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Abstract:
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Executive Summary

The overall aim of the PBL3.0 project is to enhance Problem Based Learning (PBL) with Learning
Analytics (LA) and Learning Semantics (LS) in tovggoduce a new educational paradigm and pilot
it to produce relevant policy recommendations.

WP1 is responsible for the needs analysis of the project, providing-atdtee art input on the PBL
strategy as well as the LA field that will guide the aagion project infinally constructing the
PBL3.@ducational approach. In particular, it aims to:

w ldentify all educational data that is generated for each step of the PBL strategy.

w Analyseprocesss and techniques that transforraducational data to meangful, multr
modal information.

w Identify all intervention mechanisms that could be put into practice based on all LA feedback
during course design and course execution.

w Construct the PBL_LA educational approach.

The present deliverable is tHast deliverable of WP1, D1.¢ PBLAnalysis. Its purpose is to present

all the work done towards the analysis of PBL and its steps. It also discusses all the derived
information to deduce how the PBL strategy can be transformed into a new educational paradigm
with combination of LA and LSnformation that is included in this deliverable is valuable to all
partners for ensuring the appropriate development of the PBL_LA educational approach and the LA
modules that will be employed in the pilots.

More specifically, thigleliverablebegins with a description and discussion of the learning principles

of PBL. However, PBL is a generic pedagogy that can be implemented in many different ways. For
this reason, this deliverable presents some PBL models, which can be usee dolafbtation of this
generic pedagogy in local institutional conteatsd forthe classification oflifferent degrees of PBL

While discussing these models, the student learning and assessment in PBL are also presented.
Moreover,the course and the institional approach in PBL are defined.

The deliverable alspresents the Aalborg PBL Model, which is shaped around prebfemntation,
project work, interdisciplinarily, and participant controlled learnirfgirst of all, the nine principles

of this model @& presented and specific implementation details are discussed. A broad discussion of
the PBL curriculum of this model is provided, in order for the reader to understand project and
course student work and process. Special consideration is given to théearsyng objectives are
RSAONA OG0 SR JsyurridukaAadd aYi@xéh8nfisQproposed for classifying such learning
objectives.Student and teacher collaboration and student assessment in the Aalborg Model are also
discussed.

Furthermore, this deliverdb provides a detailed description and discussion of the phases and the
learning activities taking place in project work in the AAU PBL Model. Such considerations are
important for understanding the data generated and the communication taking place dimsg
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process. This deliverable concludes with a discussion of learning resources and web tools currently
used in the different phases of the Aalborg Model.
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1 Introduction

The aim of this section is to introduce the background of the work pursued with Tasi®BL
Fylrfearaeéded ¢KS ao02LS FyR GKS 2062S00GA@S GKFG (K
presented in sufsection 1.1. The intended audience for this document is described Hsesttibn

1.2 while subsection 1.3 outlines the structure of threst of the document.

1.1 Scope

The present document is the Deliverabld #PBL! y I f @ A 4é 6 KSy OS FipoNieKk NBF S|
PBL3.0 project. The main objective of Dik. to presentall the work done towards the analysis of

PBL and its stepand to discgsall the derived information to deduce how the PBL strategy can be
transformed into a new educational paradigm with combination of LA an@ih&Se results will feed

into the development of the PBL_LA educational approach and will guide the identificatio

O2Yy FAAdzNI GA2Y YR FLILX AOFGA2Y 2F [! (G22f&a Ay GK

daly

1.2 Audience

The intended audience for this document is the PBL3.0 consortium, the European Commission, and
the public interested in investigating the PBlomain.

1.3 Structure

The structure ofhe document is as follows:

9 Section 2discusses the PBL approach and its learning principles of PBL, and presents some
PBL models, which can be used for the adaptation of this generic pedagogy in local
institutional contexts and for the classificationdifferent degrees of PBL.

9 Section 3presents the Aalborg PBL Modwmtd itsnine principleslt also discussethe PBL
curriculum of this model, the description of its learning objectives and the differences
between courses and project wark

9 Section 4provides a detailed description and discussion of the phases and the learning
activities taking place in project work in the AAU PBL Mddebncludes with a discussion
of learning resources and web tools currently used in the different phases of the §albor
Model.

1 Sectionb presents other PBL models as identified by the literature review.
9 Section Gresents the adoption of PBL in rtnaditional settings.

9 Section7 concludes the document.
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2 The ProblemBased Learning Approach

PBL is a studerttentred pedagogy in which students learn through the experience of problem
solving (Neville, 2009) Learning begins with a problem to be solved, posed in such a way that
students need to gain new knowledge before they canesdhe problem, and thereby learn both
thinking strategies and domain knowledge. The goals of PBL are to help the students develop flexible
knowledge, effective problem solving skills, siibcted learning, effective collaboration skills and
intrinsic moivation (HmelaSilver, 2004)

PBL represents also a paradigm shift from traditional classroom/lecture teaching. The role of the
instructor in PBL (known as the tutor) is to facilitate learning by supporgjuaigling, and monitoring

the learning process. The tutor must build students' confidence to take on the problem, and
encourage the students, while also stretch their understanding. Therefore, the role of the teacher is
to guide and challenge the learnipgocess rather than strictly provide knowledge.

PBL supports group work. Working in groups, students identify what they already know, what they
need to know, and how and where to access new information that may lead to resolution of the
problem. This proedure enhances content knowledge while simultaneously fosters the
development of communication, problesolving, critical thinking, collaboration, and sdifected
learning skills. PBL may position students in a simulated real world working and prcdgssiotext

which involves policy, process, and ethical problems that will need to be understood and resolved to
some outcome. By working through a combination of learning strategies to discover the nature of a
problem, understanding the constraints and @pts to its resolution, defining the input variables,
and understanding the viewpoints involved, students learn to negotiate the complex sociological
nature of the problem and how competing resolutions may inform decigiaking.

PBL was first introduced the medical school program at McMaster University in Hamilton, Ontario,
Canada in the late 1960#Neville, 2009) Since thenvarious universities and other educational
institutes have adopted PBL as a model ddicteing and learningFrom such local adaptations,
various PBL models have arisékithough the pedagogical models were used in many different
subject fields, they have become most famous in the medicine and engineering n{détsos,
2008) Therefore PBL coverpresentlya wide range of practices, which might sometimes be difficult
to compare(Du, de Graaff, & Kolmos, 200%or example, PBL is also used as an abbreviaiion f
projectbased learninghat derives from the projeebrganised and probleroriented practices in
Europe.Therefore, it is important to stress that the notion of PBL represents a learning philosophy
rather than organisational details and goes beyond icutum change. This learning philosophy
includes a cultural change and fosters new epistemologies in the creation of knowledge and
innovation.

2.1 PBLLearning Principles

As more and more institutionadopted PBLthe cultural dimension becae important. Different
local institutions, different fields and practical conditions create barriers in transferring PBL models
from one institution to anotherAs an attempt taeflect on the differences between PBL modelsd
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describe PBL independently from local adajotas, Graaff and Kolmog&007)developed a list of
common PBL principleg\lthough there are differenceamong concrete PBLmodelk, Graaff and
Kolmosfound that there are common learning principles that cressgh models which can be
captured in three approachesognitivelearning contentsand social(Figure2-1).

The cognitive learning approachupportslearning organized aroundgroblems and carried out in
projects. In this approah, a problemconditutes the starting point for the learning process and
provides a context forlearning Moreover A G | GGF OKS&a € SIENYyAy3 (2
contributes to increased motivationn this approach, learning is also propetsed meaningthat it
involves more complex problemanalyses and problemsolving strategiesand that there is a
timeframefor completing the project and consequently the learning process

Cognitive learning:

- Problem
- Project
- Experience
- Context

Collaborative learning:

- Teams

- Participant

directed Contents:

Interdisciplinary
Exemplary

Theory and practice
including research
methodologies

Figure2-1. PBL learningrinciples- taken from (Kolmos, De Graaff, & Du, 2009)

The contents approachs related withinterdisciplinary learningSuch learningnay span across
traditional subjectrelated boardersand methods.This approah supportsexemplary practiceince
G ¥he learning outcome is exemplary to theverall objectives of the curriculuin(Kolmos & De
Graaff, 2007) In this approach theory is used for the analysis of problems amdlpem-solving
methods. Thereforethe learning procesivolves an analytical process, whimdmbinestheory and
practice. Learners in this process areurthermore trained in applying variousresearch
methodologies.

Thesocial approacltoncernseam-basedlearning.In team-basedlearning the learning process has
socialaspects andakes place through dialogue ambmmunication(Kolmos & De Graaff, 2007)
Teambased learning alsoenhances content knowledge while nsiltaneously fosters the
development of communication, problesolving, critical thinking, collaboration, and sdifected

Pagel5of 59
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learning skillsThe social approach alsontainsthe concept of participantlirectedlearning,where
there is a collective ownersip of the learning processnd, especially, the formulation of the
problem.

These learning principles are generic guidelines that allow for development of difféeBicenodels
for different institutions Sich variations may reflect differences in educaag cultural, social,
economic or political aspectslowever,these learning principles are not detailed enough to léad
specific changes in curriculum level. These changes are normallgloped by theoretical
understanding trial anderror, andconduding several experiments. On the contrary, tRBLcore-
learning principlesnay contribute to the formulation of strategic plans at higher institutional levels.

2.2 Degrees oPBlLand PBlModels

Since the PBL learning principles are genetiey cannot be usg to distinguish between
approaches adopting different degrees of PBL. For exampéacher may applyBLin only one of

her course, while PBL can be adopted by emtire university.Such approachesight not fulfil the
PBLlearning principlesto the sane degree(Kolmos et al., 2009)Therefore researchers have
developedmodels ortaxonomiesthat provide an overview of different practices in the PBL domain
and increase awareness about variations of.PBL

Barrows(1986)proposeda taxonomyto facilitate awareness oflifferencesin various PBldesigns
and to help teachers chooseRBLmethod appropriate for their studentdHereferred mainly toPBL

in medicaleducationand argued that such differences affeguality and the educational objectives
that can be achievedBarrows compiled the following list of the most important educational
objectivesachieved by PBL methodsmedical education:

1. Structuring of knowledge fause in clinical context$SCQE Learning in PBL takes place in the
context of future (clinical) tasks (solving future practical problems) and therefore contributes
to subsequent recall and application of informati¢@laser, 1984)As Barrows mentions:
oLearning that is driven by challenge of practice and integrated into the reasoning required
to evaluate and resolve patient problems promotes structuring of knowledge to support
LINJ O (Barrov £1986)

2. The develoment of an effective clinical reasoning proce€Rf. PBL may also contribute to
the development of clinical reasoning process, since it emggtsire problem simulations,
where problemsolving skills are deloped(Feltovich, Johnson, Moller, & Swanson, 1984)

3. The development of effective selirected learning skills SD). PBL promotes the
development ofselfassessmenskills by introducing students teelfdirected learning This
allows studentsto become sensitive to personal learning needs.

