in chapter 6.

1.4 Background

This dissertation fits within some Innovation and Teaching Projects, “Ayuda a Proyectos

de Innovacidn Docente”, namely:

e PID-DMA-2013, Department of Applied Mathematics, UPV 2013; PIME B-11, B-
12, Vice-rectorate for Studies and Convergence with Europe (VECE), UPV 2012.

e PID-DMA-2013, of Department of Applied Mathematics of the Universitat
Politecnica de Valéencia UPV 2013, Project for Innovation and Educational
Improvement; PIME B12/12, Vice-rectorate for Studies and European
Convergence (VECE), UPV 2012; and PIME/2013/A/025/B, Vice-rectorate for
Studies, Quality and Accreditation (VECA), UPV 2013.
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e PID-DMA-2014, of Department of Applied Mathematics of Technical University of
Valencia UPV 2014; Project for Innovation and Educational Improvement PIME

B024, Vice-rectorate for Studies, Quality and Accreditation (VECA), UPV 2014.
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2 The assessment process

2.1 Introduction

The main objective of this dissertation is the study of a computational model to build the
continuous assessment as a tool to estimate and control the development of the
students’ skills which allows the students and educators a better planning and a major

probability of success in their targets achievement.

As skills have just been mentioned and this dissertation is mainly concerned with the
assessment competences, it may be convenient to recall the related concepts of
knowledge, skills and competences. We reproduce a synthesis of the discussion about

these terms found in Hoffmann (2011a).

The simplest cycle of learning is learning by heart, initiated by directing attention to
pieces of information called facts which when hold sufficiently long in the working
memory turn the knowledge into factual knowledge. After that, making context
associations we obtain conceptual knowledge, or episodic knowledge when arranging in
sequence facts in their contexts. The entirety of factual, conceptual, and episodic

knowledge is categorized simply as (passive) knowledge.

The experience stored as episodic knowledge motivates thus for training of a sequence of
actions which implies gaining knowledge on procedures to be performed, or shortly
procedural knowledge. If learners have knowledge about the rules behind the

procedures, then they obtain the so called canonical knowledge. Then, skills are the

27



abilities achieved by actions motivated through episodic knowledge, trained as

procedural and canonical knowledge.

The ability to find further rules actively and autonomously based on formerly acquired
canonical knowledge generates analytical knowledge. Using their analytical knowledge,
learners are able to plan what to do in particular situations, and without having trained

these actions. Then, the learners have acquired competences.

The different types of evaluation, in general, are a control instrument embedded in the
learning process. Therefore the evaluation will become part of this process and should
also become part of any estimation algorithm that is intended to measure the learning

process.

In this chapter we include a brief review of the importance of the process of evaluation
and a classification of the different types of evaluation. Nevertheless, the primary target
of this work is to model an estimative process based on the continuous assessment for

competences through the activities execution.

The evaluation is a process through which it is observed, gathered and analyzed relevant
information from the students’ learning process. The main purpose is to reflect, express
value judgments and make pertinent and opportune decisions to improve the process of

education - learning (Diaz-Barriga 2006).

Teachers make a wide variety of decisions. Assessment is the process by which teachers
gather and organize information to help them make the different decisions (Kapambwe,
2009). It should be a holistic process through the use of multiple assessment procedures
(Atkin and Black, 1996). In this sense it is important to determine the extent to which a
set of assessment tasks provides a relevant and representative sample of the outcomes

achieved (Linn and Gronlund, 1995).

Evaluation is also a systematic process of data collection and analysis with the purpose
of determining whether objectives have been or are being achieved. The resulting

information is placed at the service of the decision-making (Boulmetis 2005).

The Laboratory Network Program (1993) emphasizes the need for the process to be

reliable, valid and fair:
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e Reliability means that evaluations must be "an indication of the consistency of
scores across evaluators or over time." An assessment is considered reliable
when the same results occur regardless of when the assessment occurs or who
does the scoring. There should be compelling evidence to show that results are
consistent across raters and across scoring occasions.

e Validity means that evaluations must be "an indication of how well an
assessment actually measures what it is supposed to measure." The reference
identifies three aspects of an assessment that must be evaluated for validity:
tasks, extraneous interference, and consequences.

e Fairness means that an assessment should "enable students of both genders and
all backgrounds to do equally well. All students should have equal opportunity to
demonstrate the skills and knowledge being assessed." The fairness of the

assessment is jeopardized if bias exists either in the task or in the rater.

The evaluations are implemented through different instruments and thus it is not
estrange to make reference to them in order to be able to clearly define the concept or
modality of evaluation. In this dissertation we always refer to the use of any instrument,

either with evaluative sense or not, as for the execution of an activity.

There exists a wide diversity of types of evaluation paying attention to different criteria
and contents. Many of the concepts overlap between themselves since it is a complex
process that attends on very diverse psychological, social and behavior aspects of the

persons. We do a review of the most important ones.

2.2 Evaluation according to its function

As regards the function of the evaluation, one of the most basic classifications

distinguishes between diagnostics, formative and summative.

2.2.1 Diagnostic Assessment
This evaluation attempts to set initial conditions of learning opportunities and identify

the needs, strengths, and limitations of a collective of students that is beginning a
training cycle, which makes it coincide with the start of the cycle. Its fundamental

mission is to classify the collective and adapt the learning path. It can be used in
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continuous assessment models in the beginning of every thematic block generating a

continuous diagnosis that enables to level punctual and dispersed shortcomings.

As stated in the Decree 121/2013, of September 13, the Consell of the Regional
Government of Valencia, which regulates the diagnostic evaluations in the educational
centers supported by public funds in the Comunitat Valenciana, in the second article,
paragraph (1): "... the diagnostic evaluations will have a formative character and guiding
for the centers, and informative for the families and the whole of the educational
community. In addition, they will aim to check the degree of development of the core
competencies achieved by the students and will take into account contextual factors of

cultural character.

Their main characteristics relate to its informative nature for the centers and the
Administration, and for guiding the implementation of improvement processes. It does

not have academic effects; neither establishes qualifications nor values given contents.

2.2.2 Formative assessment
This evaluation is set as a feedback loop between student and teacher while the learning

process advances in order to point out the learning problems and is able to plan
corrective actions in time. Therefore, its main function is monitoring and the increasing

of the quality of teaching.

The formative evaluation consists in evaluating the progress and the knowledge of the
students in a frequent and interactive way. Thus the teachers can fit the programs to
satisfy better its educational needs (OECD 2005). Op. cit. analyzes in depth the formative

evaluation and its principles, as well as its benefits and problems.

Formative assessment, therefore, is essentially feedback (Ramaprasad, 1983) both to the
teachers and to the student about present understanding and skill development in order

to determine the way forward (Harlen and James, 1997).

Formative assessment is defined as assessment carried out during the instructional
process for the purpose of improving teaching or learning. What makes formative
assessment formative is that it is immediately used to make adjustments so as to create

new learning (Shepard, 2008).
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Some of the techniques used in formative assessment consist in making a series of
guestions to students or groups of students within lectures to determine if the treated
concepts are being developed properly. The feedback obtained from the students’ work
its in multiple forms: homework, essays, working groups, laboratory practices, test at
the end of the class, etc. All of them let us verify the proper understanding of the
concepts and development of skills and also allow us to change the planning for next

classes according to the results.

Black and Wiliam (1998) define assessment broadly to include all activities that teachers
and students undertake to get information that can be used diagnostically to alter
teaching and learning. Under this definition, assessment encompasses teacher
observation, classroom discussion, and analysis of student work, including homework
and tests. Assessment becomes formative when the information is used so that teaching

and learning is adapted to meet student needs.

2.2.3 Summative assessment
Summative assessment tries to certify the degree of achievement of the course

objectives, either in an intermediate point or at the end of an educational cycle. Its main
purpose is to assign a grade to each student that reflects the proportion of goals

achieved in a period.

The summative evaluation can be used sometimes like diagnostic when it is
implemented in intermediate periods. Nevertheless, it differs from formative evaluation

since its target is to generate a final grade.

Some of the instruments used in the summative evaluation may include an evaluation by
rubrics where previously the evaluation criteria are given to the students (rubrics or
descriptions of the expectations on the work to be done by means of diverse execution

grades).

The terms formative and summative were already introduced by Scriven (1967) with the
famous example of “when a cook tries the soup it is formative whereas when it is the

customer who does it is summative”.
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A criterion that distinguishes between formative and summative evaluations is that the
former accredits achievements when certain conditions are met. These might require an
evaluation instrument aligned with the contents to be learned that should discover
specific problems of learning so that decisions based on them could be taken and,
accordingly, to plan corrective measurements on due time. Some of these conditions are

likely not to be met by evaluations whose primary objective is summative.

The diagnostic, formative and summative assessment constitutes the main classification
of the types of assessment. Other classifications pay attention to the objectives or at the
moment of its application and so on. They may be assimilated to these three types of

evaluation.

2.3 Evaluation according to its timing

Concerning the moment in which the evaluation is applied, there is straightforward

classification:

2.3.1 Initial assessment
The purpose of the initial assessment is to establish a realistic baseline at the beginning

of a training cycle. Although it could be seen as a bureaucratic tool if the curriculum of
the training cycle is well defined, some authors like Muriel (2002) consider the initial
assessment needs to be done. It should be of benefit to learners and help them feel

positive about themselves and their potential to learn.

The results of the initial evaluation provide us the first judgments on the student, focus

and level of learning as well as skills and needs that must be developed.

According to Muriel, assessment is both backward and forward-looking. In other words
it makes judgments about previous learning and achievements whilst at the same time
attempting to give indications or measures, of the learner’s capacity to progress along
one of a number of pathways. The outcomes of the process shape and support the
learning process that can best secure achievement and progression for the individual

learner.

This form of evaluation must be centered on learning. Feedback is important and should

assist in designing the learning plan against an initial closed plan. It does generate
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important information about the strengths and weaknesses of the students and allows
educators to set short-term goals and new goals. It must be based on previously
acquired knowledge, highlight the interests, skills, and the potential for learning. In this

sense is the same concept as the diagnostic evaluation aforementioned.

2.3.2 Partial assessment
Partial evaluation seeks to establish intermediate points to check the level of

development of learning throughout the learning cycle. The instruments used are those
of any type of evaluation. The term in reality makes reference to the time of application
and not to its content. It has been used, in general, as a synonym for continuous
assessment in the sense that it provides intermediate points of measurement and these

points can serve to set up a system of estimate final grades.

It is an instrument of feedback for both trainers and students in the sense of establishing
measurement points in time, while these measures are strongly influenced by the
activities that include the evaluation as well as the extension of the content to cover. If
the obtained results re-feed for rethinking over the procedures of learning, this

evaluation will have many similarities with the formative evaluation.

2.3.3 Final assessment
An assessment is said to be final when performed at the end of a complete training

cycle. Its purpose is to provide a final grade or contribute to it depending on the form in
which it is implemented. Sometimes used as a means of second chance although it is
also useful as a shifted evaluation, with respect to the partial evaluations, to measure

the persistence of acquired knowledge. It can be assimilated to a summative evaluation.

2.4 Evaluation according to its performer

Other forms of assessment are based on the person that triggers the process of
assessment considering internally to the teacher or the students themselves, as well as

those raised by external agents to the educational environment.

2.4.1 Self-assessment
Self-assessment has been defined as “the involvement of students in identifying

standards and/or criteria to apply to their work and making judgments about the extent

to which they have met these criteria and standards” (Boud, 1991). According to Boud

33



there are two parts in this process: the development of criteria, and the application to a

particular task.

Assessment decisions can be made by students on their own essays, reports,
presentations, projects, dissertations and so on, but it is believed to be more valuable
when students assess work that is personal in nature, like a learner log, portfolio etc...

(Race, 2001).

Here a key role is assigned to the student because he or she is the one who carries out
the process of evaluation once the instructor have determined which learning is to be

self-assess and how it should be developed.

2.4.2 Peer-assessment
Peer assessment may be defined as the assessment of the work of others of equal status

and power (Wilson, 2002). In the context of student learning, peer assessment is used to
estimate the quality of other students’ work, and to give and receive feedback. With
appropriate training and close moderation, it gives a chance to students to play a role in
summative assessment, but generally peer assessment works best in formative

assessment where students give each other feedback on each other’s work.

Self-assessment and peer-assessment are usually reliable if specified criteria are met,
the students have had the opportunity to put into practice the techniques of evaluation,
classification instruments are simple and a second indicator is used to moderate the
evaluation. In essence, if a student understands the needs of training and the process is
managed properly, then it is surely a positive and constructive process for all those

involved.

This type of assessment encourages them to develop teamwork skills and promotes
active rather than passive learning. It also develops verbal communication skills,

negotiation skills, and diplomacy (Riley, 1995).

2.4.3 External evaluation
The external evaluation is presented as a comparative mechanism with the aim of

normalizing the educational programs, as well as to generate feedback to practitioners

of education within a context of comparison and standardized procedures.
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Program for International Student Assessment (OECD 2009) is one of the most
recognized frameworks to implement external benchmarking in educational systems. It
represents a commitment by Governments to monitor the results of educational
systems through the measurement of achievements of students within a common
framework internationally agreed. Its objective is to provide a new basis for policy
dialogue and the collaboration in the definition and implementation of educational
objectives (OECD, 2013). It is the most comprehensive and rigorous international
programme to measure the performance of students and the study of institutional
factors that can help explain differences in performance. Mechanisms for quality
assurance in translation, testing and data collection are very rigorous, so the PISA results

have a high degree of validity and reliability.

2.5 Curricular assessment

The principles of this modality consist in setting objectives for a unit or educational
cycle, to select these objectives contents and the same learning experiences
consistently, to integrate these contents and experiences into the learning process, and

finally, to evaluate (Wheeler 1985).

We can frame the external evaluation within a model of curriculum development. Some
authors like Tyler (1967) reported that the evaluation should focus on the final results to
verify that the objectives initially set have been met. Aubrey (1982) also states that

there must be a process of initial evaluation and at intermediate points.

Its main characteristics include the integration of assessment with the process of the
curricular development. It promotes the curricular enrichment as well as the formative
evaluation, it generates feedback to educators and students, helping to define criteria
for the activities portfolio design and promotes the participation of all actors
(Stuffelbeam and Swchinkfield, 1989). These characteristics are common to most of the
types of evaluation. Other authors consider the evaluation as an integral part of the

curricular development (Zabalza, 1977).
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2.6 Evaluation according to its nature

2.6.1 Criteria and normative assessment
These evaluation forms tend to be stricter as soon as they consider fundamentally

quantitative aspects of the process of evaluation.

The normative evaluation examines the position of each student regarding to the others
on the basis of some indicators to measure and establish an order arrangement of them.
Popham (1983) defines it as a test based on rules of normality destined to determine the
position of a student regarding a group of other students that has taken the same test.

Nevertheless, it is not an evaluation adapted to measure the individual skills.

On the other hand, the criteria evaluation aims to measure the achievement of
objectives by each student without comparing it with the group (Gomez Arbeo, 1977).
Therefore, it is a form of evaluation focused on learning, with preset goals and
measurement of elements to determine if each student reached individually the

curricular objectives.

2.6.2 Qualitative and quantitative assessment.
The qualitative assessment is an evaluation based on concepts where the process of

obtaining information is based on judgments of value with qualitative categories or
classification rather than a quantification of performance. In a qualitative assessment,
evaluation criteria must be conceptual and descriptive guiding the students about their
mistakes, successes, what has failed, weaknesses and strengths, etc. Some of the

methods of assessment approaching this model use evaluation by rubrics.

The qualitative assessment aims to promote in students their autonomy and ability to
participate responsibly in their own process of personal and social development.
Evaluation does not emphasize on the achievement of final behaviors in terms of
knowledge, but it promotes the process of continuous improvement of the student as a

person free, dignified and participatory person (Alfaro, 2000).

The use of techniques of qualitative evaluation has drawn criticism regarding its lack of
objectivity, no reproducibility of results and limited validity against the quantitative
methods that are generally well accepted. Among the various currents of opinion,

constructivism is the paradigm that has had a greater influence on qualitative methods.
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To constructivism there is not an objective reality but this is socially constructed and,
therefore, different mental constructions of the same reality can co-exist even if some of
them come into conflict. In this way, and through the study, perceptions of reality can be

modified (Mertens, 2005).

The qualitative evaluation implies the active participation of the student. The collection
of information is more verbal than quantitative, more emphasis is placed on the process

than in the result.

In contrast, the quantitative evaluation determines the grade of achievements of the
programmed targets. It is based on quantifications and is the way in which the validity of

the educational process is determined.

2.6.3 Continuous assessment
According to Ezewu and Okoye (2002), continuous assessment should be systematic,

accumulative and guidance oriented. Systematic in the sense that is planned and is given
at predetermined time intervals during the academic year. Accumulative characteristics
of continuous assessment means that all information gathered on the individual has to
be pooled together before a decision can be taken. And oriented guidance means that
the information so collected is to be used for educational, vocational and personal
decision-making for the student. Conceptually, op. cit, continuous assessment provides
feedback to learners and teachers and provides feedback information which is used for

purposes of improving on the student’s performance.

Other authors define continuous assessment as a mechanism whereby the final grading
of learners in the cognitive and affective domains of learning systematically takes
account of all their performances during a given period of schooling (Falayajo Wole
2006), or an assessment approach which should depict the full range of sources and
methods that teachers use to gather, interpret and synthesize information about

learners (Airasian, P. W. 1991).

2.7 The evaluation in a historical perspective.

The first generation of evaluation methods focuses on the development of evaluative
tools and media where the concepts “evaluation” and “measurement” are synonymous.

The student is a passive player. It is methodologically based on the unilateral character
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of the evaluator that judges and decides on the level of learning. The evaluation is
essentially quantitative. Here the sense of evaluation is the process of delineating,
obtain and provide valid information for decision-making (Chadwick and Rivera, 1991).
This is done at the end of the process; for that reason its mission is mainly administrative

to certify the learning process and enabling the student’s promotion.

The second generation from the 30s till the end of the 60s, incorporated the descriptive
techniques of the strengths and weaknesses in relation to the achievement of
objectives. Attention focuses on the student curriculum pairing. At this stage the
assessment is formative and summative and is based on previously planned objectives.
The role of the evaluation is the process that determines to what extent the proposed
educational objectives have been achieved (Morales, 2001). In essence it is an

achievement-oriented evaluation.

The third generation is based on the emission of judgments on the performance of the
student. The evaluation focuses on the analysis of the learning process in a systematic
and well defined way. Its main features are its functionalist and experimental character

without valuable or ethical considerations. (Alfaro, 2000).

The fourth generation appears in the 90s and it is based on the constructivism and not
conventional methodologies. Some authors refer to it as the generation of bargaining
(Guba and Lyncoln, 1989). The knowledge is created from experiences, the student takes
part actively with autonomy and in group meetings. The evaluation is essentially
qualitative. The figure of the formative evaluation is incorporated. It is encouraged the
self-assessment and peer-assessment. And it plays an important role to ensure the fair
exercise of evaluation in which each actor can assert its own word and his own

argument (Alvarez Mendez, 2005).

Nowadays, the fifth generation focuses on the quality in education. The students must
recognize their strengths and their own weaknesses. Looking for the integration and
participation of all actors, evaluation has a character of lifelong learning. The evaluation
is done based on the implementation of very different activities such as testing, quizzes,
working groups, etc. The assessment becomes a continuous process that generates

feedback for students and teachers engaged in a process of continuous improvement.
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Very recent contributions point out some doubts on the reliability of evaluations of
acquired knowledge, skills and competences at early stages. In this line, Hoffmann
(2011a) suggest to plan a combined strategy that motivates learners to use their
recently acquired knowledge, skills and competences continuously and over a longer

period of time and to assess these at least once two months after the end of the course.

39



40



3 Activities and competencies

3.1 Introduction

The conductive thread of this thesis is the establishment of a computational algorithm
that serves as support to the continuous assessment process pursuing several targets

simultaneously:

- To cover as many items as possible to be evaluated in the process.

- To measure the evolution of the learning process by learners and teachers and to
estimate the degree of achievement of the final objectives

- To serve as a self-diagnostic tool to situate the student’s position within the
learning process.

- To facilitate identifying the knowledge gaps with the aim of fitting and adequate

workload to correct them.

From our point of view the process of continuous assessment is to be based on the
measurement of the execution of activities encompassing most aspects of the learning

process for which we use a model of assessment by competencies.

Since the basic idea refers to the execution of formative activities and their evaluation,

two key questions arise:
Q1l: What type of activities should be introduced in the evaluation process?

Q2: How does the execution of different types of activities contribute to the

development of mathematical competences?
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We initiate this chapter by reviewing some opinions about the assessment for
competencies. We will follow the conceptual model developed by Niss (2003) and by the
work of the SEFI Mathematics Working Group 2013. We include a list of the types of

formative activities and its relationship with the development of competencies.

3.2 The concept of competence

One of the most debated concepts over the ten years of implementation of the
European Higher Education Area (EHEA) is the concept of competence. And insight of
the competences vs competencies terminology was developed in Section Il and Il of

Edwards, Sdnchez Ruiz and Sanchez-Diaz (2009).

Essential to the higher education system fulfilling its role in the economy and the society
is that the curriculums have to underline the acquisition of competences and skills of
non- academic nature skills, not being enough just the accumulation of academic
knowledge. Some of these competences are specific to the area of studies that are
concerned, but other skills are more general or "transverse", and are valid for a wide
range of disciplines, as jobs in the modern economy and responsibility situations both

private and professional in the society. (Pello Salaburu, 2011).

According to Weinert (1999), the concept of competence refers to an individually
available collection of prerequisites for successful action in meaningful task domains or
context. He suggests different ways in which competences have been defined, described

or interpreted theoretically:

e General cognitive competencies, which focus on general competences including
psychometric models of human intelligence and information processing models.

e Specialized cognitive competencies focusing on the categorization and
characterization of competencies as clusters of cognitive prerequisites that must
be available for an individual to perform well in a particular content area like
solving mathematical problems. The performance-specific concepts of cognitive
competence suggest that this approach has strong advantages over ability-
centered definitions of competence because of its theoretical base and

pragmatic applications (Leplatt, 1997).

42



The competence-performance model, based on the theoretical paradigms in
competence research derived from a distinction between competence and
performance used by the linguist Noam Chomsky (1980).

Modifications in the competence-performance model where it is assumed that
the relation between competence and performance is moderated by other
variables, for example, cognitive style, memory capacity, familiarity with the task
situation, and other individual difference variables, differentiating on conceptual,
procedural and performance competencies (Overton, 1985).

Cognitive competence and motivational action tendencies defining competence
as an effective interaction (of the individual) with the environment (White,
1959).

Objective and subjective competence concepts which distinguish between
“objective competence as performance and performance disposition that can be
measured with standardized scales and tests” and “subjective competence as
subjective assessment of performance relevant abilities and skills needed to
master tasks and solve problems”, Sembill (1992).

Action competence includes all those cognitive, motivational and social
prerequisites necessary and/or available for successful learning and action.
Frequently action competence models include general problem-solving
competence, critical thinking skills, domain-general and domain-specific
knowledge, positive self-confidence and social competencies.

Key-competencies which include basal competencies (e.g., mental arithmetic,
literacy, general education); methodological competencies (e.g., planning for
problem solving; competent use of a variety of media; computer skills, and so
on), communicative competencies (foreign language skills; rhetoric; written and
oral exposition skills; and so on); and judgment competencies (e.g. critical
thinking skills; multidimensional judgments about one's own and others'
performance). (Sternberg, 1996)

Metacompetencies including declarative metacompetencies (experience and
knowledge about different task difficulties; knowledge about one's own abilities,

talent, knowledge, skills and cognitive deficits; knowledge about learning,

43



problem solving, and explanation regularities; knowledge about effective
strategies for learning, remembering, problem solving, troubleshooting; and
knowledge about techniques for mastering diverse tasks with available cognitive
competencies) and procedural metacompetencies (strategies for organizing tasks
and problems to make them easier to solve like organizing a task into a
meaningful structure; breaking a text into smaller units that are easier to encode;
marking and underlining important points to make them easier to remember;

constructing memory cues and using them later).

Many different meanings exist depending on perspective and underlying objectives

associated with the use of the term. Next, we expose a brief list of different definitions.

e Competencies are a generic body of knowledge, motives, traits, self-images and
social roles and skills that are causally related to superior or effective
performance in the job (McLlelland, 1973).

e Competence-based education tends to be a form of education that derives a
curriculum from an analysis of a prospective or actual role in modern society and
that attempts to certify student progress on the basis of demonstrated
performance in some or all aspects of that role (Grant, 1979).

e Competence is a complex “knowledge in action”, resulting from integration,
mobilization and fitting of a whole of capacities and skills (being able to be of a
nature cognitive, emotional, psychomotor or social) and of knowledge
(declaratory knowledge) effectively used, in common contexts (Lasnier, 2000).

e A competence is the ability to meet individual or social demands successfully, or
to carry out an activity or task. This external, demand-oriented, or functional
approach has the advantage of placing at the forefront the personal and social
demands facing individuals. This demand-oriented definition needs to be
complemented by a conceptualization of competencies as internal mental
structures: in the sense of abilities, capacities or dispositions embedded in the
individual (Rychen & Tiana, 2004).

e Tuning Project (2003, p. 280) defines it as a dynamic combination of attributes
with respect to the knowledge and its application, to the attitudes and

responsibilities that describe the results of the learning of a determined program,
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or how the students will be able to develop at the end of the educative process
(Gonzélez y Wagenaar, 2003).

e A person who has occupational competency has the necessary knowledge, skills
and capacity to perform in a profession, is able to solve occupational problems in
an autonomous and flexible manner and is able to contribute to his professional
environment and the organization of work (Bunk, 1994).

e A complex structure of necessary attributes to perform in specific situations. This
has been considered a holistic approach in the sense that it integrates and
relates attributes and tasks, it enables several intentional actions to occur
simultaneously and it takes into account the context and the culture of the

workplace (Gonzci, 1996).

While qualification is a group of knowledge and capacities that individuals acquire during
socialization and training processes, competency refers only to certain aspects of the
store of knowledge and abilities: the ones necessary to achieve certain results

demanded by a specific circumstance; the actual capacity to achieve (Mertens, 1996).

3.3 The competence-based assessment

The term performance-based learning represents a framework for learning systems that
seeks to document that a learner has attained a given competency or set of
competencies. Within a conceptual learning model, skills, abilities, and knowledge are
developed through learning experiences. Competencies, then, are the result of
integrative learning experiences in which skills, abilities, and knowledge interact to form
a bundle of learning activities that have relation to the task for which they are
assembled. Finally, demonstrations are the results of applying competencies. It is at this

level that performance-based learning can be assessed (Voorhees, 2001).

Competence-based education has been historically based on a behaviorist model of
training and learning, although a holistic approach is actually the practical design of
learning processes and assessment procedures. In addition, while educators usually
define competences as indicators of profits, knowledge and capacities, employers and
economists, however, associate them to the performance, productivity, efficiency and

professionalism. Consequently, there exist great difficulties to establish common
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guidelines for programme designing based on competences (Sanchez-Ruiz, Edwards and

Ballester, 2006).

Competence-based performance, training, learning or education has also been a term

discussed by quite a few authors. We reproduce some of their contributions:

» Glick, Henning, and Johnson (1975) established the competence based education as a
data-based, adaptive, performance-oriented set of integrated processes that facilitate,
measure, record and certify within the context of flexible time parameters the
demonstration of known, explicitly stated, and agreed upon learning outcomes that

reflect successful functioning in life roles.

» An important contribution from (Blank, W. 1982) draws a distinction between the
basic characteristics that distinguish competency-based and traditional training

programs.

What the students learn is based on outcomes that which describe what the students
will be able to do upon completing the training program versus traditional program
which are usually based on textbooks, reference material, course outlines or other

sources built around chapters, units, blocks, and other segments.

The students learn with high quality and student-centered learning activities designed to
help them master each task. Materials are organized so that each individual trainee may
finish, slowdown, speed up or repeat instruction as needed to learn effectively. An
integral part of this instruction is periodic feedback throughout the learning process with
opportunities for trainees to correct their performance as they go. This is a very
important and differentiating aspect that we consider essential to be core of the model
of continuous assessment with active/retroactive components that will be developed in
Chapter 4. On the other hand, traditional education is based on the instructor personally
delivering most of the instruction through live demonstrations, lectures, and discussions

and other instructor-centered learning activities.

The students advance task by task with enough time to master one task before they are

allowed or forced to move on to the next one whereas with traditional methods the
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group moves on to the next unit after a fixed amount of time which maybe too soon or

not soon enough for many individual students.

Feedback is provided just in time to each individual trainee while performing each task.
Their mastering is compared to a preset, fixed standard and they are not allowed or
forced to move on to the next unit after only marginally mastering or even 'failing' the
current unit. We support this important characteristic by introducing the concept of

targeting outcomes mastering.

Blank also exposes very interesting principles behind the competency-based learning
which is based on ideas previously developed by other important authors like Carroll
(1963), James Block (1970) and Bloom (1976) among others. Between these principles

we find:

e Any student in a training program can master most any task at a high level of
mastery if provided with high-quality instruction and sufficient time.

e A student's ability for learning a task need does not predict how well the student
learns the task.

e Individual student differences in levels of mastery of a task are caused primarily
by errors in the training environment, not by characteristics of the students.

e Rather than being fast or slow learners, or good or poor learners, most students
become very similar to one another in learning ability, rate of learning, and
motivation for further learning when provided with favorable learning
conditions.

e We should focus more on differences in learning and less on differences in
learners.

e What is worth teaching is worth learning.

e The most important element in the teaching-learning process is the kind and

quality of instruction experienced by students.

These principles aim us to implement our computational model of active/retroactive
assessment as they consider the personal skills set of each student at the same time as it
promotes an individualization of the workloads in order to achieve the collective

objectives.
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We also agree with Blank’s assertion about the fact that dropout rates are usually

lowered when students get hands-on experience and can experience a high level of

success without the pressure of competing with other students for grades. Besides the

subject, programme can almost run itself reducing the continuous necessity of the

instructor presence.

» Foyster (1990) makes a study about what is involved in competence-based teaching

and learning and describes some essential characteristics of the competency-based

programs.

An occupational/job analysis was carried out after the programme has been
running for some time.

There is a focus on competencies rather than the ability to pass exams.

Learners have access to statements of the competencies.

There are appropriate assessment procedures promoting the achievement of
competences.

The positive results are reported as competencies achieved.

Detailed records are maintained to facilitate the progression over the learner’s

career and development of programs.

His study also deals with many other characteristics marked as desirable:

There should be a statement of criteria for each competency.

There should be careful selection of competencies for each specific program.
There should be an integration of theory and practice, with an emphasis on
applications.

The method of instruction should involve mastery-learning methods and should
include immediate and comprehensive feedback to learners.
Criterion-referenced testing of skills already possessed on entry should be

available to learners.

» Assessment of competencies is really a complex problem due to the fact that

competencies comprises a complex integration of knowledge and skills (Van

Merriénboer, Van der Klink and Hendriks, 2002) and it is necessary to assess with several
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assessment methods. Therefore classic assessment methods should not be ignored and
discarded beforehand, because any method may contribute to the complex job of

determining whether a learner has acquired a competency.

Assessing competencies through the execution of very different and many activities try

to assure that there all the aspects of the competences acquisition are covered.

The evaluation of a competence is most appropriate if it is assessed in a comprehensive
way and not separately for each of their elements (Tardif, 2006). This method is closer to
deal with the so called depth learning (Villa, 2008). A method of evaluation that
integrates all the competences promotes more appropriate learning and consistent of

competencies (Rust, Price and O’'Donovan,2003).

3.4 Mathematical competences

3.4.1 Niss’ eight competences
We are going to focus our study on a computational algorithm for continuous

assessment around the concept of mathematical competencies following the KOM
project by Niss which is the core of this work and a reference to follow. We summarize
and reproduce part of this dissertation to compile the study of mathematical

competences.

The mathematical competence implies to have the knowledge of understand, do, use
and have an opinion about mathematics and mathematical activity in a variety of
contexts where mathematics plays or can play a role which implies the presence of a
variety of procedural knowledge and concrete skills within the mathematical field. These

prerequisites are aspects of a general mathematical competence.

Niss developed a list of eight core competencies which are mutually connected and none
of them can be reduced to the remaining ones and allow us to think about them as a set

of well-defined dimensions, which together encompass mathematical competence.

The eight competences can be clustered into two groups. The first cluster deals with the
ability to ask and answer questions in and with mathematics and covering the first four

competencies, that is, the ability to pose mathematical questions and be aware of the
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kinds of answers available, answer such questions in and by means of mathematics and

understand, assess and produce arguments to solve mathematical questions.

The second cluster refers to the ability to deal with mathematical language and tools,
and covers the remaining four competencies implying the ability to deal with different
representations of mathematical entities and situations, to deal with the special
symbolic and formulaic representations in mathematics and be able to communicate in,
with and about mathematics as well as be able to make use of the diverse technical aids

for mathematical activity.

From now on we will use the notation Mcn to refer to one of the eight competences

within one of the two clusters aforementioned (c=1,2; n=1,2,3,4).

3.4.1.1 M11: Thinking mathematically
This competence includes the recognition of mathematical concepts and an

understanding of their scope and limitations as well as extending the scope by
abstraction and generalization results. The core of this competency is the nature of

mathematical questions and answers and not the content of questions and answers.

To think mathematically implies being mindful of mathematical questions and to
demonstrate the ability to pose such questions and an insight into the types of answers
that can be expected; being able to exert the necessary and sufficient conditions to
characterize a mathematical object and understanding and handling the extent and
limits of given mathematical concepts.

3.4.1.2 M12: Reasoning mathematically

This competency includes the ability to understand the notion of proof and to recognize
the central ideas in proofs. It also includes the knowledge and the ability to distinguish

between different kinds of mathematical statements.

To reason mathematically implies the ability to follow and assess mathematical
reasoning and to know what mathematical proofs are and how they differ from other
kinds of mathematical reasoning, following and assessing chains of mathematical
arguments of different types and to contrive formal and informal arguments and

transform heuristic reasoning into valid proofs.
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The ability to carry out calculations or routine operations deals with other competencies
as posing and solving mathematical problems. From the point of view of M12 we refer
to the fact of proposing or activating the operation wheter this activation demands

creativity, analysis or overview.

3.4.1.3 M13: Posing and solving mathematical problems
On the other hand, this competence comprises the ability to formulate and define

different kinds of mathematical problems and on the other hand the ability to solve

them in a variety of ways.

Niss emphasizes about the differences between M13 and M11 as “being able to solve a
mathematical problem” is not included in the competency of “mathematical thinking”
and being able to distinguish between definitions and theorems in the mathematical

thinking competency is not part of mathematical problem tackling competency.

3.4.1.4 M14: Modelling mathematically
This competency deals with the ability to analyze the foundations and properties of

existing models as well as the ability to perform active modelling.

It implies to be able to work with a mathematical model and interpret some elements
and results in terms of the area or situation that are supposed to model, validate and

analyze offering a critique of its results.

It also deals with having the ability to perform active modelling mathematising and
applying it to situations beyond mathematics itself translating reality into mathematical

structures.

3.4.1.5 M21: Representing mathematical entities
This competency includes the ability to understand and use mathematical

representations, understanding and utilizing different types of representations of
mathematical objects including symbolic representations like algebraic, visual,
geometric, graphic, diagrammatic or tabular and managing the interrelationships
between various representations and choosing and switching between different forms

of representation, according to situation and purpose.

To represent mathematical objects is one of the most important competencies in

mathematics and has a close connection with M22 from which it differs because this one
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deals with the use of mathematical symbols and formal language whereas M21 is about
understanding the representations and the connections between them and knowing the

strengths and weaknesses of the each individual representation.

3.4.1.6 M22: Handling mathematical symbols and formalism
It includes the ability to use and manipulate symbolic statements and expressions

according to the rules that implies being able to use symbols and formal language;
establishing the connections between the mathematical symbolic language and natural
language and having an insight into the nature of the rules of formal mathematical
systems.

3.4.1.7 M23: Communicating in, with and about mathematics

This competency includes the ability to understand mathematical statements made by
others and to express oneself mathematically in different ways, studying and

interpreting others’ written, oral or visual mathematical expressions.

On the other hand it implies to have the ability to express oneself with different levels of
theoretical or technical precision about mathematical matters, either written, oral or
visual, to different types of audiences.

3.4.1.8 M24: Making use of aids and tools

It includes knowledge about the aids and tools that are available as well as their
potential and limitations, including arithmetic programs, graphic programs, computer
algebra and spreadsheets, tables, slide rules, compasses, etc. The competency is about
being able to deal with and relate to such aids.

3.4.1.9 Other sets of competences

The eight basic competences are a set of mathematical competences covering aspects of
a general mathematical competence. Other sets of competences have been defined or

proposed in order to achieve similar objectives.

For instance, Garcia, Garcia, Martin, Rodriguez, de la Villa (2012) have proposed the

following set of competences:

e GC1: Self Learning.
e GC2: Critical Thinking.
e GC3: Use of ICT.
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e GC4: Problem solving.
e GC5: Technical Communication.

e GC6: Team work.

Where GC1 refers the ability to engage in independent life-long learning, while
analyzing, synthesizing and applying relevant information are referred as critical thinking
(CG2). CG3 deals with the ability to use modern technologies of communication. The
next two CG4 and CG5 are similar to M13 and M23. Finally CG6 is related to the ability to

function effectively as a member of a multidisciplinary team.

3.4.2 Competences dimensions
Finally, the KOM project introduces three different dimensions for specifying and

measuring progress in mastering the competences:

3.4.2.1 Degree of coverage
It is used to indicate the extent to which the person masters those aspects that

characterize the competency, i.e. how many of these aspects the person can activate in

the different situations available, and to what extent independent activation takes place.

3.4.2.2 Radius of action
It is the spectrum of contexts and situations in which the person can activate the

competency.

