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ABSTRACT

On the one hand, no one international model fotitgu@ssurance evaluation of higher education
has emerged. On the other hand, as a referencd ratiter than a prescription, the CDIO
initiative proposes a mature integrated frameworkcfeation or continuous improvement of
engineering programs. However, institutions devielgjand managing educational programs
have to juggle the expectation of various accréditeand evaluation bodies, which may create
consistency and interoperability problems. Them@i®bvious need to unambiguously specify
relations among quality assurance concepts in dodemnable more transparent and comparable
descriptions of quality frameworks for educatiopedgrams. Following constructive alignment
principles, this article creates structural modmsisig some of the CDIO Standards. In doing so it
lays the foundations of an architectural meta-méaletlescribing complex educational systems,
which will contribute to consistency and interogmlity among quality frameworks.

Keywords. Education, engineering, educational frameworks|@;Bystem thinking, design,
models, quality assurance, constructive alignmamtjculum.

INTRODUCTION

The ongoing process of program transformation irtgpag institution’s operating modes, its
quality and its future performance. The manageroéatucational transformation is thus of
strategic importance to universities, schools agm@mms. During the last decade, various
models of quality management have emerged in time & quality assurance (QA) criteria and
standards that can help program leaders to evadmatémprove their various educational
systems including curricula, workforce, workspasegport services, and administrative
processes. However, these complex QA frameworkaatralways clearly described. As a
result, the increasing complexity of their concemgeria, and standards requires new and
different types of expertise on behalf of progragsigners and managers.

It is very difficult for educational organizatioasd their managers to ensure interoperability
among existing QA programs and frameworks sincglabal unified model for higher
education QA has yet emerged. Therefore, it isre¢sdeo identify the common core concepts of
the various QA frameworks to facilitate the procesprogram design and transformation. A
system modeling approach is an obvious choice feting such a challenge since it makes it
possible to meaningfully, unambiguously, and adelyaspecify concepts, relations, and
viewpoints among stakeholders.



An educational program rest on three main pilldjsan intended or declared curriculum, 2) a
enacted or taught curriculum, and 3) a validatel@@amed curriculum that share a set of
common core concepts in the form of learning ouesHarden, 2001). The main objective of
this article is to provide a framework for desanipithe concepts associated with these three
pillars. This article identifies key concepts foodeling these pillars of educational programs
following constructive alignment principles (Bigd€96). It is hoped that this effort will result
in the unambiguous description of the relationship®ng these several concepts.

This article is structured as follows. As backgrdusome existing notions of educational
modeling are quickly surveyed. Next, three concalpnd structural models, that correspond to
the aforementioned educational program pillarssargport constructive alignment, are proposed
based on three of the Conceive-Design-Implement&@e€CDIO) Standards (CDIO, 2010). In
this section it is argued that the other CDIO Sgadd can be regarded as resources, properties or
constraints in such models. Relations between gisad these models are then derived. The
following section examines the benefits of educelsystem modeling for various stakeholders,
and presents the requirements for constructingpa@ws that represent their concerns. This
section then reviews some quality management madelducation so as to pave the way for
future work on architecting educational systemse Hst two sections respectively provide some
future directions and conclude this article.

BACKGROUND: TOWARDS MODELING EDUCATIONAL FRAMEWORKS

Analyzing an educational program from conceptual stnuctural perspectives reveals semantic
relations among the three pillars, that are thenidéd or declared, the enacted or taught, and the
validated or learned curricula (Harden, 2001). Ehtbsee pillars share a set of common core
concepts, principally in the form of learning outges. By analyzing the CDIO Standards from
such perspectives it is possible to clarify andctire, at an abstract level, the currently complex
CDIO standards. In fact, as the size and compl@figducational systems increase, it is a major
challenge to unambiguously describe common con@eptsig the various stakeholders involved
in program design or transformation. In such a exntmodelling approaches allow one to
represent, visualize, and document the artefacissgbtem in terms of these different points of
view. Models permit one to unambiguously and cdasity describe concepts and their
relationships (Muller et al, 2010). In addition, fmynimizing ambiguities and introducing a
certain degree of formality, modelling approachalsaace better understanding, coherency,
alignment, analysis and (re)usability of commonaapts, principles and recommendations
related to program design or transformation.

