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Abstract

Higher education institutions are currently facing many challenges that are making them to start compete strategically, like other
not-for-profit firm. To adequately support such new approach, their information systems and business strategies should be totally
aligned. However, the current existing landscape of heterogeneous information systems and applications deployed in many
institutions can compromise such aim. Recently, reference architectures and models have emerged as instruments suitable to help
company’s decision-makers to cope with such tensions. However, whilst many of such architectural models already exist for several
industries, little has been done so far in higher education. In this paper, we briefly review major existing developments in such way
before to inductively derive a unified information systems reference model tailored for higher education institutions.
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1. Introduction and motivation

Higher education is one of the main engines of progress around the world through its well-known functions of mass
tertiary education, academic training and research, and the provision of public servicel'l. Although this sector still
retains historical foundations that give continuity and support to its functions, modern higher education institutions
(HEIs) are currently facing many environmental challenges, including internationalization and globalization processes,
reduction of public funding, the emergence of new educational technology and new legal and quality assurance
requirements derived from recent educational reforms boosted by the Bologna process>3. To cope with such
challenges, educational institutions have started to act like several other for-profit companies prioritizing not only their
role of public good and service knowledge providers but also the development of adequate competitive strategies to
improve their competitiveness ™. Such trade-off places enormous pressures on HEIs in terms of operational
efficiency®®), which furthermore, should be achieved without diminishing the quality of educational service
provided”. Hence, HEIs “must undergo a major shift in terms of their managerial approach™™, leading to a profound
impact on how institutions manage their processes, services and structures; and making them to evolve into a
framework where such elements become instruments of flexibility and innovation, rather than barriers to growth and
development®. As the vast majority of HEIs can nowadays be viewed as both human- and knowledge-intensive
organizations’], Information Systems Architectures (ISAs) emerge as critical instruments in such kinds of operational
change initiatives, as they play a critical role in supporting several different institutional educational processes, as well
as providing users with appropriate datal!%12],

One the one hand, and at present, many information systems (IS) landscapes at HEIs are merely the ad hoc
configuration of each organization mainly based in bespoke developments, sometimes mixed with functionalities
resulting from external software products commonly arisen for other industrial sectors and later adapted and
updated!*!71. On the other hand, and in order to streamline their organizations’ activities!'®, HEIs need to take
advantage of their ISAs, ensuring that resources invested in Information Technology (IT) systems are based on
business strategic objectives. As a result, there is a continuous and increasing growing tension between business
(requirements) of the educational institutions and their available technological capabilities, which should be managed
holistically in an integrated and coherent way!'?l. Hence, only “when business and IT are perfectly aligned, firms are
able to perform at a high level due to the close cooperation between business and IT departments and their mutual
understanding”?,

Enterprise Architecture (EA) is considered as one of the major instruments for enabling companies to cope with
such alignment tensions!>®2!1, The significance and practical relevance of this topic has been historically highlighted
by IT managers?>? as well as by HEIs IT Managers®*?3. However, wilts EA management practices have been
adopted in several industrial firms?l, they have not yet been pervasively used in higher education settlements!?’-2%],
This fact has been confirmed by several empirical studies?), ranking business/IT alignment maturity in education as
the lowest compared with several other industries. Hence, there is a clear need for more research on EA practices in
higher education contexts?®”, including “the feasibility of formalized frameworks and components of EA specifically
tailored to suit the structure of HEIs"31,

Over the last years, and drawing on principles of generalization and knowledge reusel®?, Reference Architectures
(RAs) and Reference Models (RMs) have emerged as abstract artifacts suitable to increase the quality (i.e. the
efficiency and effectiveness) of EA practices and designed architectures!'*33-3¢, Hence, notable RMs and RAs have
been developed for several specific industries, as BIANP7 for the banking industry; the eTOM framework!*®! for the
telecommunications industry; or TOGAF?! or CORAM for the IT industry, to cite a few. In contrast, little has been
done so far in the higher education industry, although several initial interesting contributions!*'*! can already be
identified (mainly) from the grey literature. However, and in general terms, it can be concluded that scientific research
in RAs/RMs for HEISs is still in an embryonic stage.

In order to partially cope with the previous gap, we focalize in the concrete topic of IS and applications in HEIs.
Hence, the main goal of this work is, to derive and propose a preliminary IS Reference Model for Higher Education
contexts. In so doing, we also see the work at hand as an opportunity for creating awareness on the IS community
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about the need to foster and widespread such abstract models as a well-accepted research topic*®!. Besides, the
resulting proposed artifact could be useful for several practical purposes, like as a support tool for decision making,
planning or communication among stakeholders®>#7], Therefore, we believe that the paper at hand could be of interest
not only for the research community but also for higher education business and IT managers as wells as IS service
consultancy companies or IT vendor providers.

The remaining of the paper is structured as follows: first, we briefly introduce the concepts of RAs and RMs — as
main topics of the paper — and briefly discuss existing contributions tailored for HEIs. Next, we outline the
methodological approach followed to generate the envisioned artifact to subsequently introduce and present it. Finally,
we close up with a concluding section, which also highlights the main limitations of the research.