For example, if a person can solve problems dealing with arithmetic, algebra, geometry
and probability theory, he or she has greater radius of action than a person who can only

manage arithmetic and algebra.

3.4.2.3 Technical level
The technical level of a person’s competency is determined by how conceptually and

technically advanced the entities and tools are that can be activated in the relevant

competency.

For example, a person who can sketch graphs for real functions of one variable, but not
for real functions of two variables, has a representing competency at a lower technical

level than the person who can attain both.
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3.4.3 Mathematical competences in OECD PISA

3.4.3.1 Introduction
The Niss competences overlap but emphasizes different aspects and is therefore

separated. However, OECD PISA (2009) does not test the mathematical competences
individually due to this overlap arguing that when using mathematics, it is usually
necessary to draw attention simultaneously on many of them, so that any effort to
assess individual ones is likely to result in artificial tasks and unnecessary
compartmentalization. Anyway, we are going to introduce in Chapter 5 a method of

binary assessment based on the evaluation of the eight core competencies.

In order to specify the degree of coverage, OECD PISA (2009) describes three clusters
that will be expose in the following sections.

3.4.3.2 The reproduction cluster

The mathematical competencies in this cluster involve the reproduction of practiced
knowledge, including the knowledge and skills most commonly targeted on standardized
assessments and classroom tests. These are knowledge of facts and of common problem
representations, recognition of equivalents, recollection of familiar mathematical
objects and properties, performance of routine procedures, application of standard
algorithms and technical skills, manipulation of expressions containing symbols and

formulae in standard form, and carrying out computations.
The eight competences play out as:

e M11: distinguishing between definitions and assertions; understanding and
handling mathematical concepts in sorts of contexts in which they were first
introduced or have subsequently been practiced.

e M12: following and justifying standard quantitative processes.

e M13: formulating problems by recognizing and reproducing practiced standard
pure and applied problems and solving such problems by invoking and using
standard approaches and procedures.

e M14: recognizing well-structured and known models and interpreting back and
forth between such models and reality.

e M21: decoding, encoding and interpreting practiced standard representations of
well-known mathematical objects. Switching between representations is
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involved only when the switching itself is an established part of the
representations implied.

e M22: decoding and interpreting routine basic symbolic and formal language
practiced in well-known contexts and situations.

e M23: expressing oneself orally and in writing about simple mathematical
matters, such as reproducing the names and the basic properties of familiar
objects.

e M24: knowing about and being able to use familiar aids and tools in contexts,
situations and ways close to those in which their use was introduced and
practiced.

3.4.3.3 The connections cluster
The connections cluster builds on the reproduction cluster by applying problem solving

to situations that are not routine but still involve familiar or quasi-familiar settings.
The eight competences play out as:

e M11: playing like in reproduction cluster but understanding and handling
mathematical concepts in contexts that are slightly different from those in which
they were first introduced or have subsequently been practiced.

e M12: following and assessing chains of mathematical arguments of different
types and possessing a feel for heuristics

e M13: posing and formulating problems beyond the reproduction of practiced
standard pure and applied problems and solving more independent problem-
solving processes in which connections are made between different
mathematical areas and modes of representation.

e M14: translating reality into mathematical structures in contexts that are not too
complex but nevertheless different from what students are usually familiar with.

e M21: decoding, encoding and interpreting familiar and less familiar
representations of mathematical objects

e M22: decoding and interpreting basic symbolic and formal language in less well-

known contexts and situations.
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e M23: understanding and expressing oneself orally and in writing about
mathematical matters ranging from reproducing the names and basic properties
of familiar objects and explaining computations and their results in several ways.

e M24: knowing about and using familiar aids and tools in contexts, situations and
ways that are different from those in which their use was introduced and

practiced.

Connections cluster introduces in all competences the ability to extend the scope of the
concepts.

3.4.3.4 The reflection cluster

An element of reflectiveness in included on the part of the student about the processes
needed or used to solve a problem. They relate to students’ abilities to plan solution
strategies and implement them in problem settings that contain more elements than

those in the connections cluster.
Beyond the connections cluster implies:

e M11: understanding and handling mathematical concepts in contexts that are
new or complex; understanding and handling the extent and limits of given
mathematical concepts and generalizing results.

e M12: reasoning, following, assessing and constructing chains of mathematical
arguments of different types.

e M13: posing and formulating problems well beyond the reproduction of
practiced standard pure and applied problems in closed form and more original
problem-solving processes in which connections are being made between
different mathematical areas and modes of representation.

e M14: translating reality into mathematical structures in contexts that may be
complex or largely different from what students are usually familiar with and
monitoring the modelling process and validating the resulting model.

e M21: involving the creative combination of representations and the invention of

non-standard ones.
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e M22: decoding and interpreting symbolic and formal language practiced in
unknown contexts and situations and the ability to deal with complex statements
and expressions and with unfamiliar symbolic or formal language.

e M23: understanding and expressing oneself orally and in writing about
mathematical matters that include complex relationships.

e M24: knowing about and using familiar or unfamiliar aids and tools in contexts,
situations and ways that are quite different from those in which their use was
introduced and practiced. It also involves knowing about limitations of aids and

tools.

3.4.4 An example

Here we reproduce a mathematical problem proposed to the first year
students in mathematics classes at Aerospace Engineering in which we

detail how the different mathematical competences are worked out.

In a cylinder whose radius and height are 16 cm and 50 cm respectively
we wish to coil up a cupper cylindrical cable of 4 mm of radius in such way

that it does not exceed any of its bases.

Assuming we want to have a natural number of spires greater than 2:

- Find if there is some integer number of mm between
spires so that we use as little amount of cable as possible and
write down the corresponding number of spires that there are.

- Write down the equation of the curve defined by the

skeleton cable curve, i.e. the one that forms the central axis of the

cable.
In case we are to coil as much cable as possible round the cylinder,
without overlapping, find out:

- The length of cable used.

- The number of spires (nor necessarily integer) up to

hundredths.

- The coordinates of the ending point of the skeleton cable

curve.
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This problem tries to stimulate the development of the different mathematical skills in
the student. The context in which the problem appears is in the resolution of problems
of lengths of curves but it is requested to answer some additional questions that are

related but that are not solved by the theory of calculus of curves’ lengths.

The first questions deals with the knowledge about integers and their relationships and

it also involves an optimization problem.

Let us suppose we have n spires that imply that we have n spaces equally distributed
between spires. Let d be the space between spires. Then, the problem consists in

finding the smallest integer d that satisfies the equation:
8(n+ 1) + nd =500

Or equivalently

go492-8n_ 492
B n B n

-8

Then, n must be the smallest positive divisor of 492, with n > 2, in order to get the

minimum number of spires. Thus, n=3 and d=156mm.

Regardless of the simplicity of the question, its resolution implies to think about integer
(thinking) and propose the corresponding equation (solving problems) and to go on with
a chain of reasoning in order to formulate the equivalent problem (reasoning) as “to find
the first positive integer divisor of 492” which encompasses finding a given integer and a

minimum., i.e. the essence of the question.

The second question implies to create a model (modelling) and a system of

representation (representing):

The projection of the helix’s axe on the plane OXY is a circumference of radius 16.4 cm
and the height is proportional to the angle a described by the projection of the cable.
The students have to realize that they have to model the equation of the axis of the
cable, that the initial position is the point (16.4,0,0.4) assuming the coordinates origin in
the center of the cylinder’s basis, and in each complete spire the height is incremented

by 15.6+.8 = 16.4cm. Then, the parametric equations of the helix are:
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x =16.4cosa
y =16.4sina

16.4
z=044+ —a
2T

a € [0,6m]

In order to get the expression which represents the curve it has been necessary to
handle mathematical symbols (handle symbols) and also to think and reason

mathematically (thinking and reasoning).

The last part of the problem implies to reproduce well-known procedures which have
been seen and practiced by the students in lectures and laboratory practices, but it also

implies to make an extension of the model designed in the first part of the problem.

If the cable coils round the cylinder without overlapping, then d=0 and the parametric

equations are:

x =16.4cosa

y =16.4sina
a € [OF amax]

=04+—
Z zna

where amax=123m is obtained when the cable reach the top of the cylinder, i.e. for
z=49.6. Then, there are 61.5 spires and the cable ends in the symmetric point of the

initial point respect the cylinder’s center, exactly in (-16.4, 0, 49.6).

The length of the cable is the length of one spire multiplied by the number of spires:

2r | dx\?  rdy\?  (dz\?
L= 61.5f (—) + (—) + (—) da = 633741 cm
0 da da da

To reformulate the parametric equations implies an extension of the primary written

equations (modelling, representing and reasoning). The calculus of the cable’s length

implies the reproduction of calculus’ procedures (solving problems).

Finally, writing or explaining the solution implies the ability to communicate and maybe

the use of tools if the calculus is supported by calculators or computer programs.

As we have seen, improving several competences is embedded within the execution of

activities when these are been carefully designed in order to force students to think and
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reason instead of doing a simple reproduction of procedures. Clearly, to designing this

type of activities implies an intensive time consuming task.

3.5 Activities

3.5.1 Characterization and their impact on competences
Following Niss (2009, Chapter 9), a competency is an insight-based readiness to act and

is manifested in mathematical activities, there so a mathematical activity consists in a

set of conscious and goal oriented mathematical actions in a situation.

A mathematical activity can be, for example, to solve a pure or applied problem, to
develop a mathematical model, to communicate or present a mathematical result, to
demonstrate a theorem, to use a calculator or computer program, to attend lectures,

etc.

Executing a mathematical activity implies the exercise, or may be the improvement, of
one or more basic mathematical competences and it is possible to detect and judge the

competencies of the person concerned in relation to the specific activity execution.

The study of which person’s competencies actually brings into play in a given activity can
be done only if we may detect a valid, reliable and clear content of each competency in a
person’s actions while carrying out the activity and the results of such actions, i.e. if we

have a reliable method to assess the result of the activity execution.

That said, a given activity will probably involve the use of a subset of competencies and
different activities will probably involve the use of different sets of competences. Then,
if we find a collection of mathematical activities of different nature, we could master a

comprehensive representation of the full set of mathematical competences.

Our objective is to find a way of evaluating the individual person’s mastery of a given
mathematical competency and to get an overall picture of the respective person’s
mathematical competency profile owing to the fact that competencies are achieved by
the execution of mathematical activities. Niss defines the task to be down by each

instructor as follows:

e To find collections of mathematical activities suitable for a valid, reliable and

clear way of demonstrating the presence of a given mathematical competency in

60



a person involved in the activity, making possible to detect and judge the extent
and depth of competency mastery in the way it is expressed in the individual
activity.

e To find a set of mathematical activities which together are suitable for a valid,
reliable and clear way of illustrating a person’s total mathematical competency
profile.

e To find a way of identifying, characterizing and judging progression in a person’s

mastery of one or more of the mathematical competencies.

Making use of the three dimensions in a person’s mastery of a competency, the task
must be defined to detect and judge the degree of coverage, radius of action and
technical level respectively in such a way a person can activate a given mathematical

competency in a variety of mathematical activities.

The first two parts of this task involve finding out the state of a person’s competency
mastery and the third part involves describing the development over time of this
competency mastery. It is vital to remember that in this task one should not only think
on the final assessment (summative), but also think of supplying information about and
for the individual student (formative assessment) and for the teacher about the status

and development of their activity.

In fact, proposing sets of activities of already covered topics along a sequence of
intervals of time will help to consolidate the acquired knowledge, skills and

competences (Hoffmann, 2011a).

In the following paragraphs we reproduce a list of different types of activities and their

possible relationships with the eight mathematical competences.

3.5.2 Lectures

Lectures are still the main form of teaching mathematics in higher education.

Accordingly Slomson (2010) lectures have the following characteristics:

e They introduce to students new material

e The lecture is the primary route by which student are exposed to this material.
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e There may be some interactions with the audience but the lecturer sets the
agenda or syllabus and the main aim of the lecturer is to transmit a
predetermined amount of material.

e The purpose of a mathematical lecture is to contribute to the learning of

mathematics by the students.

There might also be specific lectures on mathematical modelling or problem solving
which are dedicated to addressing specific competencies but most lectures cover the

principal concepts and procedures in a course programme.

A lecture can be considered as an activity from the point of view of the students since
they have to attend and to pay attention to the lecturer. It is an instrument to introduce
new concepts as well as to introduce procedures and techniques to reason

mathematically and solve problems.

Lectures can contribute to the acquisition of the eight mathematical competences since
they cover different aspects of the learning process despite the students could be in a
passive role. Students learn both passively and actively. Passive learning takes place
when students take the role of "receptacles of knowledge"; that is, they do not directly
participate in the learning process. Active learning is more likely to take place when
students are doing something besides listening (Ryan and Martens, 1989). Following

Bonwell (1991) active learning promotes the participation of the students in lectures:

e Students are involved in more than listening.

e Less emphasis is placed on transmitting information and more on developing
students' skills.

e Students are involved in higher-order thinking (analysis, synthesis and
evaluation).

e Students are engaged in activities (e.g., reading, discussing and writing).

e Greater emphasis is placed on students' exploration of their own attitudes and

values.

But learning is also acquired by associating within a context, training, practicing and by

creativity. Creativity have been defined as the process of transfer rules from one context
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to a completely different one. With previous knowledge, skills and competences,

creativity augment and enhances the richness of facts (Hoffmann, 2011b),

Lectures contribute to develop the eight base competences. Following Alpers and

Demlova (2012):

e M11: Lectures contribute to develop and apply mathematical thinking to other
disciplines. For example, matrix theory is a very useful tool developing program
computer. So, teacher could encourage students to think mathematically when
they apply matrix properties to code programs.

e M12: The instructor explains mathematical reasoning when he demonstrates
theorems or selects a method of solving a problem. Quire likely, the students
cannot see the whole process of creation or the reasoning chain to produce the
results. But the lecturer should provide enough explanatory material.

e M13: The students do not see the real problem-solving process but an
elaborated version. The lecturer usually outlines the strategies applied in order
to match the background theory with the objective that students become
competent in solving other similar problems.

e M14: Again, lectures have restrictions to show a complete modelling process
except for simple examples. Anyway, the lecturer decides what kind of situation
can be modelled with the mathematical concepts used.

e M21: Lectures can show the utility of different representations and how to
switch between them as for example the different types of equations of a
straight line.

e M22: Lectures are a good instrument to teach examples of the correct use of
symbols and formal language in mathematics. While lecturers demonstrate
theorems or solve problems, they show how to use symbols and introduce new
components of the formal language.

e M23: Communication is one of the major competence improvement in lectures
on the student’s side because of the nature of traditional lectures. There the
teacher exposes results and mathematical theories while the students gains in

communication skills emulating lecturer presentations.
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e M24: The lecturers can explain the basic use of tools and aids that students
should handle when working in assignments or lab practices. For example,
computer mathematical programs are good candidates to be introduce in

lectures and used in laboratory practices.

Introducing active learning techniques in lectures may be interesting in order to
increment the student’s participation in classroom. Some important quotes in this sense

are:

e Learning is not a spectator sport. Students do not learn much just by sitting in
class listening to teachers, memorizing prepackaged assignments, and spitting
out answers. They must talk about what they are learning, write about it, relate it
to past experiences and apply it to their daily lives. They must make what they
learn part of themselves (Chickering and Gamson 1987, p.3).

e Students learn what they care about and remember what they understand
(Ericksen 1984, p. 51).

e When students are actively involved in learning, they learn more than when they
are passive recipients of instruction (Cross 1987, p. 4).

e Students learn by becoming involved. Student involvement refers to the amount
of physical and psychological energy that the student devotes to the academic

experience (Astin 1985, pp. 133-34).
Lectures are a desirable approach in the classroom and a lecturer can:

e Communicate the intrinsic interest of the matter differently from any other
media

e Provide students with a thoughtful, scholarly role model to emulate.

e Describe topics on details that are otherwise unavailable, such as original
research or current developments not yet published in traditional textbooks.

e Organize material in ways to meet the particular needs of a given audience.

e Efficiently deliver large amounts of information if certain conditions are met

(Chism et al. 1989).
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Lectures are activities that might sound difficult to introduce as an assessment
procedure given that to attend — or to be “in” — a lecture does not guarantee the
acquisition of knowledge or training experience. Even in that assumption it is difficult to

give feedback to the student about the degree of his/her positive use of the class.

However, some initiatives could make feasible both things by looking for a more strong
engagement of the students and obtaining a feedback about their participation. The use
of electronic voting systems (EVS) in lectures (King, Davis, Robinson and Ward, 2008)
make lectures more interactive and get students more engaged introducing multiple
choice questions in real time and collecting the answers with adequate software. The
identification of devices make feasible to give positive feedback to students according to
their responses or if such identification happened not to be feasible, we would be able

to give an aggregated feedback.
According to the authors, the key benefits of EVS use that participants identified are:

e EVS can be used as a formative assessment tool, which in turn can help identify
the areas where students are struggling.

e EVS use promotes interactive engagement including student-to-student
interactivity.

e EVSIncreases student participation and contribution levels.

e |ts use can catalyze student motivation and interest.

e |t can be deployed for contingent teaching purposes.

3.5.3 Assignments

By assignments we refer to those tasks like development of theoretical and problem-
solving questions with or without the use of technology tools that the students have to

use on their own out of the class.

These type of activities are related to the content of lectures and they have to be
executed immediately after the lectures’ conclusion in order to reinforce the concepts
learned and be able to reproduce on one hand the procedures and methods to solve
repetitive problems and, on the other hand to improve the reasoning and thinking

abilities with the theoretical concepts background.
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Assignments may be considered as a form of self-regulated learning since students have
to deal by themselves with the task execution and do it based on the knowledge

acquired in class.

According to Pintrich (2004), there are four general assumptions of a self-regulated

learning perspective:

e The learning is active and constructive. Learners are assumed to construct their
own meanings, goals, and strategies from the information available in the
external environment as well as information in their own minds or the internal
environment (Biggs, 1993; Vermunt, 1996)

e The potential of control. The learners can potentially monitor, control, and
regulate certain aspects of their own cognition, motivation, and behavior as well
as some features of their environments.

e Learners can set standards or goals to strive for in their learning, monitor their
progress toward these goals, and then adapt and regulate their cognition,
motivation and behavior in order to reach their goals (Vermetten et al., 1999).

e Self-regulatory activities are mediators between personal and contextual
characteristics and actual achievement or performance. That is, it is not just
students’ characteristics that influence achievement and learning directly, nor
just the contextual characteristics of the classroom environment that shape
achievement, but the students’ self-regulation of their cognition, motivation, and
behavior that mediate the relations between the person, context, and eventual

achievement.

Assignments contribute to develop the eight basic competences. Again, following Alpers

and Demlova (2012):

e M11: Assignments contribute to improve mathematical thinking in tasks where
students have to work and solve questions that are of practical interest, applying
the background obtained in lectures or through other activities of study.

e M12: The execution of standard and repetitive task strengthens the processes of
mathematical reasoning but in a restricted form. More open assignments will

contribute the development of chains of logical arguments. In the previous
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example of the cable, to calculate the equation of the axis of the cable develops
the geometric reasoning to take in consideration the initial spire of the first point
of the curve and the separation on the surface of the cylinder due to the
thickness of the cable.

M13: Standard problems can be learned using standard tasks. For example the
calculus of the cable’s length resolving the appropriate integral. More open
assignments imply a deeper reflection on the underlying knowledge to tackle
these kind of problems.

M14: Standard tasks are restrictive to improve the mathematical modelling using
given mathematical models solves only well-defined mathematical problems.
Broader activities such as projects and tutorials are the most suitable to develop
this competency.

M21: In repetitive tasks the students can switch between different
representations and they also can be encouraged to use the more appropriate
representation.

M22: Standard tasks are a good instrument to train students in using
mathematical symbols and formal language and get the desired fluency.

M23: Written assignments improve the capacity to communicate due to the
need to state clearly mathematical arguments. On the other hand, if the students
have to work in groups or make public presentations, they can also improve the
oral communication.

M24: The use of aids and tools can be exercised when the assignments include

the use of these tools like computer programs or other appropriate devices.

Some authors (Minguez, Llobregat-Gomez, Roselld, and Sdnchez Ruiz, 2015a). state that

in active learning the students get activities, tools and approaches that together with

their motivation, attention, emotions and intuition makes from the learning a creative

attitude. The working memory, that is, the memory needed in the realization of a

process (Reid, 2009) together with the capacity to apply many operative memories to

the same object (Marina, 2011), makes that the new ideas are linked together in a

complex matrix so that the learner can make sense of how everything fits, applying then

that knowledge to the new situation (Reid, 2009).
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In homework assignments there may be some doubt about the true authorship in the
executed activities. The goal of the assignments is the consolidation of knowledge and
the improvement of the students’ fluency in the resolution of problems with the added
value of facing by themselves alone the execution of activities as well as generating the

capacity of self-assessment and self-learning.

Even so, from a point of view of obtaining a grade in the evaluation process it is
necessary to ensure that the students have made the work by themselves and they have
acquired the required skills. A variation that may be introduced in this type of activity
consists of complementing the execution of these activities with an oral presentation or

by introducing a certifying multiple-choice evaluation test.

In this case the students may be given a collection of activities to execute. They can
review the material initially generated in class, make use of tutorials and group
discussion with their peers until the completion of the work in a given period of time.
Then, the students deliver their work to the teacher and they are requested to do a
multiple-choice test in a controlled environment and in a short period of time, 10 to 15
minutes, with issues closely related to the collection of activities. Answering the test
supposes neither an added complexity nor new developments but simply a selection of
the obtained results or underlying theoretical questions that necessarily have had to be

used to do the homework assignments.

In addition, the scoring system of the multi-choice test assign positive scores to correct
answers, no punctuation in question that have been left blank and negative scores for
incorrect answers. Under the assumption that the students have done the assignment
by themselves out of the class, they should have to know the correct answers. As
Velichova (2012) states, all incorrect hits can be rewarded by negative points. In this
way, any risk and unreasonable guess might be eliminated, as minus points influence the
total test score rather negatively. The total balance of points achieved then represents a
more objective view, and gives a better insight to the real understanding of the core

mathematical concepts in the broad sense.

This procedure adds a plus of authorship certification and produces a more reliable

assessment process.
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3.5.4 An assignment example
In order to illustrate the aforementioned procedure, we reproduce a mathematical

problem included in an assignment as a collection of activities to be resolved out of the
classroom in the first year at BEng Aerospace Engineering UPV, during 2014-2015, which

results can be found in Llobregat-Gémez, Minguez, Rosell6 and Sanchez Ruiz (2015b).
The problem to be studied and solved included in the assignment was:

e Consider the parabola y=x? and the straight lines y = x/2, x=1 and x=3. Find the
volume of the solids of revolution generated when the region enclosed rotates:
(a) around OX, (b) around x=-1. (c) Make a sketch and write down two possible

names describing these solids of revolution.

Later, in the multi-choice test done in the classroom (controlled environment) there are

some questions related to the previous problem, namely:

e Let us observe the regions A and B covered between the parabola y=x? and the
straight line x=2. When rotating around the axis OY, what is the relationship
between the volumes generated by the regions A and B?

a) VA > VB
b) VA=VB
c) VA > VB/2

d) None of the previous answers is correct.

e The volume generated by the region B rotating around QY is calculated using the

& expression:
? 2. 4 4 2
A a)m [ x*dx omf,(4—y)’dy
3 4 4
. B b)m [, y2dy dym [, (4 —y)dy
: A
0
D 2 e Given the previous volumes, what is the value of the

Va+Vp.
expression e 16

a)l b)-1 c)e™ d)i
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The solids of revolution mentioned in this exercise are represented in the next

picture:
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Solids of revolution: a) around OX (left); b) around x= -1 (right)

From the 120 students in the course, 22 did not do draw any sketch or give any name to
the solid a) and 20 of them did not do anything at all with the solid b). Some students
just made a sketch and from those 37 students did not dare to give any description of

solid a) while 38 students gave no name to solid b).

Some of the answers provided to the solid of revolution a) were truncated paraboloid
lamp with cone inside, lamp, trumpet, megaphone, loudspeaker, bowl, volcano,
“firstone”,.. And some of the answers provided to the solid of revolution b) were

truncated cylinder with internal paraboloid ramp, stadium-bull arena, funnel, bucket,

antenna, bowl, cup-like, “secondone”, ...

As we see there were some geometrical descriptive attempts as well as shape related

ones, and some very little informative in what concerns shape or form as the

aforementioned last ones.

Since non-environmentally controlled exercises are always difficult to assess, students

were requested to do a multiple-choice test at class related with the type of exercises

they had been doing during one week.

Next figure gathers the result of each student sorted ascending by the global mark
obtained. With very rare exceptions most of them performed better in the non-
controlled environment (NCE) than at class under controlled environment (CE). The

assignment global mark was obtained by weighing these two results.
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In some very few cases we found a huge divergence in the performance in NCE and at

class that leads to think that they received some kind of help.

And it was strange but there was a case in which they got a better result at class than
under NCE, perhaps because they did not pay the assignment the due time or did not
present it properly as this was an aspect which they had been told that would be taken

into account as well.

In the multiple-choice test under CE students were allowed even to look at their home
assignments, thus it was not a standard multiple-choice test. For that reason students
knew that they would be awarded with the same positive (negative) absolute input in

case of success (failure), with 0 input in case of no answer.

This is why there were some students who got a negative grading in the multiple-choice
test taht somehow compensated (35% of weigh) the probable excessive value given to

the NCE (65%).

3.5.5 Mathematics laboratories
By mathematics laboratories, we mean learning scenarios where students work in a PC

laboratory on tasks requiring the use of mathematical software such as numerical
programs. In such laboratory sessions, students practice the usage of the programs and

learn how they can be used for standard tasks.
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Mathematics laboratories follow a similar pattern to the assignments regarding the
contribution to develop the eight base competences emphasizing the use of tools and

aids.

In assignments there is not a fixed pattern in the involvement of the different
competences since they have a great dependence of the type of problems to be solved,
from simple repetitions of calculus procedures to the resolution of theoretical questions
of major complexity. In mathematical laboratories the orientation is primarily based on
calculation procedures with a special relevance in the use of tools such as scientific

calculation programs:

e M11: Similar to assignments.

e M12: Solving calculus problems with the aid of scientific programs does not
always follow the same schemes as the classical written resolutions. Therefore, a
certain reasoning ability is required to split into subtasks the strategy of problem
solving calculation.

e M13: Similar to assignments.

e M14: Work with scientific programs gives the opportunity to evaluate, to control
and to monitor mathematical models and other technical disciplines as well as to
experiment with different values of parameters or new variables. It also provides
skills to develop new models from existing others.

e M21: Similar to assignments.

e M22: Again, scientific calculation programs require a formalization and ad hoc
use of symbols imposed by the tools’ syntax. Therefore, it is a very specific use of
this competence.

e M23: If the students have to work in groups or make public presentations by
means of interface tools, these ones promote another form of communication
that overlay the specificities of the tools with the proper ones of problem solving.

e M24: This competence is clearly involved in the resolution of problems by means
of scientific programs. There are a great variety of tools to develop activities in
the field of engineering, mathematics, graphic design, electronics, mechanicals,

etc.
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3.5.6 Flipped learning at Math Labs

The Laboratory Practices (LP) are a good candidate to apply the flipped classroom
methodology with the students as done at ETSID, Univesitat Politecnica de Valéncia,
where it has been developed a new approach to carry out the Math Lab sessions that
students must take in order to minimize dropouts and losses of interest by maintaining
them most active throughout the course. Lab sessions have been changed from a
traditional system to another one based on a flipped classroom methodology. (Minguez,

Moll, Morano, Rosellé and Sanchez Ruiz, 2014).

As Bilton (2014) states, the flipped classroom is an instructional methodology and a type
of blended learning that delivers instructional content, often online, outside of the
classroom and it moves activities, including those that may have traditionally been
considered homework into the classroom. In a flipped classroom model, students watch
online lectures, collaborate in online discussions, or carry out research at home and

engage in concepts in the classroom with the guidance of the instructor.

Another definition given by Lage at al. (2000) is “Inverting the classroom means that
events that have traditionally taken place inside the classroom now take place outside
the classroom and vice versa”. Most research on the flipped classroom employs group-
based interactive learning activities inside the classroom, citing student-centered
learning theories based on the works of Piaget (1967) and Vygotsky (1978). The exact
nature of these activities varies widely between studies. Similarly, there is wide variation
in what is being assigned as "homework". The flipped classroom label is most often
assigned to courses that use activities made up of asynchronous web-based video

lectures and closed-ended problems or quizzes.

Bishop (2013) defines the flipped classroom as an educational technique that consists of
two parts: interactive group learning activities inside the classroom, and direct
computer-based individual instruction outside the classroom and rejects designs that do

not employ videos as an outside of the classroom activity.

For this task, the students are requested to prepare adequately each Lab session before
coming to class, thus avoiding the need to devote classroom time to explain and perform

easy examples that can be self-learnt. This methodology aims firstly to increase the
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motivation and improve the perception of the Mathematics subject by engineering
freshmen, helping them to understand the main topics and increasing the interactivity
with the lab environment. In this way the students are able to develop a broad range of
competences, apart from solving problems and using tools and aids. They establish more
concrete relationships between backgrounds studied in lectures and are prepared out of
the class with the ability to solve problems. By doing this we avoid dropouts that
happens when students are not motivated (Hughes 2012 & Toto 2009). And above all we
aspire to achieve a faster and more natural acquisition of the specific mathematical

competences that the course provides.

Along the course programme and covering all of the syllabus’ topics, there are 27 LP

sessions to be executed. They have been divided into three parts:

e Pre-Class: this first part is devoted to prepare the work that students have to do in
the lab and it is based on a flipped class methodology. The students take the pre-
class part by themselves without the instructor being with them. Thus the instructor
must provide the necessary material to support them so that there is no problem in
having the work performed autonomously. Additionally, the students may consult
their doubts through the UPV educational platform PoliformaT by using either the
forum or chatroom capabilities.

e In-Class: The first part of in-class sessions maybe considered a form of collaborative
learning (Beck and Chizhik, 2013; Rockwood, 1995a, 1995b) and is developed during
the first 30 minutes of each class. This part is devoted to answer questions, examples
and exercises that students propose on the specific topics where they have found
some difficulty and the instructor should add and explain elements that he/she
considers important if they have not appear between the students doubts. The
second part of in-class sessions takes place during the last 30 minutes of each class.
Several exercises are proposed to students that are to be solved with the use of the
computer algebra system Mathematica. These exercises are performed by each
student individually in class (with IPs restrictions) and are aimed to provide an insight
into the degree of acquisition of competences covered in that topic. While working
out these exercises, the instructor assists students and even helps them with

adequate guidance.
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e Post-Class: At the end of each session the students may know their grades, review
their mistakes and consult their loaded fails in order to detect its deficiencies by

using the Gradebook and Test & Quizzes’ tool from PoliformaT.

Mathematics laboratories are a good source of activities to be assessed and introduced

in the assessment process in a contributive way towards the final objective.

3.5.7 Written exams

Written tests are one of the most common and widespread ways to implement
assessment processes. The written tests can be scheduled in many different ways but it
is usual to schedule two or three times during the course. They usually are part of a

summative assessment process.

A system of continuous assessment cannot be based on the implementation of a few
written tests and obtain an average grade. We think that should be considered all
possible activities that student can execute within the assessment process, grading each
of them as elements which contribute in a continuous learning and evaluation timeline.
In Chapter 4 we will develop this topic and call moments of evaluation (MoE) to each of

these activities.

One of the objectives of each MoE is to obtain a measure of the students’ knowledge in

a controlled environment that guarantees the job authorship.

From the point of view of the basic competences, written tests are similar to
assignments or labs depending on the job in written in paper or executed with the use of
scientific software. Thus we should assign weights similar to assignments or laboratory
practices but taking into account their major index of credibility or reliability, given that
its execution take place in a controlled environment. Given the nature of a written exam,

the communication competence takes special relevance.

Evaluation is most accurate and equitable when it entails human judgment and dialogue,
so that the person tested can ask for clarification of questions and explain his or her
answers. Designing tests should involve knowledge use that is forward-looking. We need

to view tests as "assessments of enablement" rather than merely judging whether
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students have learned what was taught, we should "assess knowledge in terms of its

constructive use for further learning” (Wiggins, 1998).

3.5.8 elLearning activities
As we will develop in this work, the continuity property of the continuous assessment

process will require as many activities as possible to be executed and assessed. On the
other hand, the need to adapt the students’ workload to the particular needs of each of
them, different activities to different students should be provisioned. In order to avoid
an overwhelmed amount of work to the teachers, elLearning activities take a relevant

role in this context.

The introduction of specialized computer technologies in education can provide efficient
and timely access to learning materials. According to Clark (1983), these technologies
are mere vehicles that deliver instruction but themselves do not influence student
achievement. Nevertheless, other researchers suggest that learning is influenced more
by the content and instructional strategy in the learning materials than by the type of
technology used to deliver instruction (Schramm, 1977). It is the instructional strategy
and not the technology that influences the quality of learning (Bonk and Reynolds, 1997)
however the particular characteristics of computers bring real-life models and
simulations to the learner which positively influence their learning (Kozma, 2001).
Anyway, the learning materials must be designed properly to engage the learner and
improve the learning (Cole, 2000), and online learning should have high authenticity,
high interactivity, and high collaboration (Ring and Mathieux, 2002). Carliner (1999)
defines online learning as educational material that is presented on a computer whereas
Khan (1997) defines online instruction as an innovative approach for delivering
instruction to a remote audience, using the Web as the medium, but always the learner
and the learning process should be the focus of online learning. Online learning has to
be a subset of learning in general (Garrison & Shale, 1990) since an effective learning is
learner centered, knowledge centered, assessment centered and community centered

(Bransford, Brown, and Cocking, 1999).

One of the aspects that has more interest in our dissertation context is the quality of
assessment-centered as it can introduce some automation in the activities evaluation

and be a catalyzer for the continuous assessment process. The execution of activities
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inside an online learning environment does not give qualified support for summative
assessments, it is an instrument to formative evaluation that serves to motivate, inform,
and provide feedback to both learners and teachers. In this sense, many students are
able to provide coherent explanations, generate plans for problem solution, implement
solution strategies, and monitor and adjust their activities (Baxter, 1996). Strategies that
are designed to provide formative and summative assessment with minimal direct

impact on teacher workload are urgently needed.

This is a crucial aspect in our paradigm about continuous assessment model where the
evolution in the development of the competences is based on the contributory
execution of as many formative activities as possible. And in this context, training tools

that individualize learning according to the needs of each particular student is essential.

Broughton, Robinson and Hernandez-Martinez (2012), have addressed some issues on
using computer aided-assessment with students. It saves time in compiling, distributing
and marking assessments which is particularly advantageous with large student groups
and a large question bank is considered a valuable resource and ensures that compiling

assessments remains efficient.

Interactivity is a critical component of these computer-aided environments. Interactivity
in the context of computer based learning can be described in terms of different
dimensions such as control, adaptation and communication (Sims, 1999). All forms of
education are essentially interactions between content, students, and teachers
(Garrison and Shale, 1990). The interaction is the component of the educational process
that occurs when the student transforms the inert information passed to them from
another, and constructs it into knowledge with personal application and value. The
student-content interaction is the major component of formal education, even in the

form of personal study or the reading of textbooks.

From the point of view of the basic competences, eLearning activities are similar to the
activities which are the subject of the proper elLearning activity with the nuance due to
the use of technical aids to develop the activity. Thus we should assign weights similar to
lectures, assignments or laboratory practices but taking into account the use of

technologies.
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3.5.9 Other activities

There is a large number of diverse activities that the students can execute and that can
be evaluated. A relevant matter is known as 'intended learning outcomes' (Otter 1992):
what students know, understand or are able to do as a consequence of the set of

learning activities and experiences represented by a unit of study.

The relationship between learning outcomes and assessment has been described by
Norman Jackson (2000) as: Module outcomes predict the learning that students will
have demonstrated when they have completed the curriculum unit. These learning
outcomes relate directly to the assessment methods and criteria used to evaluate
performance. Module outcomes are connected to academic standards through explicit
assessment criteria and the evidence students provide of learning. Assessment criteria
guide students on the quality of work expected in order to achieve the necessary
standard and help academic staff to judge the extent to which the outcomes have been

achieved.

Therefore, we consider important to design activities adapted to the different contents
of the course and also the assessment procedure associated with them. Also, we
consider relevant to include the execution of the activities in the assessment process
and not only the results obtained in two or three written tests. And it is also relevant to
dispose of activities’ collections covering the development of the eight core

competencies that will enable us to modular and monitor the development thereof.
Some examples of other types of activities are:

e Multimedia presentations
It helps to develop the communication skills by presenting their work orally or in
mixed-media form, in front of a 'live' audience.

e Home-exams
In order to gain experience of working on set questions and problems under
pressure, but with more time to reflect or to consult notes and other resources.

e Projects
This is a type of home assignment that has a major content extension meant to learn

how to implement, analyze and report on a survey within a subject area or discipline.

78



e Computer-based self-testing
In order to get instantly feedback about they have learned and identify gaps and
misconceptions in their knowledge.

e Bibliographic databases
In order to acquire expertise in the use of applications of information and
communications technology (ICT) which have become well established today.

e Forums or blogs
In order to develop skills in debate and personal communication.

e Peer-feedback
In order to learn how to assess and so enhance their capacity to apply criteria for
assessment. Also to judge the quality of their and others' work giving constructive
feedback.

e Group problem solving
In order to learn about working collaboratively and cooperatively, while also gaining

insights into how others tackle questions, define problems or communicate ideas.

Finally, the involvement of the eight core competencies in the execution of activities
depends on the content and orientation of the activity. Thus, for example, an activity to
develop off the classroom consisting in demonstrating theoretical issues has a greater
impact on M11 (thinking mathematically) and M12 (reasoning mathematically) while an
activity which consists in solving repetitive problems, as the calculation of function

antiderivatives, has a greater impact on M13 (posing and solving problems).

