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ABSTRACT: The institutional and legal setting where universities operate has undergone major
transformations in recent years. There is a global trend towards increasing social and financial
accountability of universities and a general demand for higher transparency and responsibility in
decisions related to academic staff performance appraisal. Bringing faculty evaluation systems in line
with these changes became a priority in many countries. For example, in Portugal, all universities are
presently working on regulations defining the evaluation systems to be applied to all academic staff.
The implementation of a faculty evaluation system constitutes a challenge and an opportunity for

strategically aligning the activity of the academic staff with the university goals.

However, despite a growing interest on performance appraisal of faculty, literature in the area does
not provide comprehensive models for the evaluation of academic staff. The few reported studies that
attempt to evaluate the overall activity of academics and the existing metrics do not capture the full
range of academic activities. Ad hoc scoring systems lack theoretical soundness.

This article approaches faculty evaluation from an innovative comprehensive perspective. Based on
concepts and methods of multiple criteria value measurement, it proposes a multicriteria faculty
evaluation model that addresses the whole range of academic activities and can be applied within and
across distinct scientific areas, while respecting their specificities. The model has a two-level
hierarchical additive structure, and accounts for the quantitative and qualitative dimensions of
academic activity at a bottom non-additive third level. The model uses appropriate methods for
building value functions and assessing inter-criteria weighting information, and allows to compare
performance of academic staff with performance targets reflecting strategic policy concerns of
university management. The model allows to define the multicriteria value profile of each faculty
member; and to compute his/her overall value through an optimization procedure that makes use of a
flexible system of weights.

The model was adopted by Instituto Superior Técnico (IST), the engineering school of the Technical
University of Lisbon, to be employed in decisions regarding recruitment, promotion, granting tenure,

and recognizing excellence in academic activities.
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1. INTRODUCTION
In the past years there have been considerable changes in the university system of organization and
funding. The traditional activities of teaching, research and service are increasingly committed to the
needs of society (Etzkowitz, 2003), and universities have been assuming active responsibilities within
the economy (Coccia, 2008).
In addition, the institutional and legal setting where many universities operate has undergone major
key transformations. There is a global trend towards increasing social and financial accountability
(Huber, 2002), as well as a general demand for higher transparency and responsibility in decisions
related to the evaluation of faculty members.
Bringing faculty evaluation systems in line with the changes in the university system became a priority
in many countries around the world. Faculty evaluations are becoming more formal and complex, and
several associations in the USA have recommended clarity in standards and procedures, consistency
over time among candidates with similar profiles, candour in the evaluation of tenure-track faculty
and care for unsuccessful candidates (Huber, 2002). In Europe, the need for developing evaluation
tools is recognized both at the national level and at the EU supra-national level (Murias, Miguel, &
Rodriguez, 2008). For example, in Spain, national rules have been defined in recent years for
evaluation of academic staff (Agencia Nacional de Evaluacidn de la Calidad y Acreditacidn, 2007). In
Portugal, all universities are presently defining faculty evaluation systems (Ministério da Ciéncia
Tecnologia e Ensino Superior, 2009).
As a result of these developments, there is a challenge and an opportunity for each university to align
the activity of their faculty members with its mission and strategic plans. Universities are expected to
make decisions on recruiting, promoting, granting tenure and rewarding excellency based on objective
evaluation criteria and supported by appropriate tools.
Despite the international growing interest on performance appraisal on university activities, and in
particular of faculty evaluation, there is only a few number of studies that attempt to evaluate the
overall activity of the academic staff (ElImore, 2008) and “existing metrics do not capture the full range
of activities that support and transmit scientific ideas” (Lane, 2010) (page 488).
This paper results from what authors consider the key challenges in faculty evaluation, namely the
need to develop comprehensive evaluation systems, based on methodologically sound procedures
that can adequately reflect differences between the academic staff, taking into account the university

mission, and applicable to all faculty members and scientific areas while respecting their specificities.



This article proposes an innovative comprehensive approach for faculty evaluation. Multiple criteria
value measurement is the right framework for faculty evaluation because it is supported by strong
theoretical foundations (see for example (Von Winterfeldt & Edwards, 1986)) and is capable of
addressing the socio-technical and multidimensional nature of the evaluation problem, where
multiple and conflicting viewpoints and objectives need to be taken into consideration. Moreover,
multicriteria decision analysis is flexible enough to integrate both quantitative and qualitative
information, in line with the recommendations and guidelines on how to build comprehensive faculty
evaluation models (Arreola, 2007) (National Academy of Engineering, 2009). The proposed faculty
evaluation model was designed within the legal and institutional context of the Portuguese
universities, and to be used by Instituto Superior Técnico (IST), an engineering school with 778 faculty
members working in a wide variety of scientific areas (ranging from mathematics, physics and
chemistry to most branches of engineering, architecture and management).

The paper is structured in four parts: the first part presents a brief state-of-the-art on faculty
evaluation methods, the second part presents the features of the adopted multicriteria modelling
approach, the third part describes the model developed at IST and the fourth part discusses what was

achieved and what is still ahead.

2. LITERATURE REVIEW

Personnel management, self-improvement, growth and development of faculty members, and
improvement of the quality of instruction in schools are understood to be key objectives for faculty
evaluation (Mills & Hyle, 1999). Given the nature of academic activity and the organizational structure
of universities, evaluation systems of academics in use in universities are mostly based on peer review.
Nevertheless, differences exist on the information basis and methods that peers might use in the
evaluation process. While several authors sustain that it is possible to measure with some precision
faculty performance and that performance measurements might be used in university management
(Arreola, 2007), others defend that scientific activities cannot be fully measured given current
knowledge and available indicators, and that the use of measurement tools might affect researchers’
autonomy and might lead to undesirable effects (Adler & Harzing, 2009). Different opinions are partly
explained by methodological difficulties related with:

e Itis hard to measure an individual faculty members’ total contribution to the school, and the

proper balance among research, teaching and service has not been definitely established for



the personnel of any type of university (Grant & Fogarty, 1998). Differing values given to these
activities are apparently neither appreciated nor systematically communicated (Grant &
Fogarty, 1998). It is difficult to define which activities to include in scholarship (Huber, 2002)
and to find appropriate indicators for performance measurement (Adler & Harzing, 2009).
Evaluation methods are sensitive to selected indicators and to data sources (Kao & Pao, 2009).
Faculty evaluation models typically make use of objective approaches and/or of subjective
approaches (Turban, Zhou, & Ma, 2004). Objective approaches do not depend on the
evaluator (for example, using citation counts) and might generate unintended results because
of problems with data (such as with bibliometric data) (Lane, 2010), generating biases in
evaluation (Coccia, 2008). Subjective approaches can be influenced by personal biases or by
some lack or insufficient knowledge or experience by some group members (Turban et al.,
2004). There has been little research on how to adequately integrate objective and subjective
approaches (Turban et al., 2004).

