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Abstract—Due to increasing international competitiveness,
higher education institutions face the need to assess and enhance the quality of their activities. Usually, industrial quality
management models are employed, which successfully assess
administrative functions but fail to address educational processes.
In this paper we present an assessment framework that
overcomes the shortcomings of existing quality evaluation models.
Inspired by the 360-degree feedback, we collect the perceptions of
the individuals related to an educational program. Furthermore,
with the introduction of a dual-scale assessment, we enable
stakeholders to judge not only the fulfillment of each criterion but
also its relevance. Together with the self-definition of the program,
this allows the validation of the program’s objectives, as well as
quality assessments with a focus on both the program’s and the
stakeholders’ priorities. We provide a formal definition, a set of
quality criteria and a categorization of the relevant stakeholders
for the assessment of doctoral programs in Computer Science.
Furthermore, we present the analytical methods for the weighting
and aggregation of information.
Keywords—Quality evaluation, quality assessment, 360-degree
feedback, higher education, doctoral education.

I.

I NTRODUCTION

II.

R ELATED W ORK

In this section we briefly review the methodologies most
extensively used for internal assessment at HEIs. A complete survey of various models is beyond the scope of this
paper and we refer to the works of Grant et al. [2], Srikanthan
et al. [3].
The most basic approach to education assessment is the
course experience questionnaire, which is frequently used to
evaluate teaching and learning performance. The increasing
importance of quality issues motivated the use of more sophisticated approaches that rely on industrial quality management
models [1]. Among them, Total Quality Management (TQM)
is one of the most frequently employed [4]. TQM is a generic
umbrella for quality frameworks for the management of overall
quality measures, organization activities and members within
the organization.
In the context of HEIs, TQM frameworks such as
EFQM [5], QFD [6], or SERVQUAL [7] and its adaptations
have proved to address service and administrative functions
successfully [8], [9]. They fail, however, to assess educational
processes. Their strong focus on customer satisfaction is often
inappropriate to measure educational matters [10]. In the
educational context, TQM frameworks equate students with
customers and ignore the opinions of other crucial stakeholders. Consequently, there is a growing concern that the
increasing use of industrial assessment approaches might affect
the quality of educational processes [3], [11], [12].

Despite the increasing efforts to implement quality measures in Higher Education Institutions (HEIs), there is still
no consensus on how to best manage quality. Sophisticated
industrial quality models are now being used within a large
number of HEIs but have only been applied with partial
success. The managerial and economic rationalism behind
them make them suitable to assess administrative and service
functions, as well as to account resources and quantitative
results. They fail, however, to address the complex nature of
educational processes, such as teaching, learning, research or
knowledge transformation [1].

In this section we review the methodology that serves as a
basis for our framework: the 360-degree feedback, also known
as 360-degree performance appraisal.

In this paper, we introduce a framework that overcomes the
main shortcomings of existing industrial quality frameworks
applied in HEIs. It is based on the 360-degree feedback
methodology, a widely recognized method used in human
resource management. The main contribution of this paper
is the adaptation of this framework as an internal audit of
educational programs in the context of HEIs. This includes
the explanation of the analytical methods for the weighting
and aggregation of information, as well as the description of
its implementation for the assessment of doctoral programs
in Computer Science, based on our ongoing implementation
efforts.

In its original context, the 360-degree approach aims to
provide a better understanding of the strengths, weaknesses
and results of an individual, the appraisee, during a period
of time. Information about the practice and performance of
the appraisee is collected from different points of view. This
involves the gathering of feedback from various stakeholders.
These are both people within the organization such as staff,
colleagues, subordinates and supervisors, as well as people
from outside the organization who are professionally related
to the appraisee. The evaluation is performed according to a set
of criteria, and in some cases a self-evaluation is incorporated.
The basic idea is that the feedback is forthcoming from

III.

360- DEGREE F EEDBACK

all individuals “around” the appraisee, hence the term “360degree”. Some of the main advantages of 360-degree feedback
over single-source or top-down feedback are [13]:
•

•

•

Multiple-perspective judgment: Often particular aspects under assessment are not observable by all
stakeholders. In order to obtain a full picture of the
appraisee, inputs from all perspectives are needed.
Assessment validity increase: The involvement of
numerous stakeholders with different expertise reduces the possible bias by providing complementary opinions. The aggregation of all points of view
contributes to deliver a trustful rounded portrait of
personal performance.
Performance and strategy alignment: The result
of such a comprehensive feedback can be used to
better align individual’s competencies with the overall
mission and vision of an organization.

The results of a 360-degree evaluation are not only used by
management teams to design administrative or human decision
strategies. Appraisees may also use the results to develop
specific plans for their professional development.
IV.