4. Increased motivation for learningMOT). The relevance oftudent work with future
professional practice and the challengé solving problemsnay increasemotivation for
learning.
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I NNIZdodo@y identified if and to whichdegree theseobjectives(SCC, CRP, SDL, M&®)
addressedin the design or the execution of various methods referred to as BBirows used a
score of @5 to indicatehow much each particular objege is addressed ieachPBLmethod (Figure
2-2). Thistaxonomy categorizes PBL practis¢hia followingvarieties

9 Lecturebased casesWhen cases are presented by teachehsing lecturesin order to
demonstrate the relevancefdhe informationprovided in the lectureBarrows arguedhat
although thismethod is referred to as PBLdoesnot directly foster any of the objectives.

SCC CRP SDL MOT
= @ ‘ecture-basedcases | 1 1 0 1
@ ~ [ cose-basediectures | 2 | 2 [ o | 2
@ - [4 case method 3 3 3 4
@® - modified case-based | 4 3 3 5
O+ problem-based 4 4 4 5
O - closed-loop 5 5 5 5
._/ problem-based

Figure2-2. Problembased learning method vagties asseenin (Barrows, 1986)SCC Structuring of
knowledge for use in clinical context€RP The developing of an effective clinical reasoning proceSBL =
The development of effective selflirected leaning skills MOT =ncreasd motivation for learning

1 Casebased lecturesIn this method, cases are presented before lectureshtghlight
material to be coveredh the lecturesBarrows mentioned that in cadeased lectures there
is someclinical reasoimg involved but noseltdirected learning, unlessuriousstudentstudy
other resources to understand the cases better.

1 Case methodStudentshave to studya complete case in preparation for subsequent class
discussion.These discussions are facilitateg the teacher, who acts more as a tutor.
According to Barrowghis method highly contributes t&DLsince itcombines both student
directed and teachedirected learningand it increases motivation

1 Modified casebased In this method problem formats ae enployed in small tutorial groups
and students have to deciden inquiry actions.Barrows mentioned that edf-directed
learning isaddressed directly in this metho@hichis highly motivating.
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1 Problembased This method involves simulation formats thatlow for free inquiry
(Distlehorst & Barrows, 1982ptudents take part in aactive, teacheiguided exploration
and evaluation ofa problem, which directly activate the student's prior knowledgdor
reviewand association with new learning

1 Closed loop or reiterative problefmased This is an extension of the problepased
method, where students are asked to reflect on their resources and reconsider their
approach to the problem,feer an episode of sefirected study is completedAs Barrows
notes, hese steps further address CRP, SCC and SDL as students go beyond the acquisition
of new knowledgeand see its valugBarrows, 1994)As a result of this second prolfe
analysis, aother round of seldirected learning may be needed.

Barrowstaxonomyfocuses on how casdsom the professional worldan be used in education in
order to promote reflection and setfirected learning in a PBL context. However, this taxonomy
discusses methods on the couls®el and does not address the institutional lewdbreover, it does

not cover approaches where students are allowed to define their own problems (cases) instead of
being given predefined ond&olmos et al., 2009)

SavinBaden(2000; 2007 proposedfive models of PBtonsidering six different dimensions, namely

the perception of knowledge, learning,girlems, students, the teacheoles, and the assessment
These dimensions stress tifact that implementing PBL is not only a changetloé learning
methodology butinsteada combination ofa learning methodology, knowledge construction and
scientific appoach. Therefore, PBL hadso an impact onthe scientific approachsince student
learners are being trained to use research methodologies and question the propositional knowledge
derived from academidKolmos et aJ 2009) While students analyse and solyeoblems they
combinetheories and practice and they develdpeoretical and analytical understanding across
existing knowledge boundaries.

Savin. I RSy Q& of PRLP&(tidstart by consideringhe epistemobgy of the problem and
according to thedescriptionin (De Graaff & Kolmos, 20QTheyare the following Figure2-3):

1 Model I: PBL for Epistemological Competence, where knowledge ise nuor less
propositional with anarrow problem scenario.

1 Model It PBL for Professional Action, where knowledge is practical pamfbrmance
oriented and the problem scenario is characterized by reasiitetions.

1 Model It PBL for Interdisciplinary Uatdstanding where knowledge is propositional,
performanceoriented, and practicahnd the problem scenario isentred on a situation in
which a combination of theory and practice occurs.

1 Model IV PBL for Trandisciplinary learning, where the aim is to tegvenknowledge and
the problem scenario is characterized by dilemmas of diffekard.

1 Model V. PBL for Critical Contestability, where knowledge might be contingentextual,
and constructed by the learner for given situations, and the probdesnaio is open and
offers multidimensional possibilities.
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Model I Problem-based
leamming for epistemological
competence

Knowledge: Propositional knowledge

Learmng: use of propositional knowledge

Problem scenario: limited problems with known solutions
Students: are receivers of propositional knowledge
Facilitators: guide to understand the correct knowledge
Assessment: test of knowledge according to objectives

Model IT Problem-based
learning for professional
action

Knowledge: know-how

Learning: skills for workplace

Problem scenario: real life

Students: learning to solve real problems in order to
undertake practical action

Facilitators: demonstrator of practical skills

Assessment: test of skills for the workplace and
supporting knowledge

Model III Problem-based
learning for interdisciplinary
understanding

Knowledge: a cross between know-how and know-what
Learming: knowledge and skills across disciphne
boundaries

Problem scenario: centred around knowledge with action
Students: integrators across boundaries

Facilitators: coordinator of skills and knowledge across
boundares

Assessment: skills and knowledge mn a relevant context.

Model IV Problem-based
learning for trans-disciplinary
learning

Knowledge: to understand existing boundaries

Learming: critical thinking and understanding discipline
borders

Problem scenario: dilemmas

Students: independent thinkers with a critical stance
Facilitators: flexible

Assessment: opportunity to demonstrate integration across
disciplines

Model V Problem-based
learning for critical
contestability

Knowledge: contingent, contextual and constructed
Learming: interrogation of frameworks

Problem scenario: multidimensional, offering alternative
ways of understanding

Students: explorers of underlying structures and beliefs
and developmg new hypotheses and knowledge
Facilitators: commentator, challenger and decoder of
cultures, disciplines and traditions

Assessment: open-ended and flexible

Figure2-3. Models of ProblemBased Learning based dBavinBaden, 2000and (SavirBaden, 2007and

compiled by(Kolmos et al., 2009)

As Kolmos et a(2009)mentioned,Savin. + RSy Q& Y2 RSt a | NBandehconiSsNJ O2 Y LJI
indirectly an alignment of the various elements in the moidelve mmpare them with Barrows
taxonamy. These modelstress that it is not possible to hafer instanceopen-ended problems that
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addressknowledge objectives such as propositional knowkdthe learning objectivdsavethusto
be aligned with the correct types of problems, learning processes, asawddcilitator roles and
assessments.

In the literature, there are researchers who differentiate between problegsed and projeebased
leaming (Prince & Felder, 20065uch differentiations are based on the assumption that problem
based learning is defined by opended and ilstructured problems that provide a context for
learning, while projecbased learning is interpreted in terms of an assignment or task that the
students have to perforniDe Graaff & Kolmos, 200 owever, a project is a complex task requiring
more resources than a single person idealb deliver and thus is more than just one task or
assignmen{Kolmos, 1996)Therefore, it is mainly the context in which the assignment is presented
to the students that supports or not the distinction betweproblem and projectbased learning.
Merging the characteristics of PBL and project learning, Graff and Kolmos suggested a different
distinction between different approaches to project in PBL, which was based on varying degrees of
seltdirection by the stdents(De Graaf & Kolmos, 2003; Kolmos, 1996)

9 The Task project is a large task to be solved, since it is characterized by a very high degree of
planning and direction on the part of the tda®r. Both the problem and the subject
2NASYGSR YSiK2Ra N3 OKz2aSy Ay IR@GIFryOSs az
complete the project according to the guidelines provided.

9 The Discipline project is often characterized by a rather high degreeaitidn from the
0§SFOKSNRa &aARS o6aiddzRé LINPINI YYS NBIldZANBYSyia
are chosen by the teacher. Nevertheless, the students may still be allowed to identify and
define the problem formulations within the guidelines caimted in the theme descriptions.

1 The Problem project, finally, is a faltale project, where the course of action is not planned
in detail by teachers. The problem formulation arises from the prokigimnted theme and
directs the choice of disciplines @nsubject area methods. This means that different
students can actually work with widely different disciplines and subject methods.

The aforementioned models discuss different degrees of applying PBL in specific courses and discuss
the fact that problembased and projecbased learning may vary to a certain degree. PBL adopters

are then invited to develop mixed models for specific local contexts. For facilitating adaptations of
PBL in different contexts, Kolmos et @009)have developed a model for PBL alignment, which is
presented in the following section.

2.3 Course or System Approach PBL

While discussing Barrows taxonomy in the previous section, we have addressetifférence
between the course and the sysh approach in PBLKolmos et al(2009) have discussed both
approachesKigure2-4).

As Kolmos et al2009)suggestedthe courg approachis typically used in discipline and teacher
controlled PBL approachewsshere there arecoursesimplementing PBL in parallein this case,
teachers decideon the specific learning objectiveand the teaching and learning methods. This
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means that studentsnay participate inseveral parallel courses, which implement PBL in different
degrees,and at the same time attend othetraditional courses.The course approach is not
coordinated at the systefnstitutional level so teachers provide individual PBL @liites and
introductions

Classroom teaching Individual reading Individual
Course level or lectures | and writing | assessment
with both
traditional Classroom teaching Individual reading Individual
and PBL or lectures B and writing —> assessment
courses
Classroom teaching Team  working  on Individual
or lectures —»| problems — collaborative | assessment
researching and writing
Group
based and
System level individual
with PBL Courses assessment
cross >
courses
Teams working on complex problems in projects —
collaborative reading and writing

Figure2-4. Course or system approach to P8& proposedy (Kolmos et al., 2009)

The institutional or system approach involves the faftation of a common vision for the
institutional system together with a quality development system that supports the enhancement
and efficiency of the PBL curriculufdolmos et al., 2009)The system approach israuch more
organised approachsince teachersf various courses must coordinate the objectives, the content
that is taught, the type of project that the students are working on and the assessment of the
courses and the project¥herefore,a process of chae at the systemic leved required in order to

get to this levelwhichinvolvesthe training of academic stafDe Graaff & Bouhuijs, 1993; De Graaff

& Kolmos, 200; Kolmos, Du, Dahms, & Qvist, 200®)is approachallows alignment of more
studentcentred learning.