Given that faculty evaluation implicitly incorporates many beliefs about academic careers and
institutional policy, generates different costs and shapes power relationships between
stakeholders, as well as interacts with the balance between personal and departmental goals
in academia (Grant & Fogarty, 1998), it is not an easy task to build and promote changes in
evaluation systems.

Faculty evaluation literature is spread across several areas. While some professions have had
extensive discussions about evaluation models and tools (being the case of the pharmacy and
accounting communities (Grant & Fogarty, 1998) (Desselle, Mattei, & Vanderveen, 2004)),
there has been undervaluing or underreporting of research for some communities (ex: social

sciences) (Donovan, 2007). Most evaluation studies explicitly state their area of applicability.

Although to date no movement has emerged to standardise the evaluation process and maximize

objectivity while linking productivity in an empirical fashion to rewards (EImore, 2008), multiple

institutions have advocated the need to develop an evaluation culture in university systems (Murias et

al., 2008) and to create more comprehensive evaluation systems. This is the case of the National

Academy of Engineering in the US (National Academy of Engineering, 2009) and the director of the

Science of Science & Innovation Policy programme from the National Science Foundation in the US

(Lane, 2010).

Analysis of evaluation literature in the university context shows that most studies reported carried out

comparative analysis of universities, faculties, departments or research units (such as (Wolansky,
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2001) (Giménez & Martinez, 2006) (Coccia, 2008)), while only a few propose methods to evaluate
academic staff. Nevertheless, it is recognised that faculty members are the ground unit of the
academic system, the key unit for analysing the university production and a central unit for the
management of human resources (for instance, with respect to promotions).

Most studies on faculty evaluation use qualitative methods to structure the evaluation problem (Mills
& Hyle, 1999) (Campion, Mason, & Erdman, 2000) (Desselle et al., 2004). Some propose conceptual
frameworks and multiple approaches for faculty evaluation (Wolansky, 2001) (Arreola, 2007). Only
one study has used a decision analysis model to analyse academic research outputs of individuals
(Uzoka, 2008). However, as far as the authors are aware, literature in the area does not provide
comprehensive models for the evaluation of academic staff. The availability of literature on validation
methods for students to assess the performance of their teachers, which may lead to payment awards
in universities in some countries, including the US (Arreola, 2007), is only able to capture a small part
of the daily activities of the academic staff and definitely do not cover their performance in research,
services and management.

Available evaluation models applied to university units (e.g. faculties) have very often produced
different rankings, reflecting key differences on the underlying evaluation models and on
methodological options. Most of the evaluation methodologies used in these studies suffer major
flaws in both substance and process, and have been criticized by several authors (Turban et al., 2004)
(Keeney, See, & Winterfeldt, 2006) (Kao & Pao, 2009). Some of these methodological problems also
apply to current evaluation models in use, such as the one based on grid points and used to evaluate
academic members in the Spanish university system (Agencia Nacional de Evaluacién de la Calidad y
Acreditacion, 2007). These methods very often incur in the critical mistakes reported in decision
analysis literature, including: to treat performance indicators as evaluation criteria, and not
distinguishing between the notion of performance and the notion of value; weighting criteria solely on
the basis of importance and ignoring the notion of trade-offs underlying additive models (Keeney
(1992) calls this the most common critical mistake); and summing up ordinal scores on the criteria
giving rise to meaningless overall scores. And, as remarked by (Billaut, Bouyssou, & Vincke,
Forthcoming) when reviewing methods used to rank universities, “...main conclusions are that the
criteria that are used are not relevant, that the aggregation methodology is plagued by a number of
major problems and that the whole exercise suffers from an insufficient attention paid to fundamental

structuring issues” (pg 1).



3. MULTICRITERIA MODEL

This section explains the choice of modelling approach —a multicriteria decision analysis model- and

the key methodological features of the model.

3.1 The overarching framework
The use of multiple criteria methods seems to be an adequate approach to deal with faculty

evaluation in complex university systems given that multicriteria methods:

e are grounded on strong theoretical foundations (Keeney & Raiffa, 1976), having the potential to
overcome major flaws in both substance and process unfortunately common in previous studies,
in particular correcting problems in the selection of the criteria, in the scoring of academic units
on these criteria, and in the assessment of the weights for the criteria (Keeney & Raiffa, 1976)
(Belton & Stewart, 2001) (Keeney et al., 2006).

e respect the multiple criteria nature of faculty evaluation, given that there might be multiple and
conflicting objectives to be considered in faculty evaluation and different viewpoints from
individual staff, departments and other stakeholders (Kao & Pao, 2009);

e allow for building comprehensive and transparent models with the same rules applied to all
faculty members, deemed as appropriate to overcome problems in evaluation systems which
have diffuse purposes, imprecise objectives and criteria and inconsistent administration (Mills &
Hyle, 1999) and which are seen as inequitable and might lead to disputes and dissatisfaction
among faculty (EImore, 2008);

e can be designed to respect the socio-technical processes related with evaluation (Phillips, 2007)
and be able to combine advanced metrics with transparent peer review (a key feature for faculty
evaluation (Moed, 2007)); this feature might contribute for higher acceptability of evaluation
systems and enhance the evaluation culture;

e provide problem structuring methods useful to define the multiple and complex strategic
objectives to be attained by universities and that should inform faculty evaluation models;

e allow for incorporating in a model the beliefs about academic careers and institutional policies

that stakeholders choose to define, as well as quantitative information validated in other studies.



The usefulness of evaluation models based on decision analysis methods, applied in other university
contexts, has been identified in (Politis & Siskos, 2004) (Turban et al., 2004) (Keeney et al., 2006)
(Uzoka, 2008).