Managing Flexibility and Interoperability in Educational Frameworks
The twelve CDIO Standards offer many keys for nefioig and/or continuously improving
engineering programs for preparing the next geimratf engineers (Crawley et al, 2007).
Representing much more than a simple syllabusottgginizes learning outcomes, the CDIO
Standards form a multidimensional educational alaion addressing several stakeholders’
issues through recommendations regarding workspagsgsculum integration, learning styles,
faculty development, assessment, evaluation, ang@inuous improvement (CDIO, 2010).
In order to keep pace with the rapid evolutionafistal environments and educational
missions, first, the CDIO approach embodied inStendards must remain dynamic by being



continually updated. This is evident, for exampierecent changes of to CDIO Standard 2
syllabus items relating to sustainability, leadgysind entrepreneurship issues (Crawley et al,
2011). Second, educational programs and institsitioast adapt the CDIO framework to their
own reality depending on quality requirements, thatriteria defined by various professional or
governmental accreditation boards as well as thpseified in local quality management
models. Third, educational programs and institigtiare being expected to collaborate more
extensively and more formally with a variety ofénal and external partners to enhance their
visibility, improve their ratings and rankings, aindrease student exchanges. This is occurring
within a context of increasing funding constraims.a result, educational institutions must work
within various educational and business systemstlagidrelated QA frameworks (Castelli et al,
2010).

These demands make flexibility and interoperabdityajor challenge. A systems thinking
approach along with the CDIO Standards can helpathnal programs and institutions respond
to these expectations and constraints. Takingggitation from a standard complex system
architecting approach, this article lays the foummhefor an architectural meta-model by
highlighting concepts and properties of educati@yatems and holistically addressing the issues
of interoperability and flexibility among educatalrQA frameworks.

Educational Modeling, towards a System Thinking Approach

In the context of system thinking, a model is defiras a “representation of the reality for a
given purpose; it is an abstraction of reality e sense that it cannot represent all aspects of
reality, allowing people to deal with the worldansimplified manner, avoiding the complexity,
danger and irreversibility of reality” (Rothenber§j989). Models can provide a means of
integrating, clarifying, and making comparable, @gpts inherent in various educational
systems. Several relevant educational modelinguiages exist for this purpose. Martinez-Ortiz
et al (2007) classify education modeling languagekree categories:

1. Content Structuring Languagedlow designers to arrange the learning resources
sequences, always taking into account the learneesls and performance in order to
improve the learning experience;

2. Activity Language$ocus on the activities in general during the héag process; and

3. Evaluation Languageallow designers to describe the stages of thaileguprocess in
which problem-solving or question-answering arelagd.

While initially developed for software engineeripgrposes, the Unified Modeling Language
(UML) (Booch et al, 2005) is the accepted de fattmdard for specifying and documenting
software systems. Due to its significant expressrgs and relative simplicity, it is being used
more and more to create visual models for othexdyqf systems such as engineering systems,
information or enterprise systems, and businesdiaadce systems. Therefore, it is also a very
good candidate for educational system and QA fraonkewodeling.

UML uses several types of diagram componembsationg to visually represent structural
modeling elements and to describe their relatiggssand interdependencies. Many types of
relations can be captured. Three special typeslafions, frequently used and therefore singled
out in UML, are one-to-one association, containnaemt inheritance. Figure 1 shows the basic
notations proposed in a specific UML diagram thatuwsed in this article:



1. The firstAssociatiorrelation, represented by a link, means therecisrmection between
two concepts. For example, the top relation in FBdlishows a one-to-one relationship
between these twBonceptswhere oneAConcepthat is associated with one
AnotherConceptAn annotation or verb can be added to the lilak tlescribes the
relationship.