2. Background and previous work

As a starting point for this section, we turn first our attention to the definition of RAs and RMs, as they are terms
frequently used interchangeably in the literature. Whilst a commonly accepted definition of RA could not be found in
the literature®?, they can be seen as generic architectures for a class of systems based on best practices™®l. According
to Lankhost 41, they are “standardized architectures that provide a frame of reference for a particular domain, sector
or field of interest (...) providing a common vocabulary, reusable designs and industry best practices (...)”. Hence,
RAs are used for designing concrete solution architectures in multiple contexts, serving as a standardization tool™*],
Typically, RAs components include “common architecture principles, patterns, building blocks and standards™34,
RMs (also referred as model patterns) usually are one of such RA’s block components.

RMs provide (i.e. represent) a clear view of the domain of interest of the RA, incorporating best-practice solutions
as reusable knowledge that can be posteriorly adjusted for context-specific needs™->". RMs consist of a “set of
unifying concepts, axioms and relationships within a particular problem (...) independent of specific standards,
technologies, implementations, or other concrete details”™". According to Fettke and Loos, RMs are conceptual
frameworks that facilitate the process of IS design by providing a reusable and adaptable blueprint for a class of
domain233],

The concept of Enterprise Reference Architecture (ERA) emerges as a particular subtype of RAs, when the targeted
domain or class of systems is set to a “class of enterprises”. Hence, ERAs are still abstract artifacts, but to a lesser
extent than a (generic) RA. ERAs have been defined as “a generic EA for a class of enterprises, that in a coherent
whole of EA design principles, methods and models which are used as foundation in the design and realization of the
concrete EA that consists of three coherent partial architectures: the business architecture, the application [i.e. IS]
architecture and the technology architecture” (emphasis added)!'”). As many existing EA frameworks, ERAs
distinguish among several layers that capture domain of interest. Whilst accepting that there is no consensus on which
ones should be such concrete partial domain layers, it can be accepted that ISAs are usually considered as one of
them!!%-21:34-%61 Moreover, ISAs sub-domain layer can be further decomposed into (i) informational (or data)
architecture layer — representing the main data types that support a business — and (ii) the application architecture
layer — defining the applications needed for data management and business support?®®>7). Finally, the term blueprint
or landscape is also referred in the literature as an architectural description showing the dependences and
interrelationships among concrete architectural objects that belong to different sub-domains architectural layers,
(usually) through a bi-dimensional matrix®®. For example, application (or 1S) landscapes provide a transparent
overview on how processes (business sub-domain) are supported by concrete applications (IS sub-domain)®*.. Thus,
blueprints and landscapes can be viewed as a simplified form of RMs.

Research on RAs/RMs for HEIs has been scattered and rare. In Table 1 we have summarized some of the main
contributions that we have been able to identify, which largely emerge from the practitioners and the grey literature.
In general, an emphasis can clearly be detected in business domain layer oriented contributions, whether as
autonomous business process RM proposals!!®#40:611 or as part of an encompassing HEI-tailored ERA™' . In many
cases, such models arise as a result of a collaborative effort project, where the resulting artifact is built inductively as
an agreed model that satisfies all requirements posed by the stakeholders involved in the initiative. Alternatively, other
proposals have also been derived from a more or less rigorous literature reviews*+¢%11, Finally, wide-range extensible
architectural models can come up from in-depth case studies or experiences undertaken in a concrete university
setting*’],
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The latter also applies for the case of more IS domain layer oriented contributions®*%4l, But in general terms,
contributions developed to cope with the IS domain tend to be less rigorous and with a lesser level of depth and
profundity than business domain layer oriented contributions. For example, it is possible to find several application
landscapes or blueprints tailored for HEIs and developed by diverse IS/IT vendor companies[65,66]. Whilst these
contributions can certainly be interesting resources, caution should be taken with them due their (legitimate) implicit
commercial nature and bias in promoting concrete technical solutions and/or services — the same can be argued for
more IT domain layer oriented contributions®”-681 —,

Table 1. Existing contributions related with RAs and RM:s tailored for higher education

