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EDUCATIONAL PROGRAM EVALUATIONS: RATIONALIZING
ASSESSMENT MODELS AND PROCESSES FOR ENGINEERING
EDUCATION QUALITY ENHANCEMENT

Siegfried Rouvrais, Claire Lassudrie, Samia Ech-Cha  ntoufi, and Soukaina Bakrim

Institut Mines-Télécom, TELECOM Bretagne, IRISA

ABSTRACT

In engineering education, several reference models of quality are defined by accreditation
bodies or quality assurance organisations, at national and international levels. With
approaches based on standards, they favour transparency and benchmarking of programs,
in line with accountability issues. Quality assessors and program managers have to juggle
with such models: grasp all - lose all. As shown by several accreditation system updated
requirements, to support continuous improvements in the field of engineering education,
reference models to align with tend now to be complemented by assessment models and
processes. However, more closer to recommendations or good practices to follow, managing
the quality enhancement of an engineering higher education institution still often remains
practically informal and subjective. To cope with such challenge, the main contribution of this
paper is to analyse three quality frameworks (CDIO, EFQM, and ISO-SPICE) and compare
them in the context of quality enhancement. By analysing their respective reference models
and assessment processes, it permits to sketch the broad lines of a multimodal and adaptive
system to flexibly manage quality in engineering education. This paper will permit readers (i)
to identify the strengths and weaknesses of different models for engineering education
quality assessment, (ii) to benefit from a global comparison of assessment models and
processes and (iii) to grasp an overview of some possible ways of improvement of the CDIO
self-assessment approach.
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INTRODUCTION

Agencies or associations for assessment and accreditation of engineering education
institutions are now in place in many countries worldwide. For educational program leaders,
responsibilities and challenges in enhancing the quality are increased. According to 1SO
9000, quality is defined as a “degree to which a set of inherent characteristics fulfils
requirements” (ISO 9000:2005). Quality permits to satisfy demands of societal and public
accountability thanks to reference models. But “one concern regarding the advancement of
Engineering Education Quality Assurance is the lack of uniformity in Accreditation standards
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and practices” (Gray, Patil and Codner, 2009, p.20). To face the declining trust in the ability
of Higher Educational Institutions to meet quality standards, quality assurance continuous
systems tend now to be a must do. For educational quality managers, processes have then
to be formalized.

To support continuous improvements in the field of engineering education, standards and
criteria are parts of reference models, sometimes associated with measurement models for
interpreting the data and showing evidence. Program managers and leaders have to juggle
with these criteria, more and more exhaustive. Thus, the main goal of this paper is to
propose some areas of improvement for educational system assessment in engineering
education based upon the CDIO standards. In a context of criteria variety, this generic
structure opens the doors to future marketplaces including shared examples of evidence
(Kontio et al., 2012).

The analysis of three quality frameworks (i.e. CDIO, EFQM, and ISO-SPICE) in the context
of engineering education quality helped to build a generic framework usable as a basis for
revising the CDIO model. Each one is characterized by an assessment model and an
assessment process. More formal and applicable to engineering education, the EFQM model
(EFQM, 2011) has a focus on Total Quality Management, and has been successfully applied
to education (Boele et al., 2008); In an industrial context, primarily focused on software
systems engineering, CMMI (SEI, 2010) and SPICE/ISO 15504 (ISO/IEC 15504-1:2004)
provides comprehensive frameworks for process assessment and improvement. SPICE
framework has been adapted to apply to different fields or domains, such as automotive
systems, aerospace systems, medical devices or banking services. As such, the SPICE
framework is a sound international standard which is widely used in different industrial
domains. It can be adapted to the education sector (Mitasiunas and Novickis, 2012), so that
its concepts and methods may thus be transposed to engineering education.

GENERIC DEFINITIONS TO START WITH: ASSESSMENT, EVAL UATION, MODELS,
AND PROCESSES

In the context of engineering education, as noted by (Gray et al. 2012), evaluation and
assessment terms are not uniformly used. On the one hand, Quality Evaluation refers to a
“systematic examination of the extent to which an entity is capable of fulfilling specified
requirements” (ISO/IEC 14598-1:1999). On the other hand, Quality Assessment relates to “a
determination of the extent to which the organization's standard processes contribute to the
achievement of its business goals and to help the organization focus on the need for
continuous process improvement” (ISO/IEC 15504-1:2004). The term assessment is more
linked to continuous improvement, whereas the term evaluation is more related to the
decision of acceptance of a final product or system.