The proposed evaluation approach addresses some methodological aspects relevant to decision

analysis literature or not previously addressed within faculty evaluation, namely:

e How to structure the faculty evaluation problem, i.e. how to define an appropriate set of criteria
and how to choose descriptors of performance to operationalise the criteria (being aware of
issues discussed in (Keeney, 2007))? Which model features allow the application of the model to
academics from different scientific areas?

e How to integrate within a multicriteria evaluation model concepts from the literature of human
resources and strategic management, such as on management by results? How to build a model
that takes into account quantity and quality aspects from academic production?

e  Which value functions should be used to convert performance into value, so as to express how
important are improvements in performance to the university evaluator? How to construct
weights so that they do not reflect directly the importance of criteria, which is the most common
mistake in evaluation (Keeney et al., 2006)?

e How to build an evaluation model that respects the autonomy of the faculty profession? E.g.,
given that within academic autonomy, academic staff might choose to invest more in some
academic activities, is there a multicriteria model that is consistent with university objectives and

flexible to accommodate different preferences of individuals?

The proposed faculty evaluation model follows a sequence of steps that goes from structuring to
evaluation, as defined in (Bana e Costa, Ensslin, Correa, & Vansnick, 1999). The key features and steps

for developing the proposed faculty evaluation model are portrayed in Fig. 1.
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Figure 1: Key components of the faculty evaluation model

At first, the underlying structure of the multicriteria model was defined: it was chosen a two-level
hierarchical additive model with the quantitative and the qualitative dimensions being accounted at a
bottom non-additive third level (with performance resulting from multiplying quantitative
performance by qualitative performance). Secondly, using the structure of the multicriteria model, an
optimization model was built. The optimization model chooses the set of weights that maximises the
score for an academic member, while respecting the intervals of weights that are consistent with
university objectives. Thirdly, in order to apply the multicriteria and the optimization models, the
structuring phase involved the choice of areas of evaluation and of evaluation criteria, the choice of
descriptors of performance for quantity and for quality, as well as the definition of targets and
ceilings. The evaluation phase included the choice of value functions and weights. These model
features are discussed in detail in the next sub-section. We assume that the reader is familiar with the
theoretical foundations and traditional procedures for the construction of value models in decision

analysis (Keeney & Raiffa, 1976) (French, 1986).



3.2 Key features of the model

Additive and nature

A multiattribute additive value model was chosen to convert performance into value. The model has a
two-level hierarchical additive structure, and accounts for the quantitative and qualitative dimensions
of academic activity at a bottom non-additive third level. The theoretical foundations of additive value
models are described in (Keeney & Raiffa, 1976) and (Belton & Stewart, 2001). At the first level of the
hierarchy are the key areas for evaluation (that can also be named areas of activity, areas of concern):
scientific activity, pedagogical activity, etc. For Portugal, the areas of evaluation for faculty evaluation
are normatively defined in the legislation that name the main types of academic activities (Ministério
da Ciéncia Tecnologia e Ensino Superior, 2009). At the second level of the hierarchy are evaluation
criteria. These are grouped within the areas for evaluation defined at the first level. The
operationalization of evaluation criteria accounts for the quantitative and qualitative dimensions of
academic activity —that are defined in a third non-additive level—, which are explained in detail in the

guantity vs. quality sub-section.

The mathematical formulation of the two-level hierarchical additive model is as follows —the value of

the activity of a faculty member is computed through a weighted sum:

N.
V) = Z (XL, v wyy) +w, (1)
N; .
Zijjzl Wij = 1,VJ (2)
2?21 w; =1 (3)
Wi, wj = 0,V ] (4)

In which: d is a faculty member; V (d) is the global value for faculty member d; Vl-‘ji represents the

partial value obtained by the faculty member on the evaluation criteria i; that belongs to the j area of
evaluation (as shown below, this partial value results from converting performance into value,

through the use of a value function); Wi represents the weight given to evaluation criteria i; (with

weights from evaluation criteria within an area of evaluation summing one, according to Eq. (2)); w;



represents the weight given to each area of evaluation j (with weights by area of evaluation summing

one, as seen in Eq. (3)); and all weights being non-negative (Eq. (4)).

The use of an additive model means that the set of evaluation criteria included in the model needs to
be exhaustive, concise, non-redundant and preferentially independent (Keeney, 1992). Given the
compensatory nature of an additive model, lower performance in one evaluation criteria might be
compensated by a higher performance in another evaluation criteria (nevertheless, there are limits to
compensation in academic activity, which has lead to the use of ceilings to performance, later

explained).

The Vi‘]j.l partial value results from converting performance Pl-]. for the i; evaluation criteria into value,

as defined in Eq. (5). For defining value, the evaluator needs to define proper indicators of

performance and to make explicit how much he values improvements in performance.
d ..
Ve =f, (P,).vij (5)

Optimization model with interval weighting

Weights are scale constants which capture the trade-offs between the objectives to be attained by
universities, e.g. the trade-offs between evaluation criteria. Weights should be defined by the

evaluator in accordance to university objectives.

Nevertheless, academic activity integrates a wide set of activities, and different members of faculty
staff might prefer to dedicate different attention to different types of activities. Accordingly, we
suggest using a flexible weighting system within an optimization model, following a model feature
previously used in (Kao & Pao, 2009). Adopting flexible weights means that weights might vary within
predefined limits, and for each faculty member, the global value given by the evaluation model will be

the maximum value that might be attained given those predefined intervals of weights.

10



Authors propose the mathematical programming model to maximize the global value for an academic
member, defined in Egs. (6-10), with Eq. (6) being the objective function and Egs. (7-10) being the

constraints defining the intervals of weights®.

Maxwl.j Z?" (Zf]”zl Vi‘ji * wl-]_) * Wj (6)
Subject to:
W_l} < Wi < & Vi; (7)
W, S wj S wj, vj (8)
L Wy =1,V (©)
?4=1Wj =1 (10)

With Wi and W_lj being the lower and the upper bound for the weights with reference to evaluation

criteria; and w; and w; being the lower and upper bound for the weights with reference to the areas of

evaluation.

Quantity vs. Quality

When evaluating faculty performance, it is crucial to take into account for both the quantity and the
quality of academic production. That is, if the model includes an evaluation criterion of scientific
publications, one needs to consider both the quantity and the quality of publications. We needed thus
to define the nature of quantity and quality information to be used in the model (in particular, within
the descriptors of performance) and the functional form to aggregate quality and quantity in a

descriptor of performance. We start by discussing the later?.

The chosen multicriteria model had to capture both quantity and quality in each evaluation criteria.

Within multicriteria literature, different model structures, using additive and multiplicative features

! A general optimization model is presented. Depending on whether weights of intervals are set at the
evaluation criteria level, or at the area of evaluation level, the proposed model might be subject to small
adjustments.