In the word of Biggs (2003), in aligned teaching, there is maximum consistency
throughout the system. The curriculum is stated in the form of clear objectives, which
state the level of understanding required rather than simply a list of topics to be covered.
The teaching methods are chosen that are likely to realize those objectives; you get
students to do the things that the objectives nominate. Finally, the assessment tasks
address the objectives, so that you can test to see if the students have learned what the
objectives state they should be learning. All components in the system address the same

agenda and support each other.
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Therefore, in the design of a course curriculum it is very important to have a widespread
catalog of activities collections with their measured impact on the core competencies.
Then, the execution of activities can be implemented in a systematic way in the process
of continuous assessment. Each activity’s execution can be evaluated and get an additive
contribution to fuel the continuous assessment process. The more activities are
implemented and assessed the closer we will have a model of real continuous

assessment.

This catalog of activities is the first step towards a model of individualized learning since
different activities collections can be assigned to the students according to their grade of

objective achievement individually measured.

As an approximation, a possible table of types of activities and a range of their impact on
the development of the core competencies is described in the following table where

impacts are classified as High (H), Medium (M) and Low (L):

M11 Mi2 Mi13 Mia M21 M22 M23 M24
Lectures H H L L M H H M
Assighments M M H M M M M L
Laboratories L L L M M ™M H H
Written exams M ™M M L M ™M H L
Multimedia presentations L L L L M M H L
Home exams M M M L M M L L
Projects H H M M M M H L
Computer self-testing M M L L M M L L
Bibliographic databases L L L L L L L H
Forums and blogs M M L L L L H M
Peer-feedback M M M L M M H L
Group problem solving H H H M M H H L

In the next chapter, we introduce a model of continuous assessment based on the

execution of activities and their impact on the core competencies.
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4 A procedure to compute continuous

assessment

4.1 Introduction

Assessing competencies is always a difficult issue, particularly in the first year of
university engineering degrees when students with different backgrounds are learning
together. In fact, this issue is tackled in SEFI Mathematics Working Group (2013, p 68),
where we find that assessing and grading are extremely important parts of the teacher’s
work. The grade achieved by a student, in relation to what other students have
achieved, can determine his/her future, the first job or a PhD education for instance. The
students know this and find it in general extremely annoying — it may even have a strong

negative impact on the interest in the subject — if the assessment is considered unfair.

Assessment methods based only on traditional written exams may fail to guarantee that
all the competencies required in a programme of studies have been achieved, mainly
due to time constrains. When other competencies rather than skills and knowledge are
added, the assessment method must include more types of activities and the

assessment has to take into account a complete observation of the learning process.

As mentioned in Chapter 2, different learning theories have been developed which
determine the use of different assessment methods. In traditional philosophy, the

learning was teacher-centered and the assessment based on mastery of concepts.
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Contemporary progressivism involves informal and participatory assessment

(Kapambwe, 2009).

Continuous assessment is the most accurate method in order to evaluate a student
grade and must include several kinds of activities and tests along. It makes use of
assessment procedures which contribute to the development of understanding versus
the acquisition of concepts. It is formative and summative, focusing on individual’s

progress in learning and on assessment of the learning outcomes.

Despite the continuous assessment term, grading is a discreet process that comes from
pictures taken through moments of evaluation carried out by means of activities, lab
classes, exams, ... A continuous assessment should reflect the effort developed by the
student in due time as well as the competencies shown at each moment of the topic
under study and, not to be dismissed, the competencies whose specific moments of

evaluations have already been done in the past (Minguez and Sanchez Ruiz, 2014).

In this chapter we present and discuss a new approach based on the integration of
different sets of activities, the measurement of results in a temporal sequence of
moments of evaluation and an active/retroactive feedback component in order to
estimate a final grade to complete a continuous assessment process. We focus our
approach in Mathematics, but clearly our paradigm in continuous assessment may be

applied to any discipline where some chains of topics can be clearly identified.

We raise three questions which we consider relevant and should be taking into account

in order to follow a continuous assessment:
Q3: Could we establish an assessment process that runs parallel to the learning process?

Q4: Could the assessment process deal with different students learning needs? (i.e. be

inclusive)

Q5: How could the students obtain a right feedback to direct them to achieve the

targets?

We will tackle them in this and subsequent chapters.
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In particular, our answer to question Q3 comes by implementing an intensive execution
of a great variety of activities covering the whole curriculum from the perspective of the

competencies.

Question Q4 is a little more complex and it will be discussed in subsequent chapters. We
may advance that with a broad spectrum of well classified activities by levels of difficulty
and syllabus item oriented, it is possible to build a personalized portfolio of activities

that matches up the individual needs of each student.

In order to provide an answer to question Q5 we introduce the concept of
active/retroactive feedback to track the competences improvement (active component)
and to emerge competence’s lacks (retroactive component) and provide the student the

way of redeeming them.

Since this dissertation does not deal with methodologies and instruments of evaluation
but with establishing a computational algorithm that guarantees the validity of the
process of evaluation, we will review some relevant opinion on assessment and
continuous assessment procedures that extent the brief introduction on assessment
methods given in Chapter 2. We will include timely comments on how they fit within our

study about a new paradigm on continuous assessment develop in section 4.3.

4.2 The continuous assessment process
4.2.1 Background

» Accordingly with Terenzini (1989), one of the most significant obstacles is the absence

of any consensus on what “assessment” means. We will address his three questions:

e What is the purpose of the assessment? The answer to this question parallels the
purposes of formative and summative evaluation: the first is intended to guide
program modification and improvement, while the second is undertaken to
inform some final judgment about worth or value.

We agree with this statement. In fact, including a lot of different and well-
designed activities covering the whole curriculum makes the evaluation
formative. Students get formative assessment and feedback executing activities

oriented to develop the basic competences. A right progression of the activities
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content taking into account their interrelationships establishes a summative

assessment process as well.

e What is to be the level of assessment? Who is to be assessed? Will the
assessment focus on individual students, where the information gathered on each
student is inherently interesting? Or will it focus on groups, where individual
information is aggregated to summarize some characteristics of the group?
Implementing a continuous assessment process as continuous as possible implies
the students are assessed in each and every one of the aspects of the formative
progression. The assessment is student-centered and focuses on their individual
needs since a personal activities portfolio could be define in order to deal with
their uniqueness. On the other hand, aggregating information from individuals
enables to construct continuous key performance indicator (KPIs) to characterize
the entire group or may be used to cluster subgroups in order to assist different

training needs.

e What is to be assessed? For example, a simple yet useful general typology has
been given by Ewell (1984) who suggests four basic dimensions: knowledge
outcomes, skills outcomes, attitudes and values outcomes, and behavioral
outcomes.

The four basic Ewell’s dimensions can be observed when of the activities are
designed for these purposes. Notice that controlling the execution of a long
activities stream also serves to register behavioral outcomes and get them back

into line if necessary.

» Following Brown (2004) they argue that assessment needs to be ‘fit-for-purpose’; that
is, it should enable evaluation of the extent to which learners have learned and the
extent to which they can demonstrate that learning (Brown and Smith, 1997). We find
that these arguments are in line with our model of continuous assessment exposed in

section 4.3.

84



Our different reasons to motivate students, to encourage activity, to provide
guidance and feedback for remediation, grading and selection will impact on our
choice of assessment instruments.

We propose the evaluation through the execution of a wide set of disparate
activities rather than traditional exams and reports for example, which are

included in the assessment methodology.

We also need to consider when the best time to assess is. Is it possible to give
students a choice about when they are ready to be assessed? How far can we (or
should we) allow multiple attempts at assessment over a period of time? Why not
much longer? Or shorter?

Our proposal aims to do as many different evaluations as possible in order to get
a high grade of continuity in the assessment process and include the evaluation
in the learning process as a valuable task. Then students should feel that they are

ready to be assessed because of the results of their previous assess activities.

To ensure that assessment is part of the learning process, | would argue that it
should be learner-centred assessment and should reflect a learner-centred
curriculum. Assessment methods and approaches need to be focused on evidence
of achievement rather than the ability to regurgitate information.

As we have aforementioned, the inclusion of a great curriculum-covered variety
of activities in the process assessment supports this argument. Beyond, students
are requested to work on as many activities as they need in order to achieve

their target objectives.

Any assessment strategy needs to be efficient in terms of staff time, cost-effective
for the organizations concerned and should ensure that learners find the tasks
they are set manageable, relevant and developmental. We cannot simply expect
our students or ourselves to just keep working harder and harder; where possible
we must make best use of the available technologies to make assessment more

efficient (Brown et al., 1994).
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As it will be developed later, a good media of assessment process support would
be a large database of activities containing educational items covering the whole
curriculum of a subject from the point of view of training as well as for evaluation
purposes. Obviously, this sort of developments involves a great deal of joint
effort for educators and educational organizations concerned. This kind of media
will help the learning and assessment process to be more cost-effective creating
and it will provide self-learning and self-assessment service for students.
Additionally, it is a tool that enables to recognize and award improving previous

competencies in the chain of topics or propose reinforcement activities.

e Any assessment strategy that aims to be inclusive should deploy a variety of
methods for assessment so that the same students are not always
disadvantaged. All participants need to be provided with equivalent opportunities
to demonstrate their abilities and maximize their potential.

Including a great variety of activities in assessment will enable to generate
greater equality enhancing individual skills and giving each student the quantity

of necessary effort to reach his/her objectives.

e The programme of assessment chosen needs to be reliable, so that different
assessors derive the same grade for similar work (inter-assessor reliability) and
individual assessors mark reliably to a defined standard (intra-assessor
reliability). This can only be assured when the criteria are clearly understood by
all who undertake assessment.

Each activity in the learning database should include the right evaluation criteria.

» The importance of the continuous execution of evaluated activities is to parallelize the
assessment with the learning in all its extension and does not limit the certification of

the acquired knowledge to a few items expected in a timely review.

e Gibbs (1992) states that assessment systems dominate what students are
oriented towards in their learning. Even where lecturers say that they want
students to be creative and thoughtful, students often recognize that what is

really necessary, or at least what is sufficient, is to memorize. And citing Biggs
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(2002) that the teaching methods used and the assessment tasks are aligned to

the learning activities assumed in the intended outcomes.

Following Gibbs, we could identify clearly the learning outcomes and design the
appropriate assessment tasks (activities) that will directly assess whether each of the
learning outcomes has been met and ensure that all the subject items will have been

assessed for any student successfully completing the course programme.

Gibbs and Simpson, 2004, discuss how assessment arrangements can promote student
learning. They propose a framework of ten ‘conditions under which assessment supports

learning’, to enable staff to assess and evaluate their own practice:

e Sufficient assessed tasks are provided for students to capture sufficient study
time.

e These tasks are engaged with by students, orienting them to allocate appropriate
amounts of time and effort to the most important aspects of the course.

e Tackling the assessed task engages students in productive learning activity of an
appropriate kind.

e Sufficient feedback is provided, both often enough and in enough detail.

e The feedback focuses on students’ performance, on their learning and on actions
under the students’ control, rather than on the students themselves and on their
characteristics.

e The feedback is timely in that it is received by students while it still matters to
them and in time for them to pay attention to further learning or receive further
assistance.

e Feedback is appropriate to the purpose of the assignment and to its criteria for
success.

e Feedback is appropriate, in relation to students’ understanding of what they are
supposed to be doing.

e feedback is received and attended to.

e Feedback is acted upon by the student.

This study outcomes the relevance of assessment based on assessment arrangements

and the appropriate stream of feedback given to teachers and learners. Again, an
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evaluation based on execution of assessed activities with immediate return of feedback

seems to be a good procedure to parallel assessment to formative process.

» Formative assessment could be seen as formal or informal depending on whether it
takes place with reference to a specific curricular assessment framework or it takes
place in the course of events which are not specifically stipulated in the curriculum
design. Another distinction (Bloom, 1971) is typically made between formative and
summative assessment, the latter being concerned with determining the extent to which
a student has achieved curricular objectives. Some assessments are deliberately
designed to be simultaneously formative and summative — formative because the
student is expected to learn from whatever feedback is provided, and summative
because the grade awarded contributes to the overall grade at the end of the study unit.
Summative assessments in relation to a curricular component can act formatively if the
student learns from them. Also feedback is sometimes received too late for student
education and may also be insufficient, if only given as a mark or grade, for learning on
subsequent modules. The design of activities for assessment purposes has to combine
both formative and summative aspects to accomplish with the grading task and
objectives. As we will expose later, activities should have different relevancies on the
assessment process and some of them will include topics covered in previous ones in a

right progression in order to summarize assessment.

In this sense, we include in the evaluation procedure different types of activities, both
with a formative and summative intention. The daily training activities are formative
activities which produce immediate feedback. After a series of formative activities, we
include summative activities with greater relevance weight which become the moments

of evaluation as summary of all the formative activity in a given period of time.

» According to Coll et al. (2007), assessment is an element in the process of teaching and
learning and is an instrument at disposal of this process. The activities used for
identifying and assessing what students have learned constitute the nexus between the
teaching process laid out by the teacher and the knowledge construction processes by
student. And the assessment activities must be coherent with the other elements which
make the teaching and learning process up, especially with objectives and with activities
throughout this process. Coll et al. argue that teaching and learning activities are at the
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same time assessment activities and they are designed into thematic blocks which
connect one or more topics. Each block proposes a set of continuous assessment
activities which require the students to produce different products in a complex case
analysis or problem-solving situation. At the same time, continuous assessment activities
are planned in such a way as to facilitate the teacher’s follow-up of the students’ work
progress, by producing written reports to be returned to students and by performing

follow-up tutorials based on assessment results from each thematic block.

In this sense, we propose the evaluation of execution of activities as a parallel process to
the learning process so that the students can obtain a continuous feedback about their
learning progression. As we will see later, the introduction of retroactive
negative/positive component produces a stream of continuous feedback about the

status of knowledge on the different topics within a subject.

» Some recommendations about when to assess and how to assess knowledge, skills and

competences have been given by Hoffmann (2011a):

e If the learnt information will not be used during the first weeks of the new lecture

period, there is a considerable probability that good parts of it will be forgotten,
though the examination might have resulted in good marks. Careful adjustment
of appointed times for assessment and of arrangements for appropriate usage of
learnt information is thus necessary.
We agree with this proposition due to we do no propose a methodology about
assessment but a procedure to compute a reliable grade as result of assessment
process. In this sense, sets of activities could be timely planned in order to
establish and appropriate sequence of remembrances.

e The width of learning material for knowledge and skills to be tested must be
defined in carefully prepared descriptions of curricula modules, including a set of
factual, conceptual, episodic, procedural, and canonical knowledge that are
required to be outcomes of the learning process
Again, an execution of different types of activities are proposed.

e And clearly, competences are difficult to assess out of a concrete context. We are

treating in this dissertation with mathematical competences as a very particular
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type of competences which could be more feasible to reproduce the adequate
context in with they could be assessed. In this sense, a bit more complex
activities from the point of view of their execution can also be proposed and

fueled into the assessment procedure.

» Other authors like Birenbaum (2006) states that assessment for learning addresses
individual learners’ needs by focusing on formative assessment providing learners with
information about their progression. Integrated Assessment Systems (IAS) would be
beneficial to both learners and teachers. The implementation of Integrated Assessment
Systems would allow teachers to spend time focusing on developing the teaching of the
curriculum instead of teaching to pass the test; spend less time with the preparation
and/or administration of assessment and get useful information about individual
learners’ progress from Integrated Assessment Systems, i.e. through formative
assessment modes. On the other hand, IAS would allow learners to test themselves both
independently and/or under the teacher guidance when appropriate as a means to
review progression; the implementation and use of IAS would be less and less viewed as
‘tests’ and gradually become part of a ‘task set’ and the implementation of IAS would
allow learners to get information about their individual learning progression, i.e. allow

for formative self- assessment.

4.2.2 Features from the KOM project

In this work we focus on the process of evaluation of mathematical competences

although as mentioned above it is possible to extrapolate to another disciplines.

Thus, we propose developing the assessment process based on a collection of disparate
activities in line with the KOM project (Niss M. 2003), and the identification of chains of
topics as well as a feedback method aimed at estimating the learner’s grade of
knowledge as close as possible to a continuous model by ensuring that assessment’s

tasks are feasible in time and effort, too.

According to Niss (2003, Chapter 9), competencies are manifested in activities, having in

mind that:

e A mathematical activity consists of a set of conscious and goal oriented

mathematical actions in a situation. It could be to solve a pure or applied
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mathematical problem, to understand or construct a concrete mathematical
model, to read a mathematical text with the view of understanding or acting on
it, to prove a mathematical theorem, to study the interrelations of a theory, to
write a mathematical text for others to read, or to give a presentation.

e Carrying out any mathematical activity demands the exercise of one or more
mathematical competency. It is really important to define and characterize the
activity and its component parts and demands in a relatively well-demarcated
and clear way. A study of which competencies a person actually brings into play
in a given activity is above all an empirical enterprise. It can only be realized if the
content of the competency in a person’s actions while carrying out the activity
and the results of such actions are detectable in a valid, reliable and clear way

o Different activities will hereby also provide opportunity for the involvement of
different sets of competencies. It is to be expected that for one to achieve a
comprehensive and rich picture of a person’s mathematical competencies, one

must study that person’s actions within a broad range of mathematical activities.

Since the competences are expressed via mathematical activities then we need to find a
set of activities which together establish a reliable procedure to measure the total
mathematical competence profile of each student. In this sense, the KOM project
introduces the three dimensions: degree of coverage, radius of action and technical level
as a keystone in the description of the progression of a person’s competency mastery.
Degree of coverage is a measure of the extension we master the aspects which
characterize a competence, radius of action is the context where a person can activate
the competency, and technical level is referred to the conceptual entities and tools
which are relevant with the competence. The three dimensions are expanded over time

and are not equally developed in all students.

One of the most important tasks of the KOM project has been to investigate the
possibilities of identifying, characterizing and judging progression in a student’s
development of mathematical competencies as he or she progresses through the
education system. A way to measure this progression might consist in discovering the
relationships between the collections of activities drawing a set of directed paths in

which the learners are developing their skills. This method is compatible with the
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observation of the competence’s degree of coverage, radius of action and technical level
expansion over time because of the sequence of activities is set in a progression which

promotes that such expansion can take place.

One of the most important tasks in KOM project consists in creating a procedure to
judge the progression in student’s development of mathematical competencies as
he/she advances through the education system. Execution of activities can improve one
or more of the three key dimensions. For this reason it is important to design collections
of activities so that they cover the desired grade of improvement of the three
dimensions and the desired level of achievement of the target competencies.
Consequently it is important to execute the set of activities in the right order to
guarantee a continuous improvement of the three aforementioned dimensions. That
justifies the relevance of setting directed paths or chains of topics as we have called
them. In this sense, the set of topics of any given subject is a partially ordered set (or
poset) if we write that topic T1 <= T2 when the content of T1 precedes and are used to
understand the contents of topic T2. Let us recall that a chain is a totally ordered subset
of a partially ordered set. We will eventually represent as T1 -> ... -> Tn to a given topics

chain Tl<=..<=Tn.

Chain of topics has a connection with the concept of learning path used in the literature
(Clement, 2000; Jih, 1996). While learning path is a concept closer to the consecution of
a knowledge objective through the choice of different types of activities that may
converge to this goal, chain of topics is a more appropriate term to represent the
precedence within the different topics covered in a course programme. The topics need
to be arranged in sequences that enable the student an orderly understanding of the
concepts given that a course has a great variety of concepts and techniques to be

developed.

4.3 Active/retroactive continuous assessment process

Taking into account the continuous nature of the learning process, the assessment
process should also be of a continuous nature. It should be similar to the acquisition
process, i.e. by means of the activities execution, only that concentrated in a short space

of time and in a controlled and verifiable context.
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The assessment process activities are to be defined and should be representative of the
competence to be measured: Its successful execution means a certification of the

acquisition of the level required to conclude that the competence has been acquired.

The competences are achieved by means of execution of activities. If we assume that
the continuous assessment process may be embedded by the continuous acquisition of
competences, we could establish that the execution of a number of activities generates

a succession of the states approaching to the level of required competence.

Therefore, the execution of an activity should be successful in order to increase the level
of competence and, consequently, it is necessary to define or to "measure" when an
execution is successful. In general, the level of competence acquired should be
considered as an estimate when we do not fully control the execution context of the
activity (the student is at his/her home, in the campus, it might be executed by other
student, etc). In fact, a major blockade is to guarantee the identity of the student who
carries out online activities (Qinghai, 2012). This is the first step if we are to transfer
many of the academic activities from the classroom to the universities educational
platforms and networks. We should try to increase the guarantee of the identity of the

students running activities online as much as possible (Eplion, 2009; and Cabrera, 2013).

The evaluation process is basically the same, i.e., the execution of a set of activities but
in a controlled context. In this case we get a more reliable measure instead of an
estimate. But there is an additional important difference. In the acquisition process, the
execution of activities contributes to increase the value of the unitary competence.
Through the evaluation activities the goal is to measure the level of competences
achieved even though eventually they can also contribute to increase the level of

competence.

We execute the evaluation process throughout a discreet number of measurement
points called moments of evaluation (MoE). Every moment of evaluation has a previous
domain defined by the set of activities necessary for the development of the process

(units of study, classes, practices, group work, etc...) associated with a specific profile.

Time is continuous and the learning process could be viewed of continuous nature by

means of a sequence of training activities. We are always learning by means of adding
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information items to our intellectual background across a continuous set of experiences
attending lectures, studying, reading, making reports, socializing, etc... Therefore, a pure
continuous assessment model would mean that every activity within the curriculum
development should be evaluated and generate the corresponding feedback for
students and teachers so that both could shape the formative process and cast the
achievement of their targets. This is really utopian in terms of effort and cost. Regardless
of the cost, a large number of activities can be included in the process assessment and
be evaluated by very diverse methods like peer-assessment, self-assessment, working
groups, computer aided programs, etc... in addition to the teacher. As we have
aforementioned, the main evaluation activity needs a discretization of the time into
moments of evaluation. The more frequent the moments of evaluation are the more
continuous the evaluation is. In consequence, we will classify the activities into two
primary categories according to their nature formative and summative; and the main
moments of evaluation will be implemented by means of the execution of summative
activities. Additionally, the remaining activities will be included in the assessment
process all of them contributing to the achievement of the final grade. The more
activities are included in the evaluation process the more continuous the evaluation is
and more parallel to the learning process and, in essence, more formative. Beyond, we

could consider any execution of activity as a moment of evaluation.

Actually, at the end of a course the students are given a final grade to certificate their
performance along the course. Each activity is formed by an evaluation instrument and

an evaluation procedure whereby the activity is marked with a grade.

Let us establish a function g, called “grade obtained by” which assigns a punctuation
ga(A) to activity A execution through an evaluation procedure in a given moment of

evaluation.

Let S ={A, i=1,...,ns} be a set of activities. We define the grade obtained by S, g(S), as

_ Z?fl Wiga(4;)
g(S) - Zns Wi ’

i=1 "1

where each wi is the weight representing the relevance of the corresponding activity Ai.
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Indeed we might consider a moment of evaluation (MoE) as a set of summative activities
MoE = {M;, i=1,...,nm} used to fix a student grade at some given instant of time T for a

specific topic or set of topics.

In our assessment model, the principle is that all the activities are assessed. But we
distinguish between training activities and evaluation activities. Training activities refer
to the activities executed with the objective to learn and practice the topics covered in
the course. Evaluation activities refer to those activities used to fix an intermediate and
contributive grade for one or more topics. Evaluation activities are the equivalent to
traditional partial or final exams. In order to manage both types of activities, all of them

are assessed but training activities have a very smaller weight than evaluation activities.

— Then, a MoE could be considered as a set of
summative activities, the evaluation activity,

and several sets of training activities whose

execution are previous to the evaluation set.

Figure 4.1 represents a collection of set of

% — formative activities S; and a summative set of

. ‘ ';';R?;';’S activities M which represent the concept of
Fig 4.1 MoE

Before the execution of the MoE, the execution of the formative sets of activities
contribute with a weight pi to the summative set M, so that we could estimate a grade
ge(M) as an immediate feedback to the student. If the students obtain estimations
below a given threshold grade, they would be able to execute more activities of the

same nature to improve their outcomes until they get a successful estimation.

The estimated grade ge is defined only for feedback purposes and it is desirable the
existence of a technical platform through which to be able to evaluate or, at least, to
introduce the grades of each activity in order to estimate it. By this reason, we have not
implemented this feature in our actual studio with a sample of students which is

described in Chapter 7.
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Once the MoE M has been executed, the estimated grade shall be replaced by the
execution grade. It would also be interesting that a percentage of the estimate grade
might have some impact on the execution grade. This feature could be seen as a
contribution of the training work done by the students and it is a relevant aspect of the

motivation aim of the model.

Pursuing the idea that the discreet assessment process can be considered representative
of the continuous process of acquisition, we will build an "active/retroactive continuous
assessment model" up based on the existing partial order relationships among specific
curricular domains and the 'moments of evaluation'. In this sense it attempts, at every
moment of assessment, to reassess the level of previous skills (scope, maintenance or

degradation).

In a pure model of continuous assessment, each session of evaluation should assess the
competences achieved at that very moment and earlier. As this alternative is not
feasible because of time limitations, we propose an approach based on the fact that the
acquisition of a competence is based on the acquisition of previous competences owing

to the recursive and accumulative nature of the general learning process.

On the other hand, a failed evaluation of a competence implies a lack of level in that
competence and, quite likely, a bad acquisition of previous competencies, a degradation

of its level or a failure in the measurement process.

The competencies to be evaluated have got a natural partial order so that they may be
represented by means of a graph. We will consider each node of this graph to represent

a moment of the evaluation of competencies.

Let us draw the aforementioned graph as a directed graph where the measurement of

evaluation of every node has three sets of arches:

e An incoming arch which represents the contribution of the evaluation of the
specific competence to be assessed in that moment of evaluation to the general
grade.

o A set of outgoing arches towards the predecessors’ competences related to the

competences evaluated at that moment of evaluation. They represent a
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component of retroactivity toward previous assessments with a positive or
negative contribution depending on the success of the moment of evaluation.
e Aset of incoming arches representing the contribution of specific activities to be

taken into account in the evaluation process.

Figure 4.2 represents a precedence graph
between different MoEs. Likewise in the
figure 4.1, the executions of the MoEs {My,
..., Mn} contribute with weights pi to

Q1I--
' estimate the grade ge(Mn+s1) which are

/' q; deactivated when the moment Mn+1 is
executed and changed by g(Mn+1). And it
also serves as an estimation procedure

Fig. 4.2

regardless of whether a percentage of

MoEs execution could be reserved as a contribution to My, +1.

After the execution of Mn:1, the weights q; applied which represent the retroactive

component that could have positive or negative effect over the preceding MoEs {My, ...,

Mn}.

In order to clarify the second item above, we may think in some specific example, e.g.
not to overcome adequately the evaluation of calculus of surfaces of revolution may be
due to a poor ability in the process of calculation of antiderivatives and not to a

deficiency in the approach to the calculation of surfaces of revolution itself.

This failure should be identified in the process of evaluation (to know where exactly the
lack is) and propagate descending arches toward the predecessor’s competences and

even correct downward the levels previously measured as acquired.

Conversely, to overcome successfully the calculus of surface of revolution may imply a
good ability in the resolution of antiderivatives, thus indicating that the level of that
competence had effectively been achieved or has improved. In this case, the graph
propagates a null or positive contribution toward the predecessor’s competences

correcting accordingly the level previously acquired.
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Summarizing, the retroactive component has two possible implications:

A failed evaluation of a competence could mean a lack or degradation in one or
more previous competences. Then, the model might introduce a downward
impact on the outcome assessment of the concerned competencies evaluated in
that very topic’s chain. This can be hosted poorly by students, but the model is to
be built with the aim of measuring the level of competences achieved and
maintained throughout the course. Under this situation, we must establish a
redeeming plan requiring the execution of concrete reinforcement sets of
activities.

Fig. 4.3 represents a failed evaluation of moment M where the retroactive
component transforms the activity A, from medium status into a failed status

and the activity A, from a success status into a medium status.

Fig. 4.3

A successful evaluation of a competence could be considered as a sensible
indicator that some previous lack has been overrun and, in this case, we could
apply an upward retroactive impact on the outcome assessment of one or more

previous competences.
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Fig 4.4 represents a success evaluation of moment M where the retroactive component

redeems A, from medium to success status.

Fig. 4.4

On the other hand, the active component has a more delicate implementation. Although
a successful execution of a moment of evaluation could be interpreted as an indicator of
future success in one or more evaluations on the same topic’s chain, it does not seem a
good strategy awarding credit scores to be added to future evaluations. However this is
indeed carried out when the execution of activities is taken into account in the final

grade.

A final grade is obtained when the student reaches a competence threshold in all and
each of the competences defined in the course programme. In this sense, the
active/retroactive component introduced in the model aims to identify those
competences that have and those that have not been adequately achieved. It is a tool
that eventually may enable to recognize and award improving previous competencies
located in the topic’s chain path under consideration or propose reinforcement activities

to achieve the course objectives in an individualized manner.

Distinct algorithms can be designed in order to compute different strategies to assign a

final grade.
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4.4 A case: continuous assessment of Mathematics | at
ETSID

Let us now provide an example on how this continuous assessment method has been
used in a Mathematics subject, namely Mathematics | of BEng Aerospace Engineering at
the School of Design Engineering in Valencia ETSID (Universitat Politeécnica de Valéncia
UPV, Spain). The material covered in this subject keeps its outreach at Level 1 as
referenced in SEFI Mathematics Working Group (2013, pp 29-36), (Minguez and Sanchez
Ruiz 2014), (Minguez, Morafio, Roselld6 and Sanchez Ruiz, 2014), (Minguez, Moll,
Morafio, Rosellé and Sanchez Ruiz, 2014), in most of the topics. However, Aeronautical
Engineering being a quite demanding mathematical discipline requires some Level 2
topics covered in order to achieve the appropriate background to address other subjects
of the BEng programme. No Level 3 is considered since this is designed for a first year
student course and there are other subjects in the forthcoming courses which deal with

more advanced mathematical concepts.

Hence, the student needs the competencies provided by this mathematics subject to
acquire basic skills for the resolution of the mathematical problems that arise in
Engineering and its ability to apply knowledge about linear algebra, geometry,
differential geometry, differential and integral calculus; and an introduction to
differential equations and numerical methods that are thereafter completed in

Mathematics Il and Mathematics Il respectively (Universitat Politécnica de Valéncia a).

The corresponding specific competencies of these topics are achieved through the

execution of different types of activities:

e Theory and Problem solving throughout attending on site classroom lectures.

e Laboratory Sessions as well as their corresponding exams by using the computer
algebraic system Mathematica (Morafio and Sanchez Ruiz, 2012) and the UPV
educational platform PoliformaT (Universitat Politecnica de Valéncia b).

e Answering Quiz tests at the end of theoretical classes or lab sessions.

e Answering on site class tests based on homework activities
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e Written exercises some of which involve more comprehensive and complex

practical questions which occasionally are done online with partial self-

assessment (Sanchez Ruiz and Morafio, 2010)

We distinguish four blocks of competencies to be achieved within this subject with the

following distribution:

e Calculus | (C1), dedicated to the study of real functions of one variable,

derivatives, integration and their applications so that the students should be able

to:

Work with the derivative of a function of one variable. Inverse functions.
Exponential, logarithmic, and trigonometric functions. Hyperbolic functions
and their inverses.

Operate properly with complex numbers in various representations. Find
exponential and complex logarithms.

Define the roots of equations and find them by numerical methods.

Graph functions in cartesian, parametric and polar coordinates.

Know the basic results about the integration of functions of one variable.
Calculate areas of surfaces of revolution, some volumes of solids and lengths
of curves as applications of the integral.

Solve basic ordinary differential equations and apply them to model and solve
some physical and geometric problems.

Approximate integrals using trapezoidal and Simpson rules. Know the basics
about improper integrals; in particular, the convergence criteria and their

application in specific cases.

e Linear Algebra (A) which contains material oriented to matrix calculus and

resolution of linear system and matrix diagonalization so that the students

should be able to:

Take advantage of the properties of the matrix calculation to solve systems of

linear equations.
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Study vector spaces and subspaces. Find basis, dimensions and coordinate
systems.

Calculate determinants and apply them to concepts related to the structure
of a vector space.

Compute scalar product, distances and angles and apply them to least
squares method.

Find the eigenvalues, eigenvectors and characteristic equation of a matrix.

Diagonalize an endomorphism when possible.

Calculus 1l (C2) including the study real functions with two or more variables,

partial derivatives, multiple integral and their applications so that the students

should be able to:

Interpret the functions of two variables as a surface and the meaning of the
partial derivatives.

Calculate partial derivatives of a function of several variables; apply the chain
rule.

Understand and apply the implicit function theorem.

Find and recognize equations of elementary surfaces such as cylindrical and
revolution surfaces

Find tangent planes and normal lines to surfaces and tangent vectors to
curves.

Calculate double and triple integrals in Cartesian coordinates as well as by
making use of adequate change of variables; in particular, in polar, cylindrical
and spherical coordinates.

Calculate line and surface integrals and its applications

Recognize conservative fields when evaluating line integrals.

Apply the classical theorems of vector calculus: Green, Stokes and
Divergence.

Calculate in the adequate setting a work, length, area, volume, mass,

average, center of gravity, moment of inertia and flux integrals.
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e Series (S) introducing numerical, power and Fourier series so that the students
should be able to:
e Study the convergence of numerical series and its sum in some convergent
cases.
e Handle power series properly including properties of derivation and integrals.
e Find Fourier series of periodic functions and functions defined in a finite
interval. Interpret the expansions in the extreme points in the case of finite

intervals and at continuity/discontinuity points.

The methodology followed during the course corresponds to blended learning (b-
learning) since a set of very different techniques are followed as described above to
which we may add flipped learning and cooperative learning as lab sessions are
developed as follows: the students are requested to prepare each lab session before
class, for which they are provided with adequate material, bibliography and textbooks
(Sdnchez Ruiz and Legua Fernandez, 2008; Legua Fernandez, Morafio Fernandez and
Sanchez Ruiz, 2010; Morafio Fernandez and Sanchez Ruiz, 2012). Lab sessions run as

explained in section 3.7.5.

These four blocks have got the corresponding “moments of evaluation” to be executed
along the academic year and each of them has a different weight in the final grade (FG)
that is the mark of the subject. This final grade also takes into account a set of
autonomous activities (Act) set to facilitate the learning process. All these form the

theoretical/practical knowledge (TP) of the subject.

These moments of evaluation are summative activities inside a whole set of activities
which define the work to be assessed within the course programme. Other activities
accounted in the assessment process are the laboratory practical classes (LP) which
include weekly assessment through individual work at lab sessions and two individual
lab exams at the end of each semester: LEx1 covering C1 and LEx2 covering A, C2 and C3
respectively, where C3 is composed of C1, C2 and S in order to pursue a more accurate

continuous assessment of the level of competencies achieved.
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Thus, we have six different main moments of evaluation corresponding to C1, LEx1, A,

C2, C3 and LEx2, and we identify the following chains of topics:

e (C1 - LEx1 - LEx2
e (Cl1->C2->C3->LEx2
e A->C3- LEx2

TP assessment is implemented with a weight of 75% in the final grade (FG) which is a
measure of the level achieved of the whole set of competencies to be evaluated across

written exams covering C1, A, C2 and C3 blocks.

Lab Practice assessment has a weight of 25% in the total FG punctuation. It is obtained
through an auto-assessment process executing activities on the e-learning UPV platform
PoliformaT and two on site lab exams LEx1 and LEx2. With these elements we may draw
a graph representing the moments of evaluation in nodes and the relationship between

them with arches. We are also considering the concept of retroactivity in this graph.

In Fig. 4.5 we represent the relationship between the different moments of evaluation
listed above in a summarized graph where dotted arches C1->C2, A->C3, C2->C3
represent the partial order existing between different moment of evaluation. For
instance the first one refers to the fact that skills developed during C1 learning time are
necessary to study and achieve competencies included in C2; whereas at the same time

they represent a retroactive contribution between them.

The weights p1, p2, p3 and pa represent the contribution of the assessed moments C1, C2,
C3 and A blocks to the final grade (FG). Additional contributions Pact and Pjap come from

activities and lab practice.
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Fig. 4.5: Assessment’s graph

The graph only represents the main moments of evaluation and their relationships.
These moments are the summative activities which have a major contribution to the
final grade. Additionally, the set of activities drawn on the right part of the figure
represent a variety of different types of activities executed in parallel to the course
which also have been assessed. The dotted arcs represent their contribution to

corresponding moments of summative evaluation.

Obviously, there are more relationships between nodes reflected in Fig. 4.5 as the
moments represented in the graph are set of competencies and more precedence

relationships do exist between their components.

Distinct algorithms can be designed in order to compute different strategies to assign a
picture to the final grade FG. We are going to describe the different graph’s components

and how they contribute to FG according to a retroactive continuous assessment model.

The most important nodes are C1, A, C2, C3 which represent the 90% of the TP

punctuation, assignments contributing with the remaining 10%. Each node contains a
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group of different skills to be achieved in a moment of evaluation which are assessed at
the same time. The weights of these nodes during 2013/15 have been set as follows: C1
10%, A 21%, C2 19% and C3 40%. Within C3, the weights are S 40%, C1 30 % and C2 30%.
This is done so as historically Aerospace Engineering students perform quite well in
Algebra and there is no need to reinforce it through TP. Indeed A is reassess through LP
at the end of the course since the moment of evaluation corresponding to A takes place
in January, its lab sessions run throughout February and Lex2 takes place in May. The
very few students showing some lack in Algebra get a chance to show that they have

improved their Algebra competencies by the end of the course in conjunction with C3.

Thus the real final weight of C1 and C2 topics are 22% and 31% at the end of the course

within TP which is related to the time dedicated to them and the relevance of its topics.

