EC2000 Viewed through Amartya Sen’s Capability Framework

Abstract

Most engineering programs in the United States are accredited by ABET under the guidelines known as
EC-2000. The EC-2000 framework is broadly based on the continual quality management (CQM)
movement in industry where programs are striving to constantly improve the quality of their output, in
this case the skills of graduates. Broadly speaking, ABET evaluates engineering programs on eight
different criteria; some are related to processes, some to resources, but those central to CQM are program
educational objectives, that define hoped for long-term accomplishments of graduates, and outcomes
which articulate what students can do when they graduate. Degree programs must convince ABET they
have a documented and effective process to improve outcomes to gain accreditation.

CQM of course is not the only framework by which educational development can be framed or measured.
This paper explores ABET processes through the lens of the economist Amartya Sen’s capability
approach, which is broadly applied in the developing world in areas of inequity, poverty, and human
rights. The capability approach is often used when a focus on diverse individuals is desirable for
understanding aspects of development. Central to Sen’s approach are capabilities and functionings.
Capabilities are the resources and supports in an individual’s environment that provide opportunities to
pursue a life they value. Functionings are what they actually become and do. Thus capabilities can be
thought of as the potential for functionings; alternatively capabilities are opportunities and functionings
are outcomes. This paper compares ABET’s accreditation criteria with a published set of capabilities in
education. The comparison shows there are some areas where criteria overlap with capabilities, but also
several areas where the overlap is low. The capabilities that aligned most with ABET criteria overlap
with engineering epistemologies and a view of students as the ‘product’ of engineering education.

Introduction

Most engineering programs in the United States, and many globally, are accredited by the Accreditation
Board for Engineering and Technology (ABET). ABET is a national, not-for-profit 501(c)(3)
organization * that maintains and modifies the criteria for engineering, computer science, and engineering
technology program accreditation. ABET has an annual revenue of almost $13M (2020 IRS filing) from
accreditation fees, but is structured as a primarily volunteer organization with individuals donating their
time to serve as the evaluators of degree programs or on an oversight board with representatives from
many engineering societies °. ABET was initially established in 1932 as the Engineers’ Council for
Professional Development and renamed to ABET in 1980. Based on pressure from large engineering
industries who saw that engineering graduates lacked some characteristics needed to thrive in changing
workplaces [1], around the year 2000 ABET significantly revised its accreditation criteria. Prior to the
revision, criteria had little flexibility and the one-size-fits-all approach was perceived as an exercise in
box-checking [2]. Based on the work and influence of a small group of insiders, ABET responded to the
pressure from industry by releasing revised accreditation guidelines, commonly known as EC-2000,
around the year 2000 which adopted ideas from industry and global business that in turn came from the
ongoing shift towards supply-side economics and neoliberalism.

Over the ensuing decades the EC-2000 framework has been modified numerous times, but the core ideas
underlying EC-2000 have not changed. ABET itself has grown; at the time of this writing there are over



2,200 volunteers and 35 professional societies who accredit 4,564 programs at 895 colleges and
universities in 40 countries through campus visits on a nominally six year cycle ©. Because of the
consequence of accreditation and growth of ABET—there were 3256 accredited programs in 2010 ¢
corresponding to a 2.9% compound annual growth rate—it has exerts significant influence in engineering
education. Because of this influence and the ability to set standards engineering faculty are sensitive to
changes in accreditation practices. In the past, changes to ABET policies have received strong pushback
[3] from members of the engineering education community. While putatively focused on accreditation,
ABET, like any entity that sets educational policies and practices, cannot remain fully outside the
continuing political dialogs.

This paper engages in this space of educational policies and practices, approaching the practice of
accreditation from the bottom-up by examining the philosophical foundations of EC-2000 and contrasting
these to another framework that is emerging within the space of economic development. In terms of
organization, the paper first undertakes a quick review of the EC-2000 framework; only a brief summary
is provided since there are many good works that explore this topic in depth [1], [2], [4]. Next the
‘philosophy’ of quality improvement, on which EC-2000 is broadly based, is outlined with a brief history
of the events that led to wide-scale adoption. Here we use the term philosophy as Rescher [5] describes
it, a form of rational questioning to try to better understand the meanings underlying the events and
structures that shape our lives. Such inquiries are worthwhile since one of the foundational assumptions
of this paper is that systems left to themselves rarely evolve beyond the boundaries of their starting
assumptions without a great deal of external pressure. Thus to understand the limits of what engineering
accreditation can and cannot do it important to understand its implicit assumptions. Next the paper
discusses an alternative framework to quality improvement, the capability approach, drawn from Amartya
Sen’s work on economic development [6], [7] and expanded upon by the philosopher Martha Nussbaum
[8]. Finally, ABET accreditation is compared with the capability approach to contrast how different
starting assumptions highlights areas current accreditation practices are both perceptive of and potentially
blind to with regards to the structures, processes, and actions that comprise engineering education.