According to these definitions and the objectives of this paper, the term assessment will be
used in the proposed analysis of this paper. Different frameworks for quality assessment are
used in higher education. First, an assessment is conducted according to an Assessment
Process. The Assessment Process defines how the assessment is to be performed: e.g. how
the data is collected and validated, how the planning is developed and executed. It takes into
account:

- The roles and responsibilities of the various stakeholders involved in the assessment;

Proceedings of the 10th International CDIO Conference, Universitat Politécnica de Catalunya,
Barcelona, Spain, June 16-19, 2014.



- The inputs, such as the scope, purposes, constraints, assessor competencies and
experiences, and all additional information;
- The outputs such as identification of evidences, ratings, assessment records.

An Assessment Process is supported by an Assessment Model which describes what is
assessed. An Assessment Model is based on:
- A Reference Model: it defines a set of best practices (or Standards) related to the

domain, considered as a reference to assess and used to improve the quality. It
includes the scope of the model, the purposes and the outcomes expected,;

- A Measurement Framework: it defines the maturity levels to be considered. Thus, the
Measurement Framework comprises a set of Assessment Indicators which support
the ratings of the various Standards.

Based on the aforementioned definitions and derived from ISO 15504 definitions (ISO/IEC
15504-1:2004), the Generic Assessment Framework used in this paper is shown in Figure 1.

12 Standards Scoring process
Best practices Roles and responsibilities
Fig.1. Generic Assessment Framework.

THE CDIO APPROACH

The missions of the CDIO initiative are to (i) sustain an active global community which
develops and shares best practices in engineering education, (i) to enable educational
institutions to produce graduates capable of interpreting and responding to the ever-changing
needs of society, and (iii) to advance a coherent and common framework for engineering
education, which stresses the engineering fundamentals, set in the context of real-world
products, processes and systems. To meet the aforementioned missions, the twelve CDIO
standards serve as guidelines for educational program change and provide a framework for
continuous improvement in engineering education worldwide (Crawley et al., 2014). Thus,
the CDIO framework, specific to engineering education, includes a set of resources used to
support changes and improve educational programs and Higher Educational Institutions
systems. It is more and more used as a complement to accreditations (e.g. as in Europe for
the EUR-ACE system in line with ENQA requirements, e.g. (Rouvrais, 2012)).

The CDIO Assessment Model

The CDIO initiative offers a set of Reference Models: 12 standards are specified. They
address:
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e Program Philosophy (Standard 1);
e Curriculum development (Standards 2, 3 and 4);
« Design-implement experiences and workspaces (Standards 5 and 6);
« Methods of teaching and learning (Standards 7 and 8);
* Faculty development (Standards 9 and 10);
¢ Assessment and evaluation (Standards 11 and 12).
It is to be noted that this set of resources can be adapted by HEI to their educational context
before implementation. In the CDIO framework:
e each Standard is described with statement of the standard, its meaning, significant
terms, background, etc.;
« the Rationale (ie the reasons for adoption of the Standard) and Examples of Evidence
for each standard are specified;

A rating guide (six-point rating scale called Rubric) to assess levels of maturity with a
standard is included. As a measurement framework, the levels seek to indicate progress
towards the planning, the implementation and the adoption of each standard based on the
evidences gathered:
0. There is no documented plan or activity related to the standard;
1. There is an awareness of need to adopt the standard and a process is in place to
address it;
2. There is a plan in place to address the standard;
3. Implementation of the plan to address the standard is underway across the program
components and constituents;
4. There is documented evidence of the full implementation and impact of the standard
across program components and constituents;
5. Evidence related to the standard is regularly reviewed and used to make
improvements.

For instance, to achieve the level 4 in Standard 6 (Engineering workspaces), one example of
evidences would be: “An active learning laboratory has been designed specifically to support
design-implement projects for 250 students at a time.”(CDIO, 17 May 2010). The CDIO
Rubrics are hierarchical: each successive level includes those at lower levels, e.g., “Level 5
that addresses continuous process improvement presumes that Level 4 has been attained”
(CDIO, 1 December 2010).