Summarizing, Table 4.1 shows the distribution of percentages assigned to each moment

III

of evaluation. The “initial” row represents the percentages initially established and the

“final” row includes the effect of retroactivity embedded in moment C3.

Table 4.2 represents the initial and final values of the weights drawn on the graph taking

into account that final grade is obtained weighting laboratory practical classes (LP) and

Cl A c2 C3 Activities
Initial 10.00% 21.00% 19.00% 40.00% 10.00%
Final 22.00% 21.00% 31.00% 16.00% 10.00%

Table 4.1: Contribution of ME on Final Grade

theoretical/practical knowledge (TP) with percentages of 25% and 75% respectively.

P: Pa P2 Ps Pact Plab Total
Initial 7.50% 15.75% 14.25% 30.00% 7.50% 25.00% 100.00%
Final 16.50% 15.75% 23.25% 12.00% 7.50% 25.00% 100.00%

Table 4.2: Contribution weigths of ME to Final Grade

For instance, the successful execution of moment of evaluation C1 should be a goal
before executing the moment of evaluation C2 due to the relationships of precedence
existing different skills C1 and C2. The ascending arch from C1 into C2 states that C1

competencies are a natural previous requisite to be able to achieve C2 competencies.
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Conversely, a failed evaluation in C2 may involve a lack of adequate level in some C1

competencies, a degradation of its level or a failure in the measurement process.

In a real model of continuous assessment, each session of evaluation should assess the
previous competencies but this is not feasible because of time limitations. That is why
we include some relevant C1 topics within some C2 questions and a retroactive
contribution from C2 to C1. Equally with other moments of evaluation across the arches

defined in the competencies graph.

A successful C2 evaluation not necessarily implies an improvement of all the C1
competencies in all circumstances. However if there was a lack of C1 achievement
competencies while performing C2 it may be considered as a sensible indicator that

some lack has been overrun.

For this reason, in our forward/retroactive continuous assessment model the C1 topics
included in C2 are to be considered as an opportunity to redeem such situations. When
this happens students get their assessment of previously evaluated competencies
increased by a percentage of its difference with the newly shown level of competence.
This percentage was set as 40% during 2013/15, trying to compromise the newly
reached level competence and rewarding when achievements and goals are got at
expected due time. In this sense, the retroactive contribution might be considered a
reason to introduce positive or negative corrections in previous moments of evaluation’s
punctuations. At ETSID only positive corrections are applied in previous competencies
assessment when the student shows that he/she has reached or improved them in
ulterior moments of evaluation. When a failed evaluation occurs, instead of using a
negative retroactive contribution when a previously evaluated competence as achieved
shows some degradation, we warn them on the precedent related components and

propose a set of activities in order to improve the failed skills.

Additionally, lab sessions are assessed in two specific moments of evaluation which
represent the 70% of LP through LEx1 covering C1 with a contribution of 28%, and LEx2
covering A, C2 and S with a contribution of the remaining 42%. The other 30% comes

from the weekly activities performed in the lab sessions.
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Computing algorithms are easily implemented by means of a spreadsheet and we could
essay multitude of strategies with different set of weighted arches on the graph in order

to maintain a suitable and continuous level of interest in students.

Fig 4.6 gathers the student results following this active/retroactive assessment method
since 2013.

Year Success Fails Dropouts

2013-2014 112 4 6

2014-2015 107 6 2
120
100
80
60
40
20
0

2013-2014
2014-2015

M Success M Fails Dropouts
Fig. 4.6: Results of active/retroactive continuous assessment
This assessment practice has proven to be a motivational tool for students. Number of

dropouts without final grade has even disappeared some given year (2012-13), and

during 2013-14 the number of Fails has been just out 4 of 122, the success rate being
circa 92%.
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5 The ATC cuboids in assessment of

mathematical activities

5.1 Introduction

When applying continuous assessment to mathematics subjects, defined competences
should be achieved. The Danish KOM project (Niss and Hgjgaard, 2011) contains many
relevant key points about the mathematical competences that need to be developed by
the students of an educational system, and draws a guide to ensure the progression and
coherence in mathematics teaching as well as how to measure those mathematical
competences. We introduce in this work the implementation of an algorithmic method
to compute the overall competences to be achieved by the students through a course

programme.

The basis of the study is the eight competences described by KOM project and how they
are manifested in activities to be developed within the different topics covered in a
syllabus. Each activity is evaluated from the perspective of the eight competences by
means of a binary evaluation of each competence based on an assessment by rubrics

with a true/false punctuation.

Thus, the base concept refers to the evaluation from the point of view of competences

achievement. We include the next question to develop:
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Q6: Which way should we assess the execution of activities bearing in mind the

achievement of competences?

We put the numerical quantifications of the relationships between Activities, Topics and
Competences into a three-dimensional matrix. We will call ATC cuboids to this kind of
matrix due to their components. These matrices can be studied from different points of
view and important conclusions can be extracted about the internal structure of the

student’s learning progression.

An ATC reference cuboid designed for a specific course profile serves as a measuring
patron and could be a good tool to suggest different strategies for planning work
activities as well as a tool to individualize different study needs for different student’s

situations.
Then, we propose two more questions to study:

Q7: Can the ATC’s matrix provide an internal representation of a student's learning

progress?

Q8: Could the ATC’s matrix be useful to individualize each student’s curriculum in order

to get his/her individual objectives within a generalized course plan?

We will by recalling the bibliography referring to the evaluation for rubrics in order to
introduce the concept of binary assessment. From this idea we will construct the

concept of ATC matrix.

5.2 Assessment by rubrics

A rubric is a coherent set of criteria for students' work that includes descriptions of
levels of performance quality on the criteria (Brookhart, 2013). The authoress exposes in
her book “How to Create and Use Rubrics for Formative Assessment and Grading” a
complete reflection about the use of rubrics in formative assessment. Rubrics are a
descriptive procedure in spite of an evaluative purpose. Of course, rubrics can be used
to evaluate, but the operating principle is you match the performance to the description
rather than "judge" it. Thus rubrics are as good or bad as the criteria selected and the
descriptions of the levels of performance under each. Effective rubrics have appropriate

criteria and well-written descriptions of performance. Anyway, the main purpose of
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rubrics is to assess performances observing the student in the process of doing

something or observing the product that is the result of the student's work.

Rubrics give structure to observations describing the performance instead of judging it.
Rubrics are usually categorized in analytics or holistic depending on whether criteria is

evaluated separately or simultaneously.

Analytic rubrics are appropriate for formative assessment because students can see
what aspects of their work need what kind of attention and also for grading that will also
be used to make decision about an immediate future. On the other hand, holistic rubrics
are appropriate in those situations in which students will not see the results of grading

and you will not really use the information for anything except a grade.

One way to support thoughtful self-assessment is to provide a rubric or create one with
students. A rubric is a document that lists criteria and describes varying levels of quality,
from excellent to poor, for a specific assignment (Andrade, 2000). In addition, self-

assessment can be enhanced with peer assessment and teacher feedback.

Airasian and Russell (2008) explain rubrics as “a set of clear expectations or criteria used
to help teachers and students focus on what is valued in a subject, topic, or activity”. The
criteria are usually descriptive and generate a common understanding of what is valued
in a performance. A rubric includes both the aspects and characteristics of a
performance that will be assessed and a description of the criteria used to assess each

aspect.

Scoring rubrics is typically employed when a judgement of quality is required and may
be used to evaluate a broad range of subjects and activities. Judgements concerning the
quality of a given work may vary depending on the criteria established to assess and can

focus on many different aspects or in a combination of some of them.

In this work, we are going to use rubrics to introduce a method to assess activities based
on the development of the eight basic mathematics competences defined in the KOM
project. We will use these competences as a rubrics descriptor to evaluate each activity
from the point of view of the core competences. When a student work is given with a

numerical evaluation (punctuation), he/she may not know how to improve his/her
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performance on future assignments. Rubrics provide a description at each level of
competence as to what is expected and explain the students why they received a

specific score and what they should improve.

Rubrics can be adapted or created for a variety of purposes in assessment procedures.
The most useful rubrics for promoting learning in the classroom have been called
instructional rubrics (Andrade, 2000), analytic-trait rubrics (Arter and McTighe, 2001;
Wiggins, 1998), and skill-focused rubrics (Popham, 1999).

We are specifically concerned with the type of classroom rubrics which use generic traits
as analytic performance criteria to describe the acquisition or development of the

mathematical competences.

According to Stiggins (2001), rubrics can teach as well as evaluate when used as part of a
formative, student-centered approach to assessment, rubrics have the potential to help
students develop a “vision of success” as well as “make dependable judgments about
the quality of their own work”. Andrade (2001) concluded that simply handing out and
explaining a rubric was associated with higher scores on one out of three essays written
by the students. A recent study by Hafner and Hafner (2003) provides additional
evidence that undergraduate students can be effective users of rubrics and also the
rubrics are a reliable tool for peer rating and an effective strategy for teaching and
learning in the context of a college science classroom. Schafer et al. (2001) speculate in
their study that higher test scores are the result of teachers having incorporated
“operational definitions of achievement” into their instruction in ways that were

understood and used by students.

Summarizing, rubrics helps both professor and student aiming to speak a common
language and to translate an abstract concept as is a grade to a quantification of
performance and behavior (Montgomery, 2000; Moskal, 2000; Villa, Poblete et al.,
2007).
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5.3 Binary assessment of activities based on
competences

The usual evaluating of student activity by giving them back a quantitative grade. In our
proposal, instead of giving back a grade, we evaluate how the impact of this activity
contributes on the overall competence. In order to make this estimation we need to
know the relationship between the activity and the eight competences. More precisely
how much of each competence is embedded or comprised in the execution of the
activity. In this sense, we follow the concept of constructive alignment which refers to
the idea that students construct knowledge through relevant learning activities (Biggs,

2003).

Different activities have different impacts on each of the eight competences (Alpers and
Demlova, 2012). For instance, a theoretical question is more intensive in competences of
the first cluster whereas a calculus activity is more involved in representing
mathematical activities, handling mathematical symbols and maybe making use of
calculus tools. Then, a task consists in making an estimation on how each competence is
involved in the execution of an activity or kind of activities distributing these impacts in
weights on 1 basis (1-weighted) or 100 basis (100-weighted). In order to do that, we
need a database of typified activities, as it is established in the aims of Chapter 8 of the

KOM project where the matrix subject x competences is described.

Then, it will be possible to analyse from a binary point of view the development of the
activity by each one of the eight competences according to Table 5.1, where “impact” as
represents the relevance of each competence Ci in the development of the activity Ag, 1
<i £ 8, and “evaluation” is a binary indicator that represents whether the objective of

the activity has been covered or not correctly.

Competences to assess in one activity
Activity (Ag) C, C, C; C, o Cs (o Cs
Impact 8 du Ay Ay Ays Aug a7 Aug
Evaluation 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

Table 5.1: Activity impact on basic competencies
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In this way we obtain an activity quantitative grade G(Ay) = Y; as;es; where a; is a
vector which represents the impacts from the activity Ax on the basic competences and

e is the binary evaluation vector.

We will call this method a binary assessment of an activity which is not disruptive with
the standard methods that assign a grade based upon the outcome of the student and
considerations about the quality of the execution. These considerations are very likely to
involve personal appreciations from evaluators while a binary assessment tends to
eliminate this effect. Tuning adequately the impact weights we may facilitate obtaining
similar results from different evaluators. An adequate study of the impact of different
activities in the development of the different competences should undoubtedly help us
to design more competence oriented curricula. Clearly, these quantifications should be
done in the context of teachers’ communities in order to get a normalized procedure of
assessment and always following standardized criteria like the ones exposed in the KOM

project.

For example, let us suppose an activity consisting in calculating the volume of a solid of
revolution. How do we punctuate this activity in a scale 0 to 10 if the result of the
calculation is wrong? The result of the evaluation depends on the criterion of evaluation.
If there is a based criterion that an engineer must generate accurate calculations, for
obvious reasons, the score will be 0. Since students are in a learning progress, the order
of magnitude of the error should be assessed from a very large mistake (the student
does not have a common sense of magnitude) with a very low score or a small error with
a score medium/high. But is this appreciation appropriate? Will the student make similar
mistakes in the future because he/she does not have calculus skills or has it been a

timely mistake? If the integral is well resolved, has the error been arithmetic?

There may be a great diversity of causes to analyse. Very detailed assessing activities
suppose a lot of time consuming effort making unfeasible the introduction of many
activities in the assessment process. Following a pattern based on the weights assigned
to each competency, which can be described in terms of rubrics, the task is simpler,
more automatable, prone to include in systems of self- or peer-assessment and even

using automated systems.
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A possible scoring following an activity-pattern assessment in case of a calculation error

is shown in the next example:

Weigh Eval. Score Comments

M11 5 1 5 Student recognizes the solid of revolution and applies the adequate integral
M12 5 1 5 Student reasons the problem and applies correctly the integration limits
M13 20 0 0 The calculation results are wrong

M4 O 0 0 Not applied

M21 20 1 20 The representation of the object solid of revolution is correct

M22 40 1 40 The formal approach is correct and well developed

M23 10 1 10 The problem's wording is adequate and understandable.

M23 0 0 0 Not applied

However, if the error is deeper and indicates deficiencies in the development of the

procedure of calculation, the scoring should be:

Weigh Eval. Score Comments

M11 5 1 5  Student recognizes the solid of revolution and applies the adequate integral
M12 5 1 5 Student reasons the problem and applies correctly the integration limits
M13 20 0 0 The calculation results are wrong

M14 0 0 0 Not applied

M21 20 1 20 The representation of the object solid of revolution is correct

M22 40 0 0 The formal approach is not correct and contains handling errors

M23 10 1 10 The problem's wording is adequate and understandable.

M23 0 0 0 Not applied

Let us observe that each evaluation affects different deficiencies or gaps in relation to

different competencies.

We may say that binary assessment is an assessment by rubrics where execution scores
are binaries. We are mapping rubrics scores into two categories true/false from the
point of view of the eight basic competencies. Carr (2000, p. 55) states that different
rubric “scores” represent a difference in the quality of the student work, not the
guantity. In any case, we use a similar computational method to convert binary rubrics
into “vector scores” not in “scores”. The main difference lies in the method of
calculation of the final scores. We introduce different weights according to the typology

of activities developed in each topic from the point of view of the achievement of
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competencies. Then, it may be concluded with the generation of a final score that

represents an estimate of the overall consecution of the objectives of the course.

The different competences can be described by means of the use of rubrics both of a
general form and of a form adapted to the type of activity, independently whether a

binary scale is used for its evaluation.

In one activity we measure what contribution or impact has its execution in the
development of individual competences at the individual level of the activity itself. But
this is independent of the system of evaluation followed to conclude that the
contribution to a particular competence achieved has been successful or not. And since
true/false appreciation is issued on the contribution, it seems that the rubrics method is

the most appropriate to describe this contribution.

Thus for example, in the problem of cable which coils up a cylinder, described in Section
3.4.4, the proposed question was “Find the exact integer number of mm that there must
be between spires in order to use as little amount of cable as possible”. To assess this

guestion from the point of view of competences we could write some rubrics such as:

e M11: The problem is thought over an algebraic problem of integer numbers

e M12: Student concludes the need to look for a such number that “must be the minor
divisor of”

e M13: The correct solution is calculated.

e M14: Not included

e M21: Not included

e M22: Student makes proper use of mathematical symbols

e M23: Student writes down the reasoning followed with clarity (i.e., it is understood)

e M24: Not included

It could be assigned the weights (30, 10, 40, 0, 0, 10, 10, 0) giving greater importance to
discover that it is a problem of integers numbers and divisors (student’s ability to think
mathematically) and to calculate the right solution (calculation ability). Smaller
relevance is scored to the ability of developing the problem (yet centered) and using
appropriate mathematical symbols and write (communicate) it properly so that other

people could understand the solution applied.
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This evaluation approach is very specific for this problem because. In practice, there may
be written sets of binary rubrics of more general spectrum applicable to a similar set of
activities and must be attached with the delivery of the activities so that the students

are able to know the criteria of evaluation without being so explicit as in M11 and M12.

5.4 ATC components

In the KOM project, Chapter 9 (Niss and Hgjgaard, 2011) it is declared that the core of a
competency is an insight-based readiness to act, where “the action” can be physical and
behavioural — including oral — as well as mental. A valid and comprehensive assessment
of a person’s mathematical competencies must therefore, as a starting point, be based
on identifying the presence and extent of these features in relation to the mathematical
activities in which the respective person has been/is being involved. And also that a
mathematical activity can, for example, be to solve a pure or applied mathematical
problem, to understand or construct a concrete mathematical model, to read a
mathematical text with the view of understanding or acting on it, to prove a
mathematical theorem, to study the interrelations of a theory, to write a mathematical

text for others to read, or to give a presentation.

Then, we could extend the binary assessment of one activity to a binary assessment of

sets of activities and their relations with the eight competences.

There are different kinds of activities that are relevant to get an adequate student’s
training on their way to achieve the objective level of competences in a course
programme. These kinds of activities are lectures, assighments, laboratories, individual

or group projects, working groups, tutorials, presentations, etc.

Each kind of activity presents different impact spectrums on the eight competences. The
SEFI Framework for Mathematics Curricula in Engineering Education developed a very
interesting study about the relationship between kinds of activities and competences

along its Chapter 4, (SEFI Mathematics Working Group, 2013).

Then, we may extend Table 5.1 to Table 5.2 about competences to assess one activity to

a master table about impacts on competences of type of activities of a specific topic of
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the programme. So, each type of activity i (lectures, exams, labs, etc...) has an impact ajj
over each of the eight competences C;. Additionally, each of the type-activities has a w;

impact or weight on the “topic” T that is being evaluated.

Topic (T) Impacts on competences of type-activities

Activities C, G, G, Ca G Ce G Cq
wl |Lectures aqy g, aqs Ay Aqg = 357 =
w2 |Exams 331 2 a3 A4 335 A6 a7 A5
wn |Activity type n An1 Ao Ans Ana Ans . any Ang

Table 5.2: Activity/Topic impacts on basic competences

Table 5.2 is a master table because two different activities belonging to the same type
could have different impacts on the competences due to its extension or complexity.
The master table serves as a reference and minor tuning might be done in specific
activities. In this sense, a type-activity can be split into two or more subclass-activities or

consider each subclass-activity as a type-activity.

A course topic is covered by, let us say, of different sets of type-activities. Then, a

quantitative grade of the topic is T obtained by means of the expression G(T) =

2iwiG(4;)

S where w; is the weighted relevance of the activity in the topic T.
iwWi

Finally, the list of topics to be studied in a course represents a third dimension in the
model and, again, each of them has a different relevance that can be represented with a

specific weight.

Then, a final grade can be calculated with the expression FG = ),; p;G(T;), where p; is

the percentage 100-weighted relevance of the topic on the subject.

To round off, an ATC cuboid is a three-dimensional matrix containing the relationship
between activities, topics and competences which are quantified assigning a weight in
each combination competence, topic, and activity. Each element ajj in the ATC matrix is
a compound weight corresponding to the product of the activity Aiimpact on the T; topic
weighted on the contribution to Ck competence. This ATC cuboid is a master cuboid,
henceforth denoted mATC, since it contains the weights that allow us to generate

measures of the execution of student’s activities.
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5.5 Personal ATC cuboids

A personal ATC cuboid, hereinafter pATC, is an empty ATC cuboid assigned to each
student at the beginning of a course programme. The three dimensions contain the
eight basic competences or a subset or combination of them that are going to be filled
during the course on the OZ axis. The OX axis contains a set of primary entrances
corresponding to different class-activity to execute and the QY axis contains entrances

corresponding to the list of topics.

On OX axis we represent the collection of activities to be executed in the two levels
(type and subclass) mentioned above. Since each subclass can have one or more

executions, an aggregated of all executions is represented.

On QY axis we represent each topic within the syllabus. Thus, a point at plane OXY
represents some relationship between an activity and a given specific topic. This
interpretation is an organizational representation and not a geometrical or analytical

representation.

On 0OZ axis we represent each of the eight basic competences. When an activity is
executed an eight-component vector is produced and it is allocated on the OXY point

representing the relationship between activity and topic.

A moment of evaluation is represented by a set of activities on a time interval grouped
into a discrete measure. Grading is a discreet process that comes from pictures taken
through moments of evaluation carried out by means of activities, lab classes, exams,

etc.

The binary assessment of the execution of an activity produces a vector to be pushed
into the pATC. The binary components corresponding to the competences are multiplied
by the weights of the subclass-activity at the moment of evaluation and pushed into the

cuboid.

As a subclass-activity can be executed several times on the same moment of evaluation,

we have to save the number of occurrences within each subclass-activity. Thus, a new
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row to be pushed into the cuboid must be averaged with the current vector values by

using the activity executing frequency.

A moment of evaluation may consist of the execution of one activity or many activities
of different types and subclasses belonging to one or more topics. In order to avoid
building a very complex model, we are assuming that a formative moment of evaluation
is when a simple activity is executed while a summative moment of evaluation implies
the execution of a specific type-activity (exam) consisting in one or more activities,
executed and evaluated, generating an aggregated grade to assign to the moment of

evaluation.

Taking into account all the activities to be executed by students during a course and
pushing all of them into pATCs with binary assessment, we have a tool to implement
continuous assessment based on competences. Grading moments of evaluation in
different time instants could plot a great variety of assessment graphics representing the

continuous assessment process.

Finally, as the course progresses the students increase their overall knowledge on the
subject. Thus, a well-executed activity should have a greater and positive impact on the
global results in order to redeem past gaps. Conversely, a poorly-executed activity also
should have a greater negative impact on the global results if it was assumed that the

student has already achieved a good performance on the subject.

In this sense, we introduce the grade impact amplifier as continuous assessment
procedure, hereinafter GlA|cap, as a new instrument to reflect the greater level of
competence or general knowledge developed throughout the course. It consists of
defining a set of increasing weights to average the new activity-rows to be pushed into
the personal cuboids. This may be done by means of two or three GIA|cap states after
each summative moment of evaluation in order to stablish different stages along the
programme. Anyway, we could stablish GIA|cap only in the positive case as a student

motivation tool to promote the continuous effort on the whole subject.

The key goal is to design an ATC cuboid well balanced and weighted that allows us to

compute each of the execution vectors. The ATC cuboid must be carefully designed,
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activity by activity, topic by topic, based on historical data for the same subject and

tuned each course by means of feedback of the obtained results.

5.6 Grading and targeting with ATC cuboids

As time goes by, the pATCs are filled with the results of binary assessment of different
activities. Aggregating pATCs we can obtain group grades for activities, topics,

competences, or any other combination.

For example, we can obtain a global course grade for a specific topic applying the
weights of the competences to all the activities executed for this topic by all students.
We could also study the development of a competence or a comparative between

competence’s developments by means of aggregating partial or total pATCs.

At one point in time, the pATC represents somehow the situation of development of
competences and knowledge of the student regarding the given knowledge or course
advance. Beyond a simple scalar grade, the internal structure of the cuboid shows a
radiograph of the relationship between the different knowledge items that the student
should master. And with this very specific knowledge about the student progression, it is
possible to establish and to individualize the strategy that allows achieving general
progress in the objective development of the competences within the course
programme. Therefore this abides this methodology as a valid tool to address
mathematical deficiencies with advanced diagnostic testing (Carr, Murphy, Bowe and

Fhloinn, 2012).

On the other hand, we can put our educational objectives into precompiled cuboids to
establish different target levels that we could denominate target ATCs. The tATCs, in this
sense, are references to be achieved and they are the tools to build up the individualized
strategies with the aim of reaching the course objectives. Targeting is a way to predict
future results and in this sense there are some studies which intend getting some class
of predictors (Shortera and Young, 2012). Other studies are based on daily execution of
activities as quizzes and tests in order to study the continuous progression as an

estimation of final results (Mawhinney et al., 1971)
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Aggregating pATCs allow us to obtain a general course construct to study the
development of the competences within the whole student collective and their
relationships between the knowledge items. This is a good tool to obtain feedback on

the right evolution of the targeting’s.

Given that the pATC construction is additive, we can obtain different metrics defining
activity sets joining all the desired binary activity vectors and generate new ATCs cuboid

form them.

Conversely, we could mitigate the effect of a wrong evaluation pushing the same

activities with binary negative values and computing again the ATC.
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6 A comparison between ATC methodology

and traditional evaluations

6.1 Introduction

In this chapter, we present a comparison between the evaluation method based on ATC
cuboids and the evaluation applied to students of Mathematics | at ETSID of Univesitat

Politécnica de Valéncia.

Currently, the ETSID already applies a component of retroactivity because in the last
exam of the course some questions referring previous topics are included. This has the

effect of a shifted re-evaluation of the grade obtained in them.

The comparison has been made on a small sample of students with different final
grades. Previously we will detail how the ATC cuboid are generated with the data of a

student from the studied sample.

The goal is to check if there are significant deviations between both methods in terms of
final grades. A non-significant deviation of results would be important so that the
assessment following the ATC method does not bring out a drastic change of evaluation
rules and results while at the same time the ATC method carries out a wealth of

information.

If the ATC cuboids methodology is going to be applied to a large number of students and

with a large number of activities, a computing software is very much needed for an
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adequate data treatment. This also has other important capabilities such as recording
the student’s performance and cataloging activities, providing continued feedback in
time to the students, analyzing data about learning evolution and skills development and
discovering patterns of behavior as well that will allow us to improve the management

of the course.

6.2 Competences

We are going to cluster the eight competences by grouping them into four characteristic
facets whose composition and description is as follows in order to facilitate the

evaluation tasks,

e (CC;: Capacity of reasoning (M11 & M12). We include the competences “thinking
mathematically” and “reasoning mathematically”. To evaluate this competence
we will observe if the student has been capable of placing the mathematical
problem in other scientific contexts and that in its development follows an
adequate chain of reasoning.

e CCy: Ability to solve problems (M13 & M14). We include the competences
“Posing and solving mathematical problems” and “modeling”. We evaluate the
problem solving capacity paying attention to the procedure of calculation and
the accuracy of the results. Posing problems and modeling are usually involved
with more complex and complete assignments.

e C(CCs: Use of formal language and communication (M21 & M22 & M23). We
include the competences “representing mathematical entities”, “handling
mathematical symbols and formalism” and “communicating in, with and about
mathematics”. Evaluation of this cluster requires observing if the symbolic
language is used correctly. In addition, the representation of entities and
mathematical objects is correct and appropriate to the context of the activity.
Moreover we will observe the use of written language or oral language where
appropriate, evaluating if the communication is understandable and contains the
expected lexis.

e (CCys: Use of tools and aids (M24). In this case what is evaluated is the correct use
of scientific computing programs, calculators, measuring instruments, etc...

appropriate to the resolution of each specific activity.
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6.3 Sample and elements to assess. Master ATC

With the aim of making a comparison we have been selected activities of seven of the

120 students that have followed the course and have obtained different final results:

Two students reached an A-level, one of them with an A+ and the other one with
a standard A.

Two students with a C-level. Again, one of them with a C-high and the other one
with a C-low.

Two students with a D-level, high and low.

Finally, a student with an F-level.

The subject of the course covers four sections or topics:

Calculus | (C1), dedicated to the study of real functions of one variable,
derivatives, integration and their applications.

Calculus 1l (C2) including the study real functions with two or more variables,
partial derivatives, multiple integral and their applications.

Linear Algebra (A) which contains material oriented to matrix calculus and
resolution of linear system and matrix diagonalization.

Series (C3) introducing the study of numerical series, power and Fourier series.

Additionally, the course is completed with some practical activities:

A set of 27 sessions of laboratory practices with the use of the computer
algebraic system Mathematica.
Two exams concerning laboratory practices.

Two assignments to do out of the classroom with a control test inside the

classroom

In Section 4.4 there is a complete description of the structure of the course in topics

and activities.

The composition of the set of activities of the course grouped by topics and

moments of evaluation has the following structure
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e MoE C1 consisting of a test with 12 questions and a written exam containing
6 questions.

e MoE C2 is a written exam containing 7 questions.

e MoE A with a written exam of 7 questions.

e MoE C3 with 4 questions about numerical series, 2 questions concerning C1
and another 2 questions concerning C2.

e MoE LP consisting of 27 laboratory sessions

e MoE ExLP two exams, Lex1 and lex2, about lab practices.

e MoE T with two assignments consisting in groups of activities to do out of the

class with multi-choice control tests inside the classroom.

In order to implement an activities backlog, for each MoE, each question has been
turned into an activity. As the different questions had different assigned punctuations
according to its extension and/or complexity, subclasses of activity have been created
for each of these situations. With this structure it has been built a master ATC that

allows us to apply the ATC method of evaluation.

Topic Weight | Activities |SubWeight| Subclass cc, CC, CCy CC, Total
C1 10 Test 100 P11 60 30 10 0 100
7,50% 90 Exam 30 E11 40 30 30 0 100
30 E12 40 30 30 0 100
40 E13 40 30 30 0 100
Cc2 100 Exam 60 E21 40 30 30 0 100
14,25% 40 E22 40 30 30 0 100
A 100 Exam 60 E31 40 30 30 0 100
15,75% 40 E32 40 30 30 0 100
c3 100 Exam 60 E41 40 30 30 0 100
30,00% 40 E42 40 30 30 0 100
40 E43 40 30 30 0 100
LP 30 Lab 100 L11 0 0 20 80 100
25,00% 28 Lex1 100 L21 20 10 10 60 100
42 Lex2 100 L31 20 10 10 60 100
100 L32 20 10 10 60 100
T 50 Assigl 100 T11 30 20 20 30 100
7,50% 50 Assig2 100 T21 30 20 20 30 100

6.4 Retroactivity

As we have aforementioned in the introduction, in Mathematics | at ETSID already is

applied a concept of positive retroactivity embedded in some of the topics covered by.
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MoE C3 punctuates the knowledge about numerical series with 4 points and also
contains two sections relating to C1 and C2 topics with a score of 3 points each
one. These two sections involve a supplement of grade for the C1 and C2 exams
when their question are properly developed and the students fulfill certain
conditions.

The second exam of laboratory practices also involves a positive component of

retroactivity on MoE A (Algebra) and the final grade of PL.

To apply the retroactivity it has been implemented four binary switches to indicate the

fulfillment of each of these four conditions. These indicators take the value O if:

AL_ok (Algebra) if a minimum of three points are obtained in the theoretical or
practical exam of algebra.

C1_OK If a minimum of three points are obtained in C1 or in the part C1 of C3
scaled up 10 points (to multiply the grade C1(C3) x 10/3).

C2_OK if a minimum of three points are obtained in C2 or in the part C2 of C3
scaled up 10 points (to multiply the grade C2(C3) x 10/3).

S_OK (Numerical series) if there is obtained at least 1 point (of 4) in the part of

numerical series of C3.

The four indicators are added on a new indicator All_OK which has the value 0 for a

student if he/she has met the four conditions.

To apply the retroactivity to each of the corresponding parts it is required the indicator

All_Ok = 0 plus an additional condition for each MoE. Namely:

C1R (retroactivity on C1)

All_oK=0 and grade C3(C1)*10/3 > max(5, grade C1)
C2R (retroactivity on C2)

All_oK=0 and grade C3(C2)*10/3 > max(5, grade C2)
ALR (retroactivity on A)

All_oK=0 and grade PL2(A)*10/5,4 > max(6, grade A)
PL1R (retroactivity on PL1)

All_oK=0 and grade PL2 > MAX(5; grade PL1)
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As we have defined in the chapter of binary assessment, the retroactivity assumes that
the execution of an activity could have consequences for the execution of past activities
in a positive or negative manner. We have defined conceptually the retroactivity as a
contribution from a moment of evaluation toward other moments of evaluation

predecessors. Now we are going to give a feasible algorithm to implement this concept.

There could be followed very different strategies to implement the retroactivity. In
addition, could be defined only when it is positive as a motivation plus for students to
redeem a previous unsuccessful moment of evaluation. On the other hand, we will
introduce the retroactivity only in collections of activities of summative evaluation. It

could be extended to any type of activity but it seems more

o(T>) natural to do so.
@ A right strategy is to analyze the nature of the activities of a
@ moment of evaluation and to establish retroactivity flows when

an activity covers all the skills needed in the execution of the

O R > previous activities. Also, the retroactivity can act on one or more

Yes Yes Yes

of the competences involved in the execution of the activity.

13' Additionally, we can define a set of rules that decide whether
@ triggers or not a retroactivity workflow. For example, let us
9(Ty)

suppose a problem of flat areas resulting in a definite integral of
a trigonometric function. If the antiderivative is well resolved we could apply a positive

retroactivity on integration methods of trigonometric functions.

Since the ATC cuboids system allows a streaming evolution of binary assessment vectors,
for each activity that is correctly executed according to defined rules, the system could
issue evaluation vectors toward past moments. Given that it is an additive and
contributory system, the issuance of these vectors will improve the grade obtained in

previous moments and about the predecessor’s materials.

In the sample which we are studiying if the rules are met then binary vectors are

emitted to the topics on which the retroactivity have to actuate.

The rules applied in this comparative are the followings:

128



e Activities E42 throw activities E12 and E13
e Activities E43 throw activities E22

e Activities L32 throw activities E32

Retroactivity rules are triggered if the grade of the activity is greater than 40 % with a
GlA|cap = 1 and with a GIA|cap = 2 if the activity grade is greater than 75 %. Each
retroactivity rule generates a binary vector with all components equal to 1 (grade 100%)

on the moment in which it applies.

We should not make a variation in the weights of the master ATC since that would imply
a change of rules of evaluation for all the students. Master ATCs should be defined at
the beginning of the course and keep them throughout the academic year. Due to the
additive nature of the pATC, a grade impact amplifier, GIA|cap of order p (p positive
integer) can be implemented introducing p identical assessment vectors for each activity
execution. Thus, it remains the property of continuity of the evaluation process, so that
each execution has an impact p times higher while keeping the previously obtained

results and accelerating the average convergence to the end results.

One of the problems of GIA|car is the negative impact amplification of failed executions.
The possible right combination is to apply the retroactivity in association with GIA|cap.
Thus, after a moment of summative evaluation, it can set up a GIA|car so that each
activity generated by the process of retroactivity triggered by rules of success execution,

has a major and positive impact on previous results.

Also, another possible situation where the accelerators are a useful application is in
performing recovery tasks specifically assigned to students who need to redeem failed

previous executions.

6.5 An implementation of the ATC evaluation

Next, we are going develop the ATC assessment method for student C1 of the sample.
Along this development we will explain how the different elements in ATC cuboids are

calculated.
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6.5.1 Activity backlog

The different topics have been converted into binary vectors building the corresponding

backlog of activities with the grade obtained in each of the activities.

Each activity has been reevaluated applying the criteria exposed in the ATC method
using the existing material at ETSID (written exam, electronic register of laboratory

practices, etc...). We will explain some of them to illustrate the obtained results.

MoEv 1 covers the topic C1 consisting of an assignment and a multi-choice test of 12
questions and a written exam with 6 questions. The backlog table for this moment is as

follows. The meaning of the columns and acronyms used is explained in detail right

after.
Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, CC; CC, | w, CC; woCC, woCC; w.CC, |A. Grade
1 1 Cc1 C1 Test 1 100 P11 0 0 0 0 0 0 0 0 0
2 1 C1 C1 Test 2 100 P11 1 1 1 0 60 30 10 0 100
3 1 C1 C1 Test 3 100 P11 1 1 1 0 60 30 10 0 100
4 1 C1 C1 Test 4 100 P11 0 0 0 0 0 0 0 0 0
5 1 Cc1 Cc1 Test 5 100 P11 0 0 0 0 0 0 0 0 0
6 1 C1 C1 Test 6 100 P11 0 0 0 0 0 0 0 0 0
7 1 C1 C1 Test 7 100 P11 1 1 1 0 60 30 10 0 100
8 1 Cc1 C1 Test 8 100 P11 0 0 0 0 0 0 0 0 0
9 1 Cc1 Cc1 Test 9 100 P11 1 1 1 0 60 30 10 0 100
10 1 C1 C1 Test 10 100 P11 0 0 0 0 0 0 0 0 0
11 1 C1 Cc1 Test 11 100 P11 0 0 0 0 0 0 0 0 0
12 1 C1 C1 Test 12 100 P11 0 0 0 0 0 0 0 0 0
13 1 Cc1 Cc1 Exam 1 30 E11 1 0 1 0 40 0 30 0 70
14 1 C1 C1 Exam 2 30 E12 1 0 1 0 40 0 30 0 70
15 1 C1 C1 Exam 3 30 E11 1 1 1 0 40 30 30 0 100
16 1 C1 C1 Exam 4 40 E13 1 1 1 0 40 30 30 0 100
17 1 Cc1 Cc1 Exam 5 30 E11 0 0 0 0 0 0 0 0 0
18 1 Cl Cl Exam 6 30 E11l 1 1 1 0 40 30 30 0 100

Some activities are evaluated as 0 because were left in blank or with all its components

incorrectly answered.
The columns of the activity backlog have the following meanings:
» Act. N.

The activity number N indicates the numerical order in which it is executed by the
student. Anyway, the order does not have effect, in general, on the computing ATC

method except when we can obtain an image of the ATC in a given instant of time.
» MoEv

The moment of evaluation. We use the MoEv as an aggregator of activities in order to

generate a grade for a topic or set of topics like the C1, C2, C3, A, PLand T.
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The order of activities does not have effect on the MoEv calculus. We can add activities
to a MoEv in any time instant and in any order. For example, retroactivity generates
shifted vector activities on time. In that case, we need to recalculate the entire ATC and

the activities will compute in their corresponding MoEv.
» Student

The student’s pATC.

» Topic

An identification of the moment of evaluation. It could include a topic or group of topics

of the subject. The topics are created by the teacher criteria.

» Activities

The types of activities to be executed like written exams, lab practices, etc...
» Weight

The weight or relevance of the activity subclass within the topic. This weight is obtained

from the Master ATC SubWeight column joined by the subclass identifier.
» Subclass

An activity subtype identifier. The second char refers to the activity and the last char to
the subclass activity. As we will see in the ATC computing, the second char is used to

aggregate data from all the activities Amn with the same value of Am.