2.4 Student Learning in PBL

Problembased approaches to learnirge inspired byexperiencebased educationwhich has been
proved to foster bothcontent ard thinking strategieamong learnersin PBLstudent learningstarts
with a complex problem that does not have a single correct answer. Studeh&borate ingroups
to identify what they need to learn in order to solve a problefhen, theyapply their new
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knowledge to the problem and reflect on what they learned and the effectiveness of the strategies
they employed.In this context, he teacher actss the facilitator othe learning process rather than
as a tutor

Researchers have discudsseveral baefits for students in PBL environments. Hm&ltver(2004)
mentioned that PBLhelps students develop 1) flexible knowledge, 2) effective problesolving
skills, 3)seltdirected learningskills, 4) effetive collaboration skills, and 5) intrinsic motivati@he
then discussedhe natureof learning in PBL and examintie empirical evidence supporting Bhe
concluded that lhere is conslerable research on the first thregoals of PBL but little on tHasttwo

and she suggestethat PBL is an instructional approach that offers the potential to help students
develop flexible understanding and lifelong learning skills.

Neville(2009)reviewed the literature orPBLand discussed positividorman & Schmidt, 1992)nd
negative(Kirschner, Sweller, & Clark, 200&ws onthe cognitive foundation of a PBL approadhe
summarizel the reported cognitive attributes of PBL conducive to improving learningthe
following list:

Knowledge acquired in relevant context is better remembered

Concepts are acquired in a way that they can be mobilized to solve/view similar problems
Acquisitty 2@SNJ GAYS 2F WLINA2NJ SEI YL SaQ FFOAtAGL
Promotion by PBL of prisgcnowledge activation facilitates processing of new information

Elaboration of knowledge occurs at the time of learning

=A =4 =4 =4 4 =4

Provision of similarity of context for knowlgd acquisition and subsequent application also
facilitates recall

However, Neville reviewed opinions from other researchers, who doubted that the relatively
unstructured approach to instruction embodied in PBL adequately takes account of the
characteristts of working memory, lontgrm memory or the intricate relations between there
compiled the following aspects of PBL argued to be detrimental to learning:

1 Problembased searching (e.g. of a tutorial case) places a load on working memory
. Working memon | Yy ypglilemdsolvé and be used to learn at the same time

1 The process of learning how to practise medicine and actually practising are cognitively
different

Neville concluded thatthere is evidencein the literature that graduates of PBL curricula
demorstrate equivalent or superior professionabmpetencies compared with graduates of more
traditional curricula.

Kolmos et al(2009)suggested that dzZRSy 14 Q F G i A ( dzR 158 PR EwBMIa8 y OS | v
important to address and it is necessdny establish supporting courses @roup work, such as
collaboration team work, and project managemersincestudents haveoften only experienced
individual learningthey do not know how to handle more colles# and collaborative knowledge
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processesTherefore, Kolmos et al. proposed that such aspects of learning are addressed in the
curriculum, in order to facilitate the learning process and develop awareness of the importance of
these types of skills. Otherse, students, who do not know how to do handle this learning process,
mightdevelop anegative attitude or fight to learn.

Furthermore, Kolmos et al. pointed out that NII 2 F &G dzRSy GaQ F dirAddzRS
approach to learningThey mention th&iin one extreme, students magxpect to be toldvhat to do

by teachers in order to acquire knowledge while in the other extreme students empgct to

construct their own collaborative knowledge through a process of innovatidielsen, Du, &

Kolmos, 2008)In terms of collaboration, on one hand they megilaborate for the purpose of

acquiring individuaknowledge oron the other handthey may collaborate for the purpose of
constructing collectivi&knowledge. They concluded that it important for PBL curricula to align the

St SySyita 2F aiddzRSyidaQ f St Hddhofich of&rbwiletgeli KS O dzNNX O dzt

2.5 Assessmentin PBL

Assessment methods educationmust be compatible witithe objectives of the leaming process
(De Graaf & Kolmos, 20038s De Graaff and Kolm¢2003)suggested, ilPBLthis means progress
testing to establish the individuallsmowledge and testingof competencerather than for isolated
factual knowledggVleuten, Norman, & Graaff, 1991As we saw in the previous sectionfferent
PBL models organise the didaatlements quite differently, allowing for vatian within the general
framework. HoweverDe Graaf and Kolmos mentioned thilere arelimits to this flexibilityand
they added thattiis notenough to simply change the educational formmthin the framework of
ordinary class teaching.hey highlightd that danges in the educationébrmat must be consistent
with the form of the examinations or with the principles of materiaklection. Otherwise, the
students will soon figur@ dzii G KS & S E I andisblatéi thaday ale@rpiny Yadal instead of
completing the PBprocesyVerwijnen et al., 1982)

PBL promotes leaing in groups, which is processthat involves a whole range of activities very

much intertwined.Although group work is assumed to have positeffects on student learning,
experiences from educational practice indicate that it can also introduce problems for both students

and teachers, such as students who only maintain an appearance of being actively involved and
students who let others do thework, also called free riderg¢Salomon & Globerson, 1989)
Assessment protocols within PBL curricula have therefore sought to include peer assessment, in
which students contribute to the evaluation of each otfiei 62 NJ = Ay 2NRSNJ (G2 VY
procedures with the curricular philosopli®apinczak, Young, & Groves, 2007)

Peer assessmemhay helpto develop the acquisition of setfirected learning skills (a key jeltive

of PBL) as students participate in the assessment experi@atkantyne, Hughes, & Mylonas, 2002)
Papinczaket al. suggestd that since PBL emphasizes the development of proficiency in the
resolution ofproblems, the assessment of student skills, processes and attitudes would take place
most appropriately within the tutorial settingEva, 2001)They mentioned several advantages to
employing tutorialbased peer asssment, including: prolonged interaction between peers for
provision of constructive feedback based on multiple observations of performance; and opportunity
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to assess areas of proficiency (such as communication skillglireeifed learning, and respectifo
others) not readily evaluated by more traditional forms of assessment.

Their results indicated the existence of six main themes when peer assessment is adopted in a PBL
setting, namely:

1) increased responsibility for others,
2) improved learning,

3) lackof relevancy,

4) challenges,

5) discomfort and

6) effects on the PBL process.

The final themerepresenteda unique, although not unexpected, finding. Studentso participated
in this studyexpressedserious concerns about the negative impact of peer assessmernthen
cooperative, nofudgmentalatmosphere of PBL tutorial groups.

In Du et al.(2009) Holgaard and Kolmos presextresults from a researcproject on comparing

individual and group assessments. They pminout that different assessment methods assess

different types of knowledge and skills, and they argued ths issessment methods chosen to
FaasSaa t.] ' NB RNAGJSNAE oher Nings.d deRREYAI@ Q f 216 NIENE K
participation in the demoatic curriculum processeare important and this goes along with
d0GdzZRSy G aQ LI NI A GhaluktionAFmally, they highligiNgdkh&xdifediz¥ators are to
encourage students to do innovative and highly integrated team projects, the assessrstrhsy

need to match the learning activity.

Hersam et al(2004)employed peer assessment in a PBLeagineering coursePeer assessment

was employed in order to simulate working environments, where professioadsasked to
evaluate one another through peer review. Group work was assigned in place of homework and peer
assessment was used in order for the students to evaluate group activities and the final prbgct.
found that students engaged in substantehd meaningful peer assessment and they expressed
enthusiasm for the assigned group activities, which were evaluated solely bpgssssment

Gijbels et al(2005)conducted ameta-analysis whichinvestigatedthe influence of assessment on

the reported effects of problenbased learh y 3 6t . [ 0 0 & (1999nibdeljofycagnitivalzd NJzS Q :
components of problem solving'hey used tiree levels of the knowledge strucwurthat can be

targeted by assessment of problem solving asrien independent variables: 1) understanding of

concepts, 2 understanding of the prinigles that link concepts, and) dinking of concepts and

principles to conditions and procedures for apption. Gijbels et al. found thaPBL had the most

positive effects when the focal constructs being assessed welteaecondevel of understanding

principles that link concepts. The results suggddhat the implications of assessment must be

consideed in examining the effects of problebased learning and probably in all comparative

education research.
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One of the greatest potentials for PBL is that it calls for authentic assesskivben projects or
problems are well andccurately desiged, theytarget specific skills, knowledge and competencies,
which students need to acquir€ontinuous assessmetitroughout a PBL projed$ also important,
since teachers havi® ensure their students are getting the content knowledge and skills that they
need to omplete the project. Therefore, teachers mayrack and monitor ongoing formative
assessmentghat show work towardthe learning objectiveg¢Sadler, 1989)In addition, formative
assessmentgan be usedo give meaingful feedback to students and specific ways to improve.
Finally, when summative assessments aetevant, inquirybased and engaginghen formative
assessmentbecomerelevant to students.
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3 The Aalborg PBL Modef Aalborg University, Denmark

3.1 Principles

In Aalborg University, Denmarll university programs have been based on PBL, also referred to as

Gt -qKS I foDNE NBSRStH&T MA T Y2 NWHRM estabtishifgyh8AUHNNY = M e
1974, a redeveloped approach to the traditional PBL had already emerged, and the ideals in this
involved providing students with an active, participative role, and high degree of engagement in the
creation of knowledge, both in lectures and as pdrgmupbased project workThe PBL Aalborg

Model has become both nationally and internationally recognized and a trademark for Aalborg
University.

Barge(2010)identified and described nine principlébat define the combined key dimensions of
11 Qa LISRIF3I23IA0FE Y2RSt Ay LINY OGAOS

1. Educational visioh The institution has developed ardiopted a systematic framewoffior
the problem and projecbased approach to education. Tlgstematic framework informs
the dewelopment of degree requirementssourses and the pedagogicapproaches of
faculty members.

2. Qurriculum® ¢ KS LINRO6fSY YR LINR2SOG o6FaSR OSyid SN
program curricula, which provide for student orientation to the pedagogicathod,
explicitly link theory and practice, are appropriately adapted to disciplinary paradigms, and
are anchored by clearly articulated educational objectives.

3. Sudents. Students understand the problem and projdsased educationamodel and,
through that understanding, are able to successfudpgage it in order to achieve the
Ay a i A édimiatloRaloBjéctives. In thework, students maintain an institutionallture
of authentic collaboration, sethotivation, peerlearning and personakresponsibiliy. The
institution supports students in this regard through orientatioand the provision of
appropriateservices.