In undertaking critiques of established organizations and processes it is important to remember that
behind ABET the organization are the people of ABET who deeply believe in the importance of
accreditation; many of whom volunteer significant amounts of their own time. Critiques also suffer from
the limitation that systems-as-they-are such as ABET establish policies and procedures based internal
logic informed by events and information that may not be available to outsiders. Additionally, one’s own
positionality with respect to what is being critiqued should be clear. The author has managed ABET
accreditation within an engineering department for nearly two decades, served as an ABET evaluator for
over five years, but is not involved at the higher levels at which decisions are made.

EC-2000 and Continual Quality Management

As has been well documented by historians of engineering, the EC-2000 framework which forms the
basis for modern accreditation in engineer is broadly based on the continual quality improvement (CQI)
movement in industry [1]. EC-2000 is not the first, nor likely will be the last, shift in engineering
education policy; engineers have a long history of self-analysis of educational programs with regular
release of policy reports seeking to shift its emphasis and direction [1], [9], [10]. While this history
informs current accreditation practices, the relevant history to this paper begins prior to the late 1990°s
with the trade imbalances with the Carter and Reagan era trade imbalances with Japan which were
captured in the popular imagination by movies such as the 1986 Ron Howard directed film “Gung Ho”



about the shut-down of a Japanese-owned auto plant in Pennsylvania. Such concerns about national
competitiveness led to scrutiny of the processes that produced engineering graduates with much of the
focus on accreditation, particularly the much maligned “bean counting” approach that was widely viewed
as inflexible since it focused on inputs and prescriptive criteria [2]; such inflexibility made accreditation
seem a waste of time for well-resourced programs and a significant burden for under-resourced ones.
With support from the National Science Foundation, various stakeholder groups participated in
workshops which informed the shift to EC-2000.

Implemented over roughly a decade, EC-2000 shifted the specific requirements of the prior ABET
accreditation process to one in which programs had more flexibility in explaining how they met eight
broad criteria required for accreditation. The criteria focused on processes to identify and measure
programmatic goals, how the program connected to stakeholders within and outside the institution, the
extent to which access to needed resources was available, and additionally set some general curricular
goals that programs were required to demonstrate they met. The key difference with the prior detailed
accreditation process was to increase flexibility — programs had considerable latitude in defining how they
met the eight criteria and how they planned to improve upon their self-imposed metrics. Subsequent
evaluation in the years immediately following the roll-out of EC-2000 indicated that changing
accreditation processes had in fact enacted changes in how degree programs operated and what they did,
even down to the level of the classroom [2], [11].

Broadly speaking, engineering programs are evaluated on eight separate criteria. Some criteria are related
to the effectiveness of processes, some to having access to sufficient resources, and others to defining and
evaluating compliance of ABET-mandated outcomes. Where continual quality management is most
visible is in measuring and evaluating student outcomes to ensure that educational processes meet broadly
defined learning outcomes that ABET has deemed essential for engineering. Student outcomes articulate
what students can do when they graduate. While currently seven outcomes are mandated, degree
programs can define their own outcomes and must further specify the evidentiary standards required to
meet the outcomes. One stage removed are program educational objectives (PEOs) that define hoped for
long-term accomplishments of graduates; these are informed by internal and/or external program
constituents. While more complex and nuanced in practice, at the most basic level accreditation is
achieved by convincing ABET (represented in an on-site visit by a trained volunteer program evaluator
with follow-on review) that the degree program has documented their compliance with the criteria and
they have implemented effective processes to maintain the quality of their program.

Stepping back from the history and processes of ABET specifically, as discussed previously the shift to
the current, evaluation-based criteria stemmed from the wide adoption of Continual Quality Management
(CQM) principles in American businesses in the decades of and adjacent to the 1980’s. CQM is also
known as Continual Quality Improvement (CQI) or Total Quality Management (TQM) and instantiated
through frameworks such as ISO 9001 [12], Six Sigma [13], and Kaizen [14]. The origins of CQM go
back at least as far Taylor’s work on scientific management in the 1880’s. The importance of
standardization became more visible during the Second World War due to issues of cross-compatibility in
ammunition between Allied countries. The adoption of standardization systems among militaries
expanded during the Cold War in parallel with W. Edwards Deming’s work in the 1950°s and 1960’s
which culminated with 14 principles for management to improve effectiveness in the 1982 book Out of
the Crisis [15]. The movement into the commercial sphere really gained momentum in the 1980’s, first in
manufacturing and then service-oriented industries.