The reason to create subclasses is a consequence to the existence of question with
different extension or complexity which allow us to assign different weights or relevance

to each group of activities.
» CC;

The binary evaluation assigned to each of the four clusters defined. If the cluster criteria

is evaluated positively they take the value 1 else a zero value is given.
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» wc*CCi and A. grade

This value is the product of the binary evaluation of the cluster CCi by the weight
assigned to the pair Activity Subclass — Cluster in the Master ATC. The sum of this values

is the grade of the activity.

MoE 2 covers the topic C2 consisting in a written exam with 7 questions. The backlog for

this moment is as follows:

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | woCC; woCC, w-CC; w.CC, |A. Grade
19 2 C1 Cc2 Exam 1 60 E21 0 0 0 0 0 0 0 0 0
20 2 c1 c2 Exam 2 60 E21 1 1 1 0 40 30 30 0 100
21 2 C1 c2 Exam 3 60 E21 0 1 0 0 0 30 0 0 30
22 2 c1 c2 Exam 4 40 E22 1 1 1 0 40 30 30 0 100
23 2 C1 c2 Exam 5 60 E21 0 0 0 0 0 0 0 0 0
24 2 C1l Cc2 Exam 6 60 E21 1 1 1 0 40 30 30 0 100
25 2 Cl C2 Exam 7 60 E21 0 0 0 0 0 0 0 0 0

For example, the activity 21 was poorly argued which could indicate a bad
understanding of mathematical concepts underlying (CCi = 0). However, the
mathematical problem was well solved, maybe the student had learned the procedure

making repetitions (CC,=1). As expected, the problem wording was unclear (CC3=0).
Activity 23 was left in blank.

MoE 3 covers the topic A consisting in a written exam with 7 questions. The backlog is as

follows:

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | w. CC; woCC, woCC; w.CC, |A. Grade
26 3 Cc1 A Exam 1 60 E31 1 1 1 0 40 30 30 0 100
27 3 c1 A Exam 2 40 E32 0 0 1 0 0 0 30 0 30
28 3 Cc1 A Exam 3 60 E31 1 1 1 0 40 30 30 0 100
29 3 C1 A Exam 4 60 E31 1 1 0 0 40 30 0 0 70
30 3 Cc1 A Exam 5 60 E31 1 1 1 0 40 30 30 0 100
31 3 Cc1 A Exam 6 60 E31 1 1 1 0 40 30 30 0 100
32 3 Cl A Exam 7 60 E31 1 1 1 0 40 30 30 0 100

For example, the activity 29 was correctly argued and resolved, however it redaction

was poorly written.

MoE 4 covers the topic C3 consisting in a written exam with 8 questions. The first four
about numerical series, the next four ones about questions referred to C1 and C2. The

backlog is as follows:
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Act. N.| MoEv Student Topic  Activities | Weight Subclass| CC; C€C, €C; CC, | w.CC; wCC, wCC; wCC, |A. Grade
33 4 Cc1 Cc3 Exam 1 60 E41 1 1 0 0 40 30 0 0 70
34 4 C1 Cc3 Exam 2 60 E41 1 1 0 0 40 30 0 0 70
35 4 Cc1 c3 Exam 3 60 E41 1 1 0 0 40 30 0 0 70
36 4 C1 Cc3 Exam 4 60 E41 1 1 1 0 40 30 30 0 100
37 4 C1 c3 Exam 5 40 E42 1 1 1 0 40 30 30 0 100
38 4 C1 Cc3 Exam 6 40 E42 1 1 1 0 40 30 30 0 100
39 4 C1 Cc3 Exam 7 40 E43 1 1 1 0 40 30 30 0 100
40 4 C1 Cc3 Exam 8 40 E43 1 1 0 0 40 30 0 0 70

An exam well executed in general with some lacks of written communication.

MoE 5 covers the sessions of laboratory practices and two laboratory exams. The

backlog for these groups of activities is as follows:

Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CC, CC; CC, | wsCC; wsCC, w. CC; w-CC, |A. Grade
41 5 Cc1 PLS Session01 100 L11 0 0 0 0 0 0 0 0 0
42 5 Cc1 PLS Session02 100 L11 1 0 0 1 20 0 0 80 100
43 5 Cc1 PLS Session03 100 L11 1 0 0 1 20 0 0 80 100
44 5 C1 PLS Session04 100 L11 1 0 0 1 20 0 0 80 100
45 5 C1 PLS Session05 100 L11 0 0 0 1 0 0 0 80 80
46 5 C1 PLS Session06 100 L11 1 0 0 1 20 0 0 80 100
47 5 C1 PLS Session07 100 L11 1 0 0 1 20 0 0 80 100
48 5 C1 PLS Session08 100 L11 1 0 0 1 20 0 0 80 100
49 5 Cc1 PLS Session09 100 L11 0 0 0 1 0 0 0 80 80
50 5 Cc1 PLS Session10 100 L11 0 0 0 1 0 0 0 80 80
51 5 C1 PLS Session11 100 L11 1 0 0 1 20 0 0 80 100
52 5 Cc1 PLS Session12 100 L11 1 0 0 1 20 0 0 80 100
53 5 Cc1 PLS Session13 100 L11 0 0 0 1 0 0 0 80 80
54 5 C1 PLS Sessionl4 100 L11 0 0 0 0 0 0 0 0 0
55 5 C1 PLS Session15 100 L11 1 0 0 1 20 0 0 80 100
56 5 Cc1 PLS Session16 100 L11 0 0 0 1 0 0 0 80 80
57 5 Cc1 PLS Session17 100 L11 1 0 0 1 20 0 0 80 100
58 5 Cc1 PLS Session18 100 L11 1 0 0 1 20 0 0 80 100
59 5 Cc1 PLS Session19 100 L11 1 0 0 1 20 0 0 80 100
60 5 C1 PLS Session20 100 L11 1 0 0 1 20 0 0 80 100
61 5 Cc1 PLS Session21 100 L11 1 0 0 1 20 0 0 80 100
62 5 Cc1 PLS Session22 100 L11 1 0 0 1 20 0 0 80 100
63 5 C1 PLS Session23 100 L11 1 0 0 1 20 0 0 80 100
64 5 C1 PLS Session24 100 L11 1 0 0 1 20 0 0 80 100
65 5 C1 PLS Session25 100 L11 1 0 0 1 20 0 0 80 100
66 5 Cc1 PLS Session26 100 L11 1 0 0 1 20 0 0 80 100
67 5 C1 PLS Session27 100 L11 0 0 0 0 0 0 0 0 0
68 5 C1 PL1 ExLabl 100 L21 0 0 1 1 0 0 10 60 70
69 5 C1 PL2 ExLab2 100 L31 1 0 1 1 20 0 10 60 90
70 5 Cl PL2 ExLab2 100 L32 1 1 1 1 20 10 10 60 100

In order to evaluate the lab sessions we have read the electronic register produced by

PoliformaT platform. Each activity consist of ten calculus question on average to be

resolved with a CAS program writing the result on the computer questionnaire. We have

assigned CCi with a weight of 20% to evaluate the comprehension of the problem and

CC4 with 80% to evaluate the execution of the calculus with the CAS platform.

In Lab exams we have considered the four clusters.

MoE 6 refer to two assignments with their corresponding control tests. The backlog is as
follows:
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Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | w, CC; woCC, woCC; w-CC, |A.Grade
71 6 Cc1 TAl Task1 100 T11 1 0 0 1 30 0 0 30 60
72 6 C1 TA2 Task2 100 T21 1 0 0 0 30 0 0 0 30

6.5.2 Retroactivity

Applying the rules aforementioned in previous section, the execution of the activities of
student C1 generates the following retroactivity vectors:

Act. N.| MoEv Student Topic  Activities | Weight Subclass| CC; C€C, C€C; CC, | woCC;  woCC, wCC;  wCC, |A. Grade
37 4 C1 Cc3 Exam 5 40 E42 1 1 1 0 40 30 30 0 100
38 4 C1 Cc3 Exam 6 40 E42 1 1 1 0 40 30 30 0 100
39 4 Cc1 Cc3 Exam 7 40 E43 1 1 1 0 40 30 30 0 100
40 4 Cl C3 Exam 8 40 E43 1 1 0 0 40 30 0 0 70

Both activities E42 have a grade greater than 75%. Then, the first E42 activity generates
a 100% E12 activity x 2 and the second E42 generates a 100% E13 activity x 2.

The first E43 (grade > 75%) generates two E22 and the second E43 (40 < grade < 75)
generates one E22.

Finally, the lab exam activity L32 generates two E32 retroactive activities.

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, CC; CC, | w.CC, w,CC, w.CC;y w.CC; |A. Grade
70 5 Cl PL2 ExLab2 100 L32 1 1 1 1 20 10 10 60 100

Thus, the backlog generated by the retroactivity is as follow:

Act. N.| MoEv Student Topic  Activities | Weight Subclass| CC; C€C, €C; CC, | w.CC;  wCC, wCC;  wCC, |A. Grade
73 7 Cc1 Retro Cc1 30 E12 1 1 1 0 40 30 30 0 100
74 7 C1 Retro C1 40 E13 1 1 1 0 40 30 30 0 100
75 7 C1 Retro Cc1 30 E12 1 1 1 0 40 30 30 0 100
76 7 C1 Retro C1 40 E13 1 1 1 0 40 30 30 0 100
77 7 Cc1 Retro c2 40 E22 1 1 1 0 40 30 30 0 100
78 7 C1 Retro c2 40 E22 1 1 1 0 40 30 30 0 100
79 7 Cc1 Retro c2 40 E22 1 1 1 0 40 30 30 0 100
80 7 Cc1 Retro A 40 E32 1 1 1 0 40 30 30 0 100
81 7 Cl Retro A 40 E32 1 1 1 0 40 30 30 0 100

6.5.3 Personal ATC cuboid

The ATC personal cuboid, pATC, is initially empty. As the student is executing activities,

his/her evaluations have to be pushed into pATC which evolves after each activity.

We will show pATC table split into two tables. The first one is used to calculate the grade
of each type of activity, clusters, topics and the final grade of thee course. The second
one contains auxiliary calculus used in grades, effectiveness and normalization of levels

of achievement of competences.

The pATC of student C1 after the execution of all activities from the backlog and the

meaning of all columns and rows is as follows:

134



Grades c1 c2 A c PL T FCG FG
MokE: 6 Start: 1 End: 81 80.2 57.3 90.4 83.5 85.1 45.0 78.1 78.1
Topic | Weight [ Activity [subclass] #Act | D=yw, [ scc, | scc, | scc, | scc, | wscc, | wscc, | wsces | wsce, | glccy) | glccy) | slccy) | sicca) | glad
C1l 10 Test P1 12 1,200 4 4 4 0| 24,000 12,000 4,000 0 20.0 10.0 33 0.0 333
| % Eam  E 10 330 9 7 9 0| 12000 7,200 9,000 of 364 218 273 00| 85
@ | 100 EBam  E2 10 520 6 7 6 0| 11,200 10,200 8,400 of 215 196 162 00| 573
A 100 Exam E3 9 480 8 8 8 0| 17,600 13,200 12,600 0 36.7 275 26.3 0.0( 904
c3 100 Exam E4 8 400 8 8 4 0| 16,000 12,000 5,400 0 40.0 30.0 13.5 00| 835
PL 30 Lab L1 27 2,700 19 0 0 24| 38,000 0 0 192,000 141 0.0 0.0 71.1| 85.2
PL 28  Exam L2 1 100 0 0 1 1 0 0 1,000 6,000 0.0 0.0 10.0 60.0( 70.0
PL| 42 Bam 13 2 200 2 1 2 2| 4000 1,000 2000 12,0000 200 50 100 600 950
T 50 Assig T1 1 100 1 0 0 1| 3,000 0 0 3,000 30.0 0.0 0.0 30.0( 60.0
T 50 Assig T2 1 100 1 0 0 0| 3,000 0 0 0 30.0 0.0 0.0 0.0[ 30.0
#Positive CC evaluations 58 35 34 28/128,800 55,600 42,400 213,000
Efectiveness 716 64.8 63.0 87.5

The different columns and rows involved in the pATC cuboid have the next meanings:
» Topic

The ETSID identifier of the corresponding MokEv.

» Weight

The weight of the activity type within the topic. It is obtained from the master ATC

(Weight Column). It is not necessary than they be 100-weighted.
» Activity and subclass

Same meaning as in the activities backlog.

» #Act

Number of activities executed in the subclass activity category.

» D=3Wa
Sum of the weight of each activity subclass within the activity type. This sum is obtained

adding the column Weight from the backlog table.

N¢
_ S
D, = Z Wi,
k=1

Where N: is the number of activities executed in the group, W,f is the weight of the

activity subclass (column weight from backlog).

It is used for averages calculus when new binary assessment vectors are pushed into the

pATC.
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» SCC;

The sum of the corresponding CCi of the backlog table for the group of activities

executed in topic t:

Nt
scct = 2 cct
k=1

Where Nt is the number of activities executed and CC},, is the binary component of the

cluster iin the topic t for the activity k.
» wWSCC;

The sum of the products of wCCi times the weight of each subclass activity.
N
wSCCt = Z wi - wi S cct
k=1

where W,fci’s is the weight of the activity subclass S within the cluster CC; (obtained from

master ATC) and CCitis the binary component of the cluster | in topic t.
» g(CCi)
It represents the grade obtained in cluster i for topic:

wSCCf

g(CCit) = D;
0 ) Dt = O

D, # 0

» g(Ar)

It represents the grade obtained for the topic:

g(4p) = Zg(CCit)

» #Positive CC evaluations

It is the sum of the columns SCC; which represents the amount of positive evaluation of

clusters CC; obtained in the total set of activities executed.
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» Effectiveness

The effectiveness is a ratio which represents how many positive evaluations have been

obtained over the total number of activities executed.

We define SEfi as the number of activities that can be executed and evaluated. They

could be calculated as:

, 1, w0
SEfix =f(x) = cc;,S
0, Wy =0

The number of total activities to be executed in a given cluster is the summa of SEF;

elements. Then, the effectiveness of a cluster i can be calculated as:

Ef, = ¥t scct -100
=
YktoSEfi

Where #t is the set of topics along the course.
» Grades

The grade for a given topic is the result of the evaluation of all the activities belonging to
this topic. Then, the grade of a topic can be calculated as the average of the grades of

subclasses in topic T.

Ng S
_ k=1 Wk g(AS)
g(T) - Ng WS

The final grade (FG) is obtained by averaging topics with their corresponding weights:

N T
_ Zk£1wk ) g(Tk)
- Nr T
k=1 Wk

FG ,with g(Ty)defined

Where W,f represents the weight of the topic Tk in the course programme. This FG is
calculated from the topics which have yet been covered.

We also define a Contributive Final Grade as the Grade obtained from the beginning of
the course till the current moment and it is a progression showing from 0 to final grade.

Then:
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YL wh e g(T)

N
Xl wi

CFG =

With Nt is the number of topics and g(T}) the grade of the topic. If the topic has not

been covered when the CFG is calculated, we considerg(T}) = 0.

Next, we include the pATC in the seven moments of evaluation to illustrate the calculus

procedures:
Grades  Cl1 [ A c PL T FCGG  FG
MoE: 6 Start: 1 End: 18 706 0.0 0.0 0.0 0.0 0.0 53 706
Topic | Weight [ Activity [subclass] _#Act D=3W, | scc, | scc, | scc; | scc. | wscc, | wscc, [ wsce, [ wsec, | slccy) | slcc,) | slccs) | sicca) | slad
c1 10 Test P1 12 1,200 4 4 4 o[ 24,000 12,000 4,000 of 200 100 33 00| 333
a %0  Exam 21 6 190 5 3 5 o| 6400 3,000 4,800 o| 337 158 253 00| 747
2 | 100 Exam 2 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
A 100  Exam £3 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
3 | 100 Exam €4 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 30 Lab 1 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 28 Exam 12 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 42 Exam 13 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
T 50 Assig 1 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
T 50 Assig n 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
#Positive CC evaluations 9 7 9 0| 30,400 15,000 8,800 0
Efectiveness 50.0 38.9 50.0 0.0
Grades  Cl1 [ A a3 PL T FCGG  FG
MoE: 6 Start: 1 End: 25 706 445 0.0 0.0 0.0 0.0 116 53.5
Topic | Weight [ Activity [subclass] _#Act D=3W, | scc, | scc, | scc; | scc. | wscc, | wsce, [ wsee, [ wsec, | slccy) | slcc,) | slccs) | sicca) | slad
c1 10 Test P1 12 1,200 4 4 4 o[ 24,000 12,000 4,000 of 200 100 33 00| 333
a %0  Exam 21 6 190 5 3 5 o| 6400 3,000 4,800 o| 337 158 253 00| 747
2 | 100 Exam 2 7 400 3 4 3 o| 6400 6,600 4,800 ol 160 165 120 00| 445
A 100  Exam £3 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
3 | 100 Exam €4 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 30 Lab 1 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 28 Exam 12 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 42 Exam 13 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
T 50 Assig 1 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
T 50 Assig n 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
#Positive CC evaluations 12 11 12 0| 36,800 21,600 13,600 0
Efectiveness 48.0 44.0 48.0 0.0
Grades  C1 @ A c PL T FCGG  FG
MoE: 6 Start: 1 End: 32 70.6 445 885 0.0 0.0 0.0 25.6  68.2
Topic | Weight [ Activity [subclass] _#Act D=3W, | scc, | scc, | scc; | scc. | wscc, | wsce, [ wsee, [ wsec, | glccy) | slcc,) | slccs) | sicca) | slad
c1 10 Test Pl 12 1,200 4 4 4 o[ 24,000 12,000 4,000 o] 200 100 33 00| 333
a 90  Exam 31 6 190 5 3 5 o| 6400 3,000 4,800 of 337 158 253 00| 747
2 | 100 Exam B2 7 400 3 4 3 o| 6400 6,600 4,800 of 160 165 120 00| 445
A 100  Exam €3 7 400 6 6 6 0| 14,400 10,800 10,200 of 360 270 255 00| 885
3 | 100 Exam €4 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 30 Lab u 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 28 Exam 2 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 42 Exam 13 0 0 0 0 0 0 0 0 0 0 0.0 00 0.0 00| 00
T 50 Assig m 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
T 50 Assig n 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
#Positive CC evaluations 18 17 18 o] 51,200 32,400 23,800 0
Efectiveness 56.3 53.1 56.3 0.0
Grades  C1 @ A c PL T FCGG  FG
MoE: 6 Start: 1 End: 40 70.6 445 885 835 0.0 0.0 50.6  75.0
Topic | Weight [ Activity [subclass] _#Act D=3W, | scc, | scc, | scc; | scc. | wscc, | wsce, [ wsee, [ wsee, | slccy) | slcc,) | slccs) | sicca) | slad
c1 10 Test Pl 12 1,200 4 4 4 o[ 24,000 12,000 4,000 o] 200 100 33 00| 333
a 90  Exam 31 6 190 5 3 5 o| 6400 3,000 4,800 of 337 158 253 00| 747
2 | 100 Exam B2 7 400 3 4 3 o| 6400 6,600 4,800 of 160 165 120 00| 445
A 100  Exam €3 7 400 6 6 6 0| 14,400 10,800 10,200 of 360 270 255 00| 885
3 | 100 Exam €4 8 400 8 8 4 0| 16,000 12,000 5,400 o 400 300 135 00| 835
PL 30 Lab u 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 28 Exam 2 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
PL 42 Exam 13 0 0 0 0 0 0 0 0 0 0 0.0 00 0.0 00| 00
T 50 Assig m 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
T 50 Assig n 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
#Positive CC evaluations 26 25 22 o] 67,200 44,400 29,200 0
Efectiveness 65.0 62.5 55.0 0.0
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Grades c1 c2 A c PL T FCG FG
MoE: 6 Start: 1 End: 70 70.6 44.5 88.5 83.5 85.1 0.0 71.9 77.7

Topic | Weight [ Activity [Subclass| _#Act D=3W, | SCC, | SCC, | scc; | scC, | wscc, | wsce, | wsce; | wsce, | glec,) [ slccy) [ slccs) | gicca) | elad
c1 10 Test Pl 12 1,200 P 4 1 0| 24,000 12,000 4,000 of 200 100 33 00| 333
a 90  Exam E1 6 190 5 3 5 o| 6400 3,000 4,800 ol 337 158 253 00| 747
2 | 100 Exam £2 7 400 3 4 3 o| 6400 6,600 4,800 o| 160 165 120 00| 445
A | 100 Exam £3 7 400 6 6 6 o| 14,400 10,800 10,200 ol 360 270 255 00| 885
c3 | 100 Exam E4 8 400 8 8 4 o| 16,000 12,000 5,400 ol 400 300 135 00| 835
PL 30 lab 1 27 2,700 19 0 0 24| 38,000 0 0 192,000 141 0.0 00  711| 852
PL 28 Exam 12 1 100 0 0 1 1 0 0 1,000 6,000 0.0 00 100  600| 700
PL | 42  Exam 13 2 200 2 1 2 2| 4000 1,000 2000 12,000 200 50 100  600| 950
T 50 Assig 1 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
T 50 Assig 2 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 00| 00
#Positive CC evaluations 47 26 25 27(109,200 45,400 32,200 210,000
Efectiveness 67.1 60.5 58.1 90.0
Grades  C1 c A =) PL T FCG G
MoE: 6 Start: 1 End: 72 706 445 885 835 8.1 450 753 753
Topic | Weight [ Activity [Subclass| _#Act D=3W, | SCC, | SCC, | scc; | scC, | wscce, | wsce, | wsee; | wscee, | glec,) [ slccy) [ slccs) | gicca) | elad
c1 10 Test Pl 12 1,200 P 4 1 0| 24,000 12,000 4,000 o| 200 100 33 00| 333
a 90  Exam E1 6 190 5 3 5 o| 6400 3,000 4,800 ol 337 158 253 00| 747
2 | 100 Exam £2 7 400 3 4 3 o| 6400 6,600 4,800 o| 160 165 120 00| 445
A | 100 Exam £3 7 400 6 6 6 o| 14,400 10,800 10,200 o| 360 270 255 00| 885
c3 | 100 Exam E4 8 400 8 8 4 o| 16,000 12,000 5,00 ol 400 300 135 00| 835
PL 30 lab 1 27 2,700 19 0 0 24| 38,000 0 0 192,000 141 0.0 00  711| 852
PL 28 Exam 12 1 100 0 0 1 1 0 0 1,000 6,000 0.0 00 100  600| 700
PL | 42  Exam 13 2 200 2 1 2 2| 4000 1,000 2000 12,000 200 50 100  600| 950
T 50 Assig 1 1 100 1 0 0 1| 3,000 0 0 3000 300 0.0 00 300 600
T 50 Assig 2 1 100 1 0 0 o| 3,000 0 0 o| 300 0.0 0.0 00| 300
#Positive CC evaluations 49 26 25 28[115,200 45400 32,200 213,000
Efectiveness 68.1 57.8 55.6 87.5
Grades  C1 c A =) PL T FCG G
MoE: 6 Start: 1 End: 81 802 573 904 835 8.1 450 781 78.1
Topic | Weight [ Activity [Subclass| _#Act D=3W, | SCC, | SCC, | scc; | scC, | wscc, | wsce, | wsce; | wsce, | glec,) [ slccy) [ slccs) | gicca) | elad
c1 10 Test Pl 12 1,200 P 4 1 0| 24,000 12,000 4,000 o| 200 100 33 00| 333
a 90  Exam E1 10 330 9 7 9 o| 12,000 7,200 9,000 ol 364 218 273 00| 855
2 | 100 Exam £2 10 520 6 7 6 o| 11,200 10,200 8,400 ol 215 196 162 00| 573
A | 100 Exam £3 9 480 8 8 8 o| 17,600 13,200 12,600 ol 367 275 263 00| 904
c3 | 100 Exam E4 8 400 8 8 4 o| 16,000 12,000 5,400 ol 400 300 135 00| 835
PL 30 lab 1 27 2,700 19 0 0 24| 38,000 0 0 192,000 141 0.0 00  711| 852
PL 28 Exam 12 1 100 0 0 1 1 0 0 1,000 6,000 0.0 00 100  600| 700
PL | 42  Exam 13 2 200 2 1 2 2| 4000 1,000 2000 12,000 200 50 100  600| 950
T 50 Assig et 1 100 1 0 0 1| 3,000 0 0 3000 300 0.0 00 300 600
T 50 Assig 2 1 100 1 0 0 o| 3,000 0 0 o| 300 0.0 0.0 00| 300
#Positive CC evaluations 58 35 34 28[128,800 55,600 42,400 213,000
Efectiveness 71.6 64.8 63.0 87.5

6.5.4 Evolution graphics

Next graphics show the evolution of the different studied concepts along the seven

moments of evaluation included within the backlog of activities.

Current grade graphic shows the grade of the four topics and the final grade. We can
observe as the contributive final grade is a progression along the course which represent

the “quantity of grade” achieve so far.
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Current grade

100.00
90.00
80.00 /
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
1 2 3 1 5 6 7
c1 70.60 70.60 70.60 70.60 70.60 70.60 80.24
Cc2 0.00 44.50 44.50 44.50 44.50 44.50 57.31
— A 0.00 0.00 88.50 88.50 88.50 88.50 90.42
—C3 0.00 0.00 0.00 83.50 83.50 83.50 83.50
G 70.60 53.50 68.20 75.00 77.72 75.26 78.11
- CFG 5.29 11.64 25.57 50.62 71.89 75.26 78.11
Effectiveness
100.00
90.00
80.00
70.00
60.00 e
50.00 S —
40.00
30.00
20.00
10.00
0.00
1 2 3 4 5 6 7
Ef1l 50.00 48.00 56.25 65.00 67.14 68.06 71.60
Ef2 38.89 44.00 53.13 62.50 60.47 57.78 64.81
e 3 50.00 48.00 56.25 55.00 58.14 55.56 62.96
e Ef 4] 0.00 0.00 0.00 0.00 90.00 87.50 87.50

This graph shows the effectiveness of positive evaluation in relation to the total of
activities evaluated in each cluster of competences. Ef4 is the cluster referred to
competence M24 Making use of aids and tools and only applied from the MoEv 5 when

the lab sessions and practices activities appears in the backlog.

Next two graphics are histograms about the grade of achievement of competence

clusters.

Given that the sum of the weights of each competence cluster does not have a

distribution of 100%, the grades of achievement are not comparable between them.
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Competences' Improvement

70.00

60.00

50.00

40.00

30.00

20.00

10.00 L I
0.00 .

Cc1 Cc2 A Cc3 PL
mg(CC1) 34.73 36.36 21.54 36.67 12.62 30.00
mg(CC2) 20.64 2182 19.62 27.50 2.10 0.00
g(Cc3) 24.88 27.27 16.15 26.25 7.00 0.00
W g(CC4) 0.00 0.00 0.00 0.00 63.33 15.00

To normalize the computed grade of achievement in a scale 0%-100% we calculate the
maximum grade that a student could obtain if all the activities are evaluated with a

positive grade.

Competences' Improvement (normalized)

100.00
80.00
60.00
40.00
20.00
0.00
Cc1 Cc2 A c3 PL T
mg(CCl) 82.68 20.91 53.85 91.67 63.11 100.00
mg(CC2) 68.79 7273 65.38 91.67 30.00 0.00
W g(CC3) 88.85 90.91 53.85 87.50 100.00 0.00
g(Cc4) 0.00 0.00 0.00 0.00 95.96 50.00

We maintain a pATC cuboid with the maximum grade of execution for each student
given that the number or type of activities executed could vary from between them. For
example, retroactivity produce different number and type of vectors for each student or

some students could execute personal sets of reinforce activities.

We also can compute the overall grade of achievement of each competence cluster

applying the weights of each topic to average the competences.
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Total Competences

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
00 cc1 cc2 cc3 cca
m Total 27.6 16.5 17.9 17.0
m Normalized 80.2 70.3 76.8 90.4

Next table shows the effect of retroactivity on distinct topics and final grades.

Retroactivity Effect

100.00
90.00
80.00
70.00
©0.00
50.00
40.00
30.00
20.00
10.00
0.00
c1 cz A c3 FG CFG
M Standard 70.60 44,50 88.50 83.50 75.26 75.26
W With Retroactivity 80.24 57.31 90.42 83.50 78.11 7811
And the effect of retroactivity on competences achievement
Retroactivity effect on competences
100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
cc1 ccz CcCc3 cca
m Total 75.4 62.2 71.2 90.4
m Total with retroactivity 80.2 70.3 76.8 90.4
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6.5.5 Results on total sample
Given that the ATC cuboids method is an additive system, we could join the activities

from all the student in one backlog obtaining a group ATC which allow us to study the

general evolution of the group form the point of view of the topics or competences.

We reproduce here some of the graphics about the group:

Current grade

100,00
90,00
80,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00

0,00

1 2 3 4 5 6 7
s C1 46,75 46,75 46,75 46,75 46,75 46,75 67,02
e C2 0,00 57,64 57,64 57,64 57,64 57,64 66,31
— 0,00 0,00 77,79 77,79 77,79 77,79 80,32
—C3 0,00 0,00 0,00 72,79 72,79 72,79 72,79
G 46,75 53,89 63,92 67,86 68,96 68,71 71,87
e=—CFG 3,51 11,72 23,97 45,81 63,78 68,71 71,87

Competences' Improvement (normalized)

100.00
80.00
60.00
40.00
20.00
0.00
C1 Cc2 A Cc3
mg(CCl) 66.20 69.70 6136 93.04 63.02 78.57
mg(CC2) 66.47 68.83 67.61 75.95 74.29 35.71
mg(CC3) 68.82 69.70 7159 67.72 64.29 57.14
mg(Cc4) 0.00 0.00 0.00 0.00 75.16 78.57
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Total Competences

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
cc1 cc2 CcC3 cca
HTotal 26.0 16.3 159 14.2
M Total Normalized 75.6 69.4 68.0 75.6
Retroactivity Effect
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
c1 2 A [oc FG
m Standard 46.75 57.64 77.79 72.79 68.71 68.71
m With Retroactivity  67.02 66.31 80.32 72.79 71.87 71.87

And a comparative between C1 vs group about grades and competences achievement

Grade: C1 vs Group

90.00
80.00
70.00 e

60.00
50.00
40.00
30.00
20.00
10.00

0.00

e C1:FG 70.60 53.50 68.20 75.00 77.72 75.26 78.11
w——C1:CFG 5.29 11.64 25.57 50.62 7189 75.26 78.11
Group:FG 46.75 53.89 63.92 67.86 68.96 68.71 7187
e GTOUP:CFG 351 11.72 2397 45.81 63.78 68.71 71.87
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Competences: C1 vs Group

100.00

90.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00
CcC1 CcCc2 CC3 Ccca
mCl 75.43 62.19 7118 90.44
B Group 68.02 60.36 58.93 75.57
B C1 with Retroactivity 80.19 70.30 76.75 90.44
1 Group with Retroactivity 75.6 69.4 68.0 75.6

And we also could compare all the students included in the sample with the average

results of the total sample:

Sample vs Group: Contributive final grade

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
1 2 3 4 5 6 7
e St-AL 6.18 20.43 33.59 62.69 84.55 90.55 91.44
e St-A2 5.06 16.95 30.42 59.07 81.53 87.90 89.88
—5t-C1 5.29 11.64 25.57 50.62 71.89 75.26 78.11
—5t-C2 3.15 12.27 26.60 49.85 66.04 71.29 74.40
—5t-D1 1.80 11.14 23.58 39.63 55.44 61.06 64.11
— 5t-D2 2.81 5.94 15.87 37.32 49.65 5153 55.87
—St-F 0.25 3.67 12.18 21.48 37.39 43.39 47.24
—Group 3.51 11.72 23.97 45.81 63.78 68.71 7187

145



Sample vs Group: Total Competences

Group
St-F
St-D2
St-D1
St-C2

St-C1

St-A2
st-Al
000 1000 20.00 3000 4000 5000 6000 70.00 80.00 90.00  100.00
St-Al St-A2 st-C1 St-C2 St-D1 st-02 St-F Group
cc4 9881 98.81 90.44 74.04 59.61 46.43 60.80 75.57
mCC3 9444 91.96 76.75 76.72 60.00 29.25 37.24 68.03
mCC2 7033 87.99 70.30 73.35 64.48 67.68 48.70 69.38
mCCl 9295 76.09 80.19 74.97 81.12 63.12 59.89 75.60

In annex | we reproduce the results for the other students of the sample selected.

6.6 Comparative results

After all the students from the selected sample were re-evaluated, the results obtained
by means of the ATC cuboids method and the results of the ETSID evaluations are the

following ones:

ATC method ETSID evaluations
Student C1 Cc2 A Cc3 PL T FG Student C1 Cc2 A c3 PL T FG
Al 8.25 10.00 8.35 9.70 90.55 90.55 9.06 Al 8.00 10.00 8.75 9.75 9.16 7.49 9.18
A2 6.74 835 855 9,55 89.82 85.00 8.79 A2 6.00 880 9.00 9.65 945 8.30 9.00
C1 7.06 445 885 8.35 85.06 45.00 7.53 C1 750 5.00 9.20 8.25 849 493 7.69
Cc2 419 6.40 9.10 7.75 64.76 70.00 7.13 c2 400 650 950 7.50 650 6.62 7.09
D1 241 655 790 5.35 63.22 75.00 6.11 D1 250 6.25 825 575 571 7.40 6.09
D2 3.74 220 6.30 7.15 49.36 25.00 5.15 D2 3.50 250 6.75 6.00 503 273 494
F1 0.33 240 540 3.10 63.67 80.00 4.34 F1 1.50 2.00 6.20 275 576 822 4.26

And after we apply the retroactivity:

ATC method with retroactivity ETSID evaluations with retroactivity
Student C1 Cc2 A Cc3 PL T FG Student C1 Cc2 A Cc3 PL T FG
Al 8.85 10.00 8.63 9.70 9.14 9.14 9.14 Al 9.00 10.00 9.38 9.75 9.16 7.49 9.35
A2 7.95 873 888 9.55 898 850 8.99 A2 7.83 9.40 9.50 9.65 9.45 830 9.30
C1 8.02 573 9.04 835 851 450 7.81 C1 875 5.00 9.54 825 849 493 784
Cc2 6.45 7.23 9.25 7.75 6.48 7.00 7.44 c2 6.58 7.00 9.50 7.50 6.50 6.62 7.36
D1 538 7.13 790 535 632 750 6.41 D1 458 6.88 825 575 571 740 6.33
D2 6.12 4.00 630 7.15 494 250 5.59 D2 350 5.00 6.75 6.00 5.03 273 5.30
F1 415 3.09 540 3.10 6.37 8.00 4.72 F1 2.00 2.67 6.20 275 576 8.22 439

Results are very similar between them. The retroactivity ATC, in general, obtains better

grade increases from the point of view of the student, although it depends on the design
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of the rules of retroactivity and the value of the experience accelerator. In the present
study, retroactivity rules have been designed to completely parallel the procedures

applied at ETSID.

Comparative grades: ATC vs ETSID

10.00
9.00
8.00

7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

St-Al St-A2 St-C1 St-C2 St-D1 St-D2 St-F
W FGATC 9.14 8.99 7.81 7.44 6.41 5.59 472
B FGETSID 9.35 9.30 7.84 7.36 6.33 5.30 4.39

On the other hand, the weights included in the master ATC has been selected to match
with the weights used at ETSID to avoid differences between results which are not due
to the assessment procedure. Additionally, as we already have mentioned, at ETSID it is
applied a concept of retroactivity based on including questions in some topics exams

referring to previous topics in order to increase their grades if some conditions are met.

The choice of the weights of the master ATC can be performed in such a way that they

can reflect the scoring strategy designed by the person in charge of the subject.

Weights assigned in a task are distributed between competencies, or cluster of
competencies, in base 100 in order to get an individual grade of the activity in the range

of grades established.

The weights assigned to individual tasks within one or more topics, or the set of
activities which compound a moment of evaluation, can be defined by any magnitude.
Thus we can highlight the importance of some activities over others and the relevancy of
its contribution to the grade of the moment of evaluation. This way, we can always
introduce a lot of activities in the evaluation process where contribution to the final
grade is the criteria keynote. For example, solving problems outside the class may have
assigned a very low weight in such a way that even though there will be many activities,
its weight is limited to 10% of the grade and they are rewarded as a contribution to final

grade.
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The weights of the topics within the overall process must have a 100 distribution to get a

grade in the desired range.

ATC process is additive therefore it admits at any times to add execution of new
activities. This way, the retroactivity generates “virtual executions” as a way of improve

the grade of previous moments of evaluation

The main difference between both methods is the procedure to assess an activity
through binary indicator about some predefined competences with produce vector
grades instead of scalar grades. This characteristic allows us a more detailed analysis

about the progression of the students.
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/7 Dynamic assignments

7.1 Introduction

The use of ATC cuboids change the scalar nature of the evaluation’s results by a
numerical matrix which establish a strong relationship between the concept of activity,
topic and competence generating a greater volume of information that allows us to

make a more specific diagnosis of the students’ performance.

Major number of activities increases the amount of information and the process
complexity. Thus, an automation of the information processing becomes to be
necessary. Also, the use of techniques of e-learning and self-evaluation are elements

that help to increase the number of activities and its evaluation of an automated way.

In this chapter we present a conceptual model to register the ATC cuboids information.
The dynamic analysis of this information will allow us to model assignable workloads to
students in order to guide them towards the achievement of individual and group

objectives.

7.2 Objective ATC

An objective ATC cuboid, hereinafter oATC, is a cuboid with the same structure as a
personal ATC, hereinafter pATC, which contains a scoring distribution according to a pre-
established final target. Since the punctuations of a pATC change in a contributive
sequence as it is being fueled with new execution of evaluated activities, an oATC also

changes with the number of activities, but maintaining an established objective profile.
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From the point of view of calculus, it implies that for every activity execution we have to
introduce a vector evaluation into the oATC according to the established objective

profile and to evolve the oATC.