2. Associationsan also support multiplicities. This is shownasy* on one end or on each
end of a link. For example, the second relatioRigtire 1 specifies that a
ContainingConcepis associated with zero or maZentainedConcepts* multiplicity).
By default, if there is no multiplicity specifiecha@ link, then it is considered 1 (as in the
first relation). Multiplicities can also be of tyde.*, if at least on€ontainedConceps
required

3. The third and last relation in the Figurdriheritance means that ubConcephas all the
properties of a SuperConcept (much like a chilekiith all the belongings of his/her
parent).SubConceptan have new properties tf&iperConcepdid not have, and can
redefine propertiemheritedfrom SuperConceptNote that the direction of the arrowed
link is of importance.

is associated
AConcept with AnotherConcept
*
ContainingConcept ContainedConcept
SuperConcept 4 SubConcept
(Parent) (Child)

Figure 1. Basic relations between concepts forcitmal modeling in UML.

Apart from structural diagrams as presented, behnalviiagrams make it possible to capture
the varieties of interactions among concepts, theuts or outputs, and their current states and
dynamic changes over time. To model these aspgdbtk,employs for example use case
diagrams and communication diagrams. Temporal rsagelld have been introduced using
UML activity diagrams or by using other dedicatesiness process modeling notations (zur
Muehlen et al, 2010). In fact, educational proces$i&e student recruitment, pedagogical
development and deployment, and course or projgttasign and implementation require
specific behavioral notations (Rouvrais et al, 20Hbwever, only structural views associated
with conceptual information models will be consetin the remainder of this article.



STRUCTURALLY MODELING AN EDUCATIONAL FRAMEWORK: THE CDIO CASE
The CDIO approach celebrated its 10th anniversaB0il1 and today provides a mature
integrated framework for creating, reforming, ontiouously improving engineering
educational programs. Three of its Standards (2Bys$, 3 Integrated Curriculum and 11 Skills
Assessment) are the cornerstone for constructigarabnt (Malmgvist et al, 2011). As defined
by Biggs (1996), constructive alignment clarifige tlesign of a curriculum and sheds light on
the relationships among intended learning outcote@shing and learning activities, and the
assessment of learning outcomes. As noted eardigddi (2001) asserts that a curriculum is not
limited to its current manifestation but can beasaped into 1) an intended or declared
curriculum, 2) an enacted or taught curriculum, @8nd validated or learned curriculum. These
three pillars share concepts in the form of thestrmuctive alignment elements of learning
outcomes, teaching and learning activities, andsassent methods. The main issue is the extent
to which the elements of the constructive alignnmeatlel are the same or different in all three
curricula.

When numerous curricular concepts are interconddoben both structural and behavioral
perspectives, constructing an integrated curricutamfacilitate coherency, transparency,
comparability among the concepts (Froyd & Ohlar@)3). The following subsections discuss
structural diagrams related to the three CDIO Siegslthat are relevant to an integrated
curriculum as embodied in the constructive alignhmeadel and the three manifestations of a
curriculum. These diagrams highlight the concepittfarmation that describes the relationships
among the three Standards (2 Syllabus, 3 Integf@tedculum and 11 Skills Assessment). The
diagrams can serve as case studies and as suaetiephewristic devises applicable to clarifying
the relationship of elements in other educatioraheworks.

Modeling Syllabus and Learning Outcomes

The learning outcomes of a syllabus are one elenfaheintended oreclaredcurriculum and
one aspect of an integrated curriculum as viewewah fa constructive alignment perspective. As
is the case with CDIO Standard 2 Syllabus, themenieg outcomes rarely occur in isolation.
The related concepts and associations oirtfemded ordeclaredcurriculum can be represented
in a diagram as in Figure 2, wher&ylabusis composed of zero or macearning Outcomes
(symbolized by an * that indicates multiplicity aeten the two concepts). Similarly, a learning
outcome could be associated with zero or n@we2 KnowledggeSkills, or Activity Domains
Depending on the design rationale and educatioaaldwork,Core KnowledgendSkill are
associated withearning Outcoméo derive particulacore knowledge-oriented learning
outcomesandskill-oriented learning outcomeBYy inheritanceSkillscan be of type
Interpersonalor Personalsuch as the personal and professional skills #itddes in the CDIO
Syllabus (Crawley et al, 2011). These relationshiigsshown in the diagram through their direct
association with theearning Outcomelement.