Using ISO 9000 as an example, CQM system are based on principles that sound simple but can be
difficult to execute well in practice. For example, there are eight principles in ISO 9000: customer focus,
leadership creating a quality-focused culture, involvement of people across the organization, managing
processes to produce results, using a systems approach to management, continual improvement, use of
data and analysis to make decisions, and building mutually beneficial relationships with suppliers. Other
frameworks have more similarities than differences. Kaizen, for example, includes most of the same
principles but puts emphasis on eliminating waste and making small, incremental improvements.

As with all widely adopted systems that make claims for self-improvement based upon adoption, it is very
easy to go down a rabbit hole and become distracted by increasing levels of detail and specificity, or to
over-interpret guiding principles with almost a religious fervor. Such a focus on interpretation is the
opposite of what this paper seeks to do in adopting a philosophical perspective. Rather than understand
how to effectively apply the principles of CQM, the goal here is to understand the beliefs encapsulated in
CQM and how these affect, often in subtle ways, systems that adopt (elements of) these principles. The
claims being made are that: 1) ABET has, and continues to have, significant influence on how engineers
are educated; 2) as EC-2000 process was derived from CQM principles, the philosophy underlying these
principles affects in indirect but important ways how engineers are educated; and 3) one cannot operate
without a framework, but the choice of framework needs to be occasionally re-examined through the
changing lens of what a society values.

The Challenge of Quality

Any system or process that makes judgments is based on beliefs, values, and assumptions that underlie
the judgments being made. If the judgments are objective the assumptions may be well-supported, for
example judgments about the mass of an object are grounded in widely accepted theories about the
physical world and methods of measurement. As judgments become increasingly subjective, identifying
assumptions is of greater importance if the judgments are ‘weighty’ as judgments of educational
attainment can be. The importance of assumptions is as true of quality-based system as any other since
the notion of ‘quality’ is slippery.

The idea of quality goes back at least to Aristotle’s attempt to define categories of classification [16].
One of Aristotle’s systems of classification was to define ‘highest kinds’ or categories corresponding the
highest level of generality. Quality is one of the ten ‘highest kinds’; others include substance, quantity,
and relatives. Each of the highest kinds has subcategories, those for quality include habits and
dispositions, natural capabilities and incapabilities, affective qualities and affections, and shape. Other
philosophers including Thomas Aquinas also looked to quality as a basis for classification. Quality as
used by Aristotle and those who followed focuses on the qualities of an item as characteristics, that is a
way to classify it or to create an ontology. However in modern language quality more often is used a
basis for hierarchical judgment or sorting — i.e. rating items of higher or lower quality. Etymologically
the word ‘quality’ arises from the proto Indo-European word kwo which forms the root of modern words
that establish relationships or are interrogative — e.g. question, qualify, qualitative, what, when, where,
why. Thus to speak of ‘quality’ is to establish a relationship with other entities and interrogate some
aspect of the entity or object being scrutinized either to sort it to rate it. As the term is used in CQM
determining quality implies some sort of rating and thus is an inherently judgmental act.

But what exactly are we judging when we speak of quality? The ‘what’ is highly contextual and for
engineering often of a tacit “I know it when I see it nature”. Perhaps one of the best modern attempt to



define quality was made by Pirsig in the popular 1974 book Zen and the Art of Motorcycle Maintenance
[17], [18] which preceded the wide adoption of the CQM movement. Through the context of a cross-
country motorcycle trip Pirsig contrasts quality and aesthetics and relates the notion of quality to a deep
subjective care for, or engagement with, something that leads one to see beyond an objects surface
features. Quality as a concept allows us to navigate both the objective and the uncertain and subjective
spaces created by postmodernism or to make choices between contingent truths. Quality in Pirsig’s sense
is also related to the medieval notion of ‘creft’ from which the modern word ‘craft’ emerged. While the
term craft can be used derogatorily by engineers to distinguish professionals from hobbyists, the English
king Alfred the Great in the ninth century used creft to mean ‘the organizing principle of the individual’s
capacity to follow a mental and moral life’ in the context of their work [19]. Arthur the Great’s creeft and
Pirsig’s notion of quality are close to the sense of quality used in CQM, as a guiding principle that
provides a compass which helps navigate unavoidable uncertainty.