Another way of setting goals is to draw profiles or histograms for competence’s
development according to different objective level and compare the pATC. Then, oATC
cuboids that evolve in parallel to the number of activities are suitable to set and follow
individualized goals since not all students will run the same activities or the same

number of them. Competence profiles are useful to measure group's objectives.

7.3 Master ATC

Master ATC cuboid, hereinafter mATC, contains the score model for binary assessment
of activities’ execution. It is divided into thematic units or topics covering an entire
course subject. These topics will be the main elements of the summative evaluations or
main moments of evaluation. Each topic has a weight that indicates its relevance within

the subject. The sum of the weights of all the topics is 100.

Each topic is subdivided into activity classes, or types, whose execution will be evaluated
and which make up formative tasks that individually contribute in a continuous way to
obtaining a final grade. Each of these kinds of activities, as we have already seen in
previous chapters, also has a specific weight distribution within a topic in order to mark

the relevance of the activity within the topic.

Finally, each activity class is subdivided into subclasses due to different instances of
similar nature activities that could have a different impact on the competence’s
development. And again, each subclass is also assigned a weight within the class to

remark the relevance of the activity subclass within the activity class.

Therefore, when an activity is evaluated, a search takes place in the mATC for topic, class
and subclass and the weight’s vector is extracted. The product of the components of the
binary assessment vector and master vector produces one contributive scalar for each of

the competences evaluated in the model.

Thus, it is really important to get a mATC which represent in a true way the contribution

of each activity execution to the final evaluation of a student. The selection of weights
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for each topic is relatively simple taking into account the relevance of the topic within
the subject and the effort that has been planned to spend with it. Choosing weights for
classes and subclasses of activities is more complex because there is a broad variation in
the complexity of them. The composition of the cuboid is also sensitive to the type and

number of activities planned for a course.

A possible method to get a mATC consists in making an iterative approximation based on

traditional assessments on a set of activities. The working method could be as follows:
ATC .'
Y
Catalog of Activities _ £
Activity Classes Execution -

o Create a mATC based on the initial experience and the probable impact of each

activity class on the basic competences.

e Turn into individual activities the previously evaluated work. Thus, a written
exam will generate an activity by each question. Laboratories generate an activity

by each of the issues practiced in the laboratory and so on.
e Generate a table of activities and reassess with the binary assessment method.
e Categorize activities in classes and subclasses.
e Apply the mATC to the sequence of activities.
e Compare the results obtained with the oATC and test its validity.

e Based on results, make the necessary adjustments to the mATC weights.
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e Recalculate the model with the new mATC.
e Follow the procedure iteratively until an acceptable validity of the model.

In the same way, we could check the results obtained comparing with the aggregate ATC

for the entire group, gATC.

7.4 The activity bank

The activity bank is the repository that contains the reference to all executable activities

which are the elements that fuel the binary assessment model based on ATC cuboids.

The activities, covering a course programme, are from a very diverse nature and, in
general, it will not be possible to have a bank of activities that contains all of them by
itself. What is relevant from an operational point of view is to have a model of
references that permits to obtain a link to access the activity and, on the other hand, to

be able to characterize the activity so that it is usable by the model.

Currently, some authors develop theory on e-learning distributable objects through the

use of web services.

According Vossen (2003), content consumed by learners and created by authors is
commonly handled, stored, and exchanged in units of learning objects (LOs). Basically,
LOs are units of study, exercise, or practice that can be consumed in a single session, and
they represent reusable granules that can be authored independently of the delivery
medium and be accessed dynamically, e.g., over the Web. Additionally, learning objects

can be stored in a database and are typically broken down into a collection of attributes.

Again, Vossen (2002), says that e-learning consists of a multiplicity of complex activities
such as content authoring or learner tracking and administration which interact with
resources (including people such as learners and authors), with one another (some
activities trigger others), and with the outside world (such as existing software systems)
in a predefined way. And some e-learning platforms and systems have been developed
and commercialized based on client-server, on peer-to-peer, or, more recently, on Web

service architectures.
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According Downes (2000) and Fischer (2001), learning objects are the core concept in an
approach to learning content in which content is broken down into bite size chunks.
These chunks can be reused, created and maintained independently, also pulled apart

and stuck together like so many Legos.

Vossen establishes some aggrupation for learning objects in classes. A class could be
comprised by a collection or sequence of learning objects according to a class map. This
aggrupation would roughly correspond to a class in a university that extends over
several sessions or class meetings. In reference to the composition of more complex
learning units, he affirm that a course program comprised of several classes (such as one
offered in a virtual university) would need a larger collection of learning objects,

potentially from a variety of sources and grouped into several classes.

In this work we do a similar approach from the point of view of the evaluation process.
The implementation of activities is the object that feeds the model. The activities are
objects designed and proposed by the teacher, or there are objects designed by others

ones and consumed as a services.

From a meta-conceptual point of view, the activity bank consists of the following

elements:

o A link to the activity to access and execute it. In other words, access to some
system where the activity can be executed. This system can be a classroom, a

laboratory or certain software.

o A set of data associated with the activity that characterize it within the model
(course, topic, class and subclass of activity) which means that it will have a

vector of weights assigned to push the activity into the evaluation process.

e A '"driver" that allows us to translate the outcomes of the activity execution in a

binary vector to feed the ATC model.

Thus, the activity bank is a meta-concept of activities provisioning to fuel the ATC model.
It is a necessary instrument to implement algorithms of dynamic assignments of

activities.
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From the point of view of the activity site and the location from which the activity is
execute, it should be established some criteria in relation to its validity as an element of
learning and evaluation. Thus, we can distinguish two different environments: controlled

and uncontrolled.

e A controlled environment which allows us to guarantee the authorship of the
activities’ execution. For example, attending lectures, written exams and

laboratory practices are activities to be executed in controlled environments.

e A non-controlled environment, on the contrary, is that not allows to
guaranteeing the authorship of the activities’ execution. Electronic methods of
identification only guarantee that the subject that emits an activity execution is
the identified but not necessarily the executor. In this category you can include

activities of e-learning, assignments to do in house, MOOCs, etc.

For example, McMurtry (2001) cites a survey from Who’s Who Among American High
School Students which reported that out of 3,123 students, 80 percent of them
"admitted to cheating on an exam, a 10-point increase since the question was first asked
15 years ago". Furthermore, 50 percent of them "did not believe cheating was
necessarily wrong," and 95 percent of those who had cheated "said they had never been

caught" (Kleiner and Lord 1999).

According Eplion (2007) technology and the Internet can both facilitate cheating.
Students taking online exams can benefit from collaborating with others, access to
resources, and the ability to have someone take an assessment on their behalf. A study
to determine whether cheating is more prevalent in online classes, as opposed to on-
campus, shows that the level of cheating in an online course was consistent with that of

an on-campus class during a single semester (Grijalva, Nowell, & Kerkvliet, 2006).

Some services like Proctor U uses live online proctoring service with three step
authentication process: Webcam, Monitor student’s computer screen in real time and

multifactor process.

Anyway, as the causes of cheating are really difficult to prevent, one activity executed in

a non-controlled environment will have a very small contributory impact with regard to
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the same activity executed in a controlled environment. Nevertheless, we must highlight
that, independently of the context where it is executed, all activity is an activity
formative and, as such, it must have its contribution. The execution’s guarantee is

something beforehand supposed.

Some strategies applied this year to the first year students have been to make
assignments to work outside the classroom supplemented with a classroom test about
the execution of the same assignments in a very short period of time. This strategy
increases the guarantees on the authorship of the executions. We could implement this
strategy applying an accelerator on the activities executed out of the class if the onsite

test is positive.

The concept of activity bank that we have developed here is an abstraction since it is a
complex environment. For bank activity we will understand an accessible set of activities
identified and characterized from an academic point of view, its relationship with the
topics of the subject, and its impact on the development of the competences. This set of
activities is of very diverse nature and accessibility. We include in this concept so much
accessible activities by a computerized system (e-learning courses, MOOCs, laboratory
software, etc.) as not accessible by computer systems (classes, activities of textbooks,
work in group, written tests, etc.). The concept refers to the accessibility of a set of
activities and its metadata. Once assigned an activity to a student, it is supposed that it

will be a physical access to such activity, from a computer to a sheet of written paper.

In the attached figure we represent a conceptual model that allows us to register the
identifiers of the activities so that they could be assigned to the students by means of
the use of assignment algorithms. We do not try to draw a complete design of the data

structure, given that many other attributes should be considered.
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Programme Id. Topic Id.
Year, description, dates...

validity Validity

Year, description, dates...

Programme Id.
Topic Id
Year, Description,Dates...

Audit | Validity

Programme Id.
Topic Id
Activity Class

Year, Description,

Audit | Validity

Weight | Activity/Topic relevance

Activity Class Id.

Year, description, dates ...
Validity

Activity SubClass Id.
Year, description, dates ...
Environment

Validity

Dates...

Programme Id.
Id |Topicid
Id | Activity Class
Id  |Activity Subclass
Id |Competence Id Atr  |Year, Description,Dates...
Atr | Year, description, dates ... Weight | Activity Class/Subclass relevance
Audit | Validity Audit | Validity

Id |Programme Id. Id |Programme Id.

Id |Topic Id Id |Topic Id

Id |Activity Class Id |Activity Class

Id |Activity Subclass Id |Activity Subclass

Id |Competence Atr | Year, Description,Dates...
Atr  |Year, Description,Dates... — | Link |Linkto Actity Server

Weight | Competence/ActivitySubclass relevance Audit |Validity
Audit | Validity

Activity Servers
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Thus, a program (programme) is composed of various topics (topics) that define the
content of a course (ProgTopic). Different kinds of activities (ActivityClass) define all
executable activities for a given topic (ProgTopicActClass), which is subdivided into
subclasses of activities according to their impact on the development of competencies
(ProgTopicActSubClass). Each of these subclasses has defined impacts
(ProgTopicActSubClass Competence) on individual skills that are evaluated during the
course (skills). In addition, each of these subclasses consists of one activity set (Activity)

which have a link to access and identify the activity in the Bank's activities.

All data entities should identify the academic year (year), as well as validity (validity)
data that make up a set of coherent information. An implementable real model is more
complex than outlined here, where the idea is to show the concept of identification and

registration of the Bank's activities.

The content of this data model should be set at the beginning of the year. It must be
kept constant throughout the entire course because from this structure is obtained the

mATC.

The Bank's activities is the core on which it is based the entire system given the
continuous evaluation process based on the implementation of activities and these are

to be assigned previously to the students so they can run them and register their results.

7.5 The activity backlog

The activities assignment refers to the process of selecting a set of activities that one

student should execute and feed back into the continuous evaluation process.

A data structure should be designed to register the student’s activity assignments. This
data structure is the activity backlog and we are going to design it as a multidimensional

model that is most useful for analytical studies.
To characterize the assignment process we introduce six dimensions:

e dimActivity
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It refers to the subclass of assigned activity. It is already a de-normalization of the
model of activities and implies the hierarchy activity-topic-year.
Main attributes are:

o A non-significant key register.

o Activity hierarchy: programme, topic, activity class and subclass and their

weights.
o Competences used in the process and their associated weights.
o Audit attributes for validity.
o Other attributes considered of interest by the academic institution.
dimDate

It refers to the dates and times in which it happens the different events related
to the assignment and execution of an activity.

It has the typical structure of the date dimensions containing dates, times,
hierarchies regarding periods of time like trimester, summer, extraordinary
period and so on, that are considered of interest by the academic institution.

We will use different attributes date for which we will reference dimDate
dimension in role playing mode (load once and use as a view for different

contexts). Specifically: for assignment, execution and simulation.
dimStudent

It refers to the students identification to whom the activity is assigned and their

hierarchies (course, group and many other attributes)
dimAssigner

Responsible for the allocation of activities to a student, who may be the subject
teacher or anyone else of the academic institution devoted to these tasks and

some hierarchies.

dimSubject
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Subject which activities are assigned for and its hierarchies (course, plan, and

other descriptive attributes).

dimMoEv

It refers to the moment of evaluation in which the activity is executed. The

moment of evaluation is important in order to generate subject grades and

implement the retroactivity process.

A schema of the backlog model could be:

dimACtivity

PK
Hrchy

Comj

id Activity Subclass
Programme Id
Topic

Activity Class
Activity Subclass

Audit

C(i) x N comy
Weights x N competences
Validity

Other attributes | ...

dimSubject
PK id Subject
Hrchy Subject hierarchies
Audit Walidity

Other attributes | ...

dimMoEv

PK
Hrchy

Audit

Other attributes ...

id Moment of Evaluation
MoEv Hierarchies

Walidity

dimStudent
PK id Student
Hrchy Student hierarchies
Audit Validity
Other attributes | ...
dimAssigner
PK id Assigner
Hrehy Assigner hierarchies
Audit Validity

Other attributes | ...

Activity Backlog

The activity backlog is implemented as a fact table containing:

Pk
dim
Activity Server
dim
dim
dim
dim
Assignment

Execution

Assessment

Audit

Id activity assignment
Activity Subclass
Activity Link

Subject Id

Student Id

Assigner Id

MoEv

Dates

Mode

Dates

Mode

Binary indicators
Activity grade
Activity denominator
Validity

Other attributes |...

dimDate
PK id DateTime
Hrehy DateTime hierarchies

Other attributes ...

An identification of the activity assignment (non-significant).

Dimensions.

Assignment

o Date of assignment.

o Assignment mode (standard, handy, algorithm, personal, simulation).
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e Execution
o Scheduled interval of execution.
o Date of execution.
o Execution mode (standard, retroactivity, accelerator, simulation).

e Binary evaluation of competences (achievements)

Activity grade

Activity denominator (contribution to pATCs)

Later, in this chapter, we will study the assignment and execution modes.

7.6 ATC data structures

ATC cuboids require a data structure for storage which provides further analytical
studies. ATC cuboids are calculated from the activity backlog aggregating binary

assessment vectors for the same student and activity class.

From the activity backlog we could obtain the ATC structures which include the values
after the execution of each assigned activity, so it is possible to build an analytical study

of its evolution in the timeline.

As the structure contain a large quantity of rows, a row set for each activity execution,
we could extract the current status of the ATCs (snapshot) for example, at the end of

each moment of evaluation maintaining only the last one.
The personal ATC Activity Evolution fact table contains the following attributes:
e A non-significant identifier
e Dimensions
o dimStudent
o dimActivityClass (a view from dimActivity without subclass attribute)

o dimSubject or topic
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o dimMoEv

o dimDateCurrentATC

e Number of activity executed

e Type of ATC (pATC. oATC or sATC)

e Number of activities within the activity class

e Sum of denominators within the activity class

e Binary assessment vector (SCCj)

e Computed assessment vectors (wSCCj)

e Grade vector g(CCj)

e Activity grade

The fact table granularity is a row for each Program-Topic-Activity Class and for each

student and activity execution.

dimACtivityClass

PK
Hrchy

Audit

Other attributes | ...

id Activity Class |

Programme Id
Topic

Activity Class
Walidity

dimStudent
PK id Student H—
Hrchy Student hierarchies
Audit Validity

Other attributes ..

ATC Activity Evolution

Pk

dim

dim

dim

dim

dim
Attributtes

Audit

Id register

Activity Class
Subject Id

Student Id

MoEv

Date of ATC version
Type of ATC

Activity number
Number of activities executed
Sum of denominators
Binary vector Ci
Computed vector Ei
Vector g(Ei)

Activity grade
Validity
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PK id Subject
Hrchy Subject hierarchies
Audit Validity
Other attributes | ...
dimMoEv
PK id Moment of Evaluation
Hrchy MoEv Hierarchies
Audit Validity
Other attributes| ...
dimDate
PK id DateTime
Hrchy DateTime hierarchies

Other attributes | ...




We could add a row within each ATC containing the sum of the columns SCC; and wSCCi.

From this structure we could calculate the contributive and the current grade because

we have the necessary components to do it.

To draw the histograms of achievement of competences, as we have seen in Chapter 6,
it is necessary to normalize the values obtained in pATC in relation to the values
obtained in the case of maximum performance. To do this, we could include a second
set of columns SCC;, wSCC; and g(CCi) assuming that all the activities are executed with

100% of effectivity. This way, in the same structure we could dispose of this data.

We could consider three types of ATC cuboids within the aforementioned data

structures:

e Personal ATC, pATC, which contains the computed evolution of the continuous

assessment process according the activities executed by students.

e Objective ATC, oATC, which contains the objective level for each student.
Remember that the objective depends on the number of executed activities.

Thus, the objective ATC is could be different for each individual student.

e Simulated ATC, sATC, which contains the probable evolution of a given pATC
after the execution of a set of proposed activities within a minimum level of

success.

7.7 Retroactivity

A moment of evaluation is an identifier of a group or set of activities. They are sorted
over time shaping a succession of control points about the continuous assessment
process. Some of these control points could be marked as summative assessment

milestones.

As we have seen in chapter 3, we could draw a directed graph whose nodes are a set of
relevant moments of evaluation. Retroactivity could be implemented triggering binary

assessment vector from an activity of a moment of evaluation toward one or more
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predecessor moments maybe if none or some rules are accomplished. Additionally, we

could strengthen the effect of retroactivity more than a vector on the same predecessor.

Likewise, starting from a given moment of evaluation, we could reinforce the

contributive effect of activity’s executions generating n equal binary vectors for each

Moments of Evaluation

PK

Other attributes | ...

Moment id

Moments of Evaluation Graph

PK
PK
Accelerator

Mi
Mjis predeccesor of

Other attributes| ...

g

Activity Trigger

PK
PK
PK
PK
Rules

Mi

An

Mjis predeccesor of
Am

Yes/No

glAn)=k

Other attributes|.....

execution (GIA | cap).

A possible data structure to modelling the
retroactivity and experience accelerators is shown

in the next figure.

e Two moments of evaluation M; and M, i#j,
represent a predecessor relationship between
them. The entity Activity Trigger represent a
binary vector Am launched toward the moment M
when the activity An have been executed fulfilling
the rule g(An)> k for a given k. Additionally, an

accelerator n can be applied.

e A relationship M;, M; with i=j and the accelerator n is greater than 1, represent

an implementation of experience accelerators, that is, when an activity is

executed on the moment M, then n identically composed binary assessment

vectors are introduced in the backlog activities.

7.8 Activities assignment

The activities assignment is the process where the list of activities to execute by the

students is defined and loaded into the activities backlog.

From the point of view of the modality in which the assignment is initiated, we could

distinguish different assighment methods:

e Standard compulsory assignment

Standard assignment is usually scheduled by the person in charge of the subject.

Normally, this person plans sets of activities to be executed for all the students

covering the whole programme of the course. This plan is divided into sets of

activities for each topic to be covered. The assignment will be normally taking
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place on time periods according to the number of programmed moments of
evaluation. For every moment of evaluation there will be established experience
accelerators which take the value 1 by default. The no-execution of a compulsory
activity will produce a null binary vector of evaluation that will have a negative
impact on the contributive final grade. Additionally, it is necessary to define the
precedence graph between the moments of evaluation which implement the
retroactivity effect triggered on the execution of some activities.

¢ Reinforcement assignment
Throughout the course, the teacher could offer sets of reinforcement activities
which the students could voluntarily assign by themselves. These sets of
activities could be offered with experience accelerators greater than 1 triggered
on success to encourage its execution.

e Recovery assignment.
When some students obtain low scores in some moments of evaluation, the
responsible of the subject will propose sets of recovery activities that will be
assigned to the students to redeem their lacks. Its mode of implementation may
be voluntary or mandatory.

* Personal assignment
It refers to the ability of students to select reinforcement activities on a voluntary
basis to improve their scores at any time. It could be create sets of activities of
free election associated to the different moments of evaluation.

e Dynamic assignment
Dynamic assignments by means of algorithms will be provided to allow the
selection of sets of adequate activities so that students could reach

predetermined objectives.

From the point of view of the purpose of the assignment, we can distinguish two types

of processes:

* Assignment to execute
e |t refers to the assignment of activities to execute in a compulsory or voluntary
way. In the first case it will have a contribution determined by the

successful/unsuccessful execution or negative contribution for no-execution. In
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the case of voluntary executions, the contribution will take effect only after the
execution and may, in some cases, have effect only in the case of successful
results to encourage their execution.

e Assignment to simulate
The assignment for simulation takes place when a set of activities is assigned
with the purpose of studying its effect on the final grade of a topic or the subject.
Students can execute this simulation voluntarily when they aim to achieve an
objective, like passing the subject or obtaining a higher final grade.
It is also a process that could be executed by the teacher to set improvement
targets for a set of students, or certain topics of the subject, even to improve
performance in some of the competences.
The assignment for simulation is created into the activities backlog and its
execution is simulated with one or several performance profiles. Simulated
executions cause a simulated evolution of the pATC to calculate its final effect.
When a simulation is accepted, the assignment is marked as definitive and a
rollback of the evolution of the pATC is made.
The execution profile can be set under criterion of the student or the person in

charge of the subject and also could be obtained by means of a predictive model.

Once discussed the modalities of activities assignment, the core objective of this model

refers to the dynamic assignment of activities based on student performance.

At the beginning of the course there are several tasks that the people in charge of the

subject could execute to initialize the ATC model:

¢ To define the contents of the subject, its division in topics and establish a set of
moments of evaluation. Although any execution can be considered as a moment
of evaluation, in practice, we will assume a moment of evaluation as a set of
activities which suppose a summative evaluation of a topic. It will have a major
impact in the topic grade and, therefore, a major contribution to the final grade.

e To define the sets of activities of required execution to make up the participation
of students in the course (assistance to classes, laboratory practice, group work,

work outside the class, tests, written examinations, etc. ).
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To draw the precedence’s graph between the moments of evaluation to know
the impacts of the retroactivity in the execution of the activities.

To publish the mATC so that all students know the course plan.

Build the oATCs that allow the students to know the minimum objectives to be

achieved to pass the course or to reach different levels of implementation.

After the starting phase of the course, the publication of the data structures, and the

contents of the bank of activities, it makes sense to implement the model of dynamic

assignment of activities based on students’ performance.

The ATC model compares at determined time intervals the state of the pATC of the

students with their respective oATC to detect deviations or to detect the possibility of

promoting the objective level to be reached. As a consequence, the system is able to

propose a set of activities from the activities bank to be assigned to the student and to

guarantee the achievement of the proposed target. The student always follow the

execution plan and not a dropout path.

This mode of execution has a number of significant advantages:

Evenly distributes the workload during the course since it reports at any time the
possible final situation of the students.

It allows to correct deviations of the study plan in advance

It individualizes the work to realize for every student according to its personal
needs like learning ability, previous background, etc.

It is an inclusive model that respects the individual capacities and modulates the

effort to take in certain content to mark the path towards the final objective.

Next figure shows a schema about the process of dynamic assignment of activities:
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e Students execute the activities assigned in their backlog of activities

e From the mATC and the binary evaluation of each activity a set of evaluation
vectors are built to enter in the pATC

e pATC evolve over time with the contributions of the activities execution

e OATC are recalculated to the levels of objectives achievement after each
execution

¢ A dynamic algorithm compares the composition of pATC against oATC and selects
the minimum set of activities that after being executed with a given level of
performance ensures the convergence of pATC to oATC.

e The use of a predictive model allows the construction of a cuboid of estimate

results based on patterns of execution of activities.

The possible dynamic assignment algorithms are not complex to implement. They can be
constructed as of accumulation of contributions from the level of competences of the
activities registered in the bank of activities of a certain topic and the use of experience
accelerators. It is necessary to limit the number of activities to select to prevent large
differences will end in a number of activities to execute not viable. In other words, there

can be situations potentially not recoverable.
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8 Conclusions and future work

8.1 Conclusions
8.1.1 Introduction

From the various definitions and relevant evaluation techniques in the specialized
literature, the concept of evaluation for learning arises from the paradigm of the
evaluation of learning. This is done when the objective is to promote the learning

process against its technical measurement.

Evaluation for learning seeks to obtain information of your own processes of learning
and teaching to stimulate the development of new skills and also to inculcate the
reflection on learning in the students compared to systems of measurement for the
achievement also measured on the basis of instruments previously designed. It
promotes the participation to the entire educational community including students,
educators, peers, and professional sectors. It involves a continuous assessment and not

in punctual or final moments.

The instruments used in the evaluation for learning are of very diverse nature and they
include all types of normal activities in the learning process and all those oriented
towards the development of personal and professional competences as discussions, self-

assessment, dialogs, working groups, quizzes, etc.
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In short, any technical evaluation is going to be implemented around two concepts: the
process of measure and the means of implementation. In this sense, the various models
claim to measure in some way the knowledge and skills of the students. The use of
measure instruments coincides in many of the modalities’ views while they differ in their

purpose or goal.

From chapters 2 to 7 we have focused mainly on continuous assessment for
competences and proposed a new continuous assessment procedure. The instruments
of measurement and implantation of the processes of evaluation are the same as those

used in any of the other modalities of evaluations.

8.1.2 The method in key concepts

To summarize the assessment method studied along this dissertation, we conclude with

a list of keywords and a sequence of implementation.

The keyword list that could define this procedure is:

Formative assessment

Development of competences

e Binary assessment and rubrics

Chain of topics

Moment of evaluation

ATC cuboids (Activity, Topic, Competence)

Retroactivity

¢ Impact on competences

Contributive final grade

Grade estimation

e Dynamic assignments
The key-concepts and sequence of implementation could be resumed as follow:

e The method does not introduce new instruments of evaluation. It is based on the

existing ones with special emphasis in active learning and flipped learning.
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The assessment method is based on the concept of execution of activities. An
activity is referred to as any learning item or task included in the student
curriculum.

As many activities as possible are included in the assessment process.

It is a formative assessment process, generating immediate feedback after the
activities’ execution encouraging the adoption of corrective measures in time to
increase the efficiency of the learning process.

Activities are grouped into topics. The topics need to be arranged in sequences
that enable the student an orderly understanding of the concepts. We have
called this sequences chain of topic.

Chain of topics, in general, ends in summative moments of evaluation as a review
of all the activities executed with one or more topics.

A relationship of partial order exists between the chains of topics.

The assessment process tries to measure the development of the basic
mathematical competences (in the sense of Niss).

There exists a relationship between topic, activity and competence. We establish
this relationship by a quantification of the impact on the development of each
basic competence through the execution of activities-type in a topic. These
guantifications have been arranged in a three dimensional matrix that we have
called master ATC cuboid.

An activity is evaluated from the point of view of the basic competences
assigning a binary value which represent if the desired impact of the activity on
the competence have been successfully covered. We have called this action
binary assessment and it is an application of the concept of assessment by
rubrics where a rubric is the description of the competence to be evaluated.

The students’ activities are registered in a data structure called activities backlog
that contains an identification of the activity and the binary assessment of its
execution.

Applying the metrics defined in the master ATC to activity backlog of each
student, we obtain an aggregated data structure that represents the evolution of
the student along the course expressed by the relationship between activities,

topics and competences. It is the personal ATC cuboid (pATC).
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¢ Due to the relationship between partial order and chains of topics, the execution
of activities in a chain requires the knowledge acquired in predecessors’ chains.
Based on this principle, a retroactivity component is introduced.

e The retroactivity is implemented by the emission of binary vectors of evaluation
from the activity in the moment of evaluation in execution towards previous
moments of evaluation, thus generating a contributive effect, which has the
potential to redeem past gaps.

e The impact of the execution of activities on the development of competences is
incremented as the course progresses depending on the major level of

experience of competence that the student is supposed to have.

8.1.3 Questions review
Throughout this dissertation we have come up with a few open issues in relation to the

different aspects of continuous assessment procedures and its implications on the

measurement of the grade of achievement of basic competences.
Next, we are going to make a survey around these issues.
» Q1: What type of activities should be introduced in the evaluation process?

The instruments with greater added value for assessing competences are those that
ensure the collection of varied information and demonstrate the acquisition of personal
resources in order to become a qualified person in a future exercise of the professional

activity.

For this reason, the evaluation process should include as many diverse activities as

possible to cover different aspects of competences’ development.

In this sense, key competences such as mental arithmetic, planning for solving problems,
written and oral presentations, critical thinking and so forth require a great and varied
guantity of activities in order to map these many different aspects and assure that all

aspects of the competences’ acquisition are covered.

In Mathematics, at ETSID, in addition to lectures, lab practices and written exams, other
type of activities have been included in the assessment process. Assignments include

sets of problems to solve outside the class combined with a multi-choice to answer in
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class during a short period of time covering questions about the home assignment. We
have also introduced flipped learning techniques in lab practices as an instrument to

increase the learning efficiency of the lab class.

Finally, it is important to emphasize that all those activities that have a formative impact
on the learning process might be included in the assessment process. Furthermore, the
immediate feedback obtained and the continuous contribution system are an incentive
for the students and, as a consequence, a continuous strong engage to the method over
time will produce a major consolidation of knowledge in due time and, in short, a major

efficiency of the learning process.

» Q2: How does the execution of different types of activities contribute to the

development of mathematical competences?

In Section 3.4.4 we have exposed how students can develop their competences by
solving a problem. As we stated at the end of the problem, improving several
competences is embedded within the execution of activities when these are being
carefully designed in order to force students to think and reason instead of simply

reproducing procedures.

Thus, as we have seen along this work, different activities are carried out in different
ways and with different impact on basic competences. In Section 3.5 we have reviewed

the most common activity-types that are used in education.

To study how an activity affects which competences and to what extent is a time
consuming task. Then, it is important to preserve this work of activity-design. The
studied master ATC is the structure in which we express the impact an activity has on

the competences and the bank of activities is a data lake where save this knowledge.

Another important concept studied in this dissertation is chains of topics, which help to
implement learning paths and, therefore, represent an orderly succession of activities

within a sea of topics to get in a structured way the development of competences.

» Q3: Could we establish an assessment process that runs parallel to the learning

process?
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This question comes by implementing an intensive execution of a great variety of
activities covering the whole curriculum from the perspective of the competences. Thus,

it is strongly connected with question Q1 and Q2.

When we evaluate an activity and the result is immediately visible to the students
generating a current of active feedback, the evaluation turns over a formative activity
because, at that time, students are still in the context of the activity execution. The
received feedback is going to allow them to analyze, in-context, their fails and successes.
Then, they could either be redirected to the way of reinforcement and corrective actions

or confirmed about their success.

Therefore, the assessment process runs parallel to the learning process because all the
evaluated activities, except summative ones, are converted in true formative activities,

step by step and in due time, creating a formative sequence along the formative cycle.
» Q4: Could the assessment process deal with different students learning needs?

Different students might have different learning needs depending on their previous
knowledge, capacity of study, some special difficulties or limitations and also other type

of circumstances.

In some education systems there is a certain individualization capacity both in the
programming of the subjects and in the execution in-class where the teacher dedicates
some specific time to some students. However, it is a task that takes lots of time and

resources.

A way to attend different learning needs is the method being able of assign different set
of activities to students depending on their results and needs. To build a system that
could deal with this feature we need two main components: a media containing diverse
sets of activities and an algorithm to compute what type of activities are necessary to

redirect the student on the way to achieve the desired level of competence.

In this sense, the described method gives enough information about the relationship
between activities, topics and level of achievement of competences to generate

different sets of activities to attend different learning needs.
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» Q5: How could students obtain a right feedback to direct them to achieve the

targets?

Giving feedback should be the main objective of a formative assessment procedure as a

mean to know how well a set of formative activities is executed.

If the feedback is obtained immediately after the execution of an activity, the student is
still in the mental context of the execution; then, for him, to make learning enrichment
corrections is much more effective than the delay of this feedback out of the due

context.

Additionally, the active/retroactive component introduced in the model aims to identify
those competencies that have and those that have not adequately been achieved and,
accordingly, add forward and backward corrections over their punctuation reflecting
their proven real level of competence at the ulterior given moment of evaluation. Thus,
it is a tool that enables to recognize and award improving previous competences in the

topic’s chain or propose reinforcement activities.

This model of continuous assessment is intended to give an overall assessment of the
performance based on competences. When gaps are detected in previously assessed
skills, the model tries to bring these results into question independently of the fact that
they had not been detected previously. This situation can occur because of several
reasons such as a random component about the performance measure since not all
contents are always evaluated, a possible degradation in the skills of the student as a

result of a weak learning; or just because of defects of the evaluation process itself.

This continuous assessment model tries to give less importance to the achievements
based on traditional examinations by introducing a lot of different types of assessed
activities that are adding contributions to the main moments of evaluation. The
retroactivity is a tool that enables recommended sets of activities of reinforcement to
redeem this type of situations looking after the development of all the competences
foreseen in the syllabus. Thus, it may become a motivation tool and a guide for students

on how to meet their objectives.
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» Q6: Which way should we assess the execution of activities bearing in mind the

achievement of competences?

As we have studied in Chapter 5, each activity is evaluated from the perspective of the
eight competences by means of a binary evaluation of each competence based on an
assessment by rubrics with a true/false punctuation depending of the success of the

execution.

The objective of an assessment’s competence is to measure the progress in the
achievement of skills, but in any educational system students may be graded with a final
mark on the subject. ATC cuboids are structures in a way that allow us to make both

things.

The binary evaluation marks -in the context of the execution of an activity- whether the
development of each basic competence (calculation accuracy, use of formal language,
ability to understand, etc.) is fulfilled. By means of weights that measure the impact of
each activity on each of the basic competencies we can obtain an evaluation of their
outcomes as well as a grade for the activity. In a way, weights might be adapted so that
the grade calculation provides similar results to a traditional evaluation. This is possible
seeing that the measurement of the impact of each of the competencies discretizes the

perception of the evaluator who observes the result of an activity execution as a whole.

» Q7: Can the ATC’s matrix provide an internal representation of a student's learning

progress?

ATC cuboids contain the aggregated measures of the level of achievement of each
competence within a topic and an activity type from the execution of all activities done
by students. In this sense, the ATC cuboid is an internal representation of the student’s

learning progress.

The more activities introduced in the ATC cuboid the better the representation of the
student's progress will be and a closer the evaluation will take continuous assessment.
Different activities have different relevancy as this structure supports the execution of

daily activities as well as control points or examinations. Furthermore, GIA|CAP allows
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redeeming the effects of failed executions in the context of a continuous assessment

and also increments the contribution of the activities execution to final grade.

To obtain the personal ATCs, the master ATC cuboids represents the metrics that allow
quantifying the binary assessment vector of executed activities to be put into personal

cuboids.

» Q8: Could the ATC’s matrix be useful to individualize each student’s curriculum in

order to get his/her individual objectives within a generalized course plan?

Given that ATC cuboids are a representation of the level of competences achievement,
we can identify in the ATC structure areas in which the achievement of competences is

poorly achieved or not at all.

With this information, either we or an algorithm, can select a set of activities to help the

student redeem this situation.

As we have seen in Chapter 5, we can put our educational objectives into precompiled
cuboids to establish different target levels. These ATC cuboids are references to be
achieved and they are the tools to build up the individualized strategies with the aim of

reaching the course objectives.

After that, as we have developed in Chapter 7, dynamic assignments by means of
algorithms will be provided to allow the selection of sets of adequate activities for

students to reach predetermined objectives.

8.2 Future work

Concluded this dissertation, we may write down some lines of work and investigation
that might be tackled for improving the application of a continuous assessment

procedure based on feedback and continuous improvement.

In Chapter 7 we have drawn up a schema of data structures needed to support the
procedure. Applying this procedure requires the generation of unary activities from each
learning instrument used in the course. As we have seen in Chapter 6: lectures, each one

of the question of written exams, each lab item developed at lab sessions, assignments,
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and so on, generate a great quantity of activities. Thus, the students of a course

generate a backlog with thousands of activities registered.

A future work, necessary in order to use the ATC assessment procedure consists in
developing a set of computer applications which would allow the subject’s responsible

faculty to manage the model with a reasonable and feasible cost.

Giving immediate feedback after executing activities is a key aspect in formative
learning. We think that it would be a helpful tool to develop an ATC Continuous
Assessment Dashboard containing key performance indicators (KPI) about the level of
achievement of competences along the course, distance from final objectives, group
comparatives and so on. The ATC cuboids generate enough information to build a
dashboard referring academic performance from several points of view: the student, the

person in charge of the subject and the academic institution.

There exist many initiatives on this matter known as Learning Intelligence. We can see
an introductory review in The Uses of Management Information and Technology in

Higher Education (Goldstein, 2005).

A relevant line of research would consist in developing better algorithms for dynamic
assignments which is a key concept to reach more inclusive systems of evaluation taking

into account the diversity of learning needs of the students.

With the use of mathematical predictive techniques, it may be possible to develop
models based on student characteristics aimed to recommend activities and formative
moments of evaluation in such a way that some given objectives (pass a topic, get a

certain score, etc.) may be achieved.
There could be at least four possible approaches to develop the models:

e Potential and Gap
This approach would consist in doing a segmentation of students according to
sociodemographic and educational background. Analysis of patterns in the
explanatory variables of students with better grades in each segment would
follow. The goal would be to establish the gap between each student situation

and the best patterns.
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e Paths
Path Analysis of the ATC roads that give better exam results would allow to
identifying different paths that achieve a certain goal. The events to be modeled
would be each of the discrete possible grades (from 0 to 10, for example) in each

Topic.

e Predicting score
This approach would consist in doing a regression of qualification variables in a
topic in terms of the manageable variables that aggregate evolutionary historic
ATC information about a student; for example: number of activities held for each
topic, average evaluation of any activity type, etc. This approach would allow
recommending values in the manageable explanatory variables for any student
depending on his/her situation in the rest of variables.

e Behavioral Segmentation
Segmentation of students according to their behavior ATC variables would allow
searching for different performance patterns (topic score distribution) in
different segments, to identify those with better score distributions and to

describe their behavioral characteristics as "behaviors for success".