Contribution Focus Breadth Scope
IS & Generic Reference Application Architecturel®! IS General General
applications /IT  Application Architecture Reference Blueprint Model”") IS General General
Generic RMs CORA Reference Model”! IS/IT General General
HORA Reference Architecture!!7!:72) BU/IS/IT Netherlands HE
Enterprise RATL Reference Architecture!?! BU/IS USA HE
Arciftirrirz: for CAUDIT Reference Architecture>"! BU/IS Australia HE
HEI TIER Reference Architecture!™ BU/IS USA HE
Cloud Computing Architecture for HE!>7) BU/IS/IT General HE
Value Chains for Higher Education!*+¢") BU General HE
Business Charles Sturt Business Process Model*”! BU General University
(Process) RMs  HE-IUP Business Process Model(!) BU General HE
for HEI Business Process Reference Model for HE!'®! BU General HE
Process bundle (Academic cycle) of campus management!””) BU General HE
Information Systems (Conceptual) Model'*! BU/IS Croatia HE
Campus Information Systems Conceptual Model!”! IS General HE
e-education Application Framework!"! IS General HE
appliclastiiils i Univ. of Tras-o-Montes e Alto Douro of Multidimensional ISA®3 IS Portugal University
RMs for HEI Ohio State Univ. Conceptual Reference Architecture Model* IS/IT US University
SAP Value Map for Education & Research!®¢) IS General HE
Eduventures 2017 Higher Education Technology Landscape!®”! IS General HE
WS02 Connected Education Reference Architecture!®”! IT General HE
BROCADE Campus Network Infrastructure Reference Architecture!®! IT General HE
EDUCAUSE Administrative & IT Systems Snapshot!*! IS/IT Generic HE
EDUCASE EDS ECAR Core Higher Education IS Catalog®!! IS Generic HE
Ot.her EA ICT (Enterprise) Architecture Principles/?* BU/IS/IT Norway HE
generic artefacts . .
tailored for HE] ~ Model for Evaluation of IS for an Integrated Campus Management®’! IS Generic HE
KARTTURI EA HE Adoption Maturity Model!®¥ BU/IS/IT Finland HE
Cost-Benefit Model for Campus Management Systems!””! BU/IS

Legend. BU : Business Layer | IS: Information System Layer | IT: Information Technology Layer

At this point, we certainly have to highlight the Dutch national HORA Higher Education RAM!71721 a5 not only
provides a complete business process RM for HEIs but also specifies a complete landscape of IS applications that can
be deployed in an educational settlement. However, and on the one hand, HORA has been specified using the
Archimate notation standard — which could restrict its understanding by several non-IT stakeholders —, and on the
other hand, it has been totally written in Dutch, which can be perceived as a barrier of access to knowledge. Other
existing HEI-oriented ERA, as the TIER Reference Architecture’!, have been developed as a much more general RA
— i.e. applicable to any type of HEI and not dependent on the concrete constraints or requirements of a country or
regional zone— but offering a much lesser degree level of detail on the architectural objects than HORA. CAUDIT*?]
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and RATLM™ HEI-oriented ERAs also include an IS domain layer, but they only define the data sub-layer architecture
(i.e. they do not offer concrete detail on IS or applications). Finally, contributions more focused on the IT architecture
sub-domain layer tend to be less frequent, perhaps by the fact that the IT layer can be considered as much less context-
dependent than business and IS architectural ones.

Besides the named references, several additional contributions can be found describing solution EA architectures
deployed in concrete HEIs. However, thy usually are very context-dependent, and thus, do not suit well for being
applied in other different institutions. In sum, all previous background seems to confirm the need for conducting further
research on RAs/RMs for HEIs, an more concretely on contributions focussing on the IS/IT architectural domain
layers. This fact clearly contrast with developments undertook in other industries like healthcare —traditionally
considered as a not-for-profit business domain comparable with higher education for research purposes™ — for which
evidence shows that similar IS oriented RAs/RMs can be relatively easily identified®>871,

3. Research Approach

In line with existing approaches for developing RAs/RMs in other domains®%, we adopt a rather inductive
approach to build our intended artifact. As a reference starting point, we use Hrabe and Buchalcevova’st’%87
Application Architecture Reference Blueprint Model (see Table 1), which provides an abstract and homogeneous
logical domain model for application architectures. The model is suitable to be tailored and instantiated for industry
specific industry contexts, and according to the authors, they have already successfully done it for the public sector or
healthcare industries!’®#”), The model is grounded on two basic (architectural) design principles:

o architectural (layered) hierarchical decomposition, which is operationalized through as a set of abstract logical
model templates to be extended (i.e. instantiated) for the targeted industry domain encompassing 6 main layers
(user access, composite application layer, knowledge, information and media layer, transactional processing layer,
cross-sectional applications functions layer, and integration and SOA platform layer).

o application alignment with stakeholder interests, which allows to position concrete applications over the previous
logical model templates on the basis of their content, functionalities and relations to with applications of the
architecture.

However, Hrabe and Buchalcenova do not include in their contribution a normative procedure or method for
instantiating the abstract logical model templates. To overcome such limitation, we inspired on Angelov, Grefren and
Greefhorst’s*! theoretical procedure model for constructing RAs. Although originally conceived for creating
software-oriented RAs, we believe that it can be useful for guiding the developing of more EA-oriented RAs/RMs.
The original procedure consists of six sequential steps, but for the purposes of our desired artifact we only applied the
four initial steps (enabling variability and evaluation of the RA steps were not applied and left for future research).
We concretely applied the four initial steps of the method for constructing our RM as follows:

(i) Defining a type for the RA. RA’s typology can be defined according to a classification framework provided by
Angelov et al. in the same article of the procedural method™. It is based on three main dimensions: context of
application, goals and design specification. In our case, we are constructing a RM and hence, the framework
cannot be directly applied. However, we believe that our RM could be typified according to several parameters
defined in the classification framework as a facilitation RM (i.e. providing support for the design of concrete IS
landscapes), defined by an independent organization (in our case, just a researcher), for being used in multiple
organizations and described in an abstract or semi-detailed level.

(ii) Selecting of a design strategy. As introduced at the beginning of the section, we opted for an inductive practice-
based driven approach from the basis of major existing contributions identified in literature.

