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Abstract—This paper uses a Fuzzy Expert System (FES) in order
to evaluate firms in terms of Gender Equity (GE). The scope for
using FES is connected not only to the multidimensional nature of
GE and to the need of providing a synthetic indicator of firm’s GE
without losing the its complexity, but even with the composite group
of experts involved. The presence of sociologists, economists trade
unions members, not used to a mathematics language, carried us to
propose an instrument more user friendly like a FES.
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1 Introduction

The TItalian labour market shows remarkable gender
inequalities notwithstanding the advanced labour market
regulation in terms of Equal Opportunities. Italian women still
experience many inequalities at their workplaces such as:
wage differences, lower career paths, higher percentages of
fixed-term and contracts,
employment rate on average in Italy was 46.6% in year 2007
(Istat, Labour Force Survey data) far below the 60% Lisbon

target and far below men’s employment rate (70.7%)

short-term etc. Women’s

Inequalities at the workplace are reinforced by and interact
with the unequal distribution of unpaid work at home (care
and domestic work). Italian women bear a higher share of
unpaid work than their partners and when they enter the
labour market this is going to produce an unequal share of
total (paid and unpaid) work. [3],[10]. Though the Italian
situation in terms of gender equity and access to paid labour
is particularly weak gender segregation in employment is a
feature that characterizes EU27 on average as the results by
Burchell, Fagan, O’Brien and Smith [6], based on the
European Foundation for the Improvement of living and
working conditions 2005 Survey shows. The problem of
firms’ evaluation with regards to gender equity has been
differently tackled across Europe in connection also to the
different level of enforcement of equal opportunity laws and
a different level of integration of gender equality policies in
employment policies [5]. In order to improve women
employment rates and to reduce the existing gender gaps in
the workplaces the former Italian Ministry of Labour
promoted the project “Bollino Rosa” together with Isfol
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(Istituto per la Formazione Professionale dei Lavoratori). The
project started in June 2007 in the framework of the European
Year of Equal Opportunities for All and has been co-financed
by the European Commission. The test was carried out from
November 2007 until February 2008. This study presents the
fuzzy expert system (Section 2.1-3) proposed within the
Bollino Rosa project and applied to a sample (section 2.4) of
firms. Section 3 comments on the results of the application of
the system to firms involved in the project while section 4
contains concluding remarks and proposals for the extension
of the project.

2 A fuzzy expert system for evaluation

2.1

To face this complex problem and to reach an aggregated

Why a fuzzy expert system

value of the certification level, we propose a Fuzzy Expert
System (FES), which utilizes fuzzy sets and fuzzy logic to
overcome some of the problems that occur when the data
provided by the user are vague or incomplete.

This is not the natural framework of a FES, in fact engineering
problems are more typical for FES, but recently economic and
management researches have found in this instrument
interesting applications, [2], [4], [7], [8], [9], [15]. In a
multidisciplinary research, like the one we present, the power
of FES shows its ability to describe linguistically a particular
phenomenon or process, and then to represent that
description with a small number of very flexible rules. In a
FES, the knowledge is contained both in its rules and in fuzzy
sets, which hold general description of the properties of the
phenomenon under consideration. FES provides all possible
solutions whose truth is above a certain threshold, and the
user or the application program can then choose the
appropriate solution depending on the particular situation.
This fact adds flexibility to the system and makes it more
powerful. FES uses fuzzy data, fuzzy rules, and fuzzy
inference, in addition to the standard ones implemented in
the ordinary Expert Systems. From the mathematical point of
view a fuzzy system can be described as a function
approximator. [16] More specifically it aims at performing an

approximate implementation of an unknown mapping

f: Ac R" - R™ where A is a compact of R". By means of
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variable knowledge relevant to the unknown mapping, it is
possible to prove that that fuzzy systems are dense in the
space of continuous functions on a compact domain and so
can approximate arbitrarily well any continuous function on a
compact domain. The following are the main phases of a FES
design ([11], [17]):