A. Operationalization
Our framework has been designed in the context of the
Faculty of Informatics of an European university where different doctoral programs in Computer Science (CS) co-exist. The
different doctoral programs run parallel, following different
doctoral models. They not only have different administrative
structure but also different curricula. The application of our
framework in such environment would be especially useful
for mutual comparison and improvement.
B. Criteria and their Items
The following criteria aim to assess the academic aspects
that influence the educational process of doctoral students becoming independent researchers. The selection of these criteria
stems from several sources. Among them is a qualitative study
of the experiences of doctoral students in the field of CS based
on interviews and a focus group, as well as a review of quality
evaluations of doctoral programs [14], [15], [16], [17], [18],
and a series of discussions with management teams of doctoral
programs in CS in Europe.

•

Mobility evaluates the importance of mobility, the
opportunities given, and the mobility undertaken.

•

Sense of community assesses the involvement and
integration of the program and its students into the
scientific community and their research environment.

•

Program’s competence evaluates the general quality
of the program, including a reflection on the its
competence compared to other doctoral programs.

•

Career path includes the professional background of
doctoral candidates, their current working activities
and their future career aspirations.

•

Academic work covers the participation of doctoral
students in academic activities such as research, teaching, undergraduate supervision or organizational tasks.

•

Student’s progress evaluates the development of the
students on aspects such as knowledge acquisition,
publications, dissertation writing, etc.

•

Working condition refers to aspects such as duration
of the program, employment situation, funding, social
insurance, cultural and gender integration, etc.

•

Doctoral training and supervision assess the elements of students’ training (e.g., theory, methods,
transferable skills), and the role that supervision plays
in the doctoral training.

360- DEGREE DOCTORAL ASSESSMENT

Conceptual and methodological alterations of the 360degree methodology are required in order to fit it to the purpose
of assessing education at HEIs. In our approach, we will
not examine individuals but higher education programs - in
particular, doctoral programs.

•

•

Resources and infrastructure refer to information
about the existence and use of university-provided
resources that are available to the doctoral program
and facilitate the doctoral activity.
Formal education assesses the teaching activities of
the doctoral program.

These criteria are evaluated by the stakeholders in terms of
their perceptions through a series of questions in a survey. Due
to the different perspectives of the collectives of stakeholders,
the formulation of items (i.e., questions) differ for each of
them. Each item is a close-ended question that depending of
the aspect under evaluation, is rated using different domains
(e.g., numerical, interval) and scales.
C. Stakeholders
For the implementation of our framework we have identified the following collectives of stakeholders:
•

Students and graduates: Given that students and
graduates are involved in the whole educational process, they assess the complete set of criteria.

•

Faculty: This collective includes all faculty members
in contact with the doctoral program, such as supervisors or lecturers of students in the program.

•

External scholars: They are faculty members of other
HEIs that are in contact with the doctoral program or
its students.

•

External / industry partners: These are external
organizations that cooperate with the doctoral program
or its students.

Given that not all stakeholders have the necessary knowledge to assess all criteria, different subsets of criteria need to
be assigned to each collective.
The separation of the possible multiple roles of a single
appraiser is necessary for obtaining an unbiased measurement.
Measures should be taken to ensure that the same person does
not undertake different roles.

D. Doctoral Program’s Self-Definition
In our model the doctoral program also takes part in the
assessment. It defines itself by assigning a weight to each item
of each criterion in order to state its nature and objectives.
Weighting criteria items could be seen as equivalent to stating
the importance of an issue for the doctoral program. The
doctoral program, however, does not provide any score to any
criteria item. Only stakeholders provide scores to criteria items.
Therefore, the program does not evaluate its own performance
and is limited to state only the importance of each item.
This approach differs from the traditional 360-degree feedback,
where the appraisee also judges his/her own performance.
The program’s self-definition, in combination with the stakeholders’ judgments, allows the evaluation of the relationship
between results and established objectives or priorities of the
doctoral program, in a similar way as in the EFQM model.
This is important because educational institutions might want
to focus on quality criteria or indicators that are regarded as
more important.

TABLE I.

N OTATION USED IN THE FORMAL SPECIFICATION .

R

Set of all roles

H

Set of all stakeholders

Hr

Collective of all stakeholders with role r

hrk

k-th stakeholder of the collective H r

C

Set of all criteria

I

Set of all items

Ic

Set of all items of criterion c

icj

j-th item of the set I c

scr
jk
cr
wjk

Score given by stakeholder hrk to item icj

scr
j
wjcr

Score given by stakeholders of Hk to item icj

scj
wjc

Score given by all stakeholders to item icj

sc

Score given by all stakeholders to category c

wc

Weight given by all stakeholders to category c

s

Score given by all stakeholders to the program

Weight given by stakeholder hrk to item icj
Weight given by stakeholders of Hk to item icj
Weight given by all stakeholders to item icj