In addition, by inheritance, a learning outcome barof typeOptional (e.g. sustainability,
leadership and entrepreneurship issues of theedG®IO Syllabus (Crawley et al, 2011)). A
learning outcome can also be associated with ongoeCategory(1..*). A category may
include learning outcomes specificities as thosbaied in Bloom’s cognitive domain (Bloom
et al, 1956) or Krathwohl’s affective domain (Kratbhl et al, 1964).



At the bottom level of the diagram are sevéyetivity Domains namely Operating
ImplementingDesigning andConceiving These are associated wakllabusthrough their
Inheritancerelationship with théctivity Domain(as sub-concepts) wittearning Outcomes
This implies that.earning Outcomesf all types will be influenced by th&ctivity Domairgs)
with which they are possibly associated. Any pragthat has &yllabusas its base can be
described and evaluated for completeness or waliding a specific model such as the CDIO
Syllabus or EUR-ACE European Qualifications Framew&QF, 2008) as described by
(Castelli et al, 2010).

Syllabus Skill
Core Knowledge Learning Outcome Personal Skill Interpersonal Skill
C T * (RS
Optional Activity Domain Category
Operating Domain Designing Domain Conceiving Domain ||Implementing Domain

Figure 2. Syllabus Intended curriculum diagram.

Modeling the Integrated Curriculum

The second pillar of a program is teacted or taught curriculuttinat is represented by the
actual courses and associated elements of a gartpmogram of study. In CDIO Standard 3
Integrated Curriculum, a CDIO compliant curriculisydescribed being designed with mutually
supporting disciplinary courses and with an expfitan to integrate personal and interpersonal
skills, along with product, process, and systentidiug skills. In addition, the CDIO Standards
identify an Introduction to Engineering course thaivides the framework for engineering
practice (Standard 4), Design-Implement Experieate@sbasic and advanced levels (Standard
5), and Integrated Learning Experiences (Standpes part of a CDIO compliant program
(CDIO, 2010).

It is possible to represent such elements of arprogn a structural model like that shown in
Figure 3. As represented in this figur@@grammay contain one or more courses (1..*) and
associated elements, for example, zero or r&ateacurricular Activities(0..*) and multiple
Internships(*). The Courseconcept is inherited by different types of coursesh aCore
Introductory, Major, Minor, or Elective A Course whatever type, could contain multiple (*)
Activitiessuch ad utorial, Laboratory, LecturgProject etc. These different types of activities
can be combined conceptually ilCaurseto create, for example, a specitoojectconcept such
as anntroductory Projecbr Major Capstone ProjectAs a resultActivity may consist of Active



Learning approaches that are described in CDIOdatan8 as teaching and learning based on
active experiential learning methods. In addit@amActivity hasResourcesllocated to it.
Resourcesan be for example a typelRbom that is, facilities in the form of engineering
workspaces and laboratories that support and eageurands-on learning (CDIO Standard 7),
andTeacheror other instructional staff with various rolessponsibilities and competencies as
embodied in CDIO Standards 9 and 10

Program Extracurricular Activity

*

Internship ————Course Activity

lﬁ AN

*

Core | [Introductory | [Major | |Minor | |Elective Resource

T

Tutorial | |Laboratory | |Lecture | |Project| |Seminar | [Teacher Room

Figure 3. Taught curriculum diagram.