2A general discussion on the construction of descriptors of performance is available in Bana e Costa, C. A, &
Beinat, E. (2005). Model-structuring in public decision-aiding. In O. R. Group (Ed.), Working paper LSEOR.
London: London School of Economics and Political Science..
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are available in (Keeney & Raiffa, 1976; Kirkwood, 1997). A first analysis has shown that an additive
relation between quantity and quality would mean that there is a trade-off between the two
dimensions, and that potentially one might have zero quantity and high quality, which was shown not

to be appropriate (e.g., one can only assess the quality of teaching if there is teaching).

Alternatively, authors found out that, under a set of conditions, a multiplicative relationship between
quantity and quality would be appropriate for the context of faculty evaluation: with quality being
independent with quantity, and quantity being preferentially dependent with quality. Under this case,
the substitution rate between quality and quantity varies with quantity, but not with quality. This
model is only valid if and only if the conditions portrayed in Tab. 1 are accepted by the evaluator —in

our case, the Board of Directors of IST has accepted those conditions.

By accepting these conditions, when quality is independent with quantity and quantity is
preferentially dependent with quality, the evaluator might evaluate quality separately. When one
multiplies quality by quantity, it means quantity is adjusted by quality, and the result is converted into
guantity units for the same level of quality. Given that performance is the result of multiplying

quantity by quality, for each evaluation criteria, performance is defined as:

_ U i ;
Pij - Qlt} * Qijr VL,] (11)
With ij standing for quantity and Qil]. standing for quality for an evaluation criteria i;.

Accordingly, one can read that while the second level of the hierarchical additive model uses
information on performance and defines value for each evaluation criteria, quantitative and
qualitative performance are defined at a third non-additive level of the faculty evaluation model.
Under the selected model one cannot have quality without having a positive quantity. The technical
assumptions used in this type of multiplicative structure might be consulted in (Keeney & Raiffa,

1976).
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Table 1: Conditions for accepting quantity as preferentially dependent with quality, and quality as independent with
quantity (an example applied to a criterion on the scientific production of articles in international journals)

Articles Quality Articles Quality
3 A 3 A
A N
1 A 1 A
Graph 1 Graph 2
Articles Quality Articles Quality
3 A 3 N
AII AIII
1 A 1 A
Graph 3 Graph 4

Figure 2: Performance

Question (graph 1 in Fig. 2): How do you define your preference for three articles with high quality
(A’) in comparison to one article with high quality (A’)?

Answer: | consider the difference between the two options to be preferentially strong (A).
Question (graph 2 in Fig. 2): How do you define your preference for three articles with low quality
(A’) in comparison to one article with low quality (A’)?

Answer: | consider the difference between the two options as preferentially weak (A').

This means that A > A, and that the value attributed to quantity in the production of articles
depends on the level of quality.

In addition:

Question (graph 3 in Fig. 2): How do you define your preference for three articles with high quality
(A’) in comparison to three articles with low quality (A)?

Answer: | consider the difference between the two options as preferentially moderate (A"’).
Question (graph 4 in Fig. 2): How do you define your preference for one article with high quality
(A’) in comparison to one article with low quality (A)?

Answer: | consider the difference between the two options as preferentially moderate (A’"').

This means that A” = A'"’, and that the value attributed to quality is independent from quantity;

and thus quality can be separately modeled.
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When selecting the performance indicators for quality and quantity, one should be aware of the
implicit judgments that result from using a multiplicative model, in particular the judgments that
result from choosing a descriptor of performance for quality and its corresponding quantitative score.
Tab. 2 explains how to make explicit the assumptions which result from multiplying quantity by
quality, given the selection of a minimum and of a maximum score for quality performance.

Table 2: Interpreting judgments when one multiplies quantity by quality (an example applied to an evaluation of scientific
production, as measured by the number of articles)

Considering an indicator of performance that results from multiplying the number of articles by
their quality (for simplicity, we neglect some of the indexes):
P=Q +Q
And having:
- two articles a and b with the same quantity Q¢(a) = Q¢(b);
- article a with quality equaling 2 (Ql(a) = 2), with 2 being the maximum level (excellent
article);
- article b with quality equaling 0.5 (Ql(b) = 0.5), with 0.5 being minimum level (for an
article with very poor quality).
The use of the multiplicative indicator implies that:
P(a) =2Q0%(a)
P(b) = 0.5Q¢(b)
Which means that P(a) = 4 = P(b). This means that excellent article is worth four articles with

very poor quality.

Authors propose that quantity and quality descriptors of performance are built with a distinct logic
and information basis. Following available literature in the field, whenever possible the descriptor of
performance for quantity should make use of objective information and, when compound descriptors
of performance need to be built, they should make use of the concept of equivalent unit. Objective
information means that it can be computed automatically, does not demand for a specific intervention
of the evaluator (Arreola, 2007), and should be informed by related literature (for example, academic
studies indicate that citations are a good indicator of performance and citations are correlated with
evaluation of content by peers (Meho & Sonnenwald, 2000), meaning that there is a basis for using

citations as an indicator of performance within the model).
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Building descriptors of performance for objective information should be constructed in line with the
concept of constructed attributes, as defined by (Keeney, 2007). In many cases, quantifying academic
activity demands for accounting for multiple heterogeneous components of activity (such as, for
scientific production, summing a scientific article published in a top journal with a scientific article
published in a low quality journal). In these cases, authors propose building descriptors of
performance based on the equivalent units concept (that has been applied by Keeney et al. (Keeney et
al., 2006)). The use of equivalent units demands for building a set of multicriteria sub-models to define

the trade-offs across these units (which provide equivalent units coefficients).

Authors propose the use of the MACBETH methodology to build those weights (or trade-off
coefficients) (Bana e Costa, De Corte, & Vansnick, 2003; Bana e Costa, De Corte, & Vansnick,
Forthcoming). MACBETH stands for Measuring Attractiveness by a Categorical Based Evaluation
Technique and is a qualitative approach for scoring options and to weight criteria that requires for
qualitative pairwise comparison judgements of difference in attractiveness (value) (Bana e Costa &
Chagas, 2004). The MACBETH methodology has been extensively applied in various contexts, including
to the evaluation context (Bana e Costa & Vansnick, 1997) (Bana e Costa, Correa, De Corte, &
Vansnick, 2002) (Clivillé, Berrah, & Mauris, 2007) (Bana e Costa, Lourengo, Chagas, & Bana e Costa,
2008), to the human resources area (Bana e Costa & Chagas, 2004) and to the supplier evaluation and
management context (Oliveira & Lourengo, 2002). The mathematical foundations of MACBETH are
described in (Bana e Costa & Vansnick, 1997) (Bana e Costa et al., 2003) (Bana e Costa et al.,
Forthcoming), and its application is visually supported by the M-MACBETH software (Bana e Costa et
al., 2003).