In general the target of these models will be the objective to be achieved by the student
and the explanatory variables will be the characteristics of students and their
evolutionary ATC cubes, that is, information on progressive acquisition of competences

through successive realization of activities on different topics.

These data mining techniques have been widely used in education. We can find some
examples in (Darmanegara, Arief, Shun and Nie, 2007), (Browne and Cudeck, 1993),
(Baker and Yacef, 2009), (Jing, 1996) and many others. ATC structures provide enough

information to fuel this type of predictive models.
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Annex |: ATC data from a sample of students

Next there are written down the ATC assessment results of the students from the
selected sample. For each of them we reproduce the activities backlog, the ATC cuboids
earlier and after applying the retroactivity effect and the graphs of competences

improvement, retroactivity effect and total competences achievement.

|.1 Student Al

» Activities backlog

Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | wCC; woCC, w.CC; w-CC, |A. Grade
1 1 Al Cc1 Test 1 100 P11 1 1 1 0 60 30 10 0 100
2 1 Al Cc1 Test 2 100 P11 1 1 1 0 60 30 10 0 100
3 1 Al C1 Test 3 100 P11 1 1 1 0 60 30 10 0 100
4 1 Al Cc1 Test 4 100 P11 0 0 0 0 0 0 0 0 0
5 1 Al c1 Test 5 100 P11 0 0 0 0 0 0 0 0 0
6 1 Al C1 Test 6 100 P11 1 1 1 0 60 30 10 0 100
7 1 Al C1 Test 7 100 P11 1 1 1 0 60 30 10 0 100
8 1 Al c1 Test 8 100 P11 1 1 1 0 60 30 10 0 100
9 1 Al Cc1 Test 9 100 P11 1 1 1 0 60 30 10 0 100
10 1 Al C1 Test 10 100 P11 1 1 1 0 60 30 10 0 100
11 1 Al C1 Test 11 100 P11 0 0 0 0 0 0 0 0 0
12 1 Al Cc1 Test 12 100 P11 0 0 0 0 0 0 0 0 0
13 1 Al C1 Exam 1 30 E11 1 1 1 0 40 30 30 0 100
14 1 Al C1 Exam 2 30 E12 1 1 1 0 40 30 30 0 100
15 1 Al C1 Exam 3 30 E11 1 1 1 0 40 30 30 0 100
16 1 Al C1 Exam 4 40 E13 1 1 1 0 40 30 30 0 100
17 1 Al c1 Exam 5 30 E11 0 0 0 0 0 0 0 0 0
18 1 Al Cl Exam 6 30 E11 1 1 1 0 40 30 30 0 100

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; C€C, C€C; CC, [ woCC; woCC, woCC; w.CC, |A. Grade
19 2 Al c2 Exam 1 60 E21 1 1 1 0 40 30 30 0 100

20 2 Al c2 Exam 2 60 E21 1 1 1 0 40 30 30 0 100
21 2 Al c2 Exam 3 60 E21 1 1 1 0 40 30 30 0 100
22 2 Al c2 Exam 4 40 E22 1 1 1 0 40 30 30 0 100
23 2 Al Cc2 Exam 5 60 E21 1 1 1 0 40 30 30 0 100
24 2 Al c2 Exam 6 60 E21 1 1 1 0 40 30 30 0 100
25 2 Al C2 Exam 7 60 E21 1 1 1 0 40 30 30 0 100
Act. N. MoEv Student Topic Activities | Weight Subclass| CC; C€C, C€C; CC, [ woCC; woCC, woCC; w.CC, |A. Grade
26 3 Al A Exam 1 60 E31 1 1 1 0 40 30 30 0 100
27 3 Al A Exam 2 40 E32 1 0 1 0 40 0 30 0 70
28 3 Al A Exam 3 60 E31 1 1 1 0 40 30 30 0 100
29 3 Al A Exam 4 60 E31 1 1 1 0 40 30 30 0 100
30 3 Al A Exam 5 60 E31 1 0 1 0 40 0 30 0 70
31 3 Al A Exam 6 60 E31 1 0 1 0 40 0 30 0 70
32 3 Al A Exam 7 60 E31 1 0 1 0 40 0 30 0 70
Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | wCC; woCC, w.CC; w-CC, |A. Grade
33 4 Al c3 Exam 1 60 E41 1 1 1 0 40 30 30 0 100
34 4 Al c3 Exam 2 60 E41 1 1 1 0 40 30 30 0 100
35 4 Al c3 Exam 3 60 E41 1 1 1 0 40 30 30 0 100
36 4 Al c3 Exam 4 60 E41 1 1 1 0 40 30 30 0 100
37 4 Al c3 Exam 5 40 E42 1 1 1 0 40 30 30 0 100
38 4 Al Cc3 Exam 6 40 E42 1 1 1 0 40 30 30 0 100
39 4 Al c3 Exam 7 40 E43 1 1 1 0 40 30 30 0 100
40 4 Al c3 Exam 8 40 E43 1 1 0 0 40 30 0 0 70
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Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, [ woCC; woCC, woCC; w. CC, |A. Grade
41 5 Al PLS Session01 100 L11 1 0 0 1 20 0 0 80 100
42 5 Al PLS Session02 100 L11 1 0 0 1 20 0 0 80 100
43 5 Al PLS Session03 100 L11 1 0 0 0 20 0 0 0 20
44 5 Al PLS Session04 100 L11 1 0 0 1 20 0 0 80 100
45 5 Al PLS Session05 100 L11 0 0 0 1 0 0 0 80 80
46 5 Al PLS Session06 100 L11 1 0 0 1 20 0 0 80 100
47 5 Al PLS Session07 100 L11 1 0 0 1 20 0 0 80 100
48 5 Al PLS Session08 100 L11 1 0 0 1 20 0 0 80 100
49 5 Al PLS Session09 100 L11 1 0 0 1 20 0 0 80 100
50 5 Al PLS Session10 100 L11 1 0 0 1 20 0 0 80 100
51 5 Al PLS Session11 100 L11 1 0 0 1 20 0 0 80 100
52 5 Al PLS Session12 100 L11 1 0 0 1 20 0 0 80 100
53 5 Al PLS Session13 100 L11 0 0 0 1 0 0 0 80 80
54 5 Al PLS Session14 100 L11 1 0 0 1 20 0 0 80 100
55 5 Al PLS Session15 100 L11 1 0 0 1 20 0 0 80 100
56 5 Al PLS Sessionl6 100 L11 1 0 0 1 20 0 0 80 100
57 5 Al PLS Sessionl7 100 L11 1 0 0 1 20 0 0 80 100
58 5 Al PLS Session18 100 L11 1 0 0 1 20 0 0 80 100
59 5 Al PLS Session19 100 L11 1 0 0 1 20 0 0 80 100
60 5 Al PLS Session20 100 L11 1 0 0 1 20 0 0 80 100
61 5 Al PLS Session21 100 L11 1 0 0 1 20 0 0 80 100
62 5 Al PLS Session22 100 L11 1 0 0 1 20 0 0 80 100
63 5 Al PLS Session23 100 L11 1 0 0 1 20 0 0 80 100
64 5 Al PLS Session24 100 L11 1 0 0 1 20 0 0 80 100
65 5 Al PLS Session25 100 L11 1 0 0 1 20 0 0 80 100
66 5 Al PLS Session26 100 L11 1 0 0 1 20 0 0 80 100
67 5 Al PLS Session27 100 L11 1 0 0 1 20 0 0 80 100
68 5 Al PL1 ExLabl 100 L21 0 0 0 1 0 0 0 60 60
69 5 Al PL2 ExLab2 100 131 1 1 1 1 20 10 10 60 100
70 5 Al PL2 ExLab2 100 L32 1 1 1 1 20 10 10 60 100

Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC; | woCC;  w CC, w-CC; w-CC, |A. Grade
71 6 Al TA1 Taskl 100 T11 1 0 1 1 30 0 20 30 80
72 6 Al TA2 Task2 100 T21 1 0 1 1 30 0 20 30 80

» Retroactivity executions

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, CC; CC, [ woCC; woCC, woCC; w.CC, |A. Grade
73 7 Al Retro Cc1 30 E12 1 1 1 0 40 30 30 0 100
74 7 Al Retro Cc1 40 E13 1 1 1 0 40 30 30 0 100
75 7 Al Retro c1 30 E12 1 1 1 0 40 30 30 0 100
76 7 Al Retro c1 40 E13 1 1 1 0 40 30 30 0 100
77 7 Al Retro c2 40 E22 1 1 1 0 40 30 30 0 100
78 7 Al Retro c2 40 E22 1 1 1 0 40 30 30 0 100
79 7 Al Retro c2 40 E22 1 1 1 0 40 30 30 0 100
80 7 Al Retro A 40 E32 1 1 1 0 40 30 30 0 100
81 7 Al Retro A 40 E32 1 1 1 0 40 30 30 0 100

» ATC cuboid before retroactivity effect

Grades  Cl1 [ A a3 PL T FCG  FG
Mok:[ 6 | start| 1 End:[ 72 82,5 1000 835 970 875 800 906 906

Topic | Weight | Activity [Subclass| #Act | D=sW, | scc, | scC, | SCC; | ScC. | wscc, | wscc, | wsce, | wsee, | glecy) | slecy) | glec,) | sicc,) [ elat
c1 10 Test P1 12 1.200 8 8 8 0| 48.000 24.000 8.000 o] 400 200 6,7 00| 66,7
a %  Exam E1 6 190 5 5 5 o| 6400 4.800 4.800 of 337 253 253 00| 842
2 | 100 Exam E2 7 400 7 7 7 0| 16.000 12.000 12.000 o 400 300 300 0,0| 100,0
A 100  Exam £3 7 400 7 3 7 0| 16.000 5.400 12.000 o 400 135 300 00| 835
3 | 100 Exam E4 8 400 8 8 7 0| 16.000 12.000 10.800 o| 400 300 270 00| 97,0
pL 30 Lab 1 27 2.700 25 0 0 26 50.000 0 0 208.000| 185 0,0 00 770 956
PL 28 Exam 2 1 100 0 0 0 1 0 0 0 6.000 0,0 0,0 00  600| 60,0
pL 42 Exam 13 2 200 2 2 2 2| 4000 2000 2000 12000 200 100 100  60,0| 100,0
T 50 Assig T 1 100 1 0 1 1| 3.000 0 2000 3.000 300 00 200  300| 800
T 50 Assig ™ 1 100 1 0 1 1| 3.000 0 2000 3.000] 300 00 200  300| 800

#Positive CC eval 64 33 38 31[162.400 60.200 53.600 232.000
Efectiveness 88,9 73,3 84,4 96,9
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» ATC cuboid after retroactivity effect

Grades  C1 =) A =) PL T FCG  FG
Mot:[ 7 | star[ 1 End:[ 81 885 1000 863 970 875 800 914 914
Topic | Weight | Activity [Subclass| #Act | D=3W, | SCC, | SCC, | SCC; | SCC, | wsce, | wsce, | wsce, | wsec, | slcc,) [ slcc) [ slcc) [ elcc,) | elar)
a1 10 Test 31 12 1.200 8 3 3 o| 48000 24.000 8.000 o] 400 200 6,7 00| 667
a 90  Exam E1 10 330 9 9 9 o| 12000 9.000 9.000 ol 364 273 273 00| 909
2 | 100 Exam £2 10 520 10 10 10 o| 20.800 15.600 15.600 ol 400 300 300 0,0{ 100,0
A | 100 Exam £3 9 480 9 5 9 o| 19200 7.800 14.400 ol 400 163 300 00| 863
3 | 100 Exam E4 8 400 8 8 7 o| 16.000 12.000 10.800 ol 400 300 270 00| 97,0
PL 30 lab 1 27 2.700 25 0 0 26| 50.000 0 0 208000 185 0,0 00  770| 956
PL 28 Exam 2 1 100 0 0 0 1 0 0 0 6000 0,0 0,0 00  600| 600
PL 42 Exam 13 2 200 2 2 2 2| 4000 2000 2000 12000 200 100 100 60,0/ 100,0
T 50 Assig e 1 100 1 0 1 1| 3.000 0 2000 3.000 300 00 200  300| 800
T 50 Assig n 1 100 1 0 1 1| 3.000 0 2000 3000 300 00 200  300| 800

#Positive CC 73 42 47 31[176.000 70400 63.800 232.000
Efectiveness 90,1 77,8 87,0 96,9
» Graphic results
Retroactivity Effect Total Competences
1200
100,00
50,00 100,0
80,00
70,00 80,0
60,00
50,00 60,0
40,00
30,00 40,0
20,00
10,00 20,0
0,00
ca [} A &) FG Current  FG_Contrib 0o
utive i cc1 cc2 oc3 cc4
m Standard 82,46 100,00 83,50 97,00 90,55 90,55 aTotal 20 165 21 185
m With Retroactivity| 88,48 100,00 86,25 57,00 9144 9144  Total Normalized 830 703 as4 98,8
Competences’ Improvement
100,00
80,00
60,00
20,00
20,00
0,00
ca c2 PL T
mg(CEL) 87,45 90,91 100,00 100,00 69,78 100,00
me(CEL) 88,48 90,51 100,00 5417 60,00 0,00
mg(CEL) 50,04 20,51 100,00 100,00 60,00 100,00
=E(CEL) 0,00 0,00 0,00 0,00 98,65 100,00
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|.2 Student A2

» Activities backlog

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, CC; CC, [ woCC; woCC, woCC; w.CC, |A. Grade
1 1 A2 Cc1 Test 1 100 P11 1 1 1 0 60 30 10 0 100
2 1 A2 Cc1 Test 2 100 P11 1 1 1 0 60 30 10 0 100
3 1 A2 C1 Test 3 100 P11 1 1 1 0 60 30 10 0 100
4 1 A2 C1 Test 4 100 P11 1 1 1 0 60 30 10 0 100
5 1 A2 Cc1 Test 5 100 P11 0 0 0 0 0 0 0 0 0
6 1 A2 C1 Test 6 100 P11 1 1 1 0 60 30 10 0 100
7 1 A2 (o} Test 7 100 P11 1 1 1 0 60 30 10 0 100
8 1 A2 Cc1 Test 8 100 P11 0 0 0 0 0 0 0 0 0
9 1 A2 Cc1 Test 9 100 P11 1 1 1 0 60 30 10 0 100
10 1 A2 C1 Test 10 100 P11 0 0 0 0 0 0 0 0 0
11 1 A2 Cc1 Test 11 100 P11 0 0 0 0 0 0 0 0 0
12 1 A2 Cc1 Test 12 100 P11 0 0 0 0 0 0 0 0 0
13 1 A2 Cc1 Exam 1 30 E11 1 1 1 0 40 30 30 0 100
14 1 A2 Cc1 Exam 2 30 E12 1 1 1 0 40 30 30 0 100
15 1 A2 C1 Exam 3 30 E11 1 1 1 0 40 30 30 0 100
16 1 A2 Cc1 Exam 4 40 E13 1 1 1 0 40 30 30 0 100
17 1 A2 C1 Exam 5 30 E11 0 0 0 0 0 0 0 0 0
18 1 A2 C1 Exam 6 30 E11 0 0 0 0 0 0 0 0 0

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | wCC; woCC, w.CC; w-CC, |A. Grade
19 2 A2 c2 Exam 1 60 E21 0 1 1 0 0 30 30 0 60

20 2 A2 c2 Exam 2 60 E21 1 1 1 0 40 30 30 0 100
21 2 A2 c2 Exam 3 60 E21 1 1 1 0 40 30 30 0 100
22 2 A2 c2 Exam 4 40 E22 1 1 1 0 40 30 30 0 100
23 2 A2 c2 Exam 5 60 E21 0 1 1 0 0 30 30 0 60
24 2 A2 c2 Exam 6 60 E21 1 0 1 0 40 0 30 0 70
25 2 A2 c2 Exam 7 60 E21 1 1 1 0 40 30 30 0 100
Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, CC; CC, | w,CC; wcoCC, w.CC; wc-CC, |A. Grade
26 3 A2 A Exam 1 60 E31 1 1 1 0 40 30 30 0 100
27 3 A2 A Exam 2 40 E32 0 1 1 0 0 30 30 0 60
28 3 A2 A Exam 3 60 E31 0 1 1 0 0 30 30 0 60
29 3 A2 A Exam 4 60 E31 1 1 1 0 40 30 30 0 100
30 3 A2 A Exam 5 60 E31 1 1 1 0 40 30 30 o] 100
31 3 A2 A Exam 6 60 E31 1 1 1 0 40 30 30 0 100
32 3 A2 A Exam 7 60 E31 1 0 1 0 40 0 30 0 70
Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | wCC; woCC, w.CC; w-CC, |A. Grade
33 4 A2 c3 Exam 1 60 E41 1 1 1 0 40 30 30 0 100
34 4 A2 c3 Exam 2 60 E41 1 1 0 0 40 30 0 0 70
35 4 A2 c3 Exam 3 60 E41 1 1 1 0 40 30 30 0 100
36 4 A2 c3 Exam 4 60 E41 1 1 1 0 40 30 30 0 100
37 4 A2 c3 Exam 5 40 E42 1 1 1 0 40 30 30 0 100
38 4 A2 Cc3 Exam 6 40 E42 1 1 1 0 40 30 30 0 100
39 4 A2 c3 Exam 7 40 E43 1 1 1 0 40 30 30 0 100
40 4 A2 c3 Exam 8 40 E43 1 1 1 0 40 30 30 0 100
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Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, [ woCC; woCC, woCC; w. CC, |A. Grade
41 5 A2 PLS Session01 100 L11 0 0 0 1 0 0 0 80 80
42 5 A2 PLS Session02 100 L11 1 0 0 1 20 0 0 80 100
43 5 A2 PLS Session03 100 L11 1 0 0 1 20 0 0 80 100
44 5 A2 PLS Session04 100 L11 1 0 0 1 20 0 0 80 100
45 5 A2 PLS Session05 100 L11 1 0 0 1 20 0 0 80 100
46 5 A2 PLS Session06 100 L11 1 0 0 1 20 0 0 80 100
47 5 A2 PLS Session07 100 L11 1 0 0 1 20 0 0 80 100
48 5 A2 PLS Session08 100 L11 1 0 0 1 20 0 0 80 100
49 5 A2 PLS Session09 100 L11 1 0 0 1 20 0 0 80 100
50 5 A2 PLS Session10 100 L11 1 0 0 1 20 0 0 80 100
51 5 A2 PLS Session11 100 L11 1 0 0 1 20 0 0 80 100
52 5 A2 PLS Session12 100 L11 1 0 0 1 20 0 0 80 100
53 5 A2 PLS Session13 100 L11 1 0 0 1 20 0 0 80 100
54 5 A2 PLS Session14 100 L11 1 0 0 1 20 0 0 80 100
55 5 A2 PLS Session15 100 L11 1 0 0 1 20 0 0 80 100
56 5 A2 PLS Sessionl6 100 L11 1 0 0 1 20 0 0 80 100
57 5 A2 PLS Session17 100 L11 0 0 0 1 0 0 0 80 80
58 5 A2 PLS Session18 100 L11 1 0 0 1 20 0 0 80 100
59 5 A2 PLS Session19 100 L11 1 0 0 1 20 0 0 80 100
60 5 A2 PLS Session20 100 L11 0 0 0 0 0 0 0 0 0
61 5 A2 PLS Session21 100 L11 0 0 0 1 0 0 0 80 80
62 5 A2 PLS Session22 100 L11 1 0 0 1 20 0 0 80 100
63 5 A2 PLS Session23 100 L11 1 0 0 1 20 0 0 80 100
64 5 A2 PLS Session24 100 L11 1 0 0 1 20 0 0 80 100
65 5 A2 PLS Session25 100 L11 1 0 0 1 20 0 0 80 100
66 5 A2 PLS Session26 100 L11 1 0 0 1 20 0 0 80 100
67 5 A2 PLS Session27 100 L11 1 0 0 1 20 0 0 80 100
68 5 A2 PL1 ExLabl 100 L21 0 1 0 1 0 10 0 60 70
69 5 A2 PL2 ExLab2 100 131 1 1 1 1 20 10 10 60 100
70 5 A2 PL2 ExLab2 100 L32 1 1 1 1 20 10 10 60 100

Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | wCC;  w.oCC, w. CC; w-CC, |A.Grade
71 6 A2 TA1 Taskl 100 T11 0 1 1 1 0 20 20 30 70
72 6 A2 TA2 Task2 100 T21 1 1 1 1 30 20 20 30 100

» Retroactivity executions

Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | w,CC; woCC, w.CC; w-CC, |A. Grade
73 7 A2 Retro c1 30 E12 1 1 1 0 40 30 30 0 100
74 7 A2 Retro Cc1 40 E13 1 1 1 0 40 30 30 0 100
75 7 A2 Retro c1 30 E12 1 1 1 0 40 30 30 0 100
76 7 A2 Retro c1 40 E13 1 1 1 0 40 30 30 0 100
77 7 A2 Retro c2 40 E22 1 1 1 0 40 30 30 0 100
78 7 A2 Retro c2 40 E22 1 1 1 0 40 30 30 0 100
79 7 A2 Retro c2 40 E22 1 1 1 0 40 30 30 0 100
80 7 A2 Retro A 40 E32 1 1 1 0 40 30 30 0 100
81 7 A2 Retro A 40 E32 1 1 1 0 40 30 30 0 100
82 7 A2 Retro A 40 E32 1 1 1 0 40 30 30 0 100

» ATC cuboid before retroactivity effect

Grades  Cl1 [ A a3 PL T FCG  FG
MoE: 6 start: 1 End: 72 674 835 85 955 898 850 879 87,9

Topic | Weight [ Activity [Subclass| #Act | D=sW, | SCC, | SCC, | SCC; | SCC. | wsCC, | wsCC, | wsce; | wsec, | glecy) | slccy) | gicc,) | siccy) [ gtan)
c1 10 Test P1 12 1.200 7 7 7 0| 42000 21.000 7.000 of 350 175 5,8 00| 583
a 9  Exam E1 6 190 4 4 4 o| 5200 3900 3.900 of 274 205 205 00| 684
2 | 100 Exam E2 7 400 5 6 7 0| 11.200 10.200 12.000 of 280 255 300 00| 835
A 100  Exam £3 7 400 5 6 7 0| 12.000 10.200 12.000 o 300 255 300 00| 855
3 | 100 Exam E4 8 400 8 8 7 0| 16.000 12.000 10.200 o 400 300 255 00| 955
pL 30 Lab 1 27 2.700 23 0 0 26| 46.000 0 0 208.000| 17,0 0,0 00 770 941
pL 28 Exam 12 1 100 0 1 0 1 0 1.000 0 6.000 00 100 00 600 70,0
pL 42 Exam 13 2 200 2 2 2 2| 4000 2000 2000 12000/ 200 100 100  60,0| 100,0
T 50 Assig e 1 100 0 1 1 1 0 2000 2000 3.000 00 200 200 300 700
T 50 Assig v 1 100 1 1 1 1] 3000 2000 2000 3.000] 300 200 200  30,0| 100,0

#Positive CC 55 36 36 31[139.400 64300 51.100 232.000
Efectiveness 76,4 80,0 80,0 96,9
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» ATC cuboid after retroactivity effect

Grades  C1 =) A =) PL T FCG  FG
MoE: 7 Start: 1 End: 82 795 873 888 955 898 850 89,9 89,9
Topic | Weight [ Activity [Subclass] #Act | D=3W, | SCC, | SCC, | SCC; | SCC, | wscc, | wsce, | wsce, | wsec, | slcc,) [ slcc) [ slcc) [ elcc,) | elar)
a1 10 Test P1 12 1.200 7 7 7 0| 42000 21.000 7.000 o 350 175 5,8 00| 583
1 | 9 Exam E1 10 330 8 8 8 o| 10800 8.100 8.100 ol 327 245 245 00| 818
2 | 100 Exam £2 10 520 8 9 10 o| 16.000 13.800 15.600 ol 308 265 300 00| 873
A | 100 Exam £3 10 520 8 9 10 o| 16.800 13.800 15.600 ol 323 265 300 00| 888
3 | 100 Exam E4 8 400 8 8 7 o| 16.000 12.000 10.200 ol 400 300 255 00| 955
PL 30 lab 1 27 2.700 23 0 0 26| 46.000 0 0 208000 17,0 0,0 00  770| 941
PL 28 Exam 2 1 100 0 1 0 1 0 1.000 0 6.000 00 100 00  600| 700
PL | 42 Exam 13 2 200 2 2 2 2| 4000 2000 2000 12000 200 100 100 60,0/ 100,0
T 50 Assig T 1 100 0 1 1 1 0 2000 2000 3.000 00 200 200  300| 70,0
T 50 Assig ™ 1 100 1 1 1 1] 3000 2000 2000 3000 300 200 200 _ 30,0| 100,0

#Positive CC 65 6 16 31[154.600 75700 62.500 232.000
Efectiveness 79,3 83,6 83,6 96,9

» Graphic results

100,00
90,00
80,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00

0,00

m Standard

m With Retroactivity

100,00

80,00

60,00

40,00

20,00

0,00

wg(CE1)

ug(CE)

mg(CEL)
mg(CEL)

78,36
79,47
80,98

a 2z A c

67,41

79,47

Retroactivity Effect

83,50
87,31

85,50 95,50
BE,85 95,50

Competences' Improvement

2 A 3

81,82
81,82
81,82
0,00

76,92
88,46

100,00
0,00

80,77
8E,46

100,00
0,00

FG_Current

87,90
89,88

L
67,56
100,00
60,00
98,65

FG_Contrib
utive
87,90

85,88
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Total Competences

120,0

100,0

80,0
60,0
40,0
20,0
00 oc1 o2 cc3 cce

u Total 262
u Total Normalized 761
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|.3 Student C1

It has been used to develop the ATC method in Chapter 6.

|.4 Student C2

» Activities backlog

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, [ woCC; woCC, woCC; w.CC, |A. Grade
1 1 c2 Cc1 Test 1 100 P11 1 1 1 0 60 30 10 0 100
2 1 c2 Cc1 Test 2 100 P11 1 1 1 0 60 30 10 0 100
3 1 c2 C1 Test 3 100 P11 0 0 0 0 0 0 0 0 0
4 1 c2 C1 Test 4 100 P11 1 1 1 0 60 30 10 0 100
5 1 c2 Cc1 Test 5 100 P11 1 1 1 0 60 30 10 0 100
6 1 c2 C1 Test 6 100 P11 1 1 1 0 60 30 10 0 100
7 1 Cc2 (o} Test 7 100 P11 1 1 1 0 60 30 10 0 100
8 1 c2 Cc1 Test 8 100 P11 0 0 0 0 0 0 0 0 0
9 1 c2 Cc1 Test 9 100 P11 0 0 0 0 0 0 0 0 0
10 1 Cc2 C1 Test 10 100 P11 0 0 0 0 0 0 0 0 0
11 1 c2 Cc1 Test 11 100 P11 0 0 0 0 0 0 0 0 0
12 1 c2 Cc1 Test 12 100 P11 0 0 0 0 0 0 0 0 0
13 1 c2 C1 Exam 1 30 E11 0 0 0 0 0 0 0 0 0
14 1 Cc2 Cc1 Exam 2 30 E12 0 0 0 0 0 0 0 0 0
15 1 c2 Cc1 Exam 3 30 E11 1 1 1 0 40 30 30 0 100
16 1 Cc2 C1 Exam 4 40 E13 0 0 0 0 0 0 0 0 0
17 1 Cc2 C1 Exam 5 30 E11 0 1 1 0 0 30 30 0 60
18 1 c2 C1 Exam 6 30 E11 1 1 1 0 40 30 30 0 100

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC; | w,CC; woCC, w.CC; w-CC, |A. Grade

19 2 c2 c2 Exam 1 60 E21 1 1 1 0 40 30 30 0 100
20 2 c2 c2 Exam 2 60 E21 1 1 1 0 40 30 30 0 100
21 2 c2 c2 Exam 3 60 E21 0 1 1 0 0 30 30 0 60
22 2 c2 c2 Exam 4 40 E22 1 1 1 0 40 30 30 0 100
23 2 c2 c2 Exam 5 60 E21 0 0 0 0 0 0 0 0 0
24 2 c2 c2 Exam 6 60 E21 1 1 1 0 40 30 30 0 100
25 2 c2 c2 Exam 7 60 E21 0 0 0 0 0 0 0 0 0

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, CC; CC, [ woCC; woCC, woCC; w.CC, |A. Grade

26 3 c2 A Exam 1 60 E31 1 1 0 0 40 30 0 0 70
27 3 c2 A Exam 2 40 E32 1 1 1 0 40 30 30 0 100
28 3 c2 A Exam 3 60 E31 1 1 1 0 40 30 30 0 100
29 3 c2 A Exam 4 60 E31 1 0 1 0 40 0 30 0 70
30 3 c2 A Exam 5 60 E31 1 1 1 0 40 30 30 0 100
31 3 c2 A Exam 6 60 E31 1 1 1 0 40 30 30 0 100
32 3 C2 A Exam 7 60 E31 1 1 1 0 40 30 30 0 100
Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | wCC; woCC, w.CC; w-CC, |A. Grade
33 4 c2 c3 Exam 1 60 E41 0 0 1 0 0 0 30 0 30
34 4 c2 c3 Exam 2 60 E41 1 0 1 0 40 0 30 0 70
35 4 c2 c3 Exam 3 60 E41 1 1 1 0 40 30 30 0 100
36 4 c2 c3 Exam 4 60 E41 1 1 0 0 40 30 0 0 70
37 4 c2 c3 Exam 5 40 E42 1 1 1 0 40 30 30 0 100
38 4 Cc2 Cc3 Exam 6 40 E42 1 1 1 0 40 30 30 0 100
39 4 c2 c3 Exam 7 40 E43 1 1 1 0 40 30 30 0 100
40 4 c2 c3 Exam 8 40 E43 1 1 0 0 40 30 0 0 70
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Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, [ woCC; woCC, woCC; w. CC, |A. Grade
41 5 c2 PLS Session01 100 L11 1 0 0 1 20 0 0 80 100
42 5 c2 PLS Session02 100 L11 1 0 0 1 20 0 0 80 100
43 5 c2 PLS Session03 100 L11 0 0 0 1 0 0 0 80 80
44 5 c2 PLS Session04 100 L11 0 0 0 1 0 0 0 80 80
45 5 c2 PLS Session05 100 L11 0 0 0 0 0 0 0 0 0
46 5 Cc2 PLS Session06 100 L11 1 0 0 1 20 0 0 80 100
47 5 c2 PLS Session07 100 L11 1 0 0 1 20 0 0 80 100
48 5 c2 PLS Session08 100 L11 1 0 0 1 20 0 0 80 100
49 5 c2 PLS Session09 100 L11 1 0 0 1 20 0 0 80 100
50 5 c2 PLS Session10 100 L11 0 0 0 1 0 0 0 80 80
51 5 c2 PLS Session11 100 L11 1 0 0 1 20 0 0 80 100
52 5 c2 PLS Session12 100 L11 1 0 0 1 20 0 0 80 100
53 5 Cc2 PLS Session13 100 L11 0 0 0 0 0 0 0 0 0
54 5 Cc2 PLS Session14 100 L11 0 0 0 0 0 0 0 0 0
55 5 c2 PLS Session15 100 L11 0 0 0 1 0 0 0 80 80
56 5 c2 PLS Sessionl6 100 L11 1 0 0 1 20 0 0 80 100
57 5 c2 PLS Sessionl7 100 L11 1 0 0 1 20 0 0 80 100
58 5 c2 PLS Session18 100 L11 1 0 0 1 20 0 0 80 100
59 5 c2 PLS Session19 100 L11 1 0 0 1 20 0 0 80 100
60 5 c2 PLS Session20 100 L11 1 0 0 1 20 0 0 80 100
61 5 Cc2 PLS Session21 100 L11 1 0 0 1 20 0 0 80 100
62 5 Cc2 PLS Session22 100 L11 1 0 0 1 20 0 0 80 100
63 5 c2 PLS Session23 100 L11 1 0 0 1 20 0 0 80 100
64 5 c2 PLS Session24 100 L11 0 0 0 1 0 0 0 80 80
65 5 c2 PLS Session25 100 L11 1 0 0 1 20 0 0 80 100
66 5 c2 PLS Session26 100 L11 1 0 0 1 20 0 0 80 100
67 5 c2 PLS Session27 100 L11 1 0 0 1 20 0 0 80 100
68 5 c2 PL1 ExLabl 100 L21 0 1 1 0 0 10 10 0 20
69 5 c2 PL2 ExLab2 100 131 0 0 0 1 0 0 0 60 60
70 5 C2 PL2 ExLab2 100 L32 1 1 1 1 20 10 10 60 100

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | wCC;  w.oCC, w. CC; w-CC, |A.Grade
71 6 C2 TA1 Taskl 100 T11 1 0 1 1 30 0 20 30 80
72 6 C2 TA2 Task2 100 T21 1 0 0 1 30 0 0 30 60

» Retroactivity executions

Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CC, C€C; CC, | wCC; woCC, w.CC; w-CC, |A. Grade
73 7 c2 Retro c1 30 E12 1 1 1 0 40 30 30 0 100
74 7 ) Retro a1 40 E13 1 1 1 0 40 30 30 0 100
75 7 c2 Retro Cc1 30 E12 1 1 1 0 40 30 30 0 100
76 7 Cc2 Retro c1 40 E13 1 1 1 0 40 30 30 0 100
77 7 c2 Retro c2 40 E22 1 1 1 0 40 30 30 0 100
78 7 c2 Retro c2 40 E22 1 1 1 0 40 30 30 0 100
79 7 c2 Retro 2 40 E22 1 1 1 0 40 30 30 0 100
80 7 c2 Retro A 40 E32 1 1 1 0 40 30 30 0 100
81 7 C2 Retro A 40 E32 1 1 1 0 40 30 30 0 100

» ATC cuboid before retroactivity effect

Grades  Cl1 [ A a3 PL T FCG  FG
MoE: 6 start: 1 End: 72 41,9 640 910 775 648 700 713 713

Topic | Weight [ Activity [Subclass| #Act | D=sW, | SCC, | SCC, | SCC; | SCC. | wscc, | wsCc, | wsce, | wsee, | glecy) | slecy) | gicc,) | sicc,) [ glat)
c1 10 Test P1 12 1.200 6 6 6 0| 36.000 18.000 6.000 o] 300 150 5,0 00| 500
a %  Exam E1 6 190 2 3 3 o| 2400 2700 2.700 ol 126 142 142 00| 411
2 | 100 Exam E2 7 400 4 5 5 o| 8800 8400 8400 of 220 210 210 00| 64,0
A 100  Exam £3 7 400 7 6 6 0| 16.000 10.200 10.200 o 400 255 255 00| 91,0
3 | 100 Exam E4 8 400 7 6 6 0| 13.600 8.400 9.000 o 340 210 225 00| 77,5
pL 30 Lab 1 27 2.700 19 0 0 24| 38.000 0 0 192.000| 14,1 0,0 00 711 852
PL 28 Exam 2 1 100 0 1 1 0 0 1.000 1.000 0 00 100 100 00| 200
pL 42 Exam 13 2 200 1 1 1 2| 2000 1.000 1.000 12000 10,0 5,0 50 60,0 80,0
T 50 Assig T 1 100 1 0 1 1| 3.000 0 2000 3.000 300 00 200 300/ 800
T 50 Assig ™ 1 100 1 0 0 1| 3.000 0 0 3000 300 0,0 00 300 600

#Positive CC eval 48 28 29 28[122.800 49.700 40.300 210.000
Efectiveness 66,7 62,2 64,4 87,5
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» ATC cuboid after retroactivity effect

Grades  C1 =) A =) PL T FCG  FG
MoE: 7 Start: 1 End: 81 645 723 925 775 648 700 744 744
Topic | Weight [ Activity [Subclass] #Act | D=3W, | SCC, | SCC, | SCC; | SCC, | wscc, | wsce, | wsce, | wsec, | slcc,) [ slcc) [ slcc) [ elcc,) | elar)
a1 10 Test P1 12 1.200 6 6 6 0| 36000 18.000 6.000 of 300 150 5,0 00| 500
1 | 9 Exam E1 10 330 6 7 7 o| 8000 6.900 6900 ol 242 209 209 00| 661
2 | 100 Exam £2 10 520 7 8 8 o| 13.600 12.000 12.000 ol 262 231 231 00| 723
A | 100 Exam £3 9 480 9 8 8 o| 19200 12.600 12.600 ol 400 263 263 00| 925
3 | 100 Exam E4 8 400 7 6 6 o| 13.600 8.400 9.000 ol 340 210 225 00| 775
PL 30 lab 1 27 2.700 19 0 0 24| 38.000 0 0 192.000| 141 0,0 00  711| 852
PL 28 Exam 2 1 100 0 1 1 0 0 1000 1.000 0 00 100 100 00| 200
PL | 42 Exam 13 2 200 1 1 1 2| 2000 1.000 1000 12000 10,0 50 50  600| 80,0
T 50 Assig T 1 100 1 0 1 1| 3.000 0 2000 3.000 300 00 200  300| 800
T 50 Assig n 1 100 1 0 0 1| 3.000 0 0 3000 300 0,0 00  300] 600
#Positive CC 57 37 38 28(136.400 59.900 50.500 210.000
Efectiveness 70,4 68,5 70,4 87,5
» Graphic results
Retroactivity Effect Total Competences

100,00
50,00
80,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00

0,00

m Standard
m With Retroactivity

100,00

30,00

20,00

0,00

mg(CEL)
mg(CEL)
mE(CEL)
mE(CEL)