(iii) Empirical acquisition of data. For deriving our RM we selected 8 contributions from Table 1: (i) 3 of the 5
identified ERAs for HEIs!"' " (we excluded CAUDIT and RATL as they do not specify and application domain
level), (ii) 2 generic IS/applications HEI-oriented generic conceptual models”™), (iii) 2 IS/applications HEI-
oriented generic catalogs!**'", and (iv) an IS evaluation model for HEIs®?. The main criterion for choosing them
was their clarity, level of detail and potential applicability in different educational settlements.
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(iv) Construction of the RA. We derived our intended RM by inductively homogenizing the IS and applications
defined or suggested in the selected sources. Additional details are provided in the following section.

4. Application Reference Blueprint Outline

The resulting RM inferred is presented graphically in Figure 1. IS and applications have been organized and
structured according to the architectural design principles mentioned in the previous section. In order to improve the
comprehensibility on how the RM artifact has emerged, in Annex 1 we provide the detailed mapping among each IS
and application included in the final model with respect to all the original sources. Minor adjustments were applied in
the specific IS and applications’ nomenclature used in each concrete source in order to homogenize and harmonize
the resulting artifact. For the concrete case of the Dutch’s HORA ERA, the more (national) context-dependent
applications included in the original specification were not taken into account in our inductive process.
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Fig. 1. The proposed IS RM for HEIs

The resulting IS RM can be of practical utility for HEIs practitioners in terms of providing high-level support and

guidance for several IS and business related activities [%!1%33361 For example, it could be helpful for creating a
repository or portfolio of the implemented IS, or as a communication tool for overviewing existing IS architecture to
more non-technical stakeholders, or even as a support decision tool both for undertaking IS assessments and
availability studies (i.e. AS-IS analyses) as well as defining scenarios for desired prospective IS architectures (i.e. TO-
BE analyses and transition plans). In addition, it also could provide support for more concrete IS integration or
acquisition projects or for assessing the contribution or impact of current IS in terms of internal quality assurance
(IQAS) evaluation needs. Finally, it also can be used for establishing diverse types of mappings between IS and
applications with concrete IT products (and services) provided by several market vendors.
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4. Conclusion

This paper concentrated on RAs and RMs tailored for higher education settlements. On the basis of existing
(similar) work, we contributed to knowledge by inductively generalizing and deriving a comprehensible and
actionable IS RM for HEIs. The resulting instrument can be of practical utility as a communication and decision-
making support-tool for several HEIs practitioners or stakeholders. Furthermore, the artifact constructed can also be
considered as an instantiation of the original model proposed by Hrabe and Buchalcenova, in the sense that
instantiating an abstract artifact can be viewed as a way of validating it them in terms of suitability.

However, we do not see our outlined RM as a definitive artifact, and thus, we believe that further research is needed
to improve and refine it. In this sense, the relatively short sample of contributions used to derive the RM could be
viewed as a first limitation. Hence, a more rigorous systematic literature review on HEI-oriented existing (similar)
RAs/RMs contributions would have probably brought to light a more complete set of relevant sources from which
infering a richer model. In addition, a more formalized and well-structured process for “inducting” and harmonizing
identified IS and applications in each source would have probably also been useful. Finally, additional empirical
studies in the form of use cases providing evidence on how the proposed artifact is effectively used in practice could
be interesting future contributions, in order to validate the proposed RM. However, and given the objectives of the

present paper, we believe that the artifact presented can be perceived as interesting and valuable by both IS higher
education professionals and researchers.
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Appendix A. List of Information Systems/ Applications included in the IS Reference Model

2 = ne = g % g = HQ-; )
. S5 % fx 3 £ o ow &
Suggested Information Systems 2.2 § s €% Eg ST c::. £ =
and Application Modules E £ 3 E_ E z aé c -“g’ é £ 5 £ E £
S0 S8 TE §° RS QL =& =g
Sw 85 If F g7 E< FT 24
== = O = @
Portals & User Access v v
University Web Portal \ \ N
Administrative / Internal Portals \
Academic Portals \
Research Portal \
Open Educational Portal ~
Search Engines N
Form & Template Generator Systems \
Survey Systems \
Administrative Enterprise Information System / Enterprise Resource Planning (ERP) \ \
Student Administration (can also be part of SIS) v v \ v \
Admission /Enrollment/ Registration System \ \ \ N
Student Scholarship & Financial Aid Management System | \
Research Administration System (contracts & grants) \ \ N
Financial Management System \ \ J \ \
Payment Systems \
Human Resource Management System \ \ \ \ \ N
Payroll System | \
Personnel (Staff) Management System \ N
Staff Time—Tracking Registration System v v
Corporate Training System \ N
Promotion Tracking System v




550 Felix Sanchez-Puchol et al. / Procedia Computer Science 121 (2017) 542-553

Suggested Information Systems
and Application Modules

IS Catalog 8!

Snapshot 3!

e-education
Framework ")

Campus Wide
IS [78]
IS Evaluation

Model 1%

Archit, 4171

TIER Ref.
Archit. 4
Cloud HE Ref.