The CDIO Assessment Process

Based on its Standard 12 (CDIO, 2010a), the CDIO framework supports quality
enhancement, on a continuous and flexible basis. CDIO uses the term evaluation for its
Standard 12. As described for this standard, “Program evaluation is a judgment of the overall
value of a program based on evidence of a program's progress toward attaining its goals. A
CDIO program should be evaluated relative to the twelve CDIO Standards. Evidence of
overall program value can be collected with course evaluations, instructor reflections, entry
and exit interviews, reports of external reviewers, and follow-up studies with graduates and
employers. The evidence can be regularly reported back to instructors, students, program
administrators, alumni, and other key stakeholders. This feedback forms the basis of
decisions about the program and its plans for continuous improvement.”

Proceedings of the 10th International CDIO Conference, Universitat Politécnica de Catalunya,
Barcelona, Spain, June 16-19, 2014.



CDIO defines a set of stages to follow in the assessment process. In order to help different
key stakeholders of engineering education to assess and improve the quality of their
educational system, the CDIO framework thus defines both an Assessment Model (which
includes the 12 Standards), but also an Assessment Process, less formalized. The ranking of
each standard is recorded in a CDIO Self-Assessment Template.

DISAMBIGUATION OF ASSESSEMENT MODELS AND ASSESSMENT PROCESS?

CDIO initiative provides a complete framework, based on samples of Evidences that serve
as guidelines for the data collection and the Standards rating. After collection and analysis of
the data corresponding to the Examples of Evidences, the assessor rates each standard
from O to 5 (5 levels of compliance). This can lead to subjectivity since no formal guideline is
provided to the assessor. An ambiguous Assessment Model can lead to various
misunderstandings among stakeholders and skew the Assessment Process. For
comparability or share-ability, it is fundamental to define it accurately, even with a certain
degree of flexibility. The CDIO Standard Descriptions and Rationales sometimes lack
repeatability and universality when applied to different programs. Besides, the Standard
definitions remain sometimes ambiguous and likely to be misinterpreted. E.g., “When two
teams assess the same program separately, they may rate differently due to the vagueness
of Standards. To analyze correlations between assessors, a common interpretation is
needed. One sentence criterion can lead to misunderstandings, especially when the
standards need to be translated and introduced to a non-English speaking context for
student assessors” (Lassudrie et al., 2013).

There are potential challenges:
- torefine the Standards descriptions that are likely to be misinterpreted;

- to prioritize the Standards depending on their importance;

- to review the linkage between the criteria (Examples of Evidences) of CDIO
Standards. E.g., to group indicators (for the Standards performance, the Standards
capability, etc.)

- to divide each maturity level (Rubric) into 2 or 3 attributes that address specific area
of it. E.g, generic Level 3 questions the implementation of the Standard in general,
but no precision about the implementation aspects is added (because the maturity
levels are likely to be misinterpreted).

The Standards assessment order is not defined: it is possible for an assessor (or a team of
assessors, being various stakeholders) to rank two Standards independently without taking
into account a potential priority or coherency between them. Is there an iterative convergent
process? For each CDIO Standard, Criteria (Examples of Evidences) are provided within the
Rubrics. They are correlated to each other but differ depending on the Standard content.
Thus, one Standard should not be attributed a specific scale if the Standards correlated to it
do not reach a required scale. Otherwise, there will be an incoherency and inconsistency in
the assessment (e.g. stakeholder’s correlation (Malmqvist, 2104)). For example, Standard 3
is correlated to Standards 1 and 2 and should not be rated at level 3 unless Standards 1 and
2 are at least at level 3.
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A REFINED ASSESSEMENT MODEL INSPIRED FROM OTHER QUALITY ASSESSMENT
SYSTEMS?

Unlike a generic quality framework such as ISO 9001, which is more intended for certification
purposes, frameworks and models such as EFQM and SPICE focus on continuous
improvement. Even if they share common concepts, they nevertheless support distinct
models.