F. Aggregation Process
E. Weighting
In our model, stakeholders do not only judge the performance of the doctoral program according to the criteria, but
also the importance of each criterion. This is effectively done
through a dual-scale with which our framework operates. We
evaluate both a score that assesses fulfillment and a weight
that assesses relevance. This dual-scale compared to the single
one used in SERVQUAL provides additional information by
comparing the weighting (the scale of values) of the stakeholders and the doctoral program. This can be used to determine
if the objectives and mission statement of the program align
with the interest of the stakeholders.
Weighted evaluations are not part of the traditional 360degree feedback methodology. Therefore, we outline the mathematical foundations on how to integrate the dual-scale evaluation scheme into our framework. Given the assessment by all
stakeholders of their assigned criteria, we employ a multi-stage
approach to compute the final results. After a normalization
stage, we aggregate the data to coarser categories until the
desired level of detail is reached. Following the notations given
in Table I, our framework can be stated formally as follows:
Each stakeholder hrk belongs to a collective H r ⊂ H of all
stakeholders with role r ∈ R. Each criterion c out of the global
set of criteria C is assessed via one or more items I c , e.g.,
different questions related to it. A given item icj of category c
is assessed by a stakeholder hrk with role r by assigning both
cr
a score scr
jk and weight wjk . As introduced in the beginning of
Section IV, the score assesses how well this item is fulfilled by
the doctoral program while the weight yields a judgment of its
relevance or importance. Note that not all combinations of j
cr
and k have a score scr
jk (resp. weight wjk ) associated with them
as not all stakeholders assess all items (see Section IV-C).
In the normalization stage, all assessments are converted to
a uniform scale. This is necessary as they can be expressed in
different domains (e.g., numerical, as an interval) and at different scales. We use a normalization to the unit interval [0, 1]
cr
for convenience. Note that the weights wjk
that are assessed
by each stakeholder
have
to
be
further
normalized
to sum to
P P cr
one, i.e. c j wjk
= 1.

The subsequent aggregation stage is another contribution
of this paper. It allows the derivation of scores for whole
criteria or for whole collective of stakeholders. Through the
aggregation of scores and weight, we obtain intermediate
results that provide detailed information of the scores and
weights of items and criteria per collective of stakeholder.
Given a set of values V = {v1 , . . . , vM } and their respective aggregation weights Ω = {ω1 , . . . , ωM } an aggregation
procedure agg yields a representative value v ∗ for the whole
set by v ∗ = agg(V, Ω).
This problem can be reformulated as a multi-objective
optimization method and in our framework we employ Goal
Programming [19] to obtain a solution. The involved
PM distance
functions k · k that measure the disagreement, i.e. i ωi kvi −
v ∗ k, can be chosen to be a general Lp norm [20] or convex
sums of several such norms [21]. Similar to the performance
appraisal method of de Andrés et al. [22] we perform an
iterative aggregation of the raw scores and weights to global
values. For the aggregation of scores s···
··· we use themselves
···
and their respective weights w···
as input to the aggregation
···
procedure, i.e. agg({s···
··· }, {w··· }).
···
To aggregate the weights w···
we use themselves as
input to the procedure and use uniform weighting, i.e.
···
agg({w···
}, 1) with 1 = {1, . . . , 1}.

We start by aggregating both item scores scr
jk and
cr
weights wjk
given by the stakeholders of a single role. This
cr
yields a representative score scr
j (resp. weight wj ) for each
r
collective H and corresponds to
cr
r
r
cr
r
r
scr
j = agg({sjk : hk ∈ H }, {wjk : hk ∈ H }) and
cr
cr
r
r
wj = agg({wjk : hk ∈ H }, 1).

Note that the weights have to be renormalized after each
aggregation step to sum to one again.
The further aggregation steps yield
cr
scj = agg({scr
j : r ∈ R}, {wj : r ∈ R})
sc = agg({scj : j ∈ I c }, {wjc : j ∈ I c })

with corresponding steps for the weights to obtain wjc and wc .
The aggregated values scj give the score for the j-th item icj of
category c when taking all relevant stakeholders into account.
The values sc denote the corresponding scores per criterion. As
described in the beginning of Section IV, the doctoral program
gives a self-definition by assigning a weight to each criterion
to state its nature and objectives. A direct comparison of these
values with the weights wc obtained by the aggregation shows
if the stakeholders’ perception of the importance of the various
criteria matches with the program definition.
The last aggregation step combines all scores to a single
global value by performing s = agg({sc : c ∈ C}, {wc :
c ∈ C}). Note that the last operation can be performed
with two different sets of weights. The use of the aggregated
weights wc gives an assessment weighted according to the
relevance assigned by the stakeholders. Using the weights
given by the self-definition of the program instead of wc , we
obtain an evaluation that focus on the priorities set by the
program.
Using this multi-stage aggregation process we obtain intermediate results that can be used for a thorough evaluation
of the program. While the later stages give a global quality
assessment of the program, the first stages allow a detailed
investigation of single criteria.
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