Archit, 7576

Student Information System (SIS)

~_| Educause Core

<

2| HORA Ref.

2|

Academic Management System

2|~ | EducauseIS

2

Student Information Management System
(course registration and grades, degree audit, housing, etc.)

2

2

Student self-service functions (access to course catalogs,
schedules, grades, transcripts, etc.)

Internship & Mobility Management Systems

Customer Relationship Management Systems (CRM)

Student/ Alumni Relations (Communication) Management

Staff Relations (Communication) Management

2 |2 |2

Marketing & Applications Management

Fundraising & Development Management Systems

Supply Chain Management Systems (SCM)

Contract & Tendering Management System

Purchasing (Acquisition) Management System

Procurement Management System (can also be part of ERP)

Exam Management System

Evaluation Management System (can also be part of LMS)

< |<_

Plagiarism Detection System

Course Management System

e-Learning Systems

< |<_

Learning Management Systems (LMS)

Educative Social Software (Blogs, Wikis, e-portfolios, etc.)

Customized Educative Application

Video/Audio Streaming Management System

Research Management System

Research (Performance) Management System

Research Data Management System

Research Data Analysis & Visualization System

Resource Administration / Rostering Systems

L ||| ||| <2<

Room (Space) Information Management

Teaching Staff Planning Schedule System

< | 2| <]

Facilities & Work Order Management Systems

Content Management Systems (CMS)

Document Management Systems (DMS)

< | <

Web Content (Management) Systems (WCMS)

(Digital) Library Information System (LIS)

Scientific (Bibliographic, Catalog) Search Engines

< ||| ||| <

Document Acquisition System

Complaint & Suggestion Forms

< |2 (<2<

Research Publication Repository

Business Intelligence & Data Warehouse (B /DW)

Business Intelligence Reporting and Dashboards

< |2

Learning Analytics Systems

Business Performance Analytics

< |2 | <2

Data Warehouse & Data Mining

E-Mail Systems

< | <

Communication & Collaboration Systems

Office Automation System /Suite

Service Management System

IT Service / Help-Desk Management

2 |2 |2 |2 <




Felix Sanchez-Puchol et al. / Procedia Computer Science 121 (2017) 542-553 551

E") = wne = g % g = “c-'a. <
S : Sw =2 Sx £ $SF 35 T HE
uggested Information Systems 22 28 €3 = s r ¢ o me
and Application Modules 25 RS 22 2, =49 é 2 gE TE
ISR L g L 2L 538 = @me =v<s
50 E8 BE ET AF O =% =22
Sn 2§ $F 5 »” E< FT 22
== = O = @
Software Development Environments \
Social (Student Government & Club Community) Information System (forums, news, etc.) v N
Sustainability Management System v
Quality Management System \
Project & Program Portfolio Management Systems N
Business Process Management System (BPMS) \
(Master) Information & Data Management System (Security, Reliability, Maintenance) N \ N
Identity Management System v v \ v
Information & Document Exchange / Inter-Organizational Systems \ \
Integration Systems (EAI, Gateways, ESB, etc.) v \ v \
Institution Specific Systems y N y
p Y!
Other Systems v \ v
Multi-language Systems y
(Enterprise) Architecture Management System \
Card Access Management Systems N
Author Identification Management System N
References

—

N

o]

10

11.

12.

13.

14
15

16.
17.
18.
19.
20.
21.

22.

. Laredo P. Revisiting the Third Mission of Universities: Toward a Renewed Categorization of University Activities? High Educ Policy

2007;20:441-456.

. Liu S. Higher Education Quality Assessment and University Change: A Theoretical Approach. In: Liu S, editor. Qual. Assur. Institutional

Transform. Chin. Exp., Singapore: Springer Singapore; 2016, p. 15-46.

. Prisacariu A. New Perspectives on Quality Assurance in European Higher Education. Procedia - Soc Behav Sci 2015;180:119—126.

Pucciarelli F, Kaplan A. Competition and strategy in higher education: Managing complexity and uncertainty. Bus Horiz 2016;59:311-320.

. Gregor S, Hart D, Martin N. Enterprise architectures: enablers of business strategy and IS/IT alignment in government. Inf Technol People

2007;20:96-120.

. Barn BS, Clark T, Hearne G. Business and ICT Alignment in Higher Education: A Case Study in Measuring Maturity. Build. Sustain. Inf. Syst.

Proc. 2012 Int. Conf. Inf. Syst. Dev., Boston, MA: Springer US; 2013, p. 51-62.