Modelling Skills Assessment
The third pillar of a program, thealidated or learnedurriculum is based on various types of
student learning assessment activities (Boud, 20I®se activities are the focus of CDIO
Standard 11 Learning Assessment (CDIO, 2010). Asseist concepts and associations can be
represented in a diagram such as that in FigufddAssessmermoncept is of different types,
e.g. as the following methods proposed by inhecgaRortfolio, Interview, Report, Exam
Moral Assessment, or Oral Presentatidinere may be one or mdrermsof Assessment
organized under thieormativeor Informativesub-concepts, often termedmmative assessment
In addition,Assessmeri$ typically associated on a 1-* basis wittoficiency Levelsised to
validatethe accomplishment of student learning, in otherds, thdearned curriculum

The customized CDIO Syllabus described in CrawB80() indicates expected interim and
final levels of proficiency (in parentheses, e.g/4) relative to the leaning outcomes. These
expected levels of proficiency were obtained bysvying key stakeholders among the alumni,
faculty, and industry. In addition, this customizsdlabus has outcomes that are stated in



behavioral terms that facilitate either fhermativeor InformativeForm of assessment
(Crawley, 2001, p C-1):
2 PERSONAL AND PROFESSIONAL SKILLSAND ATTRIBUTES
2.1 ENGINEERING REASONING AND PROBLEM SOLVING (4.0)
2.1.1 Problem Identification and Formulation (4.%/4

Evaluatedata and symptoms

Analyzeassumptions and sources of bias

Demonstratassue prioritization in context of overall goals

Formulate aplan of attack (incorporating model, analytical awmuonerical

solutions
Qualitative analysis, experimentation and consideraof uncertainty
Proficiency level also could be measured usingalepean Qualification Framework (EQF,

2008) that includes eight levels of proficiencyaésed in terms of learning outcomes. And
Bloom’s (Bloom et al, 1956) or Krathwohl’'s (Krathioet al, 1964) taxonomies could be used
to categorize proficiency levels.

Assessment Proficiency Level

I t
Form

1.% Informative
T |
]

Formative

Portfolio Interview Report Exam | [Moral Assessment | |Oral Presentation

Figure 4. Validated curriculum diagram.

Other CDIO Standards

We propose three diagrams that focus on nearlyf éitle CDIO Standards as a graphical
representation of the three curriculum pillars. ld@er, a conceptual information model also
contains elements of documentation and judgmentitgeembodied in CDIO Standard 12
Program Evaluation. Since this concept is quitaanahing, it could be viewed as a behavioral
activity supporting continuous improvement basedhenlessons learned relative to the various
CDIO Standards when comparing and contrastingritemded or declared curriculum, the
enacted or taught curriculum, and the validatel@@amed curriculum. CDIO Standard 1 CDIO
The Context, can be seen as representing the jplesdo follow or a mission statement and as
such will be discussed in the following sectionasohitecting educational frameworks.

Relationships among Conceptual Information Models



Following constructive alignment principles, thennection between the first intended or
declared curriculum (Figure 2) and the third vakdbor learned curriculum (Figure 4) lies in the
fact that theAssessmermtoncept in Figure 4 is associated with Ereficiency Levethat a
student has achieved foLaarning Outcomas shown in Figure 2. This relation is depicted at
the bottom/left of Figure 5, with a one or more tiplicity (1..*) on both ends.

Learning outcomeare also multiply associated witttivitiesof theenacted or taughihodel
as shown in Figure 5 (1..*). As simple two dimemsilbbmatrixes, curriculum maps are used to
visually represent the association between learoitgomes and activities embodiedntended
and taughtcurriculum (Harden, 2001). Curriculum mapping faates transparency among
stakeholders and facilitates completeness and eobgof learning outcomes in tidended
and declarecturriculum. Proficiency or degree level expectagican be introduced at the
intersection in such matrixes when a course addsesspecific learning outcome and can be
based on a variety of schemes (EQF, 2008; Bloaah é056; Krathwohl et al, 1964; Crawley,
2001).

Intended Model Taught Maodel

+ +
Learning Outcome I Lt Activity
1..4 Ay

Proficiency
Iatris

Assessment
1..%#]

lProﬁciency Level |

Walidated Maodel

Figure 5. Concept associations among conceptuatinétion models.