55,09
67,73
68,99
0,00

a Q@ A c

41,85
64,45

54,00
7231

51,00 77,50
92,50 77,50

Competences' Improvement

60,61
69,70
69,70
0,00

65,38
76,92
76,92

c3

100,00

FG_Current | FG_Contrib

utive
71,29 71,29
78,40 74,40
PL | T‘
4211 100,00
70,00 0,00
70,00 50,00
70,51 100,00
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70,0
60,0
50,0
400
30,0
20,0
10,0
0o cc1 cc2 cc3 oce

u Total 258
u Total Normalized 75,0

17,2
734

133
740




|.5 Student D1

» Activities backlog

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; €D1 CC; CC, | woCC; we:CD1  wCC;  w.CC, |A. Grade
1 1 D1 Cc1 Test 1 100 P11 1 1 1 0 60 30 10 0 100
2 1 D1 Cc1 Test 2 100 P11 1 1 1 0 60 30 10 0 100
3 1 D1 C1 Test 3 100 P11 1 1 1 0 60 30 10 0 100
4 1 D1 C1 Test 4 100 P11 0 0 0 0 0 0 0 0 0
5 1 D1 Cc1 Test 5 100 P11 0 0 0 0 0 0 0 0 0
6 1 D1 C1 Test 6 100 P11 1 1 1 0 60 30 10 0 100
7 1 D1 (o} Test 7 100 P11 1 1 1 0 60 30 10 0 100
8 1 D1 Cc1 Test 8 100 P11 0 0 0 0 0 0 0 0 0
9 1 D1 Cc1 Test 9 100 P11 0 0 0 0 0 0 0 0 0
10 1 D1 C1 Test 10 100 P11 0 0 0 0 0 0 0 0 0
11 1 D1 Cc1 Test 11 100 P11 0 0 0 0 0 0 0 0 0
12 1 D1 Cc1 Test 12 100 P11 0 0 0 0 0 0 0 0 0
13 1 D1 Cc1 Exam 1 30 E11 1 1 1 0 40 30 30 0 100
14 1 D1 Cc1 Exam 2 30 E12 1 0 0 0 40 0 0 0 40
15 1 D1 C1 Exam 3 30 E11 0 0 0 0 0 0 0 0 0
16 1 D1 C1 Exam 4 40 E13 0 0 0 0 0 0 0 0 0
17 1 D1 C1 Exam 5 30 E11 0 0 0 0 0 0 0 0 0
18 1 D1 C1 Exam 6 30 E11 0 0 0 0 0 0 0 0 0

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; D1 CC; CC; | w,CC; weCD1  w.CC; w-CC, |A. Grade
19 2 D1 c2 Exam 1 60 E21 1 0 1 0 40 0 30 0 70
20 2 D1 c2 Exam 2 60 E21 1 1 1 0 40 30 30 0 100
21 2 D1 c2 Exam 3 60 E21 1 0 1 0 40 0 30 0 70
22 2 D1 c2 Exam 4 40 E22 1 1 1 0 40 30 30 0 100
23 2 D1 c2 Exam 5 60 E21 0 1 1 0 0 30 30 0 60
24 2 D1 c2 Exam 6 60 E21 1 0 1 0 40 0 30 0 70
25 2 D1 c2 Exam 7 60 E21 0 0 0 0 0 0 0 0 0

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; cD1 CC; CC, | w,CC; weCD1  w.CC; wc-CC, |A. Grade
26 3 D1 A Exam 1 60 E31 1 1 0 0 40 30 0 0 70
27 3 D1 A Exam 2 40 E32 1 1 0 0 40 30 0 0 70
28 3 D1 A Exam 3 60 E31 1 1 0 0 40 30 0 0 70
29 3 D1 A Exam 4 60 E31 1 0 1 0 40 0 30 0 70
30 3 D1 A Exam 5 60 E31 1 1 1 0 40 30 30 o] 100
31 3 D1 A Exam 6 60 E31 1 1 0 0 40 30 0 0 70
32 3 D1 A Exam 7 60 E31 1 1 1 0 40 30 30 0 100

Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; D1 CC; CC, | w,CC; weCD1  w.CC; w-CC, |A. Grade
33 4 D1 c3 Exam 1 60 E41 1 0 1 0 40 0 30 0 70
34 4 D1 c3 Exam 2 60 E41 0 0 1 0 0 0 30 0 30
35 4 D1 c3 Exam 3 60 E41 1 0 0 0 40 0 0 0 40
36 4 D1 c3 Exam 4 60 E41 1 0 1 0 40 0 30 0 70
37 4 D1 c3 Exam 5 40 E42 1 0 0 0 40 0 0 0 40
38 4 D1 Cc3 Exam 6 40 E42 1 1 0 0 40 30 0 0 70
39 4 D1 c3 Exam 7 40 E43 1 0 0 0 40 0 0 0 40

40 4 D1 c3 Exam 8 40 E43 1 1 0 0 40 30 0 0 70
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Act. N. MoEv Student Topic Activities | Weight Subclass| CC; €D1 CC; CC, | woCC; we:CD1  wCC;  w.CC, |A. Grade
41 5 D1 PLS Session01 100 L11 0 0 0 1 0 0 0 80 80
42 5 D1 PLS Session02 100 L11 1 0 0 1 20 0 0 80 100
43 5 D1 PLS Session03 100 L11 1 0 0 1 20 0 0 80 100
44 5 D1 PLS Session04 100 L11 0 0 0 1 0 0 0 80 80
45 5 D1 PLS Session05 100 L11 1 0 0 1 20 0 0 80 100
46 5 D1 PLS Session06 100 L11 1 0 0 1 20 0 0 80 100
47 5 D1 PLS Session07 100 L11 1 0 0 1 20 0 0 80 100
48 5 D1 PLS Session08 100 L11 1 0 0 1 20 0 0 80 100
49 5 D1 PLS Session09 100 L11 1 0 0 0 20 0 0 0 20
50 5 D1 PLS Session10 100 L11 1 0 0 1 20 0 0 80 100
51 5 D1 PLS Session11 100 L11 1 0 0 1 20 0 0 80 100
52 5 D1 PLS Session12 100 L11 1 0 0 1 20 0 0 80 100
53 5 D1 PLS Session13 100 L11 1 0 0 1 20 0 0 80 100
54 5 D1 PLS Sessionl14 100 L11 1 0 0 1 20 0 0 80 100
55 5 D1 PLS Session15 100 L11 0 0 0 1 0 0 0 80 80
56 5 D1 PLS Sessionl6 100 L11 1 0 0 1 20 0 0 80 100
57 5 D1 PLS Sessionl7 100 L11 1 0 0 1 20 0 0 80 100
58 5 D1 PLS Session18 100 L11 1 0 0 1 20 0 0 80 100
59 5 D1 PLS Session19 100 L11 1 0 0 1 20 0 0 80 100
60 5 D1 PLS Session20 100 L11 1 0 0 1 20 0 0 80 100
61 5 D1 PLS Session21 100 L11 1 0 0 1 20 0 0 80 100
62 5 D1 PLS Session22 100 L11 1 0 0 1 20 0 0 80 100
63 5 D1 PLS Session23 100 L11 1 0 0 1 20 0 0 80 100
64 5 D1 PLS Session24 100 L11 1 0 0 1 20 0 0 80 100
65 5 D1 PLS Session25 100 L11 0 0 0 1 0 0 0 80 80
66 5 D1 PLS Session26 100 L11 1 0 0 1 20 0 0 80 100
67 5 D1 PLS Session27 100 L11 1 0 0 1 20 0 0 80 100
68 5 D1 PL1 ExLabl 100 L21 1 0 0 0 20 0 0 0 20
69 5 D1 PL2 ExLab2 100 L31 1 1 1 0 20 10 10 0 40
70 5 D1 PL2 ExLab2 100 132 1 1 1 1 20 10 10 60 100

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; €D1 CC; CC, | wCC; weCD1  w.CC;  w-CC, |A. Grade
71 6 D1 TA1 Taskl 100 T11 0 1 1 1 0 20 20 30 70
72 6 D1 TA2 Task2 100 T21 1 0 1 1 30 0 20 30 80

» Retroactivity executions

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; €D1 CC; CC, | woCC; weCD1  wCC;  w.CC, |A. Grade
73 7 D1 Retro C1 30 E12 1 1 1 0 40 30 30 0 100
74 7 D1 Retro C1 40 E13 1 1 1 0 40 30 30 0 100
75 7 D1 Retro C1 30 E12 1 1 1 0 40 30 30 0 100
76 7 D1 Retro C1 40 E13 1 1 1 0 40 30 30 0 100
77 7 D1 Retro C2 40 E22 1 1 1 0 40 30 30 0 100
78 7 D1 Retro C2 40 E22 1 1 1 0 40 30 30 0 100

» ATC cuboid before retroactivity effect

Grades  Cl1 [ A a3 PL T FCG  FG
MoE: 6 start: 1 End: 72 241 655 790 535 632 750 611 61,1

Topic | Weight [ Activity [Subclass| #Act | D=sW, | SCC, | SCC, | SCC; | SCC. | wsCC, | wsCC, | wsce; | wsec, | glecy) | slccy) | gicc,) | siccy) [ gtan)
c1 10 Test P1 12 1.200 5 5 5 0| 30000 15.000 5.000 of 250 125 4,2 00| 41,7
a 9  Exam E1 6 190 2 1 1 o| 2400 900 900 of 126 47 47 00| 221
2 | 100 Exam E2 7 400 5 3 6 0| 11200 4.800 10.200 of 280 120 255 00| 655
A 100  Exam £3 7 400 7 6 3 0| 16.000 10.200 5.400 o 400 255 135 00| 79,0
3 | 100 Bxam E4 8 400 7 2 3 0| 13.600 2.400 5.400 of 340 60 135 00| 535
pL 30 Lab 1 27 2.700 23 0 0 26| 46.000 0 0 208.000| 17,0 0,0 00 770 941
pL 28 Exam 12 1 100 1 0 0 o 2.000 0 0 of 200 0,0 0,0 00| 200
PL 42 Exam 13 2 200 2 2 2 1| 4000 2000 2000 6000 200 100 100  300| 70,0
T 50 Assig e 1 100 0 1 1 1 0 2000 2000 3.000 00 200 200 300 700
T 50 Assig v 1 100 1 0 1 1| 3.000 0 2000 3.000] 300 00 200  300| 800

#Positive CC 53 20 22 29]128.200 37300 32.900 220.000
Efectiveness 73,6 44,4 48,9 90,6
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» ATC cuboid after retroactivity effect

Grades C1 2 A c PL T FCG FG
MoE: 7 Start: 1 End: 78 538 713 79,0 53,5 63,2 75,0 64,1 64,1
Topic | Weight [ Activity [Subclass] #Act | D=3W, | SCC, | SCC, | SCC; | SCC, | wscc, | wsce, | wsce, | wsec, | slcc,) [ slcc) [ slcc) [ elcc,) | elar)
c1 10  Test P1 12 1.200 5 5 5 0| 30.000 15.000 5.000 0 25,0 12,5 4,2 0,0| 41,7
Cc1 90 Exam E1 10 330 6 5 5 0[ 8.000 5.100 5.100 0 24,2 15,5 15,5 0,0 55,2
Cc2 100 Exam E2 9 480 7 5 8 0 14.400 7.200 12.600 0 30,0 15,0 26,3 0,0 713
A 100  Exam E3 7 400 7 6 3 0| 16.000 10.200  5.400 ol 400 25,5 13,5 00| 79,0
c3 100 Exam E4 8 400 7 2 3 0 13.600 2.400 5.400 0 34,0 6,0 13,5 0,0/ 535
PL 30 Lab L1 27 2.700 23 0 0 26| 46.000 0 0 208.000 17,0 0,0 0,0 77,01 94,1
PL 28 Exam L2 1 100 1 0 0 0| 2.000 0 0 0 20,0 0,0 0,0 0,0 20,0
PL 42 Exam L3 2 200 2 2 2 1/ 4.000 2.000 2.000 6.000 20,0 10,0 10,0 30,0 70,0
T 50  Assig T1 1 100 0 1 1 1 0 2.000 2.000 3.000 0,0 20,0 20,0 30,0 70,0
T 50  Assig T2 1 100 1 0 1 1 3.000 0 2.000 3.000 30,0 0,0 20,0 30,0/ 80,0
#Positive CC 59 26 28 29[137.000 43.900 39.500 220.000
Efectiveness 75,6 51,0 54,9 90,6
» Graphic results
Retroactivity Effect Total Competences
20,0
80,00 800
70,00 100
60,00
50,0
50,00
50,0
40,00
40,0
30,00
20,00 300
10,00 200
0,00 10,0
c @ A 3 FG_Current | FG_Contrib
0,0
utive ccl o2 oc3 cc
mStandard 24,06 65,50 79,00 53,50 51,08 61,06 o Total 278 52 140 112
mWith Retroactivity| 53,80 71,25 75,00 53,50 64,11 64,11 ' Total Normalized 811 a5 00 596
Competences' Improvement
100,00
80,00
60,00
40,00
20,00
0,00
c [or] A a PL T
mE(CEY) 57,90 50,61 75,00 100,00 95,56 50,00
mg(CEL) 50,53 51,52 50,00 85,00 60,00 50,00
mg(CEL) 51,16 51,52 87,50 45,00 60,00 100,00
gICEL) 0,00 0,00 0,00 0,00 5411 100,00
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|.6 Student D2

» Activities backlog

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; €D2 CC; CC, | woCC; we:CD2 wCC;  w.CC, |A. Grade
1 1 D2 Cc1 Test 1 100 P11 0 0 0 0 0 0 0 0 0
2 1 D2 Cc1 Test 2 100 P11 1 1 1 0 60 30 10 0 100
3 1 D2 C1 Test 3 100 P11 1 1 1 0 60 30 10 0 100
4 1 D2 C1 Test 4 100 P11 0 0 0 0 0 0 0 0 0
5 1 D2 Cc1 Test 5 100 P11 0 0 0 0 0 0 0 0 0
6 1 D2 C1 Test 6 100 P11 0 0 0 0 0 0 0 0 0
7 1 D2 (o} Test 7 100 P11 1 1 1 0 60 30 10 0 100
8 1 D2 Cc1 Test 8 100 P11 0 0 0 0 0 0 0 0 0
9 1 D2 Cc1 Test 9 100 P11 1 1 1 0 60 30 10 0 100
10 1 D2 C1 Test 10 100 P11 0 0 0 0 0 0 0 0 0
11 1 D2 Cc1 Test 11 100 P11 0 0 0 0 0 0 0 0 0
12 1 D2 Cc1 Test 12 100 P11 0 0 0 0 0 0 0 0 0
13 1 D2 Cc1 Exam 1 30 E11 1 1 1 0 40 30 30 0 100
14 1 D2 Cc1 Exam 2 30 E12 0 0 0 0 0 0 0 0 0
15 1 D2 C1 Exam 3 30 E11 0 0 0 0 0 0 0 0 0
16 1 D2 C1 Exam 4 40 E13 0 1 0 0 0 30 0 0 30
17 1 D2 C1 Exam 5 30 E11 0 0 0 0 0 0 0 0 0
18 1 D2 C1 Exam 6 30 E11 1 1 1 0 40 30 30 0 100

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; €D2 CC; CC, | w,CC; weCD2 w.CC; w-CC, |A. Grade
19 2 D2 c2 Exam 1 60 E21 1 1 1 0 40 30 30 0 100

20 2 D2 c2 Exam 2 60 E21 0 0 0 0 0 0 0 0 0

21 2 D2 c2 Exam 3 60 E21 0 0 0 0 0 0 0 0 0

22 2 D2 c2 Exam 4 40 E22 1 1 0 0 40 30 0 0 70
23 2 D2 c2 Exam 5 60 E21 0 0 0 0 0 0 0 0 0

24 2 D2 c2 Exam 6 60 E21 0 0 0 0 0 0 0 0 0

25 2 D2 c2 Exam 7 60 E21 0 0 0 0 0 0 0 0 0

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; cD2 CC; CC, | w,CC; weCD2 w.CC; wc-CC, |A. Grade

26 3 D2 A Exam 1 60 E31 1 1 0 0 40 30 0 0 70
27 3 D2 A Exam 2 40 E32 0 0 0 0 0 0 0 0 0

28 3 D2 A Exam 3 60 E31 1 0 0 0 40 0 0 0 40
29 3 D2 A Exam 4 60 E31 1 1 0 0 40 30 0 0 70
30 3 D2 A Exam 5 60 E31 1 1 1 0 40 30 30 o] 100
31 3 D2 A Exam 6 60 E31 1 1 0 0 40 30 0 0 70
32 3 D2 A Exam 7 60 E31 1 1 0 0 40 30 0 0 70

Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; €D2 CC; CC, | w,CC; weCD2 w.CC; w-CC, |A. Grade

33 4 D2 c3 Exam 1 60 E41 1 1 1 0 40 30 30 0 100
34 4 D2 c3 Exam 2 60 E41 1 0 1 0 40 0 30 0 70
35 4 D2 c3 Exam 3 60 E41 0 1 0 0 0 30 0 0 30
36 4 D2 c3 Exam 4 60 E41 1 1 0 0 40 30 0 0 70
37 4 D2 c3 Exam 5 40 E42 1 0 1 0 40 0 30 0 70
38 4 D2 Cc3 Exam 6 40 E42 1 0 1 0 40 0 30 0 70
39 4 D2 c3 Exam 7 40 E43 1 1 1 0 40 30 30 0 100
40 4 D2 c3 Exam 8 40 E43 1 1 0 0 40 30 0 0 70
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Act. N. MoEv Student Topic Activities | Weight Subclass| CC; €D2 CC; CC, | woCC; we:CD2 woCC;  w.CC, |A. Grade
41 5 D2 PLS Session01 100 L11 1 0 0 1 20 0 0 80 100
42 5 D2 PLS Session02 100 L11 0 0 0 1 0 0 0 80 80
43 5 D2 PLS Session03 100 L11 1 0 0 1 20 0 0 80 100
44 5 D2 PLS Session04 100 L11 1 0 0 1 20 0 0 80 100
45 5 D2 PLS Session05 100 L11 1 0 0 0 20 0 0 0 20
46 5 D2 PLS Session06 100 L11 1 0 0 1 20 0 0 80 100
47 5 D2 PLS Session07 100 L11 0 0 0 1 0 0 0 80 80
48 5 D2 PLS Session08 100 L11 0 0 0 1 0 0 0 80 80
49 5 D2 PLS Session09 100 L11 1 0 0 0 20 0 0 0 20
50 5 D2 PLS Session10 100 L11 0 0 0 1 0 0 0 80 80
51 5 D2 PLS Session11 100 L11 0 0 0 1 0 0 0 80 80
52 5 D2 PLS Session12 100 L11 1 0 0 1 20 0 0 80 100
53 5 D2 PLS Session13 100 L11 0 0 0 1 0 0 0 80 80
54 5 D2 PLS Session14 100 L11 1 0 0 1 20 0 0 80 100
55 5 D2 PLS Session15 100 L11 0 0 0 1 0 0 0 80 80
56 5 D2 PLS Sessionl6 100 L11 1 0 0 1 20 0 0 80 100
57 5 D2 PLS Session17 100 L11 1 0 0 1 20 0 0 80 100
58 5 D2 PLS Session18 100 L11 1 0 0 1 20 0 0 80 100
59 5 D2 PLS Session19 100 L11 1 0 0 1 20 0 0 80 100
60 5 D2 PLS Session20 100 L11 1 0 0 1 20 0 0 80 100
61 5 D2 PLS Session21 100 L11 1 0 0 1 20 0 0 80 100
62 5 D2 PLS Session22 100 L11 0 0 0 1 0 0 0 80 80
63 5 D2 PLS Session23 100 L11 1 0 0 1 20 0 0 80 100
64 5 D2 PLS Session24 100 L11 0 0 0 1 0 0 0 80 80
65 5 D2 PLS Session25 100 L11 0 0 0 1 0 0 0 80 80
66 5 D2 PLS Session26 100 L11 0 0 0 1 0 0 0 80 80
67 5 D2 PLS Session27 100 L11 0 0 0 1 0 0 0 80 80
68 5 D2 PL1 ExLabl 100 L21 0 1 0 0 0 10 0 0 10
69 5 D2 PL2 ExLab2 100 131 1 1 0 0 20 10 0 0 30
70 5 D2 PL2 ExLab2 100 L32 0 1 0 1 0 10 0 60 70

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; €D2 CC; CC, | wCC; weCD2  w.CC; w-CC, |A. Grade
71 6 D2 TA1 Taskl 100 T11 0 1 0 0 0 20 0 0 20
72 6 D2 TA2 Task2 100 T21 1 0 0 0 30 0 0 0 30

» Retroactivity executions

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; €D2 CC; CC; | w,CC; weCD2 w.CC; w-CC, |A. Grade
73 7 D2 Retro Cc1 30 E12 1 1 1 0 40 30 30 0 100
74 7 D2 Retro c1 40 E13 1 1 1 0 40 30 30 0 100
75 7 D2 Retro Cc1 30 E12 1 1 1 0 40 30 30 0 100
76 7 D2 Retro Cc1 40 E13 1 1 1 0 40 30 30 0 100
77 7 D2 Retro c2 40 E22 1 1 1 0 40 30 30 0 100
78 7 D2 Retro Cc2 40 E22 1 1 1 0 40 30 30 0 100
79 7 D2 Retro C2 40 E22 1 1 1 0 40 30 30 0 100

» ATC cuboid before retroactivity effect

Grades  C1 c A a3 PL T FCG  FG
MoE: 6 Start: 1 End: 72 374 220 630 71,5 494 250 515 515

Topic | Weight [ Activity [Subclass] _#Act D=3W, | ScC, | SCC, | SCC; | ScC, | wscc, | wsce, [ wsec, [ wsee, | glecy) | glcey) [ gicey) [ siccy) [ elan)
a1 10 Test P1 12 1.200 4 4 4 0| 24.000 12.000 4.000 o] 200 100 3,3 00 333
a 90  Exam E1 6 190 2 3 2 0| 2400 3.000 1.800 o] 126 158 9,5 00| 37,9
€2 | 100 Exam 2 7 400 2 2 1 0| 4000 3.000 1.800 o 100 75 45 00| 22,0
A 100  Exam £3 7 400 6 5 1 0| 14.400 9.000 1.800 o] 360 225 45 00| 63,0
€3 | 100 Exam £4 8 400 7 5 5 0| 13.600 7.800  7.200 o] 340 195 180 00| 715
PL 30 lab 1 27 2.700 15 0 0 25| 30.000 0 0 200.000| 11,1 0,0 00  741| 852
pL 28 Exam 12 1 100 0 1 0 0 0 1.000 0 0 00 100 0,0 00| 100
PL 42 Exam 13 2 200 1 2 0 1| 2000 2.000 0 6000 100 10,0 00 300 500
T 50  Assig I 1 100 0 1 0 0 0 2.000 0 0 00 200 0,0 0,0 200
T 50  Assig T 1 100 1 0 0 0| 3.000 0 0 o| 300 0,0 0,0 00| 300

#Positive CC 38 23 13 26| 93.400 39.800 16.600 206.000
Efectiveness 52,8 51,1 28,9 81,3
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» ATC cuboid after retroactivity effect

Grades  C1 =) A =) PL T FCG  FG
MoE: 7 Start: 1 End: 612 400 630 715 494 250 559 559
Topic | Weight [ Activity [Subclass] #Act | D=3W, | SCC, | SCC, | SCC; | SCC, | wscc, | wsce, | wsce, | wsec, | slcc,) [ slcc) [ slcc) [ elcc,) | elar)
a1 10 Test P1 12 1.200 4 2 2 0| 24000 12000 4.000 o[ 200 100 33 00| 333
1 | 9 Exam E1 10 330 6 7 6 o| 8000 7.200 6.000 ol 242 218 182 00| 642
2 | 100 Exam £2 10 520 5 5 4 o| 8800 6.600 5400 ol 169 127 104 00| 40,0
A | 100 Exam £3 7 400 6 5 1 o| 14400 9.000 1.800 ol 360 225 45 00| 630
3 | 100 Exam E4 8 400 7 5 5 o| 13.600 7.800 7.200 ol 340 195 180 00| 715
PL 30 lab 1 27 2.700 15 0 0 25| 30.000 0 0 200.000| 11,1 0,0 00  741| 852
PL 28 Exam 2 1 100 0 1 0 0 0 1.000 0 0 00 100 0,0 00| 100
PL | 42 Exam 13 2 200 1 2 0 1| 2000 2.000 0 6000 100 100 00  300| 500
T 50 Assig T 1 100 0 1 0 0 0 2.000 0 0 00 200 0,0 00| 200
T 50 Assig n 1 100 1 0 0 o| 3.000 0 0 o| 300 0,0 0,0 00| 300
#Positive CC eval 15 30 20 26(103.800 47.600 24.400 206.000
Efectiveness 57,0 57,7 38,5 81,3

» Graphic results

80,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00

0,00

m Standard

a 2 A a

m With Retroactivity

100,00

80,00

60,00

20,00

0,00

mg(CE1)
mg{CE1)
mg(CE1)

g(CE1)

51
56,71
68,79
59,63

0,00

37,44
61,15

Retroactivity Effect

22,00
40,00

63,00
63,00

71,50
71,50

Competences' Improvement

60,61
72,73
60,61
0,00

il

42,31
42,31
34,62
0,00

90,00
75,00
15,00
0,00

FG_Current | FG_Contrib

utive

5153 51,53

55,87 55,87

PL T

37,67 50,00
100,00 50,00
0,00 0,00
52,76 0,00
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Total Competences

60,0
50,0
40,0
30,0
20,0
10,0
oo 1 a2 3 [

uTotal 217
m Total Nor malized 63,1

159 58
67,7 292
1

87
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|.7 Student F

» Activities backlog

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CF1 CC; CC, | woCC;  wceCF1  woCC;  w.CC, |A. Grade
1 1 F1 Cc1 Test 1 100 P11 1 1 1 0 60 30 10 0 100
2 1 F1 Cc1 Test 2 100 P11 1 1 1 0 60 30 10 0 100
3 1 F1 C1 Test 3 100 P11 1 1 1 0 60 30 10 0 100
4 1 F1 C1 Test 4 100 P11 0 0 0 0 0 0 0 0 0
5 1 F1 Cc1 Test 5 100 P11 0 0 0 0 0 0 0 0 0
6 1 F1 C1 Test 6 100 P11 1 1 1 0 60 30 10 0 100
7 1 F1 (o} Test 7 100 P11 0 0 0 0 0 0 0 0 0
8 1 F1 Cc1 Test 8 100 P11 0 0 0 0 0 0 0 0 0
9 1 F1 Cc1 Test 9 100 P11 0 0 0 0 0 0 0 0 0
10 1 F1 C1 Test 10 100 P11 0 0 0 0 0 0 0 0 0
11 1 F1 Cc1 Test 11 100 P11 0 0 0 0 0 0 0 0 0
12 1 F1 Cc1 Test 12 100 P11 0 0 0 0 0 0 0 0 0
13 1 F1 C1 Exam 1 30 E11 0 0 0 0 0 0 0 0 0
14 1 F1 Cc1 Exam 2 30 E12 0 0 0 0 0 0 0 0 0
15 1 F1 C1 Exam 3 30 E11 0 0 0 0 0 0 0 0 0
16 1 F1 C1 Exam 4 40 E13 0 0 0 0 0 0 0 0 0
17 1 F1 C1 Exam 5 30 E11 0 0 0 0 0 0 0 0 0
18 1 F1 C1 Exam 6 30 E11 0 0 0 0 0 0 0 0 0

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CF1 CC; CC, | woCC; wceCF1  wCC;  w.CC, |A. Grade
19 2 F1 c2 Exam 1 60 E21 0 1 1 0 0 30 30 0 60

20 2 F1 c2 Exam 2 60 E21 0 0 0 0 0 0 0 0 0
21 2 F1 c2 Exam 3 60 E21 0 0 0 0 0 0 0 0 0
22 2 F1 c2 Exam 4 40 E22 0 1 1 0 0 30 30 0 60
23 2 F1 c2 Exam 5 60 E21 0 0 0 0 0 0 0 0 0
24 2 F1 c2 Exam 6 60 E21 0 1 1 0 0 30 30 0 60
25 2 F1 c2 Exam 7 60 E21 0 0 0 0 0 0 0 0 0
Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CF1  CC; CC, | w,CC;  wceCF1  w.CC; w-CC, |A. Grade
26 3 F1 A Exam 1 60 E31 1 1 0 0 40 30 0 0 70
27 3 F1 A Exam 2 40 E32 0 0 0 0 0 0 0 0 0
28 3 F1 A Exam 3 60 E31 1 0 0 0 40 0 0 0 40
29 3 F1 A Exam 4 60 E31 1 1 0 0 40 30 0 0 70
30 3 F1 A Exam 5 60 E31 1 0 1 0 40 0 30 o] 70
31 3 F1 A Exam 6 60 E31 1 1 0 0 40 30 0 0 70
32 3 F1 A Exam 7 60 E31 1 0 0 0 40 0 0 0 40
Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CF1  CC; CC, | woCC;  wceCF1  wCC;  w.CC, |A. Grade
33 4 F1 c3 Exam 1 60 E41 0 0 1 0 0 0 30 0 30
34 4 F1 c3 Exam 2 60 E41 0 0 1 0 0 0 30 0 30
35 4 F1 c3 Exam 3 60 E41 0 0 0 0 0 0 0 0 0
36 4 F1 c3 Exam 4 60 E41 1 0 0 0 40 0 0 0 40
37 4 F1 c3 Exam 5 40 E42 1 0 0 0 40 0 0 0 40
38 4 F1 Cc3 Exam 6 40 E42 1 0 0 0 40 0 0 0 40
39 4 F1 c3 Exam 7 40 E43 1 0 0 0 40 0 0 0 40
40 4 F1 c3 Exam 8 40 E43 1 0 0 0 40 0 0 0 40
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Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CF1 CC; CC, | woCC;  wceCF1  woCC;  w.CC, |A. Grade
41 5 F1 PLS Session01 100 L11 1 0 0 1 20 0 0 80 100
42 5 F1 PLS Session02 100 L11 1 0 0 1 20 0 0 80 100
43 5 F1 PLS Session03 100 L11 1 0 0 1 20 0 0 80 100
44 5 F1 PLS Session04 100 L11 0 0 0 1 0 0 0 80 80
45 5 F1 PLS Session05 100 L11 1 0 0 1 20 0 0 80 100
46 5 F1 PLS Session06 100 L11 1 0 0 1 20 0 0 80 100
47 5 F1 PLS Session07 100 L11 1 0 0 1 20 0 0 80 100
48 5 F1 PLS Session08 100 L11 1 0 0 1 20 0 0 80 100
49 5 F1 PLS Session09 100 L11 0 0 0 1 0 0 0 80 80
50 5 F1 PLS Session10 100 L11 0 0 0 1 0 0 0 80 80
51 5 F1 PLS Session11 100 L11 1 0 0 1 20 0 0 80 100
52 5 F1 PLS Session12 100 L11 1 0 0 1 20 0 0 80 100
53 5 F1 PLS Session13 100 L11 0 0 0 1 0 0 0 80 80
54 5 F1 PLS Session14 100 L11 1 0 0 1 20 0 0 80 100
55 5 F1 PLS Session15 100 L11 1 0 0 1 20 0 0 80 100
56 5 F1 PLS Sessionl6 100 L11 1 0 0 1 20 0 0 80 100
57 5 F1 PLS Sessionl7 100 L11 1 0 0 1 20 0 0 80 100
58 5 F1 PLS Session18 100 L11 1 0 0 1 20 0 0 80 100
59 5 F1 PLS Session19 100 L11 1 0 0 1 20 0 0 80 100
60 5 F1 PLS Session20 100 L11 1 0 0 1 20 0 0 80 100
61 5 F1 PLS Session21 100 L11 1 0 0 1 20 0 0 80 100
62 5 F1 PLS Session22 100 L11 0 0 0 1 0 0 0 80 80
63 5 F1 PLS Session23 100 L11 1 0 0 1 20 0 0 80 100
64 5 F1 PLS Session24 100 L11 1 0 0 1 20 0 0 80 100
65 5 F1 PLS Session25 100 L11 0 0 0 1 0 0 0 80 80
66 5 F1 PLS Session26 100 L11 1 0 0 1 20 0 0 80 100
67 5 F1 PLS Session27 100 L11 1 0 0 1 20 0 0 80 100
68 5 F1 PL1 ExLabl 100 L21 0 1 1 0 0 10 10 0 20
69 5 F1 PL2 ExLab2 100 131 1 1 1 0 20 10 10 0 40
70 5 F1 PL2 ExLab2 100 L32 1 1 1 1 20 10 10 60 100

Act. N. MoEv Student Topic Activities | Weight Subclass| CC; CF1  CC; CC, | wCC;  weCF1 w.CC;  w-CC, |A. Grade
71 6 F1 TA1 Taskl 100 T11 1 0 0 1 30 0 0 30 60
72 6 F1 TA2 Task2 100 T21 1 1 1 1 30 20 20 30 100

» Retroactivity executions

Act. N.| MoEv Student Topic Activities | Weight Subclass| CC; CF1 CC; CC, | woCC; wcCF1  woCC;  w.CC, |A. Grade
73 7 F1 Retro C1 30 E12 1 1 1 0 40 30 30 0 100
74 7 F1 Retro C1 40 E13 1 1 1 0 40 30 30 0 100
75 7 F1 Retro C1 30 E12 1 1 1 0 40 30 30 0 100
76 7 F1 Retro C1 40 E13 1 1 1 0 40 30 30 0 100
77 7 F1 Retro C2 40 E22 1 1 1 0 40 30 30 0 100

» ATC cuboid before retroactivity effect

Grades  Cl1 [ A a3 PL T FCG G
MoE: 6 start: 1 End: 72 33 240 540 310 637 800 434 434

Topic | Weight [ Activity [Subclass| #Act | D=sW, | SCC, | SCC, | SCC; | SCC. | wsCC, | wSCC, | wsce; | wsec, | glecy) | slccy) | gicc,) | siccy) [ gtan)
c1 10 Test P1 12 1.200 4 4 4 0| 24000 12.000 4.000 of 200 100 33 00| 333
a 9  Exam E1 6 190 0 0 0 0 0 0 0 0 0,0 0,0 0,0 00| 00
2 | 100 Exam E2 7 400 0 3 3 0 0 4800 4.800 0 00 120 120 00| 240
A 100  Exam £3 7 400 6 3 1 0| 14400 5400 1.800 o 360 135 45 00| 540
3 | 100 Exam E4 8 400 5 0 2 o| 8.800 0 3.600 of 220 0,0 9,0 00| 31,0
pL 30 Lab 1 27 2.700 21 0 0 27| 42.000 0 0 216.000| 156 0,0 00  800| 956
pL 28 Exam 12 1 100 0 1 1 0 0 1.000 1.000 0 00 100 100 00| 200
PL 42 Exam 13 2 200 2 2 2 1| 4000 2000 2000 6000 200 100 100  300| 70,0
T 50 Assig e 1 100 1 0 0 1| 3.000 0 0 3000 300 0,0 00  300| 600
T 50 Assig v 1 100 1 1 1 1] 3.000 2000 2000 3.000] 300 200 200  30,0| 100,0

#Positive CC 40 14 14 30| 99.200 27.200 19.200 228.000
Efectiveness 55,6 31,1 31,1 93,8
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» ATC cuboid after retroactivity effect

Grades C1 2 A c PL T FCG FG
MoE: 7 start: 1 End: 77 415 309 540 31,0 63,7 800 472 472
Topic | Weight [ Activity [Subclass] #Act | D=3W, | SCC, | SCC, | SCC; | SCC, | wscc, | wsce, | wsce, | wsec, | slcc,) [ slcc) [ slcc) [ elcc,) | elar)
c1 10  Test P1 12 1.200 4 4 4 0| 24.000 12.000 4.000 0 20,0 10,0 3,3 0,0| 33,3
Cc1 90 Exam E1 10 330 4 4 4 0[ 5.600 4.200 4.200 0 17,0 12,7 12,7 0,0 424
Cc2 100 Exam E2 8 440 1 4 4 0[ 1.600 6.000 6.000 0 3,6 13,6 13,6 0,0/ 309
A 100  Exam E3 7 400 6 3 1 0| 14.400 5.400 1.800 ol 360 135 45 00| 54,0
c3 100 Exam E4 8 400 5 0 2 0| 8.800 0 3.600 0 22,0 0,0 9,0 0,0 31,0
PL 30 Lab L1 27 2.700 21 0 0 27| 42.000 0 0 216.000 15,6 0,0 0,0 80,0/ 95,6
PL 28 Exam L2 1 100 0 1 1 0 0 1.000 1.000 0 0,0 10,0 10,0 0,0/ 20,0
PL 42 Exam L3 2 200 2 2 2 1/ 4.000 2.000 2.000 6.000 20,0 10,0 10,0 30,0 70,0
T 50  Assig T1 1 100 1 0 0 1 3.000 0 0 3.000 30,0 0,0 0,0 30,0/ 60,0
T 50  Assig T2 1 100 1 1 1 1[ 3.000 2.000 2.000 3.000 30,0 20,0 20,0 30,0 100,0
#Positive CC 45 19 19 30({106.400 32.600 24.600 228.000
Efectiveness 58,4 38,0 38,0 93,8
» Graphic results
Retroactivity Effect Total Competences
70,0
60,00
50,0
50,00
50,0
40,00
40,0
30,00
30,0
20,00
20,0
10,00
10,0
0,00
ca c2 A a FG_Current | FG_Contrib 00
utive ‘ ocl oc2 o3 oc4
mStandard 3,33 24,00 54,00 31,00 43,39 43,39 u Total 206 114 87 114
W Wih Retroactivty| 41,52 30,81 54,00 31,00 4724 47,24 ' Total Normalized 53,9 487 37,2 608
Competences' Improvement
100,00
80,00
60,00
40,00
20,00
0,00
=) ] a PL T
mg(CEL) 4113 42,42 9,00 90,00 65,33 100,00
Wg(CEl) 4152 42,42 4545 45,00 100,00 50,00
mE(CEl) 42,10 4242 4545 15,00 100,00 50,00
8(CET) 0,00 0,00 0,00 0,00 55,45 100,00
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