With regard to quality, authors propose that descriptors of performance for quality make use of
subjective information, while respecting the principle of “controlled subjectivity” proposed by Arreola
(2007). The use of subjective information means that assessment is done by the evaluator (being a
form of peer review) and should capture behavioral, human, strategic and other aspects relevant to
the evaluation of human resources. According to the principle of “controlled subjectivity”, the form of
computation of quality performance should be clear and should make use of scales and
methodological choices indicated by literature (National Academy of Engineering, 2009). Following
guidelines from literature (Arreola, 2007) (National Academy of Engineering, 2009), all the descriptors
of performance for quality should use the same performance scale, i.e., a single scale with the same

number of points should be used for all the evaluation criteria, contributing to consistency across
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measurements. Authors propose the following procedure to reach a performance scale for each

evaluation criteria:

1. Definition of a list of pros and cons associated with the production of a quantitative element;
2. Converting the list of pros and cons into a pre-defined performance scale and a score that

operates as a correction to quantity.

When building performance indicators for quantity and quality, ratio scales were used. Ratio scales
have good properties (a detailed analysis on their properties is available in (Stevens, 1946)), allow for
using the zero as an absolute reference, and are compatible with the types of units commonly used in
guantitative performance in faculty evaluation. For example, the use of ratio scales allows for stating
that the publication of an international book is worth five times the publication of an article in an
international journal (note that one cannot interpret that international books are five times more

important or five times bigger than articles in international journals).

Using performance targets and ceilings

Within the faculty evaluation context, authors found useful to define references in performance that
are meaningful and useful for the management of human resources. The option was to use targets, a
concept that is commonly used in strategy and human resources management literature (Drucker,
1993). Thus, within the multicriteria model, for each indicator of performance, Pl-j, the evaluator must
define a performance target that is indicative of good performance. Given the use of ratio scales and
of performance targets, authors have selected the following reference points for building weights: the
zero and the target, having respectively values of 0 and 100 (Eq.s (12) and (13)). These reference

points are meaningful to the evaluator, making easier the weighting task.
_ d _
P, =0=VI=0 (12)

P, = target;, = Vi‘j =100 (13)

Also, given that in the context of faculty evaluation there might be limits to the compensatory nature
of a multicriteria model, e.g., the evaluator might value additional activity in one evaluation criteria up
to a specific limit. Limiting value for one academic activity is important in terms of incentives: if there

are no limits, one academic member might only carry out that activity, disregarding any other
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activities. This has lead to the utilization of ceilings within the model. The use of a ceiling means that,
for each evaluation criteria, there is a point after which further activity by one faculty member does
not contribute for an increase in value. Authors propose that the use of a ceiling is modeled through
the choice of a value function with special characteristics, like the one proposed in the next sub-

section.

Building value functions and weights

Value functions convert performance into value and should account for the preferences of the
evaluator and for the incentives promoted by the evaluation model. Authors propose, for all the
evaluation criteria, the use of an S-shaped value function with the format presented in Fig. 3, which is
both compatible with the use of ceilings, which respects the delta property and which signals the
importance of targets. An S-shaped value function tends to reward performance close to the target. In
case of performance below the target, marginal increases in performance are gradually more valued
by the evaluator, and in case of performance above the target, marginal increases in performance are

valued at a decreasing marginal rate.

Value

V(Ceiling) - - _ _ _ __ _ _ _ ___ _ _

100 f—————

Target performance

Figure 3: S-shaped value function

A specification for the S-shaped value function is shown in Eq. (14). For each evaluation criteria, a
different value function needs to be built (for simplicity, we omit the index i; in the equations). Two
branches are defined by exponential functions, whereas the exponential function respects the delta
property, also named the constant trade-off attitude condition (Kirkwood, 1997). The constant trade-
off attitude condition holds when, for an additive value function, for an attribute X;, if it is true that
x[™ is the midvalue of [x;, x; |, then x[™ + § is the midvalue of [x; + 8, x; + 8], for any § (the proof
and the rational for the constant trade-off condition are presented in (Kirkwood, 1997)). Authors

consider this is a desirable property in the context of faculty evaluation.
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With: Pygpger being the performance target; Pegjiing being the ceiling defined in terms of
performance; Vie;1ing being the ceiling defined in terms of value; and p; and p, parameters that
determine the shape of the exponential branches and need to be selected by the evaluator. p; is
negative, and the lower its value, the closer the value function will be to a linear function; p, is

positive, and the higher its value, the closer the value function will be to a linear function.

The use of inappropriate procedures to build weights in a multicriteria model is the most common
critical mistake in decision analysis (Keeney, 1992), and a common problem in evaluation studies
(Keeney et al., 2006). Weights capture not only the importance of the evaluation criteria, but also how
important are the differences between the defined reference points. The choice of weights should
respect the methodological orientations defined in the decision analysis literature (von Winterfeldt
1998) (Bana e Costa, Corréa et al. 2002) (Keeney 2002). Building weights for a hierarchical model
demands awareness of several issues related with the construction of weights generally, and with the
construction of weights in hierarchical models in particular (Weber, Eisenfurh, & Von Winterfeldt,

1988) (Borcherding & von Winterfeldt, 1988) (Weber & Borcherding, 1993) (Lourencgo, 2002).

The proposed model demands for elicitation of weights at two hierarchical levels (by area of
evaluation and by evaluation criteria) and of intervals of weights. The following methodology is

proposed for building weights:

1. Use of the MACBETH methodology to build a first set of point weights;
2. Use of swings to compute rounded weights and to calculate the maximum and the minimum

‘acceptable’ swings on weights across areas of evaluation and/or evaluation criteria;
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3. Use of those swings to build intervals of weights as defined in Eq.s (14) and (15) (maximum

and minimum limits, respectively) that might afterwards be adjusted by the evaluator.

max; .
- J
Wii o maxg; min (15)
S J +Zy$i]' Sy

minij
Wy = ——— (16
S 1 +Zy==l'j Sy

With: st being the minimum swing for i;, s the maximum swing for i; and swings defined
with reference to academic staff profiles (swings are non-normalized weights built by comparison to a

reference —examples are presented in the IST model section).