From this perspective CQM systems make the assumption that the flexible notion of quality can be
defined sufficiently well to make some sort of measurements of a product or service which then inform
efforts to improve processes and operations. To reiterate, it is taken as a given in this paper that the
assumptions that underlie any system or process impact the operation and results in ways that are
important but not always direct or causal; for example, one way assumption affects outcomes is through
confirmation bias [20]. From the basic assumption that quality is definable, measurable, and can be
improved CQM systems incorporate a series of other hypotheses and assumptions that are outlined briefly
below [21]:

a) CQM systems are based on top-down management which then involve all employees in pursuit of
quality; it is assumed management can affect positive changes. For example Deming’s assertion
that increasing quality was a way to increase revenue and productivity simultaneously was based
on the premise that “Both reaction chains are driven by top management focusing on the
development and propagation of quality throughout the organization.” [15] Changes come from
top-down to create an environment for quality.

b) Production is accomplished through processes, processes have variation, and excessive variation
leads to wastage and rework. Thus CQM systems prioritize similarity and adherence to defined
standards. Models based upon ‘conformance to requirements’ in turn imply that the requirements
must be known a-priori.

c) Pursuit of quality is both a means to a desired end and an end in itself since quality is perceived to
be a ‘guiding value’. As both a means and end, the pursuit of quality is a self-sustaining model
that operates by showing measureable increases in desired outcomes, e.g. Deming’s chain
reaction theory [21].

d) In quality-as-means to some other end—usually profitability—the pursuit of quality can either be
considered as always cost effective, or alternatively that the costs must be considered [22]. In the
second case there is an optimal level of quality. While the optimal levels of quality are highly
contingent on context [23] quality still remains the guiding principle.

e) The determination of quality is negotiated between producers and customers rather than being
defined a-priori by the producers [24], [25]; it is important to be customer-driven.

f) Quality processes should be externally, as well as internally, validated to determine alignment
with best practices.

g) Because pursuit of quality becomes measurable, CQM systems incorporate notions of
gamification, hierarchy, and expertise. In the CQM literature experts in CQM are often called
gurus and under the Six Sigma model practitioners who lead efforts can become ‘black belts’ to
demonstrate mastery and expertise.



While there is not an exact correspondence between CQM and ABET accreditation processes, each of the
assumptions above aligns to some degree with current accreditation practices. In terms of (a) above,
ABET puts degree program leadership and faculty in the role of management, responsible for improving
the quality of the program. Thus outcomes-based accreditation processes ask ‘management’ to determine
the quality of student learning. To point (b) although the requirements implied by ABET are generally
flexible and ABET gives awards for innovation ©, it can be argued that implying equality between degree
programs implies some level of conformance. A previous study of accreditation found that emerging and
lower status programs are more invested in this perception of equality [26]. ABET’s criterion 4
emphasizes continual improvement of student learning, point (c). The assumption of sustainability—
point (d)—is inherent to ABET processes but interviews with faculty involved with ABET show they
struggle to find an optimal level of effort in accreditation activities. Furthermore, different types of
colleges approach ABET accreditation differently since the perception of the value of ABET accreditation
varies across institutions. The customer focus of CQM, point (¢), also is integrated into accreditation, but
‘customer’ is replaced with constituent with a corresponding a focus on service rather than selling.

ABET is of course an external review that requires documentation of adhering to an internal quality
process, point (¢). The notion of expertise and hierarchy outlined in (f) is not externally visible—there
are no ABET black belts—but internally one element of status is time in service, for example the number
of accreditation visits one has been on.

The widespread success of ABET is likely helped in part because CQM has the advantage of being
epistemologically aligned with engineering ways of thinking, thereby making it an easier conceptual
framework for engineering faculty to adopt [27]. Although this is advantageous since engineering faculty
themselves have notions of quality, there is no a priori reason why CQM, rather than some other
framework, should be the framework upon which to build accreditation. In fact several authors have
identified reasons that CQI can be misaligned with higher education. Roffe [28], in commenting on
implementation in Great Britain, highlighted that the pressure to adopt CQM came from higher education
itself becoming more global and competitive. CQM can be a poor fit to the culture and processes of
higher education since systems designed for manufacturing processes do not always work well with
people-focused organizations. In manufacturing processes a relatively small range of indicators can be
used to determine quality, but the same is not true with individuals; differences between CQM in
manufacturing and service companies demonstrate this effect [29]. Another issue, common to much of
education, is that the variance of people is high so CQM methods that seek to implement long-term,
incremental improvements may have challenges in measuring change. Variations are also built in to
internal processes in higher education through electives or offering multiple appropriate pathways to a
degree [30]. Another issue is that to be effective higher education needs to respond to changes in society,
models focused on control by management may not be able to respond sufficiently rapidly [28].