ARCHITECTING AN EDUCATIONAL SYSTEM INCORPORATING STAKEHOLDER
VIEWPOINTS

Following an architectural modeling approach iskbg to understanding and managing
complex educational systems. As stated in recomstepdactice IEEE 1471 (IEEE, 2000), a
system is best documented via its architecturesut, an educational system can be described
through a set of architectural models that consitee concepts and properties of its constituent
sub-systems. It exists within a particular enviremtnand fulfills one or several missions, as
expressed in the CDIO Standard 1 The Context,Xamgple.

In architecting an educational system it is possiblevolve a detailed description of the
system while taking into account stakeholder viewshown in Figure 6. Following the path on
the left side of the figure daducational Systemas oneStakeholdeor more (1..*), for example,
the alumni, faculty, and industry people who preddnput on the desired proficiency level of
the CDIO Syllabus topics (Crawley, 2001). E&thkeholdehas one or more (1..§oncerrs
(e.g. reputation, ranking, quality of educationuable professionals) that covers dfiewpoint
or more(1..*), e.g. financial, technical support, resource manant viewpointsEach
Viewpointthen conforms to a particul&iiew.

Educational Syztern bas an Architecture
dezeribed by
haz1.* 1
Stakeholder Architectoral
Dezeription
Intended Comenlnm
LB O appregates 1.%
Coneem Wiew point Model 1 1 Walidated Cormienlom
unzed to
cover 1..% '7\
conformms crganized
by 1.* Taunght Corricnlurn
*
Wiew Conztraint
Diapram

Figure 6. IEEE-1471 system overview meta-modeliegpb educational systems.



Following the path on the right side of the figareEducational Systerfnas arArchitecturethat
is delineated by a unique and, ideally, unambiguaghitectural DescriptionFundamentally,
the Architectural Descriptioris organized by one or mo¥gews (1.*), related toStakeholder
Viewpoins. A type of views iDiagram,which permit to visualize concepts specific to eation
and relation between themhe Architectural Descriptioraggregates one or more (1.Mpdek
such as the three pillars of a curriculum. Modeég/rine bounded by a multitude @bnstrains
(*) such as those inherent to the CDIO Standards4iR-ACE European Qualifications
FrameworkModelsare independent ddiagrams because they can be described both
graphically (using diagrams) and textually.

Educational system design and transformation ire@wmany stakeholders. The approach
described makes it possible to unify multiple stetder views through architectural modeling.
By constructing an educational system architedtuegeaggregation of multiple conceptual
information models and their specific propertied aanstraints can be accomplished thus
making it easieto understand the relations among shared concegisaa a result, minimize
ambiguities. Aggregating multiple conceptual infation models allows educational planners
and managers to address issues related to coheard@pnsistency early in the conceiving and
designing phases, which can keep such issues frolifepating during the implementation and
operational phases of educational system designtransformation.

Benefits for QA

Higher education institutions and programs are nocemore required by professional societies
and/or governmental agencies to meet quality stasd®atil & Gray, 2010). In order to do so, it
is often said that two distinct disciplines mustnha&stered: engineering and management. QA
frameworks and requirements defined by accreditdimdies (e.g. ABET, EUR-ACE, Engineers
Australia) often incorporate quality managementpsses in their standards. The CDIO
Standards have associated customized rubrics tbnatp guidance for self-evaluation and QA
(CDIO, 2011)(See Gray elsewhere in this issua.particular, Standard 12 Program Evaluation
is CDIO’s cornerstone of QA and continuous improeemAs such, the CDIO self-evaluation
formative approach to QA is a complement to thewthore formal frameworks and
requirements.§ee Malmqvist, Brennan, Costa and Sellens elsevinénés issue)

Quality management processes are critical for syatie and continuous improvement. This
is exemplified by the highest levels of CDIO complie (CDIO, 2011, p 2):

» Level 5: Evidence related to the standard is retyutaviewed and used to make
improvements.
* Level 4: There is documented evidence of the fafflementation and impact of the
standard across program components and constituents
Level 5 in particular suggests evaluation by groexternal to the program. The kinds of
structural and process models described in thidl@tave great potential for ensuring regular
systematic review of engineering programs, as agetheir continuous improvement.