Application by scientific area and socio-technical processes

The multicriteria model is generally built and is flexible for application in different scientific areas.
While some of the values to be used in the model should be fixed, others should be defined for each
scientific area. We consider that the weights should be fixed for the entire faculty, while some targets,
ceilings and other specific information of the model might be defined for each scientific area (other
information might include the choice of which are the ‘top journals’ in the area). Nevertheless, one
should note that the use of different targets and ceilings requires specific analysis to ensure that the

model is well calibrated.

This model was developed with the help of two decision analysts that assumed the role of
facilitators/analysts — CBC and MO —, and with a group of IST stakeholders, with PM and AS assuming
the role of technical advisors and representatives of key stakeholders. The development of the model
at IST has also benefited from feedback from the school, given that different versions of the model

were circulated and made available for public discussion.

The multicriteria faculty evaluation model not only produces an overall value for a faculty member,
but also generates a wide set of key information for university management. Namely, it allows for
defining the multicriteria value profile of each faculty member, as shown in Fig. 4. Furthermore, using
the information generated by the multicriteria faculty evaluation model, other profiles might be
analyzed, e.g., the multicriteria profile of each faculty member by area of evaluation and the typical

multicriteria profile by scientific area.
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EVALUATION CRITERIA
V(ceiling) @ ® ® ® ®

V(target) @ ¢ ¢

V(nothing) @ ® o [ ] e o

Figure 4: Multicriteria value profile of a faculty member (in red)

There are many issues related with the social process required for the application of the model. It is
outside the scope of this study to discuss these issues, although we raise some related issues in the

conclusions section.

4. IST MODEL
IST has adopted the proposed faculty evaluation model to evaluate its academic staff in the 2010-2012
period. Guiding rules defining the generic model to be used in evaluation have been discussed and
approved within the school and in different boards (Universidade Técnica de Lisboa, 2010). This
section presents key features of the model adopted by IST, as well as some examples of decision

analysis tools resulting from the application of the faculty evaluation model.

4.1 Structure

The selected hierarchical model is depicted in Fig. 5. At the first level of the hierarchy there are four
areas of evaluation —teaching, research, knowledge transfer and university management—, and most
areas of evaluation include several evaluation criteria (evaluation criteria are shown in red in Fig. 5).
These areas of evaluation and evaluation criteria entail the strategic objectives to be attained by IST.
Each evaluation criteria was made operational through the construction of descriptors of performance

for quantity and quality (third hierarchical level in Fig. 5).
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For each evaluation criteria IST has chosen a different descriptor of performance for quantity, while a
unique descriptor of performance was adopted for quality, being this descriptor applied to each
evaluation criteria. In what follows authors explain how the descriptor of performance in international
publications was built using the concept of equivalent units and a multicriteria sub-model to compute

the trade-off ratios required to sum equivalent units.

—ITeaching

—HPedagogical related Publications
—D Ot Ecp

4‘] Ql Ecp

45 Students Supervision

4‘] Qt Eao

4‘] Ql Eao

—H Courses Teaching

—D Qt Euc

—D QI Euc

4. Research
45 Publications

4‘] Qt Ipu

4‘] Ql lpu

—H Scientific Projects

——]atIpi

] alIpj

4. Knowledge Tranfer

4HPatenis, Legislation, Norms and Technical Publications

] ot Tpt

] QI Tpt

—HServices. Consultancy and Dissemination of Science and Technology
—D Qt Tsc

—D Ql Tse

University Management
—|University Management

4‘] Qt Ggu
4‘] Ql Ggu

Figure 5: Hierarchical value tree

The descriptor of performance for quantity was defined as:

t _ VK 1 1
QPublicationsResearC/z - k=1Z_k * (Tk * O + ;Rk) (16)
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With: k being a scientific and international publication in the evaluation period (k=1,..,K); Ty
being the factor that converts publications into a common equivalence unit; 8 being a coefficient
adjusting for the age of the publication; p standing for the reference number of citations in the
scientific area (for a specific period of time); R, being the number of citations of the publication,

excluding self-citations; and Z; being a correction factor for the number of authors.

We focus here on how the MACBETH methodology was used to build equivalent units for T},. Fig. 6
presents the matrix filled with comparisons from different types of publications. One might read in the
matrix that the difference in attractiveness (value) between publishing an international book and
publishing an article in a Type A journal is extreme, and the difference between publishing an article in
a type Cjournal and a chapter in a book is very strong. Following this set of qualitative judgments, the
M-MACBETH software assisted in proposing a quantitative value function that might be adjusted and
should be validated by the evaluator. After discussion, IST decided to approve the equivalent units

that are listed in Tab. 3.

Fi Publications impact F'J* Publications impact &
] Intemat. Book | Type Ajourn | Type Bjourn | Book chapter | Type Cjoum |Conf. proceedi Nothing
Intemat. Book exireme exireme extreme extreme exireme exireme S50
Type A joum exireme extreme extreme exreme endreme
Type B joun EE v ctong pxiens extreme extreme
Book chapter (Cvswong ) vstong | ereme
Type Cjoum weak weak
Conf. proceedi e weak
Noting | nn
Consistent judgements
2| O 7] 2% & BHE[IB & 2 175
8| ol #ls%] &
1.00
;< Type Cjoumn 030
\Conf.pmwed\ 020
Nothing 0.00
Bl oeis i-JEF v '
Figure 6: MACBETH judgments for different types of scientific international publications
Table 3: Equivalent units for different types of scientific and international publications
Type of publication
yp p Ty
International book 5.5
Article published in a type A journal 3
Article published in a type B journal 1.75
Chapter in an international book or Edition of international book 1.0
Article published in a type C journal 0.3
Article published in conference proceedings 0.2
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IST has adopted descriptors of performance for quality on a common scale that is to be consistently
applied to all evaluation criteria. For each staff member and for each evaluation criteria, the evaluator

needs to justify the qualitative performance using the following procedure:

e List pros (‘strong points’) and cons (‘weak points’) for the activity of the staff member;

e Classify the pros and cons as ‘determinant’ or ‘non-determinant’, and justify that

classification;

e Use Tab. 4 to define the level of performance and the corresponding score.