Other authors have noted that since implementing effective CQM methods requires an organization-wide
cultural change it can 1) be difficult to implement in higher education [31] and 2) changing university
cultures to emphasize pragmatic outcomes and relativism can be in conflict with disciplinary ideologies
[32]. Another cultural mismatch is the autonomy of individual faculty; CQM is predominately a team
effort. The value placed on autonomy, individual excellence, and academic freedom means that it is hard
to get sufficient buy-in to modify processes continuously. Finally the very broad array of stakeholders,
disconnect between results and budget, and mission to benefit society at large rather than customers and
shareholders complicates shifting to a CQM culture. The moral dimension of higher education makes it
difficult to identify clear quality goals and since changing processes is often seen as changing values there
is resistance to change.



The Capability Approach, an Alternative Framework to Continual Quality Management

Continual Quality Management is of course not the only framework that can be applied to higher
education. As Roffe [28] points out, the CQM framework claims to improve efficiency and provide
quality assurance, smoothing its adoption in higher education due to a perceived increase in the
competition for students and resources. In order to better understand how the assumptions of CQM have
been instantiated—to greater or lesser degree depending on the university—throughout engineering
education through ABET accreditation we look at the ABET criteria through the lens of Amartya Sen’s
capability approach [6], [33].

The capability approach, like CQM is a broad framework but one that prioritizes freedom rather than
quality. Freedom, like quality, is not a simple construct; see for example Isiah Berlin’s conception of
positive and negative freedoms [34]. However in the context of the capability approach Sen frames
freedom as necessary to support various forms development—e.g. personal, economic, educational,
intellectual, etc.—that in turn enable individuals to live a life they value. The capability approach “is an
intellectual discipline that gives a central role to the evaluation of a person’s achievements and freedoms
in terms of his or her actual ability to do the different things a person has reason to value doing or
being.” [33]. Thus freedom to achieve serves as both a means and an end to personal well-being. In the
capability approach developmental freedom is defined in terms of ‘capabilities’ and ‘functionings’. The
things a person can be and can do (determined by their opportunities, experiences, and cultural
affordances) are their capabilities. The things they actually achieve are their functionings. In Sen’s
framework each individual has a unique functionings vector based on what they achieve, and this
functionings vector is different for each person because what they value doing or being is different from
others. Although someone’s functionings vector in an indication of valued goals (since they have
expended effort to achieve them), persons will be unsuccessful in achieving their goals unless they have
the capabilities needed to enact the desired functionings. Capabilities are thus precursors to achievement
and are both dependent upon a person’s freedoms to achieve and freedom from conditions that would
inhibit achievement such as poverty, disease, conflict, lack of education, etc.

Amartya Sen introduced the capability approach as an alternative to GDP to measure societal prosperity
and progress. Some of his first work compared progress metrics such as life expectancy, literacy rate, and
immunization against GDP and found they were not always related [35], [36]. This opened up a
conversation on what metrics actually should be used to determine overall wellbeing and how such
wellbeing can be achieved at the policy level. Since its introduction, the capabilities approach has been
broadly adopted across a variety of disciplines [33] including public health, development economics,
philosophy of justice, environmental policy, and education. This broad adoption arises because the
capabilities approach has 1) wide applicability across different disciplines, and 2) it is framed generally
enough to be adapted to specific contexts. Within the growing literature the capability approach is
distinguished from capability theories which are applied to specific situations or groups. In the rest of
this paper the lens of capabilities and functionings is used to examine ABET criteria and processes; the
goal is to contrast how two different sets of starting assumptions—wellbeing vs. quality—could lead to
alternative models of engineering accreditation.

The interest in using Sen’s framework in education stems from its alignment with two macro-level goals
of education. The first is that education is widely seen as enhancing students’ capacity to achieve
functionings (expanding future capabilities) by providing personal resources such as knowledge, skills, a



social network, etc. The second, less widely recognized role of education is to expand students’ set of
possible functionings by giving them new perspectives and experiences, thereby growing their
functionings vector. Similar to Sen’s work in shifting focus in development away from GDP, the
capabilities framework refocuses the goal of education from economic utility or workforce preparation to
maximizing a student’s future freedom by trying to increase their capability (what they can do) in a way
that is aligned with their functionings vector (what they value and want to actually achieve).