. Dorri M, Yarmohammadian MH, Nadi MA. A Review on Value Chain in Higher Education. Procedia - Soc Behav Sci 2012;46:3842—-6.
. Bell G, Cooper M, Warwick J, Kennedy M. Using the Holon Framework: from Enquiry to Metrification-A Higher Education Case Study 2001.
. Eardley A, Uden L, editors. Innovative Knowledge Management: Concepts for Organizational Creativity and Collaborative Design. IGI Global;

2010.
. Bidan M, Rowe F, Truex D. An empirical study of IS architectures in French SMEs: integration approaches. Eur J Inf Syst 2012;21:287-302.
Natek S, Lesjak D. The process architecture of information systems - higher education institution’s managerial tool. Issues Inf Syst 2010;1:29—
34.
Natek S, Lesjak D. Integrated Higher Education Information systems - Professors’s knowledge management tools. Issues Inf Syst 2011;12:80—
6.
EDUCAUSE. Administrative and Enteprise IT Systems - Educause Research Snapshot 2014.
. Abel R, Brown M, Suess J. A New Architecture for Learning. Educ Rev 2013;48:88—-102.
. Green KC. Prodding the ERP Turtle. Educ Rev 2007;42:148—-149.

Svensson C, Hvolby H-H. Establishing a Business Process Reference Model for Universities. Procedia Technol 2012;5:635-42.
Dent A. Aligning IT and business strategy: an Australian university case study. J High Educ Policy Manag 2015;37:519-33.

Florea AMI, Bologa A-R, Diaconita V, Bologa R. Streamlining business processes in cademia by building and manipulating a business rules
repository. Proc. 14th Int. Conf. Inform. Econ., 30 April - 3 May 2015, Bucharest, Romania: 2015.
ten Harmsen van der Beek W, Trienekens J, Grefen P. The Application of Enterprise Reference Architecture in the Financial Industry. In: Aier
S, Ekstedt M, Matthes F, Proper E, Sanz JL, editors. TEAR 2012 PRET 2012 LNBIP 131, Springer Berlin Heidelberg; 2012, p. 93-110.
Gbangou LPD, Rusu L. Factors Hindering Business-IT Alignment in the Banking Sector of a Developing Country. Procedia Comput Sci
2016;100:280-8.
Jonkers H, Lankhorst MM, ter Doest HWL, Arbab F, Bosma H, Wieringa RJ. Enterprise architecture: Management tool and blueprint for the
organisation. Inf Syst Front 2006;8:63—6.
Kappelman L, McLean E, Johnson V, Torres R, Nguyen Q, Maurer C, et al. The 2016 SIM IT Issues and Trends Study. MIS Q Exec 2017;16:47—
80.



552 Felix Sanchez-Puchol et al. / Procedia Computer Science 121 (2017) 542-553

23.
24.
25.
26.
27.
28.

29.
30.
31

32.
33.

34.
35.
36.

37.
38.

39.
40.

41.

—_

42.

43.

44,
45.

46.
47.
48.
49.

50.
51,

52

55.
56.

57.

58.

59.

60.
61.

62.

Derksen B, Luftman J. Key European IT Management Trends for 2016. CIONet; 2016.
CAUDIT. CAUDIT top 10 issues. Council of Australian University Directors of Information Technology; 2016.
Grajek S. Topt 10 IT issues, 2017. Educ Rev 2017;52:10-58.
Taleb M, Cherkaoui O. Pattern-Oriented Approach for Enterprise Architecture: TOGAF Framework. J Softw Eng Appl 2012;05:45-50.
Syynimaa N. Enterprise Architecture Adoption Method for Higher Education Institutions. PhD thesis, University of Reading, 2015.
Olsen DH, Trelsgéard K. Enterprise Architecture Adoption Challenges: An exploratory Case Study of the Norwegian Higher Education Sector.
Procedia Comput Sci 2016;100:804—11.
Luftman J, Kempaiah R. An Update on Business-IT Alignment:* A Line” Has Been Drawn. MIS Q Exec 2007;6:165-77.
JISC. Doing Enterprise Architecture : Enabling the agile institution. Version 1.1 March 2009: 2009.
Oderinde D. Using Enterprise Architecture (EA) as a Business-IT Strategy Alignment for Higher Educational Institutions (HEIs). UKAIS 2010,
vol. 40, Oriel College, Oxford, UK, March 23-24, 2010: 2010.
Cloutier R, Muller G, Verma D, Nilchiani R, Hole E, Bone M. The Concept of Reference Architectures. Syst Eng 2010;13:14-27.
Schmidt C, Buxmann P. Outcomes and success factors of enterprise IT architecture management: empirical insight from the international
financial services industry. Eur J Inf Syst 2011;20:168-185.
Lankhorst M. The Value of Reference Architectures. Bizzdesign Blog 2014. http://blog.bizzdesign.com/the-value-of-reference-architectures.
Niemi E, Pekkola S. Using enterprise architecture artefacts in an organisation. Enterp Inf Syst 2017;11:313-38.
Lange M, Mendling J, Recker J. An empirical analysis of the factors and measures of Enterprise Architecture Management success. Eur J Inf
Syst 2016;25:411-31.
Bonnie P, Peters G, Delmarcelle P., Obitz T. TOGAF BIAN White Paper. The Open Group & Banking Industry Architecture Network; 2012.
Czarnecki C, Winkelmann A, Spiliopoulou M. Reference Process Flows for Telecommunication Companies: An Extension of the eTOM Model.
Bus Inf Syst Eng 2013;5:83-96.
The Open Group, editor. TOGAF Version 9.1. Zaltbommel: Van Haren Publishing; 2011.
Elzinga T, van der Vlies J, Smiers L. The CORA Model: A practical guide on using a COmmon Reference Architecture to design and deliver
integrated IT solutions successfully. Sdu Uitgevers; 2009.