4. Faculty. Faculty members understand and are committed to the problem and project based
educational model. The institution ensures that fligumembers are appropriately
AYGNRRIZOSR (2 FyR dzyRSNEGFYR (K& Y2RSfQa (KS
best practices by which it is implemented in the curricula and pedagogically. As supervisors,
faculty members are directly involved ihe projectrelated work of the students. Faculty
members hold primary responsibility for continuously adapting and developing the model to
0KS AyadAddziaz2yQa LI NIAOdz F NJ SRdzOF GA2Yy I € Iy
implementation, and guidings development.

! Descriptions taken fronBarge, 2010)
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5. Assessment The institution is committed to assessing and evaluating both student
performance and program effectiveness. Policies and structures are in place to effectively
assess individual student performance within the context of tmeug project work. A
LI N} £ £ St aSad 2F LRfAOASA |YyR &GNHzOGdzZNBa 3Idzi
individual academic work (e.g. study courses). Program effectiveness is subject to formative
and summative assessment and evaluation processe$ imeolve faculty members,
students and administrators as appropriate. There are clearly demonstrated links between
program assessment and efforts to improve existing programs and develop new programs.

6. Resources The institution acquires and deploys resoes in ways that consistently support
the problem and project based educational approach. In particular, adequate physical space
for student project groups is provided. Library and technological resources provide current
and comprehensive access to infation and systems that enable students to achieve the
AyailiAabdziazyQa SRdzOFGAz2ylt 202S0GA0Sad

7. Programme administration The institution has adopted an organizational configuration and
established administrative structures that facilitate the effective empéntation of the
problem and project based educational approach.

8. External relations The institution maintains active relationships with key external
organizations that support the effective implementation of the problem and project based
model. Administative support is provided to faculty members and students to facilitate and
manage their connections with external contacts such as businesses, social agencies,
governmental agencies, foundations, and other academic institutions. These external
contacts sand as a source for student problem formulations and project work, and the
AYaaAGdziaA2yQa NBaASEFENOK FYyR LINRP2SOG 62N] o06SyS:

9. Hucational research The institution conducts ongoing educational research into the
implementation, adaptation and outcomes of the problem and project based educational
model. Linked closely to assessment efforts, this expanding body of research is a means of
documenting and disseminating local adaptations and innovations.

The principlesof the Aallorg PBL Model are hyo means static or contextually isolatbédit should
always be interpreted in théght of the broader context in whicthe model is to be implemented
and applied.Each of the nine principles identifiesitical considerations for impleentation of the
Aalborg PBL Modelith regard to key dimensions of theniversity. The nine principles, though each
addressing a distinct dimension of universipyactice, are necessarily relatedds such, an
Ay aiaAGdzi A 2 y @asideratiodsSiy we Adinghnsioin avilloften link directly to that which
addressesanother considerationlf other institutions are to adopt the Aalborg PBL Model, it is
important to view implementation noes a sequence of requirements to beet but rather as a
transformationof the educational paradigm according these considerations that span neasdjl
dimensions of the university
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In the following sections, we provideonsiderations for fulfillment of eachrinciple and provide
some concreteimplementation examples froma Bachelor study programme at AAU, namely
Medialogy.

3.2 Educational Vision

In implementing the Aalborg PBlodel, the institution demonstratean ongoing commitmento its
central principles:problem orientation, project organization, integration of theagd practice,
participant direction, a teanibased approach, collaboration and feedb&Blrge, 2010)

1 Problem orientation: Problems/wonderings appropriate to the study program serve as the
basis for the learning pcess.

9 Project organization: The project stands as both the means through which the students
address the problem and the primary means by which students achieve the articulated
educational objectives. The project is a mifdtteted and often extended sagnce of tasks
culminating in a final work product.

1 Integration of theory and practice: The curriculum, instructional faculty members and
project supervisors facilitate for students the process of connecting the specifics of project
work to broader theoetical knowledge. Students are able to see how theories and
empirical/practical knowledge interrelate.

9 Participant direction: Students define the problem and make key decisions relevant to the
successful completion of their project work.

 Teambased apprb OKY ! YIFI22NA (& 2F &addzRSyidaQ LINRPof SYk
of three or more students.

1 Collaboration and feedback: Students use peer and supervisor critique to improve their
work; and the skills of collaboration, feedback and reflection aréngportant outcome of
the PBL model.

3.3 Curriculum

The program curriculum is mapped onto academic terms (e.g. semesters) according to an
appropriate progression with regard to depth and breadth of content as well as sophistication of
project work. In each ten, a theme is selected to serve as the context in which project courses and
projects address the learning objectives. Themes may be fixed due to an overall curriculum program
or vary from term to term. The theme connects to the overall learning objectwelsis articulated

in a formal statement that is distributed to students and guides their problem formulation and
project work. Within the theme and the overall learning objectives, problems and project proposals

2 hitp://www.create.aau.dk/index.php/medigechnology
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> v - s~

aretobechosen. . " <>h H [~ h ", & w <6  outlinesthe coursesa h . Y
and semester project themdsr each of thesixsemesters of the Medialogy Bachelor.

All programs include firgerm creditbearing academic work that introduces and orients sis to

the AAUeducational model! i aSRA Ll f 2 3@ 3 (iFfoblédm baedimaEniSg imStientel f f SR
Technology and Sociétyy oh <>hH [~ h" 8" =" " wcs ") This_' h A
component of the curriculum addresses.g. learning theory, problem definition, project
management, conflict management, and approaches to collaborative work all within the context of

0KS AyaidAaddziazyQa LINBoOf SY Iy RPBlUdieBRt@IGGompanéntt SR | LJ
provides studers with highlyscaffolded project experiences to prepare them for later-gelerned

group work.

In each term, a number of project courses are offered, linked to the educational objectives and
AKFLISR o0& GKS GSNX¥Qa GKSYSO2HWRAMRIyda a4aRESOA dzhNKEB
their term project work(Figure 3-1). Students spend @proximately50% of thér time on course

work and the other 50% on project worka some programssemestes are governed by fixed

themes and thereforecentral theme related courses replace project coursesfor examplein the

Medialogy curriculumin this case, courseare more independent andre givenfive ECTS points
each(Kolmos & Holgaard, 2012 hissemesterdistribution can be seen iRigure3-2 (Buus, 2016)in

both cases, he majority of project course credits are offered in the early weeks of the tarmrder

to facilitate timely suppor2 ¥ a G dzZRSy 1aQ LIN22SO0 ¢2NJ @

50% Study courses

Project courses . N~
courses g Individual examination
50%
project Project Group examination

Figure3-1. Division of a semester in project and courses. Taken frigfnlmos, Krogh, & Fink, 2004)
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Table1l Semesterthemes and coursefor the Medialogy Bachelorb 2 (i S Piblile$n bésed learning in
Science, Technology and Sociéty O 2 dzN& Ssemdegter.(i KS ™

Semester 1: Designing from Both Sides of the Screen

1st

Creative Playg Applied Technalgy (15 ECTS)

1st

Problem based learning in Science, Technology and Society (5 ECTS

1st

AudioVisual Sketching (5 ECTS)

1st

Introduction to Programming (5 ECTS)

Semester 2: Interaction DesignHuman Computer Confluence

2nd

Semester Module (15 ECTS)

2nd

Mathematics for Multimedia Applications (5 ECTS)

2nd

Programming for Interaction (5 ECTS)

2nd

Interaction Design (5 ECTS)

Semester 3: Visual ComputingHuman Perception

3rd

Semester Module (15 ECTS)

3rd

Image Processing (5 ECTS)

3rd

Human Senseand Perception (5 ECTS)

3rd

Programming of Complex Software Systems (5 ECTS)

Semester 4: Sound Computing and Sensor Technology

4th

Semester Module (15 ECTS)

4th

Audio Processing (5 ECTS)

4th

Design and Analysis of Experiments (5 ECTS)

4th

Physicalnterface Design (5 ECTS)

Semester 5: Audievisual Experiments

5th

Semester Module (15 ECTS)

5th

Computer Graphics Programming (5 ECTS)

5th

Rendering and Animation Techniques (5 ECTS)

5th

Screen Media (5 ECTS)

Semester 6: Interactive Systems Design

6th

Bachelor Project (15 ECTS)

6th

Reailtime Interfaces and Interactions (5 ECq 8)ective

6th

Artificial Intelligence Programming (5 ECQ &lective

6th

Ethnographically Informed Design (5 EGI&gctive

6th

Theory and Practice of Game Design Bedelopment (5 ECT&glective

6th

Technologies for Web and Social Media (5 ECé&Bytive
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1TTmTTmTToommmoes Semester ~~""" """ !

' \ | 5ECTS '
. Active

Course 50% . S learning
, SIEEES
e
Project 50% i | 15ECTS PBL

Figure3-2. Division of a semester when fixed themes exist. Taken fr{Bous, 2016)

Most literature writtenabout the Aalborg PBL Modeliscusseshe process of student project work
(Khalid, Rongbutsri, & Buus, 2012; Kolmos et24l04; Ryberg, Glud, Buus, & Georgsen, 20103
literature relates little tothe course work that also has to build on the PBL approach that underpins
the AAUpedagogical moddBuus, 2016)it isactuallypossible to some extent to include thgrocess

of student project workin the coursesbut this may be a more teacheentered processThe ways
courses at AAU follow its pedagogical model are very much teaahdrdisciplinedependent and
vary significantlyBuus(2016)investigatedthe PBL taking plada courses, and refleed on how the
complex landscape of PBL practices can actbaligentified

The curriculum provides adequateeans for students to establishonnections between the
specifics ofthe project courses and project worknd the broader knowledge anskills of the
discipline or professionStudents develop skills for managemesynthesis, and construction of
knowledge such that they are abl® navigate, evaluate, integrate anapply knowledge not
explicitly includedin the curriculum. The learninmvolved in establishing theseonnections and
skills are furtherfacilitated by peerstudents faculty members, supervisors and assessment
activities.

3.3.1Learning objectives

Specific learning objectives are articulated for the program and associated with each term. These
objectives include both overall educational objectives linked to the problem and project based
pedagogy and the specific objectives of tpeogram. Table 2 shows the learning objectives
expressed in knowledge, skills, and competencies for a semester module at the Medialogy bachelor
program.
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Title: Designing from Both Sides of the Screen

Prerequisites:

The studats must have passed the module: Creative iPRygplied Technology

Objectives:

To provide the student with practical experience defining a project within the area of information tech
communication and new media, which includes use of programrongiplement the project by working
groups and to document the solution in a project report.