There has been considerable prior work using the capabilities approach in education [37]. Much of this
work focuses on developing list of basic capabilities students need to have achieved or be achievable to
be able to learn. For example, an educational capability list from [38] includes: practical reason
educational resilience knowledge and imagination; learning disposition; social relations and networks;
respect, dignity, and recognition; emotional integrity; emotions; and bodily integrity. Each of these
capabilities is further defined. For example, the very Aristotelian practical reason is defined as: “Being
able to make well-reasoned, informed, critical, independent, intellectually acute, socially responsible, and
reflective choices. Being able to construct a personal life project in an uncertain world. Having good
judgement.” Many these capabilities are in turn are derived from Nussbaum’s list of basic capabilities [8].
While there is considerable debate about the utility and validity of such lists in the capability literature,
there is general agreement that they have value at a local level but become problematic when they are
claimed to be ‘universal’.

Contrasting CQM and the Capabilities Approach

As the separate descriptions of CQM and the capabilities show, the rationale, justifications, and values
that underlie them are quite different. This is, of course, not surprising since the quality of a product or
service is certainly not the same thing as ensuring the freedom to achieve. But as outlined previously, the
premise of this paper is that the underlying assumptions of any belief system have an outsize effect on the
policies, practices, social norms, organizations, etc. that come into existence over time in support of the
goals drawn from that belief system. Here a comparison is made between CQM and the capabilities
approach to try to gain some insight into differences and similarities between these two frameworks. The
goal is to provide insights into areas that ABET, the system currently in place, might be overlooking
which could lead to overall better educational results in engineering education.

To contrast the two approaches, the eight most recent ABET criteria [39] were broken down into
individual statements and then organized by four hierarchical categories: students, faculty, program, and
institution. Similarly Walker’s list of eight educational capabilities was broken down into sub-areas.
These were put into matrix form, with ABET in rows and Walker in columns. For each cell in the matrix
the level of overlap was determined on a three point scale: 0 = little overlap, 0.5 = some overlap, and 1 =
considerable overlap. “Overlap” refers to the similarity between the two items being compared: ABET’s
criteria and Walker’s educational capability. The summarized results are shown in Table 1 with the full
results available online . The results should not be over-interpreted since the comparison is not
‘scientific’ for several reasons. First, since both ABET criteria and Walker’s capabilities need to be
interpreted, the interpretation determines the overlap and thus the comparison is somewhat subjective. A
consensus comparison from multiple raters would provide potentially less biased results. Second, at some
level the comparison is between two disparate things — criteria and capabilities. The goal of the
comparison, however, is to gain insights into the differences between these two categories so in this
respect the comparison is fit for purpose.



Table 1: Category-level comparison between Walker and ABET

Social Respect, | Emotional
Practical |Educational| Knowledge & | Learning |Relations &

Reason Resilience | Imagination |Disposition| Networks

Student Level 0.26 0.14 0.38 0.02 0.09
Faculty Level 0.11 0.15 0.05
Program Level 0.11 0.21 0.05
Institution Level 0.17 0.13 0.02
0.19 0.15 0.19

Before looking at Table 1 and the more detailed table f, some clarifications are needed. Many of the
ABET criteria are not framed as capabilities—what needs to be present to develop—rather they refer to
processes or resources, which are deemed necessary for the pursuit of quality. In the capability approach
resources are instrumental, that is they are relevant to capabilities if they actually lead to support of those
capabilities [33]. This gave a way to compare the resource availability within the ABET criteria to
Walker’s capabilities: to what extent do the resources mandated by ABET lead to the capabilities
identified in Walker assuming reasonable conversion factors? A similar argument applies to processes
since they determine how well resources are converted to capabilities or support the achievement of
capabilities. There is thus overlap between the role of resources and processes between quality and
capabilities, i.e. in ABET resources and processes are intended to lead to quality.

Another clarification is the organization of ABET criteria into student, faculty, program, and institutional
categories and how that intersects with capabilities. In the CQM framework quality suffuses the
organization and thus ABET criteria are defined at multiple levels of the organization. In the capability
literature the unit of analysis is ultimately individuals, although they can be treated collectively. Thus in
this analysis the ABET categories of students and faculty represent individuals. The categories of
program and institution represent the culture (including structural constraints) that determine the mindset
and capabilities of the individuals that are part of that organization — i.e. faculty, staff, administrators,
students, etc.