SURF. Hoger Onderwijs Referentie Architectuur [In Dutch]. Hoger Onderwijs Referentie Archit 2013. http://www.wikixl.nl/wiki/hora/
index.php/Hoofdpagina (accessed March 28, 2017).

CAUDIT. Enterprise Architecture Commons for Higher Education. CAUDIT Counc Aust Univ Dir Inf Technol 2016.
https://www.caudit.edu.au/EA-Framework (accessed March 28, 2017).

ITANA Working Group. Reference Architecture for Teaching and Learning (RATL). ITANA 2013. https://spaces.internet2.edu/
display/itana/Reference+Architecture+for+Teaching+and+Learning (accessed March 28, 2017).
Hutaibat KA. Value Chain for Strategic Management Accounting in Higher Education. Int J Bus Manag 2011;6.

Charles Sturt University. Higher Education Process Reference Model. Charles Sturt Univ - Work Process Improv 2010.
http://www.csu.edu.au/special/wpp/resources/reference-model.
Brenner W, Karagiannis D, Kolbe L, Kriiger J, Leifer L, Lamberti H-J, et al. User, Use & Utility Research: The Digital User as New Design
Perspective in Business and Information Systems Engineering. Bus Inf Syst Eng 2014;6:55-61.
Purao S, Martin R, Robertson E. Transforming Enterprise Architecture Models: An Artificial Ontology View. In: Mouratidis H, Rolland C,
editors. CAISE 2011 LNCS 6741, vol. 6741, Berlin, Heidelberg: Springer Berlin Heidelberg; 2011, p. 383-90.
Greethorst D, Gefren P, Saaman E, Bergman P, van Beek W. Herbruikbare Architectuur [In Dutch]. Informatie 2009;September 2009:8—14.
Angelov S, Grefen P, Greethorst D. A framework for analysis and design of software reference architectures. Inf Sofw Tech 2012;54:417-31.
Pang G. Reference Architecture Models with ArchiMate. 2015. http://blog.bizzdesign.com/reference-architecture-models-with-archimate.
MacKenzie M, Laskey K, McCabe F, Brown P, Metz R. Reference Model for Service Oriented Architecture. OASIS Comte. Draft 1.0, 2006.

. Fettke P, Loos P. Classification of reference models: a methodology and its application. Inf Syst E-Bus Manag 2003;1:35-53..
53.
54.

Fettke P, Loos P, editors. Reference Modeling for Business Systems Analysis. IGI Global. 2007.

Winter R, Fischer R. Essential layers, artifacts, and dependencies of enterprise architecture. 2006 10th IEEE Int. Enterp. Distrib. Object Comput.
Conf. Workshop EDOCWO06, IEEE; 2006, p. 30-30.

Greethorst D, Koning H, Vliet H van. The many faces of architectural descriptions. Inf Syst Front 2006;8:103—13.

Vasconcelos A, Sousa P, Tribolet J. Enterprise Architecture Analysis. An Information System Evaluation Approach. Enterp Model Inf Syst
Archit 2008;3:31-53.

Vasconcelos A, Marques Pereira C, Sousa P, Tribolet J. Open Issues on Information Systems Architecture Research Domain: The Vision. Proc.
Sixth Int. Conf. Enterp. Inf. Syst. ICEIS 2004, 2004, p. 273-82.

Rohloff M. Framework and reference for architecture design. Proc. Am. Conf. Inf. Syst. 2008, Paper 118, Toronto, Canada, August 14-17:
2008, p. 1-14.

Rohloff M. Enterprise architecture — framework and methodology for the design of architectures in the large. Proc. Eur. Conf. Inf. Syst. 2005,
vol. Paper 113, Regensburg, Germany 26-28 May: 2005.

Pathak V, Pathak K. Reconfiguring the higher education value chain. Manag Educ 2010;24:166-71.

Reiner M. Improvement of Business Process Management in Higher Education institutions. Final Report. (C) Education, Audiovisual & Culture
Executive Agency (EAC-EA); 2014.

Frackmann E. Higher Education Information Systems. Proposal for an overall Concept for Higher Education Information Systems in Croatia.
Croatia: Agency of Science and Higher Education; 2007.



63.

64.

65.

66.

67.
68.

69.
70.
71.
72.
73.

Felix Sanchez-Puchol et al. / Procedia Computer Science 121 (2017) 542-553 553

Bessa J, Branco F, Costa A, Martins J, Goncalves R. A multidimensional information system architecture proposal for management support in
Portuguese Higher Education: The University of Tras-os-Montes and Alto Douro case study [In Portuguese]. 11th Iber. Conf. Inf. Syst. Technol.
CISTI 2016, Gran Canaria, Canary Islands, Spain, June 15-18: IEEE; 2016, p. 1-7.

Ohio State University. Conceptual Reference Model. Off CIO - Ohio State Univ n.d. https://ocio.osu.edu/policy/standards/enterprise-
architecture/artifacts/conceptual-model (accessed April 10, 2017).