Students who complete the project module will be able to:

Knowledge

Explain basic theory, methods and practices used in media technology that relate pvojtet
(understanding)

Describe basic concepts of probkyased study and the Aalborg model of PO FBiowledge)

Skills

Compose a problem formulation from a larger problem area that can be answered or addressed within
of the projec{synthesis)

Understand how the target group from the problem formulation interacts in a real world context of u
similar media products or artifacts, which address the initial problem formulation

Apply scientific theory and methods in a media technolodgnted project and discuss basic reflections
their use in the proje¢analysis)

Apply a programming language and implement parts of programs or small programs in order to solve g
problem

Carry out a basic evaluation of an artifact with theget user group (ideally not a convenience samplg
domain expertgapplication)

Relate findings from the evaluation to a wider context (analysis) and apply knowledge from the f
Science, Technology and Society (STS) to identify relevant ctuatieperspective@understanding)

Organize and communicate the reflections and results of the problem based project work; orally, gra
and in writing i for the latter by applying a provided template or creating their own version
(understanding)

Organize and manage a longerm project considering group and supervisor collaborgépplication)

Analyse the process involved in carrying out the project from a project management point of view ang
on individual as well as group learnif@nalysis)

Competencies

Use proper terminology to discuss the project and Media Technology related aspectguhee¥standing)

Take responsibility of -3moath projectvperiodl andageneralizey thedgai
experiencegsynthesis)

Table2. Learning objectives for the*Isemester module at Medialogy Bachelor Program.
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The learning objectives ifiable2 are characterized by terms such as knowledge, analysis, synthesis,
applicatin etc. Brabrand an®ahl(2009)investigate how the formulation afuch intended learning
outcomes fit tothe SOL{Structure ofthe Observed Learning Outcom&xonomy(Biggs& Tang,
2007) The SOLO Taxonomy is based on the study of outcomes of academic teauhoperates

with five numbered progessive levels of competenciesccording to the cognitive processes
required to obtain them:

SOLO ¥ & ¢ K{S( Nttad&i dzNg &t thi§ Bv8IS theé student does not have any kind of
understanding but uses irrelevant information and/or misses the point altogether. Scattered pieces
of information may have been acquired, but they are unorganized, unstructured, and essentially
void ofactual content or relation to a topic or problem.

{h[h nY-{dNUE (!dzit this [ev@IPtBef student can deal with one single aspect and
make obvious connections. The student can use terminology, recite (remember things), perform
simple instuctions/algorithms, paraphrase, identify, name, count, etc.

{hlh oY 4 cdmEzO0a dziNiit khis [evelZiBet student can deal with several aspects but
these are considered independently and not in connection. Metaphorically speaking; the student
sees the many trees, but not the forest. He is able to enumerate, describe, classify, combine, apply
methods, structure, execute procedures, etc.

{h[h nY a&a¢KS -weel fauk the/stullent[m8y@sierstand relations between several
aspectsand how they might fit together to form a whole. The understanding forms a structure and
now he does see how the many trees form a forest. A student may thus have the competence to
compare, relate, analyze, apply theory, explain in terms of cause and, affec

{h[h pY a¢KS 9E i SartRiSI&el whichis ik Kighest] Ss@dent fnay generalize
structure beyond what was given, may perceive structure from many different perspectives, and
transfer ideas to new areas. He may have the comape¢ to generalize, hypothesize, criticize,
theorize, etc.

SOLO describestaerarchy where each partial construction [level] becomes a foundation on which further
learning isbuilt (Biggs, 2003Moving upthe SOLO ierarchy, quantitative improvementsake placeas the
studentbecomes able to deal with first a single aspect (fror2land then more aspects (from-2). Later
gualitative improvementstake place(from 3-4) as the deta# integrate to form a structure. fom level 4 to
5,the structure is generalized and the student can deal with information that was not given.
Figure 3-3 lists prototypical competencies from the SOLO TaxonoBrabrand and Dah2009)

classified an extended list of verbs found in intended learning outcomes based on SOLO.

Learning objectivegxpressed as knowledge, skills, and competenciesfamad in curricula based
on the Aalborg PBL Modelan therefore be classifieid the SOLO taxonomy according to the terms
used in their description. To this aim, the nounsTiable2 should be converted into verbs. iEh
classification would help create more abstract descriptions of a pro@rdearning olgctives, to

®Descriptions of SOLO levels fr¢Brabrand & Dahl, 2009)
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control the achievement of such objectives, and to compare curricula from similar studies belonging
to different institutions.

- Quantitative - - Qualitative -
SOLO 2 SOLO 3 SOLO 4 SOLO 5
“uni-structural “multi-structural : “relational "' “extended abstract”:
- paraphrase - combine - analyze - theorize
- define - classify - compare - generalize
- identify - structure - contrast - hypothesize
- count - describe - integrate - predict
- name - enumerate - relate - judge
- recite - list - explain causes - reflect
- follow (simple) - do algorithm - apply theory - transfer theory
mstructions - apply method (to its domain) (to new domain)

Figure3-3. Examples of verbs witim SOLO & based onBiggs, 2003)Figure taken fromBrabrand & Dabhl,
2009)

3.4 Students

In the Aalborg PBL ModeKudents are trainedto identify the ways in which the problem and
project based apprach shapes their academic work and successfully integrate its components as
they achieve the broader institutional learning objectives as well as the objectives for their program.
In their work, studentsnormally demonstrate a high level of satiotivation and personal
responsibility for learning.

Regarding group project worktuslents are supported in developing, strong project management

skills that enable the timely and successful completion of projects. With appropriate suppuart fro

the institution, stidents learrto negotiate and successfully address the inevitable conflicts that arise

Ay O2fttl 02N GADBS 62Nl ® ¢KSAS oAtftAGASAE FNB RS@S
and project based model and are subsequently supported, as apptephg faculty members and
administrators. Students contribute to and maintain a strong culture of collaboration, which values

active participation in course and project woldoreover, sudents showusuallya high level of

support for one another in theimcademic work.

3.5 Faculty

All faculty membersre introduced, through appropriate means (e.g. orientation, staff development
activities, training, mentoring, observation, etc.), to the theoretical framework behind problem and
project based learning and begtactices in its implementation. Introductory programs address both
the broader educational goals of the model as well as the specifics of its implementation in the
relevant discipline or profession.

Faculty membersact as supervisors in project worBLLIS NJJA & 2 NBE Sy & dgdBlemi K G &
formulations, throughalignment with the term themeand overall objectives, provide sufficient
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context for achieving théearning objectivesMoreover, they provideappropriate levels of direction

inthe processof RGA&AAY 3 INRdzLJA 6ADPSd y203 RANBOGAY A &0dzR!
Supervisors and thetudent projectgroup meet in a regularly basis throughahie semester and

discuss the progression of the project and other issues the group rteebls solved. They might

also assist student project groups in managing challenges due to the group work process, for
instance problems with the collaborative process, ingraup conflict, project management, etc.

3.6 Assessmenbf Students

Assessmentof SRSY 14 Q 3INRdzLI LINR2SO0 ¢62N)] A& O2yRdzOGSR A
assessment methodDahl & Kolmos, 2015)All group members are present for an extended
SEFYAYLFGAZ2Y AY @déndshryld addiofal fatiPhraghb@ra from the institution

and or faculty members from other universitiesvho act as censor&Examiners guiding the group
assessment procedsave topay careful attention to exploring not only the quality of the project

work itsef, but also to determining the extent to which, through the project work, students have
achieved the broader learning objectives and have developed an understanding of the larger
theories, concepts and issues as they trangifiem to different applicationsThough conducted in a

group setting, students receive appropriately differentiated individual grades for their contribution

to the project work and their mastery of the stated learning objectives.

{ G dzR Sy (i adhted WGk &i.8.Pibjectoursey is assessed within the context of the project

work itself. The problem as formulated by the students and the subsequent project work are used by
examiners as a lens for determining those aspects of the project courses that are relevant to assess.
Forms of boh formative (status seminars, peer evaluation, supervisor feedback, etc.) and
summative assessment (portfolio assessment, etc.) may be implemented. The greater portion of
assessment activity is dedicated to formative assessments, which are designed tozldve & G dzZRSy (i &
abilities to provide feedback to others and assess their own progress. Alignment as well as validity

and reliability are to a great extend important godlsii dzZRSy 6 aQ I OF RSYAO $2N] 6S
assessed according to clearly docunehipolicies and procedures and learning objectivégure

3-4 presents an excerpt from the Medialogy Bachelor study plan, where the type of assessment (e.g.
graded or pass/fail exam, internal or external censors) is clearlyatefor every study course and

the semester project.

The institution engages students, faculty members and administrators in the assessment and
evaluation of study programs. These activities take on a variety of forms (e.g. student course
evaluations, grap feedback sessions), and are conducted during and at the end of each term. The
institution can document the incorporation of study program assessment data in the decision
making processes related to administration and improvement of existing study pnsgaa well as

the development of new study programs and procedures in relation to the context of the problem
and project based model.
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Semester 5: Audio-Visual Experiments
Semester | Module ECTS | Assessment Exam Type
5th Audio-Visual Experiments 15 7-point scale | External | Mandatory
5th Computer Graphics 5 7-point scale | Internal Mandatory
Programming
5th Rendering and Animation 5 7-point scale | Internal Mandatory
Techniques
5th Screen Media 5 Pass/Fall Internal Mandatory

Figure3-4. Excerpt from the Medialogy Bachelor Study Plan with detailsthe type assessment for each

3.7 Resources

Each project group is provided with work spar® all physical resources (equipment, laboratories,

course and project module

materials etc.) neededbr the completion of the project duringhe academic termStudents have

also access to (online) libraries, books, and technological reso8tietents are free to choose the
materials and resources to use for their project woResources and materials for courses are
usually proposed by the teachers.
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4  Project Work n the Aalborg PBL Model

As we discussed in the previous sessitie main pedagogicgirinciples within theAalborgPBL
Model are shaped around problerorientation, projectwork, interdisciplinarily, andseltdirected
controlled learningStudents dedicat 50% of each semester to anquiry into scientific and social
problems as part of their entire learning process. Students needetelop hypotheses around
problemsand thenthey need to understand and find a solution to sesproblems. Throughthis
process the students go through different stages of systematic investigations: preliminary enquiries,
problem formulation, theoretical and methodological considerations, investigations,
experimentation and reflectionin the following sections, we present adigcuss these stages.

4.1 Phases in The Process of Project Work

The process of project work can be divided in three main phases: problem analysis, problem solving,
and project report Figure4-1).

Problem Problem Prgect

Analysis Solving Report

Figure4-1. Three main phases of project work in the Aalborg PBL Model

Before analysing the problem, students have to come up with an initial problem to solve. In order to
do that, they have to choose a problem areelevant for each semester and then identify how a new
approach might be relevant. This is the phase where students come up withdafined problem

to solve Students use various strategies to identify the problem area, such as literature review,
brainstorming, interviews, etc.