“The EFQM (European Fundamental for Quality Management) model basically looks at an
organization, its results, and the way the results lead to learning, improvement and
innovation. It was developed for firms but can be applied to any kind of organization” (Boele
et al., 2008). Its framework has proven its efficiency in the education sector, that's why many
institutions use it nowadays (CIE, 2003). Its main objective is to develop new practical
solutions to improve the different practices of the engineering schools. To meet this, EFQM
established the “Excellence Model”, an Reference Model supported with the fundamental
concepts of excellence, and an Assessment Model and an Assessment Process to assess
those concepts (Centre for Integral Excellence, 2003).

« The EFQM model defines 8 Fundamental Concepts of Excellence as a Reference
Model. They address the purposes of the organization, its outcomes, the
responsibilities, etc. The assessment of each Concept is based on 9 criteria that are
common to all the concepts: 5 enablers that cover what the organization does, and 4
results that cover what the organization achieves.

e Each criterion is specified with criterion-parts that address different areas of it. For
each enabler criterion-part, EFQM gives examples of approaches that demonstrate
its achievement. For each result criterion-part, EFQM defines the possible ways of
measuring the results. For instance, to measure the achievement of the 7™ criterion
(People Results), one way to measure results is “Staff perception surveys” and
“Evaluation and feedback mechanisms within University-wide”. Moreover, to measure
the achievement of the 2™ criterion (Policy and Strategy), an example of approaches
would be “Innovation strategy to encourage and stimulate the research, new
technologies and/or new ideas” (CIE, 2003).

The domain of software engineering has been under the pressure of fast and massive
improvements, but has been able to face it methodologically thanks to advanced software
assessment models such as CMMI (Dounos and Bohoris, 2007) or SPICE. SPICE framework
(Software Process Improvement and Capability determination), also known as the ISO/IEC
15504 Standard (ISO/IEC 15504, 2004), is a set of documents first used for software
development processes. A Reference Model in SPICE is called “Process Reference Model”
(PRM). It is composed of one or more processes that are considered to be fundamental for
the organization, the description of their purposes, their scope and the expected outcomes.
These models help organizations to identify the strengths and the weaknesses of processes
so as to enhance them. As in CDIO, the SPICE Measurement Framework is based on levels
of compliance. In SPICE, the levels concern the process performance, management,
definition and deployment, control and optimization.
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* The measurement framework is a set of 9 attributes that are common to processes
and allocated to 6 capability levels.

« Each capability level is composed of 1 or 2 attributes that describe and focus on an
aspect of the level. E.g., in the 3" level, a process is established if the two attributes
“definition of the process” and “deployment of the process” are achieved.

« They are supported by a set of indicators of process performance and process
capability. “The indicators are used as a basis for collecting the objective evidence
that enables an assessor to assign ratings” (ISO/IEC 15504-5:2005). Each process
attribute is rated using the ordinal rating scale N-P-L-F (N: not achieved, P: partially
achieved, L: largely achieved, F: fully achieved) (ISO/IEC15504-2:2003). First the
assessor collects and validates the evidences based on indicators. Then, each
process attribute is rated by a percentage and converted using the rating scale N-P-
L-F.

e The process capability is linear: to say that a process is in a level in SPICE requires
that the attributes of the previous levels have been achieved.

e Criteria (indicators) are inter-linked depending on their roles: as indicators of process
performance or indicators of process capability. The indicators of performance are
directly linked to the Process Reference Model purposes (addressed in level 1). The
indicators of process capability are linked to related processes.

Figure 2 presents potential extensions to CDIO Standard structure so as to support the
concept of Standard Attribute to define more precisely each Standard rubric (example of
Standard 2, Learning Outcomes).

5 Continuous Improvement of the Standard
“Evaluation groups regularly review and revise program learning outcomes, based on
changes in stakeholder needs”.

SA 5.1: The program learning outcomes are regularly reviewed by professors and
program leaders
Indicators:
» Documented analysis of periodical surveys and focus groups about students’
needs.

» Documented analysis of periodical surveys about professors’ new expectations.

> A periodic intern program review process is organized in the institution, based
on the previous surveys’ results

» The CDIO syllabus is recognized as a legitimate basis for periodic external
accreditation by governmental and professional bodies.