SAP Technology. Delivering Real-Time Business Value for Education and Research SAP Business Suite Powered by SAP HANA [PowerPoint
Slides] 2013. http://es.slideshare.net/SAPTechnology/delivering-realtime-business-value-for-higher-education-and-research.

SAP. Value Map - Higher Education and Research. SAP Solut Explor n.d. https:/solutionexplorer.sap.com/solexp/ui/vim/i_highredu/
vlm/i_highredu-ind-i_highredu (accessed April 20, 2017).

Eranga Perera. WSO2 Connected Education Reference Architecture. WSO2 Withe Paper; 2016.

Nalakonda V, Reams B. Campus Network Infrastructure, Base Reference Architecture 2012. http://community.brocade.com/t5/Campus-
Networks/Campus-Network-Infrastructure-Base-Reference-Architecture/ta-p/37419 (accessed April 10, 2017).

Winter R. An architecture model for supporting application integration decisions. Proc. 11th Eur. Conf. Inf. Syst., Naples,Italy: 2003, p. 1-13.
Hrabe P, Buchalcevova A. The Application Architecture Reference Model Blueprint. Systémova Integr 2011;1:84-92.

SURF. Hoger Onderwijs Referentie Architectuur. Referentiemodellen [In Dutch]. Project Regie in de Cloud. Versie 1.0: SURF; 2013.

SURF. Hoger Onderwijs Referentie Architectuur.Implementatiehulpmiddelen [In Dutch]. Project Regie in de Cloud. Versie 1.0: SURF; 2013.
O’Hara D. FHO CAUDIT higher education data and business model [PowerPoint Slides] 2016 http://www.slideshare.net/DavidOHara2/tho-
caudit-higher-educationdata-amp-business-models-al printv3.

74.TIER-Data Structures and APIs Working Group. The TIER Reference Architecture (RA) 2016. https:/spaces.internet2.edu/pages/

75.

76.

77.

78.

79.
80.

81

83.

84.

85.

86.

87.

88.

89.

90.

viewpage.action?pageld=98306902 (accessed April 1, 2017).

Pardeshi VH. Cloud Computing for Higher Education Institutes: Architecture, Strategy and Recommendations for Effective Adaptation.
Procedia Econ Finance 2014;11:589-99.

Mircea M, Andreescu A. Using Cloud Computing in Higher Education: A Strategy to Improve Agility in the Current Financial Crisis. Commun
IBIMA 2011:1-15.

Sprenger J, Klages M, Breitner MH. Cost-Benefit Analysis for the Selection, Migration, and Operation of a Campus Management System. Bus
Inf Syst Eng 2010;2:219-231.

Cobarsi J, Bernardo M, Coenders G. Campus information systems for students:classification in Spain. Campus-Wide Inf Syst 2008;25:50—64.
Fagan MH. Exploring e-education applications: a framework for analisys. Campus-Wide Inf Syst 2003;20:129-36.

Alderson J. Introducing the Higher Education Technology Landscape 2017. Eduventures Help High Educ Lead Make Best Inf Decis 2017.
http://www.eduventures.com/2017/02/introducing-2017-higher-education-technology-landscape/ (accessed April 10, 2017).

. Lang L, Pirani JA. Adapting the Established SIS to Meet Higher Education’s Increasingly Dynamic Needs. ECAR Research Bulletin; 2014.
82.

Bergh-Hoff H, Serensen C-F, Garshol JE, Jakobsen BHM, Vangen GM, Pettersen @D, et al. ICT Architecture Principles for the Norwegian
Higher Education Sector. Uninett; 2015.

Bick M, Bérgmann K. A Reference Model for the Evaluation of Information Systems for an Integrated Campus Management, Santiago de
Compostela, Spain, June 23-26: 2009.

Syynimaa N. Enterprise Architecture in Finnish Higher Education: Increasing adoption readiness with EA training. EUNIS 21st Congr. 10-12
June Dundee , 2015.

Locatelli P, Restifo N, Gastaldi L, Corso M. Health Care Information Systems: Architectural Models and Governance. In: Kalloniatis C, editor.
Innov. Inf. Syst. Model. Tech., Published: May 30, 2012 under CC BY 3.0 license. © The Author(s); 2012, p. 73-98.

Ferrara FM. The CEN healthcare information systems architecture standard and the DHE middleware.: A practical support to the integration
and evolution of healthcare systems. Int J Med Inf 1998;48:173-82.

Hrabe P. Blueprint of Application Architecture Reference model — Extended and Updated View [In Czech]. Apl Informaénych Technologii
2014;1:76-93.

Cruz A, Vasconcelos A. A Reference Application Architecture for the CRM Domain:: The Portuguese Citizen Space Case Study. Int J Enterp
Inf Syst 2015;11:24-49.

Scavarda LF, de Carvalho AB, Vieira MS. A Reference Matrix for Information System in Supply Chain Management. Braz J Oper Prod Manag
2010;3:21-48.

Aulkemeier F, Schramm M, lacob M-E, van Hillegersberg J. A Service-Oriented E-Commerce Reference Architecture. J Theor Appl Electron
Commer Res 2016;11:26-45.