During problem analysis, students conduct research in order to define the state of the art in this
domain, relevant existing solutions, and argumentation for the validity of the problem. Moreover,
they define the target groupdr their solution and their needand they investigate technical or
other possibilities, if relevaniAfter considering all this, they decide on the best strategy for solving
the problem(desigr) and start thinking on an evaluation stratefyyr testingand reflecting ontheir
solution.In some cases, it is relevant that students also involve their target group during their design
process.
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During problem solvingstudentsengagein the process of implementing the selected strategy for

solving the identifiedill-defined problem. After implementing the solution, students conduct an

evaluation of their solution that may contain some testing methods. The evaluation concludes with a
reflective analysis of thatudentgsolution(s) to the identified ilkdefined prdlem, based on the

S OKSNRa& |y RndyassdydmtheF BsSrasalts O |

The final phase is thproject report, where students have to document the whole project work

process in an academic repofthis report covers all the aforementioned pBad8 2 F a G dzZRSy G aQ
during the semester.

The three main phases of project work according to the Aalborg PBL Model edsobdescribed in
terms of learning activities that take place during these ph#B&gire4-2).

Problem
Formulation

Task Formulation

Problem AnaIysiA

Problem Solving

Evaluation

Reporting

Figured-2. PBL project work activities

Group forming takes place in the beginning of each semester. Students are free to form groups as
long as all students belong to a group. The number of students in each gepends on the
program and the semesr. For group forming, all students in one semester gather in one room
together with the semester coordinator (faculty). The students are not allowed to leave this room,
until all students have found a group. Studente allowed to make arrangements before group
forming but they have to be present on the day of group forming even if they have formed a group
with the indicated number of members for the specific semestémce groups have been formed,
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each group sends tohe semester coordinator the students belonging to this group. Then the
semester coordinator assigns a project supervisor to each group.

Project supervisors are there to guide students through project work. The students are responsible
for contacting theirsupervisor and arranging meetings with her. Communication between the group
and the supervisor takesgde mainly via emails, while they usually meet physically. The group also
sends via email their progress to the supervisor in order to get feedbackprbigeess can be a
description of their current tasks/activities or a preliminary versiodividual partsof their project
report.

Problem and task formulation take place before the problem analysis, as we discussed in the
previous paragraphlhe problemformulation is very important since the-tlefined problemguides

the students throughout the projectt has to be generic for allowing students to look into different
directions for solving it and at the same time it has to allow for some kind of ewaiuaf the
problem solution.In order to come up with a proper problem, students conduct research on the
semester theme. The problem has to be approved by the supervisor, before students can proceed in
the next phase of their project work.

Often, task fomulation includes additionally a workloadhd possibly rola@istribution among group

members, which are continuously adapted throughout the proj&mmmon roles are theroject

leader, the chairmanand the secretary The leader is responsible for keepiag overview of the
ANRdzLIJQ& LINPAINBEa YR F2N YFE{Ay3a &dz2NE GKIFG F3INB
leader is responsible focreating and maintaining a nice atmosphere between members of the

group.

Data gathering, analysis and design take eldaring problem analysi&irstly, students gather data

on the problem they are investigating. This possibly includes reading both scientific ard non
scientific publications, conducting interviews, administrating questionnaires/surveys, and examining
the state-of-the-art in the specific field. This phase can be challenging forexperienced students,
since they might lose track of time while gathering information. The students have to learn to be
efficient and to be able to filter the available informatiin order to gather only relevant data.

The analysis of the problem is the next phase in PBL project Wamkng analysis, the students
examine the gathered information in order wecide to a direction towards the solution of the
problem. The analysisends with the creation of a list of design requiremergsthat means
requirements for the proposed problem solution. These requirements guide the design, which is the
next phase.

During design, students develop tlsrategy for a solution to the chosen pblem. The design
activities depend on the specific field. In technical studies, design refers teriieeering design,
where ablueprint of the technical implementation is created. In other studies, the design can be
servicedesign, artistic design, etc

Theimplementation and evaluatiophases belong to theroblem solvingDuring implementation,
the students implement the actual solution to the problem. Again, solutions such as designs vary
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depending on the program and the semest&éhe word implementéon is used therefore with a
broad meaning.

Finally, students evaluate their solution. The strategy for evaluation is defined at the initial phases of
the project, since it is dependent on the problem formulation. Evaluation may include technical
tests, user experience or usability tests, surveys, field work such as observations, interviews etc. At
the end of the evaluation, students have to report their findings and propose paths for improvement
and future work.

In the AnexA, a very short descriptioof the project phases and a plan for carrying out them is
presented. This plan was givas a guidelindo 1% semester students at the Medialogy Bachelor
program at AAU.

4.2 Learningresources in a PBL context

Throughout their project work, various learningspurces are available to studenfSigure 4-3).
Students ardree to use any resource they find useful and relevant for analysing and implementing
the problem solution. However, they are strongly encouraged to scientific reseuasemuch as
possible and always validate their resources. The lectures of project or semester courses guide also
the project work, since courses are tuned with the project therRially, students are also
encouraged to conduct field work and experimerdsring investigation and evaluation of the
problem solution. Such approaches are used to gather data for deciding on the problem solution or
reflecting on it.Learning resources inform learning activities and decisions during project work.

Literature Field Work ~ Group Studies
igh iy igs
Problem Problem Prgect
Analysis Solving Report
T pi) gl
Lectures Tutorials Experiments

Figure4-3. Possible esources during project work in PBL
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4.3 Web Tools for Supporting PBL Activities

While going through the learning activities Bigure4-2, students e various technological tools.

Khalid et al.(2012) identified the use of Web 2:Based tools insupporting these kinds of PBL
activities among students at AATheir work focusedbn & £ S I NJ/ A y JandinGrididasingi A S & £
desigrg (Dalziel, 2015)since theyfocused on the learning outcomand especially on the interaction

going on among students themselves and students and teachersuf@rvisory Suchlearning

activities are the building blocker teacher facilitated activities and collaborative group activjties
whichare flexible in natureTherefore, Khalid et al. argudkat referring tolearning activitieswhen

one investigatesise and adoption of web 2@olsA & AA YLX SNJ 0 KIFy SYLX 2e8Ay3
context Their study usedlata and findings contributed bgRongbutsri, Khalid, & Ryberg, 2011)

Khalid et. al investigatebols used for PBactivities inproject work only. They mappedal tools to

support learning andyroup work collaboration into different learning activitieBhen, theylooked

on bothselfsubscribed tools and institutieprovided tools anccompared these with the phases in

PBL projecwork. Figure4-4 shows mapping of web tools in the differephrases of PBL project

work. There are some common activities, which students usually do in most ph#ses are shown

in Figured-5. The PBbhases shown ifigured-4 are for a general PBL group workflow.

The lists presented in these figurean be used as a guideline for students to look for tools to
support their learning activitied'hese also can be used for Rjgaup supervisors anthe IT support
department to understand phases BBL group work and tools which can be applied to each activity
in each phase. Therefore, it can be a guideforethe supervisors to facilitate their students to pick

up appropriatectools for each activity based on PBbrk group phasesThese lists can also provide

a starting point for the employment of Learning Analytics algorithms in the PBL project work
process.

We have to mention here that AAU uses a Virtual Learning Environfdeaidle) in all its programs.
However, Moodle is currently used for supporting course work and exchange of files and
information and not for supporting communication and exchange of information during project
work.
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Phases Activities

Web tools

Group Forming Brainstorming

Twitter, Etherpad. Blogger.com, Wordpress

Group creation

Email, Twitter

Problem
Formulation Brainstorming

Mindmap, vue tufts. edu. Mindmeister Google docs,
EtherPad

Literature searching

AATU digital library, Google scholar, Google, Bing

Literature Storing

Dropbox, Zotero groups Diigo. Digg, Mendeley

Referencing Wiggio, Refworks, Zotero, Mendeley
Argumenting Table3: Common activities
Writing Table3: Common activities
Presenting Table3: Common activities

Task formulation | Scheduling

Google calendar, Doodle

Diagramming

Table3: Commeon activities

Resource allocation
(tools, spaces. locations, people)

Basecamp. MS project

Data gathering Data Collection

surveyexact.dk. Google docs

Data Transformation

surveyexact dk, Google docs

Data Storing

surveyexact dk, Google docs

Data representation

surveyexact.dk. Google docs

Analysis Data analysis surveyexact.dk. MS Office
Argumenting Table3: Common activities
Diagramming Table3: Common activities

Development/Production /

Design Testing Etherpad
Experimenting None
Modeling Dabbleboard
Writing Table3: Common activities
Simulating SecondLife
Prototyping Dabbleboard
Diagramming Table3: Common activities
Reporting Report writing Table3: Common activities
Report submitting Emaml Google project, AAU project
Presenting Table3: Common activities
Argumenting Table3: Common activities
Publishing AAU projekt Projekter (Projektbiblioteket)

Figure4-4. Samples of tools mapped to PBL project work activitteken from (Khalid et al., 2012)
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Common
activities Technologies

Dropbox, Zotero, Diigo, Youtube,
Facebook, Flickr, twitter, Blogger, Delicious. Digg, Box.net, Slideshare, LogMeln,
Sharing TeamViewer, LogMeln

Facebook,.LinkedIn, Skype, MSN,
Yahoo messenger. twitter, Blogger. Doodle, SignAppNow. Mahara. Moodle. Quickr, Adobe

Discussing Connect, Lectio dk, Microsoft OneNote, FirstClass
Reading Google

Presenting Prezi, Google docs

Writing Google docs, Typewith.me, MS Office with Dropbox

Communicating |Facebook, LinkedIn, Youtube, Flickr

Skype. MSN, Yahoo messenger, twitter, Blogger, Doodle, SignAppNow, Mahara, Moadle,
Quickr, Adobe connet, Lectio.dk, Microsoft OneNote, FirstClass

Facebook, LinkedIn. Youtube, Flickr
Reflecting Skype. MSN, Yahoo messenger, twitter, Blogger, Moodle, Mahara, FirstClass

Facebook, LinkedIn, Youtube, Flickr, Skype, MSN, Yahoo messenger, twitter, Blogger,
Argumenting Mahara, Email, Microsoft OneNote, FirstClass

Diagramming Gliffy. Diagramly, Dabbleboard

Figure4-5. Samples of tools mapped to PBL common activitiaken from (Khalid et al., 2012)
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5 Other PBL Models

5.1 The SevenStep Approach on PBL by Maastricht Universityhe
Netherlands

In 1976, Maastricht Universitymplemented a PBL approach fias training of medical students
Medical §i dzZRSy 1da 6SNB (2 62N] 2y LINRofSya (23SGKSNJ ¢
anddzy RSNJ G KS 3dzARIFYyOS 27F 'y (MauteR&SNeAhOld, 20ADTReF Y SY O !
number of lectures waeestricted to one or two per week, while the starting point for the process of

learning werea K2 NIi G SEdGa&a 2N (1 41 RSEAONALIIAZ2Yya oal aaiil
academic stafinember réd LI2y A 0f S F2NJ GKS O2yiSyid 2F -0KS O2
centeredapproach has been described as promoting collaborative learning on the one hand, while
atthed I YS GAYS SyKIFIyOAy3a (GKS &aGdzRSy (SchmidiXaih 0a2 y a A 0 A
Molen, Henk T, Te Winkel, & Wijnen, 2009)

The Maastricht approach is based on three main npiples: studentcentred, active and
collaborative learningPBLis universitywide the main learning and teacty instruction method,
although there are variations in implementation and application, especially between faculties
(Maurer & Neuhold, 2012)Yet, what the various faculties have in common is the reliance on an
ingtitutionalised way of guiding students through the learning process: the setam approach
(Figure5-1).