The comparison derived under these assumptions provided several insights into differences between the
CQM and capabilities frameworks. First, there is not a great deal of overlap. Perfect overlap would give
a score of one and the condition of no overlap a score of zero, and the overall level of overlap was 0.1.
The low level of overlap is not surprising since the starting values of the two frameworks differ. The
highest overlap is between ABET’s student-focused criteria and Walker’s knowledge and imagination
capability which is not surprising given that ABET criterion 3 mandates certain knowledges for students.
Across the four ABET categories the most overlap is with the practical reason (0.19), educational
resilience (0.15), and knowledge & imagination (0.19) capabilities with social relationships & networks a
distant second (0.05). Again this is not surprising since these are values that overlap with achieving
quality in production or service. The finer grained analysis showed that certain elements of ABET
criteria and Walker’s capabilities had little overlap within these broader categories. For example
Walker’s capability of practical reason includes ‘being able to construct a personal life project in an
uncertain world’ which includes the element of knowing what to do, the medieval concept of synderesis
[40]. The overlap of this element of Walker’s practical reason capability with ABET was much less, only
0.04 f, and reflects the fact that the quality of a defined product or service does not include individual
preferences and values which is central to the capability approach.



The above observation is borne out by looking at areas of little overlap which include: the capabilities of
learning disposition(0.01); respect, dignity & recognition (0.03); emotional integrity & emotions (0.0),
and bodily integrity (0.0). While these low-overlap capabilities certainly are important to students
becoming engineers, they do not fall under the aegis of quality except where their presence or lack
interferes with established process outcomes that can be measured.

It is also worth commenting on the low overlap of the program level of ABET criteria (0.01) with
Walker’s capabilities. The low overlap arises because much of the criteria for programs revolve around
having and enforcing policies which when examined in more detail do not have much direct overlap with
educational capabilities. This likely partly reflects a bias of the author since it is possible to construct a
theory of change whereby rigorous enforcement of policies does lead to better outcomes; this aligns with
the management-centric focus of CQM but such a theory does not fit with the author’s experience and
thus the overlap was rated as low. The one ABET criterion where there is significant overlap is that about
defining and regularly reassessing program objectives in concert with stakeholders (overlap of 0.19).
Such activities were determined to help the culture of the program support ongoing development of the
individuals that constitute the program level of ABET.

Discussion and Conclusion

In this paper the continual quality management (CQM) framework that formed the basis for the EC 2000
engineering education accreditation changes was contrasted with Amartya Sen’s capability approach. By
determining the overlap between Walker’s educational capabilities and statements from the ABET criteria
it was seen that ABET preferences some capabilities over other while Walker’s framework does not
adequately capture conversion of resources into capabilities or the processes needed to do so. These
differences are not surprising since the two different approaches start from different assumptions of value.
CQM sets quality as the guiding principle and aligns organizational processes to achieve quality of
output, in this case students. The capability approach values freedom in the service of development and
seeks to enable individual capabilities—what a person values doing and being—that are expressed as
functionings which contribute to society at large.

Comparing ABET and Walker’s educational capabilities showed some areas of overlap and other areas
with little to no overlap, where overlap was defined as the degree of similarity of items being compared
such that one could reasonably be believed to support the other. Overlap occurred primarily in areas of
practical reason, educational resilience, and knowledge & imagination which align with engineering
epistemologies [41]. There was little overlap in areas of learning disposition, respect and dignity,
emotions, and bodily integrity since these are less aligned with engineering epistemologies. Walker’s
capabilities aligned most with ABET criteria focusing on students since they are the ‘product’ of
engineering education for which quality is determined and less with criteria focused on faculty, the degree
program, and the institution. The low overlap with faculty, who are also humans with developmental
needs, is notable.

The contrast between CQM and Sen’s capability approach opens up several directions for further inquiry
about how the value system embedded in accreditation activities do or do not support the development of
engineering students. While ABET’s criterion 3 defines outcomes—which in ABET’s terminology is
student abilities—these are not the same as capabilities. In English usage an ability typically refers to the
potential or the skill that someone possesses for doing something while a capability includes their power



to act. This definition is congruent with Sen’s framework since capabilities are what individual’s choose
to do or be. An important distinction is that under ABET students need to demonstrate abilities, but they
do not need to value them. Under the capability individuals need to value doing or being in order to turn
capabilities into societally relevant functionings.