Table 4: Descriptors of performance for the qualitative indicators

Levels of Description Q!
performance
. " There is at least one ‘strong’ determinant point and no ‘weak’ determinant
Highly positive . 1.5
points
Positive There are no ‘strong’ nor ‘weak’ determinant points, and ‘strong’ points 1.25
more than compensate ‘weak’ points ’
Neutral There was no identification of neither ‘strong’ nor ‘weak’ determinant 1.0
points, or the ‘strong’ points are balanced with ‘weak’ points ’
. There are no ‘strong’ nor ‘weak’ determinant points, and ‘weak’ points
Negative g , p, ) P 0.75
more than compensate ‘strong’ points
. . There is at least one ‘weak’ determinant point and no ‘strong’ determinant
Highly negative points 0.5

With regard to targets, IST decided that some targets should be defined by scientific area, and issued
examples of targets, such as the ones listed in Tab. 5. Targets should be seen as levels of performance
to be attained by academic staff, and the reasoning why some targets might vary across scientific
areas is the following: with regard to scientific production, the average and the expected number of
publications by individual structurally differs, being thus fair to consider a different target across

scientific areas.

23



Table 5: Activity targets for a three year period

Evaluation criteria i Target | Examples of targets (to be interpreted with Q! = 1)
Pedagogical related .
publications Ecp 15 1 book chapter and 1 pedagogical text
Student: - .
. e_n. X Eao 6 2 supervision of MSc thesis per year
supervision
Courses teaching Euc 9 9h of teaching courses per week with normal evaluation by students
Publications Ipu 4.5 2 articles in type B journals and 1 chapter in an international book
Scientific projects Ipj 1 Responsibility for 1 national R&D project
P
.ater.wts, Tpt 9 1 international patent
legislation, ...
services, Tsc 6 12 service or consultancy actions with reduced funding
consultancy,...
Uni it . .
niversity Ggu 4.5 Being the dean of studies of an MSc course
management

The ceilings selected by IST are presented in Tab. 6. When defining the ceilings, attention should be

paid to the performance of a faculty member that attains the ceiling in one criterion and has zero

performance in all the other criteria.

Table 6: Ceilings defined in terms of value

Evaluation | Pedagogical | Students | Courses | Publications | Scientific Patents, Services, University
criteria related supervision | teaching projects | legislation,... | consultancy,... | management
publications
ij Ecp Eao Euc Ipu Ipj Tpt Tsc Ggu
V(ceiling) 500 300 300 600 500 300 300 500

4.2 Value functions and weights

For simplicity, IST has chosen to adopt piecewise linear functions for the 2010-2012 period. An

example of a piecewise linear value function, alternative to the S-shaped value function is shown in

Fig. 7 (for the publications evaluation criteria). Calibration of piecewise linear value functions demands

for information on the target and on the ceiling (in terms of performance or in terms of value), while a

calibration of a S-shaped function would demand for further information from the evaluator.
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Figure 7: Value function chosen by IST vs. an alternative S-shaped value function, for the publications evaluation criteria

Fig. 8 illustrates how a multicriteria profile for an IST faculty member can be presented, given the

targets and ceilings chosen by IST.

600@ 600@
5009 500@ 500Q

@ V(ceiling)
3000 3009 3009

V(target)=100 I\I /I ® [ ] [ )

@ Staff member
value profile

Figure 8: Multicriteria value profile for a staff member

With regard to weights, a first approximation of weights was computed using the MACBETH
methodology. This has meant making pairwise qualitative comparisons of fictitious profiles of
academic staff, as shown in Fig. 9. For example, the following judgments were required: the difference
between a staff member that has achieved the target for publications and has not carried out any
other activity (Ipu) and a staff member without activity (All being zero) is very strong; and the
difference between a staff member that has achieved the target for publications and has not carried

out any other activity (lpu) and a staff member that has achieved the target in teaching and has not
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carried out any other activity (Ecu) is strong. The M-MACBETH software was used to analyze the set of

guantitative weights that were compatible with the qualitative judgments (values also presented in

Fig. 9).

Flg Weighting (Vaiue) £ FlgWeighting (Value) x|
[ (] o) | e | wen | e | e | 1t
Ipu sirong P P P P P P
[Euc) wary wisak moderste F = = (=
Ggui | —— == d 4 £ F
[Eao] | DT P P id
el | B oo [ P moderats
ITse]l | I ook P maderate
[Ecp] [ weak moderate
T | -
([Alibeing zerc]| [

Consistent judgements

21 0] oo 2] Wl el x4

Ipu Ggu Ipj Ecp

87| 1 Jo7] nfi v %)

Figure 9: First set of weights obtained using the MACBETH methodology (names of evaluation criteria can be found in Fig.
5)

In a second stage, the weights were analyzed within the hierarchical structure, and were re-computed
through the use of swings used to get rounded values, as shown in Tab. 7. The basic unit used to
compute swings was 1 (which applied to the Ecp and Tpt evaluation criteria). Swing multipliers of 1
were defined for all the other evaluation criteria, and the sum of swings for criteria within each area of
evaluation gave the swings for the areas of evaluation —e.g., the swing 6 for the pedagogical area of
evaluation resulted from summing the swings for the respective evaluation criteria,

3(Ecp)+2(Ecu)+1(Eao).

Table 7: Weights by area of evaluation and by evaluation criteria (names of evaluation criteria can be found in Fig. 5)

Area of University

evaluation Pedagogical Research management Knowledge transfer
Evaluation

criteria Ecu Eao Ecp Ipu Ipj Ggu Tsc Tpt
Scores (and 6 8 3 3
respective w;) (30%) (40%) (15%) (15%)

Scores (and

Wi}-

normalised to 3 2 1 6 2 3 2 1
sum 100%) (15%) | (10%) (5%) (30%) | (10%) (15%) (10%) (5%)
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In the last stage, building intervals of weights required the choice of an additional set of swings. IST
has chosen to define intervals of weights at the area of evaluation level (and not at the evaluation
criteria level). The second column in Tab. 8 presents the (point) swings used in Tab. 7, after these
being normalized so that the highest weight is 100 (the reference is built against the research area of
evaluation). Tab. 8 presents the minimum and maximum swings that were computed using fictitious
profiles similar to the ones defined above using the MACBETH method. One might read values in Tab.
8 as follows: when a shift from a staff member that has no activity to a staff member that reaches the
targets in all the evaluation criteria within the research area of evaluation is valued 100, a shift from a
staff member that has no activity to a staff member that reaches the targets in the all the evaluation
criteria within the pedagogical area of evaluation cannot be valued as less than 50% or as more than
90% of that value (the minimum and the maximum swings). Applying Eq.s (15-16) to the swings, one

obtains the intervals of weights presented in the last two columns of Tab. 8.