The severda 4 SLJ | LILIN2 I OK> Ffaz2 OlFffSR &aaSg@gSy 2dzyL¥ I
University to facilitate and stricdzZNB® &G dzRSy iaQ f SIFNyAy3a tINmsOSaasSa
approach is applied for each meeting the students have with their tlaich tutorial meeting is

divided into two parts: The tutorial session starts with the pdiscussion of the assignmettiat

students prepared in their se#ftudy before the tutorial, and after a short break the fliscussion

of the next assignment follows that students prepanetil the next tutorial meeting. Ideally both

parts together should take a bit less than twouns. In the prediscussion of an assignment students

follow the first five steps of the sevestep approachFigure5-1). The assignmemtrovides a picture,

some quotes, or few text passages outlining the problem or asking feedfie task to completdn

that way, studentsare confronted with a certain topicThese assignments are developed by
scientific staff and are part of the course beakhich students receive at the beginning of each

module.

Students are supposed to havead and looked at this assignment already before their tutorial (or
during the break), so that they cdregin immediatelywith clarifying terms and concepts. This first
step guides students mentally into the topic, and by discussing unknown words oceptsrnit is
ensured that all students understand the text as it stands and that the group shares ideas about
illustrations that might be part of the assignment. This first step provides a common starting point

*The description of the seven steps is taken fridviaurer & Neuhold, 2012)
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and leads the group into the topic. In the nestep, the whole group agrees on the formulation of

the problem statement that frames the whole assignment, provides a title for the session, and
makes the group agree on what the general impetus of the assignment is about. Problem statements
can take theform of more traditional titles, but are sometimes also formulated as broader research
guestions or provoking statements.

Clarification of
terms and
concepts

Formulation of
Problem
Statement

Brainstorm

Categorizing
and Structuring
of Brainstorm

Formulation of
Learning
Objectives

Self-Study

Post-discussion

Figure5-1. The severstep PBL process at Maastricht University

The problem statment should trigger the next step of the brainstorm. The rationale behind this
step is that students collect potential interests that they might have, activate prior knowledge, and
share certain expectations. Everything is allowed during this step, ands idee collected
unquestioned at the whiteboard (i.e. there are no wrong ideas; everyone should be allowed to
follow her/his own ideas). Just in case a group member does not understand how a certain
intervention of a peer is connected to the problem statmmh and if the relevant student did not
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explain why a certain keyword should be taken into account in regard of the problem statement,
clarification questions can be asked by the group. The outcome of the brainstorm is noted on the
whiteboard by the secrairy that during the next (fourth) step should be categorized and structured
by the students.

The fourthis the most challenging step for inexperienced students, but by structuring the brainstorm
students categorise keywords that fit together and in thesmhey find common patterns that in the
next step will allow for the formulation of specific questions. As last step of thaligmission,
students agree on the formulation of common learning objectives, by referring to the brainstorm
and the now structeed collection of ideas that they have noted on the whiteboard. This way of
formulating learning objectives in the ideal case reflects the different approaches to the wider topic
that students have agreed to research upon, because they consider themth® lmeost relevant to

the specific topic and because they are interested in exploring exactly these questions. Additionally,
by agreeing on common learning objectives in a group, experience showedttltints also get
acquainted to formulate learning objéives clearly and to the point, as otherwise the post
discussion in the tutorial group goes into too many different directions.

After these five steps of the prdiscussion, students leave the group again to engage in the self
study, which takes a centrgosition in theMaastricht PBL framework and emphasises the self
responsibility of the learner for knowledge acquisition. During thisstelfly, students should work

on their individual answers to the formulated learning objectives. Especially forrgaidetheir first
year of study the key literature is provided after each assignment, while this should not discourage
students to look for additional sources and other literature that they might find interesting. For
more advanced students, sometimestjasgeneral reading list for the whole course is provided, and
it is up to the students themselves to decide in their sélfdy, which of the literature provided is
relevant for their respective learning objective. Students thereby also learn how tot selezant
material and literature in a relatively short period of time. The following tutorial, normally taking
place two or three working days later, starts with the pd&cussion where students report back,
exchange their answers, discuss problems #&ydto come to common concsiions onhow to
answer the learning objectives.

While students should be able to come to a common understanding of some relevant factual
knowledge during this posliscussion, it is espetly the more normative and nestraigttforward
answers that allow for a more profound discussion and exchange of arguments. By experiencing
different perceptions of a question by their peers, by listening to different lines of argumentation,
and by being confronted by different perceptions pérhaps the same reading, students are
acquainted to report, listen, discuss and debate. While the formal seven step approach ends here,
students are in practice often also encouraged by their tutors to reflect in their-giestission
about their selectedearning objectives and potential aspects of the topic that they did not cover
originally but found interesting while engaging with the literature. It is, however, mostly more
experienced students in their second year of study who are able to show thétokireflexivity in

the postdiscussion and provide guidance for improving the next-gisgussion. This way of
improving the process of learning is, at the same time, identified as one of the most important
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aspects of the PBL cydllbanese & Mitchell, 1993Ptherwise, students repeat their mistakes and
imprecision every time they engage in an assignment. In addition, students are also encouraged, to
provide peerfeedback on their performance as chair, partaoip and secretary. This way they
ideally not only advance on the discussed topic, but are also able to improve their learning process
and communicative skills.

Sudents arealsoin charge of organising their tutorial meetings as much as possible theradgjve
fulfilling various roles, while the tutor only provides support and facilitates their collaboration. Each
assignment session is chaired by a studdmir who is responsible for convening the meeting,
keeping track of the poatiscussion to cover dikarning objectives, engaging all participants in the
discussion and making sure of the keeping within a reasonable-ltinie By summarising the
discussion from time to time, the studewhair should also facilitate the understanding of the
participantsand provide concise overviews, especially in case some students get lost in details
during the postdiscussion. It is important to note that the studecttair her/himself is not supposed

to provide the answers to atjuestions and lecture his colleaguesit bhe role is mainly aimed at
chairing the meeting in an orderly and inspiring manner. The studeair is supported by the role

of the secretary, who takes note on the whiteboard, especially during thalisaission. Depending

on the prior details of greement between group members, the secretary can also be asked to post
the learning objectives electronically, or to send other collected material aroundrpail. The roles

of studentchair and secretary alternate with every assignment, so that as msaugents of the

group as possible get the possibility to try and succeed in these roles. By fulfilling these roles,
students also are meant to improve their leadership skills as chairs, as well as their notetaking skills.
A skilled secretary can make a leuignpact on how the brainstorm takes shape on the whiteboard,
and students this way also learn from each other of how to best organise work in a team. The rest of
the tutorial group members, are fulfilling the role of active participants, engaging ingdialdo
determine the learning objectives, or to respectively exchange answers and arguments in regard of
their prior formulated learning objectives during the paBscussion.

Finally, @ch tutorial group is supported by an academic staff member, caltediadz(i 2 Nt 6 K2 A &
to facilitate the learning process of the grolyy asking provocative questions, providing assistance

with the sevenstep approach, or providing feedback to the chair/secretary or the overall learning
process of the group. At no poiitt time the tutor should lecture the group, but in case of problems,

s/he should support the group in identifying what went wrong and what could be improved to get to

a more successful learning process in the next assignment. However, when tutoring PBL
inexperienced students the tutahouldreact to potentially distacting group dynamics and steipe
INRdzL) Ay OFasS GKS& IINB a3I2Ay3a 2FF (GKS GNI O1¢o

Researchers from Maastricht University have argued tKaAta ¢ & 2F €SI NYyAy3 oS
and construc S  LINEGlselaedis§ 1996)especially when compared to the more receptive

nature of the traditional learning when passively listening to lectuvékile followingthe seven step

approach, students mimic theormal process of academic research by elaborating on a problem and
developing a research plan and formulating clear research questions for each assigiimant.

results have shown that thadvantage of this approach is that students feel ownership feir thwn
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learning, and by being able to select themselves how exactly they want to approach certain
problems, they show a higher interest and more engagement in their learning process.

5.2 PBL at the University dflanchester

PBLwas first introducedat University of Manchesterin 1994 for both medical and dental students
(Ferguson & Rutishauser, 199The University of Manchester was the first school in the UK to
introduce PBL as its major learning strateflye speciti aims were to develop:

1. Clinically focused knowledge and understanding of the biological, behavioural and social
sciences relevant to the practice of dentistry and medicine, resulting in: (a) awareness of
their experimental and theoretical basis, (b) fhoy in the languages of these sciences and
(c) capability in using that knowledge and understanding

2. Skills in selflirected learning, problem solving, use dkchnical resources (library,
computers, interpersonal communication).

3. Awareness of ethical giensions in medicine and scientific resgtar

In Manchester, PBL is used throughout the first and second years sfutlgprogramme The PBL
method is interdisciplinargndthere are no subject boundarieQudents work in groups of between
ten and fifteen, facilitated by a tutor, to research topics and share information in a mutually
supportive environment. Each week a different problem forms the focus for learning.