Another area of inquiry opens up from the point of view of taking Walker’s educational capabilities as a
minimum set needed for students to learn [38]. As shown above while some of Walker’s capabilities
overlap with ABET, others—which are focused on more humanistic aspects—do not. There is thus the
possibility that within the CQM approach students are not fully supported in learning. Of course all
factors that affect quality fall under CQM, but what is not measured is often not seen. The quantitative
emphasis on measures of quality may undervalue some capabilities. While ABET leaves open the
possibility for a program to add outcomes to the seven specified in Criterion 3, in reality few program do
this since it creates additional work.

The emphasis of quality is additionally interpreted differently by different institutions as found in a prior
study [26]. High status schools have relatively little need for additional indications of quality since there
is no shortage of ranking systems that maintain their position. Low status schools do need the stamp of
quality approval ABET offers since it is through accreditation they show their programs are at the same
level of quality as better-known institutions. Additionally, ABET certification may be necessary to
ensure resources and funding. Undergraduate-focused colleges often buy into the procedural aspects of
quality since it aligns with their missions and values while the majority of schools adopt a compliance
mentality given the stakes involved in accreditation. These different perspectives may affect the
consistency that is a hallmark of engineering accreditation. If ABET is not asking faculty to evaluate the
full set of capabilities needed for students to succeed, the counterintuitive situation may arise that those
schools who most rigidly adhere to the criteria are the most harmed by the omission of needed capacities.
In reality this is unlikely since universities offer many student support services outside what is examined
by ABET, but these services vary by the resources available to the institution and may harm under-
resourced programs that most need the quality seal of ABET.

There are additionally a wide range of questions and challenges that arise when adopting quality-centric
frameworks for processes of education that are ultimately person-focused. As the variants of CQM seek
to define characteristics in order to measure quality and assume quality is achieved through top-down
managerial control, the natural variation of persons becomes a confounding factor. The capabilities
approach, in contrast, takes such variation into account as it promotes individual development based on
what each person values. Thus the capability approach seamlessly embraces diversity by explicitly
accounting for the differing resources, functionings, and capabilities students bring to college. This
contrast between the two frameworks leads to some troubling observations. Currently accreditation
processes invest the faculty with the authority to design the program to achieve needed outcomes both
because of the management-centric approach of CQM and because faculty are the authorities on
curricular topics related to teaching engineering. But when combined with the managerial mandates to
ensure quality through evaluation, enforcement, and monitoring of existing processes such authority
becomes close to authoritarianism. Authoritarianism has many definitions, but generally has
characteristics of strong central authority figures, authority invested through need to combat perceived
threats, the maintenance of economic prosperity, and long tenure of authority figures all of which is
utilized to accomplish goals of the regime rather than the goals of citizens.



In closing, this paper compared two separate frameworks, emphasizing how the value systems upon
which they were based led to different ways to conceive of engineering education. While speculative,
such comparisons can help to view existing systems and structures in new light. As a host of system
thinkers has pointed out [42]-[44], one of the most effective methods to effect systemic change is to see
systems from new perspectives. Shifting the framework on which engineering accreditation is based is
not a feasible change, however systems should be questioned and examined, particularly over time as
societal goals may have shifted. As ABET arose out of the CQM framework which was widely adopted
at a time when US economic competitiveness was being questioned, similarly as questions of justice,
equity, and opportunity rise in societal importance, it is worth exploring other frameworks upon which
accreditation systems could be based. While no changes are proposed in this article, it is worth noting
that there is increasing interest in exploring structural change in engineering education to which this paper
makes some contribution.

The article is based upon work supported by the National Science Foundation under Grant No. EEC-
2022271. Any opinions, findings, and conclusions or recommendations expressed in this material are
those of the author(s) and do not necessarily reflect the views of the National Science Foundation.

End Notes

a) Information on ABET’s public filings can be found at ProPublica:
https://projects.propublica.org/nonprofits/organizations/510243571

b) ABET’s website lists member societies: https://www.abet.org/member-societies/

¢) Information on ABET can be found on their website: https://www.abet.org/about-abet/history/

d) ABET keeps historical records: https://www.abet.org/wp-content/uploads/2015/05/10-AR-Stats.pdf

e) ABET gives annual awards for innovative programs: https://www.abet.org/awards/abet-innovation-
award/

f)  The full table is a bit of an eye chart, but can be viewed online at:
https://drive.google.com/file/d/1Y A8Do6FQDudhQkL SrKiD7P7noSyVga Z/view
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