Table 8: Swings generated so as to define the intervals of weights

Swing computed from
Tab. 7 Min. swing Max. swing Min. weight Max. weight
Pedagogical 75 50 90 20,8% 42,9%
Research 100 100 (reference) 35,7% 58,8%
Knowledge transfer 37,5 10 50 4,2% 23,8%
University management 37,5 10 40 4,0% 20,0%

Those intervals of weights were further adjusted, and the final weights selected by IST to evaluate

assistant professors are listed in Tab. 9. Given that Portuguese legislation attributes different

management responsibilities to academic staff along the academic hierarchy, the minimum weight for

university management for associate and full professors was higher than 0% (2,5% and 5%,

respectively).

Table 9: Set of weights adopted by IST

. . University
Area of evaluation Pedagogical Research Knowledge transfer | management
Weigh f
eight by areaof | 20%-40% 40%-60% 0%-20% 0%-20%
evaluation
Evaluation criteria i Ecp Eao Euc Ipu Ipj Tpt Tsc Ggu
Weigh luati
eightbyevaluation \ -\ 1 /6 | o5 | 36 | 6/8 | 2/8 1/3 2/3 1
criteria J
Weight by evaluation
o . - 6.7% | 13.3% | 20% | 45% 15% 6.7% 13.3% 20%
criteria (normalized)
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4.3 Model requisiteness
IST has adopted the optimization model earlier presented and that makes use of the information of

the multicriteria just presented.

The values in use in the multicriteria model at IST were subject to simulations and tests, so as to
ensure that the model was well calibrated and adequately distinguishing between different types of
staff members. These simulations were critical to ensure the requisiteness of the model, i.e., that the
model is enough in content and form so that it could be used within an evaluation system (Phillips,

1984).

The use of the model for evaluation at IST has required additionally the definition of thresholds to
classify staff members within evaluation categories (being this classification required by law). The
definition of these thresholds was obtained using a set of academic profiles and with the respective
computation of the global value. Examples of the initial profiles used and respective value
computations are presented in Tab. 10. After testing multiple profiles, categories and thresholds at IST

were set according to Eq. (17).

If 'Inadequate’,0 < V(d) < 20
Category assignment® = 4 Suf ficient’, 20 < V(d) < 40
‘Relevant',40 < V(d) < 80
L ‘Excellent,V(d) = 80

(17)

Table 10: Selected profiles used to compute category thresholds

A staff member that in the evaluation period has taught 9 hours per week/semester with students’
. evaluation of 5, with a quality performance of 1 and not having carried out any other activity, will
Profile 1 | have V(d) = 0.2 %V _(9) = 0.2 ¥ 100 = 20

Category: ‘Sufficient’.

A staff member that in the evaluation period has taught 6 hours per week/semester, with a
students’ evaluation of 5 and a quality performance of 1, with 3 articles published in type C
journals, with 1 co-author, without citations and with a quality performance of 1, and not having
Profile2 | (arried out any other academic activity, will have V(d) = 0.2 x Vg, (6) +0.45 %V (3) =02
66.7 + 0.45 * 66.7 = 43

Category: ‘Relevant’.

A staff member that in the evaluation period has been the head of the department, with a quality
. performance of 1, and not having carried out any other academic activity will have V(d) = 0.2 *
Profile 3 Vs,.(9) = 0.2 x 200 = 40

Category: ‘Relevant’.

A staff member that in the evaluation period has occupied management responsibilities of 13.5
Profile 4 hours per semester with a quality performance of 1, and not having carried out any other academic
activity will have V(d) = 0.2 * chu(13.5) =0.2+300 =60
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Category: ‘Relevant’.

A staff member that in the evaluation period has taught 6 hours per week/semester, with a
students’ evaluation of 5 and a quality performance of 1, with 3 articles published in type B
journals, with 1 co-author, without citations and with a quality performance of 1, with supervision
Profile 5 of three MSc thesis with a quality performance of 1 and not having carried out any other academic
activity, will have V(d) = 0.2 * Vg_ (6) + 0.133 =V (3) + 0.45 * V,pu(6) =0.2%66.7+ 0.133
50+ 0.45%133 =80

Category: ‘Excellent’.

5. CONCLUSIONS

The adoption of a faculty evaluation model was viewed at IST as an opportunity for improving current
practices in place. IST has already formally decided to adopt the proposed faculty evaluation model,
expecting to establish an evaluation system that fairly treats staff members from different scientific

areas and that motivates staff to re-align their activities in accordance to the school strategic goals.

Notwithstanding the sound theoretical foundations of the proposed multicriteria model, its
effectiveness is yet to be confirmed by practical application in large scale. First, despite the fact that it
was designed to be applied to different scientific areas, only the implementation of the model will
show whether it is effectively dealing with differences across scientific areas, and whether
adjustments are required. Second, there are concerns with the calibration of the model when
different targets and other values across scientific areas are used. Third, the incentives motivated by
the model adoption have not been studied in detail. Finally, it is not clear which is the level of

acceptability of the model within the school.

The proposed model might be improved in several ways. At first, it should be better informed by
literature in specific areas, such as on teaching indicators and on research indicators. For example:
should evaluation of teaching be done only by students, or peers should also review the content of
teaching? If peer review of the context of teaching is required, which methods for evaluation are
available and have been validated? Which is the best indicator for the impact of publications on the
community? Moreover, the model was developed without detailed information on the performance
of IST academic staff in many indicators. The use of high-quality data and of scientific metrics might
contribute to build a sounder model and to a higher level of acceptation. Participatory mechanisms to
improve the model should be developed, so that its adoption fosters an evaluation culture. The
implementation of the model requires the collection a wide set of information about staff activity and

generates a wide range of information on the school performance. There is scope for developing
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multiple criteria interactive analysis tools that might help in the collection and in the analysis of model
inputs and outputs. Some of the multicriteria methods in use can be further developed. For example,
which procedures should be used for validating the descriptors of performance in use? Should
thresholds be linked with targets and with ceilings? Last but not least, the proposed model should be
tested within schools other than engineering, to investigate whether it respects the evaluation context
in other scientific areas. In fact, one should be aware that disciplines might differ in their preferred

approach to knowledge transmission.
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