The years are divided into two semesters. Originally, from 1994 to 2000, teachingri@ yeturned
to a more didactic mde with lectures and practical experienfecusing on individual subjects.
However, in 2000, PBL wadso extended into year 2. The clinical problems are central to the

f SENYAY3I F2NXMAYyI GKS TNGdzaa 2FF2FNI LE2KAS/ G2 (F2IND disaK Sk yaR

and learning(O'Neil, Metcalfe, & David, 1999Jhe University of Manchester hasoduced a list of
dndexdinical A G dzI {I&SB)y farévhich a newly graduated doctor trmve a required level of
competence. Using repeated consultation with consultants and general practitioners involved in
medical education, a list of 215 ICSs was agreed. Specialists and generalists were then asked to
identify the components of the knowtigle base and the performance (skills) base for each ICS. The
knowledge base was divided into technical (biomedical facts/concepts) and contextual
(effect/management of disease within the individual, family and society) domains. The performance
base was dided into intellectual (problem solving and decision making) and interpersonal (history,
examination, communication and procedural skills) domaihe. defined ICSare usedn the design

of the trigger materiafor the weekly problerdbased learning sessis, with many being revisited at
several points in the curriculunBesides thelCSsthe students also receive a maximum of four
lectures per week, an informatics component that includes computing and statistical elements,
laboratory sessions during whicskills are acquired and resources to support learning can be
accessed and also a clifiased course that varies in each semester.

®The description of the Manchester PBL approach is takenfrdm2 I RmTwSRRA O]l 9 ¢KSIF 1 SNE
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Student groups follow a sevestep process of group woylsimilar to the Maastricht PBL approach
(David & Patel, 1995Figure5-2). The problems are clinical cases, presented to the students on
Thursdays so that they can discuss as a group and then follow up individual avenues of
study/research over the weekendh@ students are encouraged to first identify their study agenda

by outlining the knowledge and skills required to understand the problem. They then actively seek
out the information using the available resources, for example libraries, the Internet, lappra
facilities, anatomical images and specimens. Finally, they are able to share and compare findings
with other members of their group, discussing the issues involved and drawing their own
conclusions. For any one problem, this cycle may be repeatedaeimes but takes place on a
formal tutor-facilitated basis twice for each problem (Monday and Wednesday following the
LINB@JA 2dza CNXR RI & Q &Thekefore, (the IMBnch8skR rdad2| emfBldys: dlodedp) ob
reiterative PBL.

Identify and
clarify unfamiliar
terms

Define the
problem

Explain the
problem

Arrange the
explanations
proposed

Formulate
learning
objectives

Individual study

Share results of
individual study /
Assessment

Figure5-2. The severstep process of group work at University of Manchester
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Students are encouraged not only to seek out the basaédicalbackground but also to consider

social and psychological considerations relevant tcheaase using materials from the libragy
textbooks and journalsg as well as information from the Internet. Thus, students learn to
discriminate between peereviewed and unsupported research information. During each semester,

an incourse assessment @ NR dzLJ 62NJ] A& YIRS o6& SIFOK 3INRIzZLIQA
with marks from caséased, knowledgdased, publicatiofbased, and skilbased assessments to
@BASER I adzYYlFGAGS | aaSaay $hérgusch & Rishauger, Z00MizReS y (1 Q &
second semester, each student undertakes a special study module (SSMjraryor laboratory

based project supervised by a member of staff on a-tinene basis. Students generate §SM

report that is @sessed by their supervisor and a second marker yielding a mark that is included in
their secondsemester summativassessment

The failure rate in the first set of examinations (shared by both dental and medical students) was
higher than expected, withehtal students performing less well than medical studgiisrguson &
Rutishauser, 1997)n 1998, prior to the examinations, operational interviews were organized with
all first year dentastudents in an effortd provide good support and guidance and help the students

in the most supportive way. These have been continued annually and have highlighted the fact that
many ofthe students found adaptation to PBL difficult. The average time takeget used to the
system was foumveeks but some students took considerably longer.

The University of Manchester has taken several measiaréscilitate the process of adaptation to

PBLO | 2 RMWSRRA O] .3Chahdes hayeShédh made Jnotlie areas of recruitment,
preadmission interviewing, induction (development of an induction booklet and communication
skills module)and tutorial suport (overhaul of personal tutor system and introduction of peer
assisted study (PAS) and personal and academic development programmes (PADPs)). Feedback on
these changesas been positive and continues to be centralthe processes of development in

these areas.
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6 PBLin Online Learning Environments

6.1 Classroorbasedvs. online asynchronouBBL

So far, we have discussed PBL as a learning strategy taking place in institutions and coorsig
and project work containing at least sorfeceto-face sessionsin the literature, it has argued that
courses withcontent declarative in naturehould not be taught using PBL approaches instance,
Bland (2004) pointed out that problembased learning hasiot been used extesively for the
teaching of statistics content within the biomedicaliences fothis reason. As a consequence, the
module had historically beetaught using traditional didactic teaching methadprimarily in the
form of faceto-facelectures and practicaxercises using the SPSS software package.

In order to investigate such argumentatiomasd in view of advances in knowledge about the
cognitive and motivational effect d?BLin small groupgDolmans & Schmid2006) de Jong et al.

from the Maastricht University designeda casestudy to compare outcomes from taditional
classroorrbased, facdo-face statistics module for students undertakingPablic Healtha | & (i S N &
degree with a parallel asynchronous omlimariant delivered at theame point during the academic
year65S W2y 33 +SNAGS3ISyY SThelasgraommodule Q6 tifeyaastiicht H 1 M 0 U
' VA @S NBE A-a & @PRIapwaashFgyfes-1). In particular, it was believethat input from a
problembased learning group tutpwho was also a core member of tlstatistics teaching team

would help students synthesize the many difficult conceguigressed within the module and help

them to consolidate learning acquired from modidactic components such as lectur@e Jong et

al., 2013)

The faculty responsible fatatistics education within the MSRublic Health programméevelopeda
problembasedmodzft S  OO2NRAY 3 (2 (KS degidp@dedtBwevedi@ds adl yRI
quickly observedthat parttime students infull-time employment experienagdifficulty attending
problembased learning tutorialg addition to other compulsory modules duritigeir limited study

time. In responsdo student feedback on the proposalde Jong et aldecided to develop and pilot

an online variantof the new module which could be undertaken independently by -fiare

students in fulltimeemployment in order to beer accommodate their work, study and family
commitments. During the course of four meetings, the module content was reviewed and the
problems adapted slightly so that they better suited the online learning environment.
Notwithstanding differences in theneans of its delivery, the espoused content of batlodule

variants remained exactly the same, with students accessing the same reaatiegals and lectures

(either face to face within the classroom setting or via a recordinfp@&ame lecture in therdine

variant). However, given the differential nature of the pime d 1 dZRSYy 14 Q 62 NJ] O2 YYA (i
decided that the online variant would lelivered asynchronously for the most part allowing them

to access the materials armbntribute to PBL actiites at the time which best suited them. The

sample size for thenmatched cohort casstudy was intentionally restricted to two groups tutored
bythesame¥ SYO SNJ 2F GKS Y2RdzZ S (0SIFIOKAy3a GSIY Ay 2NRS
source of bia.
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This study was one of the few that tried to implement PBL in online learning and teaching
environments.The researchers administeredvalidated student motivatiomquestionnaire to both
groups of students at the start of the studynd a second questiomire at the end of the module.
This elicited dataabout student satisfaction with the module content, teaching and learning
methods, andtutor feedback.They also interviewedhe module coordinator and probletased
learning tutor about their experience alelivering the experimental online variant and askbdm

G2 S@rftdz2x S AdGa &adz00Saa Ay NBflFGA2y (2 &aiddzRSyl
Furthermore, they comparedtgdent examination results between the two groups. Asynchronous
online teaclng and learning methods proved to be an acceptable alternative to classbased
teaching for both students and staff. Educational outcomes were similar for gaihps, but
importantly, there was no evidence that the asynchronous online deliverynoflue content
disadvantaged pastime students in comparison to their fdilne counterparts. Therefore, this
study provided evidence that PBL can also be applied successfully in online environments.

6.2 PBL in MOOCs

Massive Open Online Courses (MOOCSs) are Bapidh Y ONB I Ay 3 Ay LI LJzf F NR G @
aimed at attracting large numbers of participants, interaction with the teacher(s) is often limited
(Ross, Sinclair, Knox, & Macleod, 20Hirthermore, many MOOCs ardticized for lacking sound
instructional design and often struggle with dropt rates of up to 95%Yang, Sinha, Adamson, &
Rose, 2013)Trying to applyalternative ideasstressing learner participation and engagemeémt
MOOCsMaastricht University is currently combinintdhe smaligroup collaborative learning ideas
from PBL with the openness and flexibility of a MODI@&y have therefore created an experimental
MOOC on PBlwhere participantscan learn about PBL byaeticing PBL in a MOOThis MOOC is

an eightweek coursewhere participants wdy four relevant PBL problems with examples from
different domains. In small online groughgy discusswvhat theylearned and hovihey can apply it

in their own educationaketting. Thiscoursealso aims at innovating PBL by stretching it to its limits
andapplying it in new wayd-or the time being, Maastricht University has not published any results
on their PBL implementation in a MOOC.

® https://moocs.maastrichtuniversity.nl/
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7 Gonclusion

The purpose of thigeliverablewasto presentall the work done towards the analysis of RBId its
steps.In this contextthis deliverablenas discussed

1 The PBLIlearning principles and how these principles can be interpreted and applied to
produced different PBL implementatis. Such implementations, also called PBL models,
may be applied in different levels (course, program, institutional) and they may engage PBL
in different degrees. Therefore, there is not a unique definition for a PBL model, but various
modelsinterpreting in different ways andadheringat different levelsto the generic PBL
principles.

9 Specific PBL models, namely tBalborg PBL Modglthe severstep PBL approach of
Maastricht University and the PBL model of the University of Manchebter.Aalborg PBL
Model has been extensively described in terms of its principles, its approach to PBL project
work, learning resources and tools used during the PBL proktdsss been shown thahe
PBL steps in project work contain different learning activities and empay of various
learning resources.

 The SOLO taxonomywhich has been used for analysing learning objectives when
characterized byterms such as knowledge, analysis, synthesis, application etc. The SOLO
Taxonomy is based on the study of outcomes of acadaadching and operates with five
numbered progressive levels of competencies according to the cognitive processes required
to obtain them Therefore, it could be used to formulate learning objectives in a PBL process.

1 Implementations of PBL in online eraiments. Since this project aims at incorporating PBL,
LA and LS in different contexts, this deliverable presented PBL application in MOOCs and
asynchronous online learningResearch has shown that PBL can be successfully applied in
such settings. Therefe, this is a direction, which the project can further investigate.

Overall, this documenhas analysed PBL as a learning strategy and as a local implementation and
has elaborated on project work in the AAU PBL Model. From this analysis, it became tistidus

and LS can greatly contribute to better monitor student learning and attainment and teacher
performance in this process, whichnist adequatelymonitored by automatic and digitaineans
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Annex A- Plan for project work given to L semester students at the
Badelor program of Medialogy, AAU
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