The architecting diagrams in this article can pdeuvneuristic devises applicable to clarifying
the relationship of elements in other educatioreahkworks related to continuous improvement
and QA. A systems thinking approach along with@O Standards can help educational
programs and institutions respond to these expengatin addition, introducing a certain degree



of formality and thus minimizing ambiguities, moldal approaches enhance better
understanding, coherency, alignment, analysis g)dgability of common concepts, principles
and recommendations related to program desigransfiormation.

Another benefit of modeling educational systemagisin architectural perspective is that it is
possible to address issues related to interopéyadhong different QA standards or
requirements at a meta-model or framework levellradsing issues related to coherency and
consistency among different QA approaches canitiaeilco-operation among institutions using
different standards or requirements. For examptégirelations between concepts from the
CDIO standard and e.g. concepts from the EUR-A@Rdzrd are described through a meta-
model, then the relations between models can beiethand validated for all instances which
conform to these models. It is therefore sufficientdescribe the relations between models only
once. They then can be systematically applied ¢gifp instances such as a particular institution
or program.

FUTURE DIRECTIONS

In this article, we mainly focused on the structarad informational modeling aspects using a
Unified Modeling Language (UML)-like notation. UMk a comprehensive set of graphic
notations and thus permits the representation ehzation of a system structure, its
behavioral activities, processes, and actors, laadelationships among them. Such a modeling
language offers the advantage of a unified langueayeable of describing a wide range of
domains that can be more easily understood byakekolders. While this is very useful from a
conceptual, informational and structural perspegtmore details are often needed to deeply
describe a system. The simple structural modelotgtions used in this article lack the semantic
strength required to represent such wider details.

To address this deficit it is proposed that Edweeti Architecture modeling includ&omain
Specificmodeling language to be used at more detaileddd¥éioury, 2007). Domain specific
modeling languages allow experts to express, ua@idad modify solutions, and achieve tasks
specific to their domain, in this case QA in ediaral systems. Domain specific modeling
languages require less cognitive design expeliese & more general purpose language such as
UML (Green and Petre, 1996). As domain experts kmawh better their domain, the models
they produce have an enhanced quality, productiketiability, maintainability, and reusability.

We propose as future work to design dedicatediaredhoped, more easily understandable
graphical languages to facilitate modeling of ediocal system design and transformation by
non-UML experts. To realize these advantages, itgraims in Figures 2, 3, and 4 will need to
be validated by educational designers so as to mhake valuable for future Educational
Architecture modeling. Developing appropriate Daom&pecific modeling language notations
and abstractions will make it possible to visuaglgaecify, construct and document an
educational system QA meta-model or framework ighatsily understood by the higher
education community.

CONCLUSION

Educational frameworks are defined with varyingreeg of rigor, and can thus lead to
ambiguities among stakeholders having differenteoms. To date, there is no standard
commonly accepted way of conceptually describingcational systems, especially those related



to continuous improvement and QA. To address #uk &nd to enable more transparent and
comparable descriptions, this article shows howigecting methods can be employed to
provide high-level descriptions of educational eys$. Based on constructive alignment
principles, it proposes conceptual information meder capturing and exchanging concepts and
data from the intended or declared curriculum, gsthor taught curriculum, and validated or
learned curriculum.

By identifying common concepts and building bloelssrepresented in the CDIO framework,
the three proposed structural graphical modelsepted in this article allow us to describe and
represent engineering education curricula moreatibt, so as to minimize ambiguities among
stakeholders and sustain flexibility in design &nachsformation processes. As such, the
proposed conceptual information models contribatienproving the portability and
interoperability among existing programs and rafeeeQA standards and frameworks, as well
as facilitating continuous improvement in a QA @t
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