SA 5.2: The program learning outcomes are regularly used for further improvement,
based on students’ needs.
Indicators:
» Documented decisions and plans for reform are made by administration,
professors, and program leaders after review of the program learning outcomes
(results of students, etc.)
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Full implementation of the plan to address the Stan  dard
“Program learning outcomes are aligned with institutional vision and mission, and levels
of proficiency are set for each outcome”

SA 4.1: Documented evidence of the full implementation of the program learning
outcomes by program leaders.
Indicators:

» The Syllabus learning outcomes are already used in some courses and are
being developed for other courses.

» The professors are using the Syllabus as support for their courses

» Validation by professors, program leaders and industrial companies of the
alignment of the learning outcomes with their needs and the institutional
mission, and also with national accreditation criteria.

SA 4.2: Documented evidence of the impact of the adoption of the CDIO syllabus
Indicators:

» Survey and focus group for students about the impact of the Syllabus on their
education

» Survey and interview for professors to record their opinion about the new
program learning outcomes.

3 Implementation of the plan to address the Standard
“Program learning outcomes are validated with key program stakeholders, including
faculty, students, alumni, and industry representatives.”

SA 3.1: The previous planned activities for Syllabus customization for the institution’s
context are almost fully achieved and already used for more than 1 year with collection
and analysis of data related to the program components and constituents.
Indicators:
» There are learning outcomes at three levels: the program plan, the track plan,
and individual course plans.

» The detailed CDIO Syllabus is customized for the institution’s context.

» New Curriculum adapted to the CDIO principles is ready to be used or has been
used for more than 1 year

» Organizing conferences developing posters, etc. To present and explain the
CDIO context and the new curriculum to the students and record opinions about
it.

> Appropriate data are collected and analyzed to evaluate the results compared
with the expected results and to help to managing the quality of the
implementation.

2 Plan to adopt the Standard
“A plan to incorporate explicit statements of program learning outcomes is accepted by
program leaders and engineering faculty.”

PA 2.1: A comprehensive plan of the curriculum modification is now ready to be used. It
has been validated by the direction and the program leaders, and is known by all the

professors.
Indicators:
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» Documented plan signed and approved by all the stakeholders mentioned
above.

» Learning outcomes are being mapped onto ABET EC2000 Criterion 3a — 3k

SA 2.2: The plan contains all important information for its realization.
Indicators:
» The plan for the program maodification is based upon CDIO syllabus, and
addresses all its points

» It contains all the activities to be done, with precise deadlines and roles
attributed for each one

> All the program leaders are involved in the plan realization depending on their
responsibilities within the faculty.

» The resources and the work environment are mentioned in the plan.

1 Awareness about the Standard
“The need to create or modify program learning outcomes is recognized and such a
process has been initiated”.

SA 1.1: The professors, students and faculty partners such as industrial companies are
aware of the program’s weaknesses and the points that need to be reviewed in the
curriculum.
Indicators:

» Documented complaints from Professors of some departments

» Documented complaints from students concerning the program'‘s content

» Organizing conferences and meetings between the program leaders and the
industrial companies delegates to discuss the learning outcomes review.

SA 2.2: Some activities are being done by professors and program leaders to enhance
the learning outcomes:
Indicators:
» Some professors from different departments and disciplines are formed to
review the learning outcomes of the whole curriculum

» Documented specifications of the programs’ weaknesses and needs are being
written by those mentioned above.

0 Incomplete Standard
“There are no explicit program learning outcomes that cover knowledge, personal and
interpersonal skills, and product, process and system building skills.”
Indicators:
» The programs already existing do not cover all the learning outcomes
mentioned in CDIO, but only some of them

Fig.2. Refined CDIO Sandard 2 with Standard Attributes.

The NPLF scoring process may also be introduced in the CDIO Measurement Framework. It
contains four levels:

1- N- Not achieved: There is little or no evidence of achievement of the defined attribute
in the assessed standard.
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2- P- Partially achieved: There is some evidence of an approach to, and some
achievement of, the defined attribute in the assessed standard. Some aspects of
achievement of the attribute may be unpredictable.

3- L- Largely achieved: There is evidence of a systematic approach to, and significant
achievement of, the defined attribute in the assessed standard. Some weakness
related to this attribute may exist in the assessed standard.

4- F- Fully achieved: There is evidence of a complete and systematic approach to, and
full achievement of, the defined attribute in the assessed standard. No significant
weaknesses related to this attribute exist in the assessed standard.

As an assessment example, it may then be possible to attribute the scale 2 only to a
Standard, because the attributes SA 1.1 and SA 1.2 are fully achieved, and the attributes SA
2.1 and SA 2.2 are largely achieved. Since the attribute SA 3.1 is only partially achieved,
according to the table below, the standard can only have the scale 2. Table below shows the
NPLF values converted into percentages:

N Not achieved 0to 15%

P Partially achieved 15% to 50 %
L Largely achieved 50% to 85%
F Fully achieved 85% to 100%

Table 1: NPLF rating scale.

A REFINED ASSESSEMENT PROCESS INSPIRED FROM OTHER QUALITY
ASSESSMENT SYSTEMS?

The EFQM model is based on a self-Assessment Process defined as “A comprehensive,
systematic and regular review of an organization’s activities and results against a model of
business excellence” (EFQM, 1999).

e A rating matrix called RADAR is used. The elements of this matrix are composed of
attributes. They guide the assessment of both the enablers and the results (the 9
criteria). For each criterion, its criterion-parts are assessed by measuring the
percentage of achievement of the RADAR attributes.

* The rate of a criterion part is the average of the attributes’ rating. The final rate of a
criterion is the mean of the rates of its criterion-parts. Besides, the EFQM Model uses
a weighted rating allocation.

* The last step of rating consists of combining the percentage rates recorded using the
RADAR, factor in the weighting, and then we derive the rate on a scale from 0 to
1000 points. The EFQM Measurement Framework is quite different from the one of
CDIO. The criteria cover both what the organization does and achieves. The results
address stakeholder satisfaction as well as process results. Each criterion is divided
into 4 or 5 criterion-parts that describe specific parts of it. Those criteria are based on
the stakeholders’ performance and satisfaction.

« Moreover, the model refers to 8 stages to follow as guidelines for the assessment
process (Kasperaviciat, 2011).
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In EFQM, “The relationship between different criteria of the Model is strong, with key themes
emerging (such as communication) which are influenced and analyzed in different criteria in
different ways” (Centre for Integral Excellence, 2003, p.8). The linkage is defined at four
levels:
* Across the whole Model: each criterion is linked to all other criteria with a specific
theme;
» Between the enablers and the results: in terms of cause an effect;
«  Within the results: with a set of performance and perception indicators ;
e Across the enablers: the approaches taken for one enabler have effects on other
enablers.

SPICE documents include guidelines for conducting an assessment (ISO/IEC15504-3:2005).
This documented Assessment Process defines 3 activities that should be conducted during
the assessment: Planning, Data Collection and Data Validation. The rating mechanism, the
assessment outputs, the roles, responsibilities and competencies for conducting an
assessment are also documented in this guide. These guidelines could be used to improve
the CDIO assessment process specifically in defining roles and responsibilities for the
assessment process and in identifying most important stakeholders (e.g. Dean, teachers,
program leaders, students) to be involved in the assessment of each Standard (and each
level).

CONCLUSION

In order to meet the various challenges of quality management, internationalization and
competition among the educational systems, the implementation of assessment processes
for quality in engineering education has become crucial. They have to rely on assessment
models and measurement frameworks, more or less formalized. The CDIO assessment
system is specific to engineering education, based on maturity levels, but does not include
formalized assessment process. Thus, its framework needs to be revised and refined so as
to better respond to the needs of an institution in terms of repeatability, objectivity, etc.

There exist different assessment models used in other domains such as SPICE and EFQM.
SPICE defines a set of indicators as a basis for collecting the objective evidences that enable
an assessor to assign ratings and capability levels for the processes. It also defines some
requirements and gives guidance about the assessment process. EFQM defines an
assessment model supported by a set of indicators concerning the approaches and the
results in terms of performance, satisfaction, impact, etc.

This paper defended a multimodal and adaptive system in the context of quality
enhancement for engineering education. It proposed to analyze different in order to envision
refinement of the CDIO assessment models, processes and measurement frameworks,
perhaps to the lesser detriment of flexibility but to the benefit of repeatability and objectivity.
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