o Identification of the problem and choice of the type of FES,
which best suits the problem requirement. A modular
system can be designed. It consists of several fuzzy
modules linked together. A modular approach may greatly
simplify the design of the whole system, dramatically
reducing its complexity and making it more comprehensible.
Fixed input and output variables, it is necessary to describe
their linguistic attributes (fuzzy values) and their
membership function (fuzzification of input and output);

o definition of the set of heuristic fuzzy rules. (IF-THEN
rules);

e choice of the fuzzy inference method (selection of

aggregation operators for precondition and conclusion);

e translation of the fuzzy output
(defuzzification methods);

o test of the fuzzy system prototype, drawing of the goal
function between input and output fuzzy variables, change
of membership functions and fuzzy rules if necessary,
tuning of the fuzzy system, validation of results.

in a crisp value

2.2 System structure

The structure of the Fuzzy Expert System (FES) we present is
very complex and contains sixty initial inputs. We try in the
space we have to explain how it is born. Reparing the
questionnaire, the economics and sociology experts fix the
macro-indicators that produce the final evaluation called
“certification”. The two are “Gender Equity”(GE) and
“Gender SusTainability” (GT). The two are macro-
aggregations may be split in other sub macro-indicators: GE
sums up two: Equity in the Firm (EF) and Equal Opportunity
(EO). They include information on what firm makes to treat
woman at the same level of man in the policy of entrance,
haw firm respects welfare laws and so on. The EF
intermediate variable, we present in detail,
information on the firm’s gender fairness in terms of wages
and career opportunities. Firms are assessed with respect to
employment equity (measured by horizontal segregation in

contains

terms of area or type of job), equity in earnings (measured by

the gender wage gap and the share of women and men in top
positions as a gross index of vertical segregation) and the
participation of women as trade unions representatives. The
other macro-indicator GT contains several types of
information: how firm takes into account work life balance
policy (WLB) that is how the way working time is scheduled
and its balance with other use of time related to the family.
The Human Resource Management (HRM) variables contain
information on firm’s recruitment methods for entrance into
work and on employees leaving or being fired by the firm.
The third Safety (S) produces information on security
policies that the firm adopts and on the awareness of gender
specific health risks at work. Due to limits of space we are
going to present more in depth the “Equity in the Firm (EF)”.
Women tend to be severely underrepresented in Italy in
apical positions [13], [14] and their low presence in apical
positions in the firm is considered in this system as a
negative element in firm’s assessment with regards to gender
equity both because:

1) it can lead to a higher wage gap at the disadvantage of
women;

2) it can be a sign of employment discrimination by gender; 3)
it can be a signal of an environment not favourable to women
progression of career;

4) it can be a sign of a human resources evaluation system
that rewards less women’s competences than men’s.

The wage gap has been computed by the ratio of women
total cost of labour to men’s. This is a gross measure of wage
gap that, in further research, can be computed as a net wage
gap by taking into account employee’s characteristics (like
work experience, tenure, education, hours of work). We have
then considered the bargaining power of women inside the
firm by computing how many women are representatives in
trade unions with respect to women employed in the firm. An
underrepresentation of women in unions representatives
contributes to decrease the value of the final outcome since
we deem that their voice cannot be enough listened in
bargaining on job conditions if they are underrepresented
amongst employees representatives. Equal opportunity, EO,
takes into account the existence of agreements with unions
and public institutions in terms of equal opportunities (the
highest mark has been given to enacted agreements and the
lowest if there are no agreements and the firm does not
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Figure 1: Reduced system layout
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intend to sign ay in the future), of affirmative actions, of
incentives to hire women,of the use of Italian Law 53/2000-
that contains measures to increase work life balance in the
firm - and equal opportunities and the presence of an Equal
Opportunity Commission in the firm. We aim at improving the
measurement of this last variable by collecting information on
the type of activities performed by the Commission. This
dimension contains also all strategies enacted by the firm to
inform and make aware personnel about gender differences
and all the actions that lead to an increase (in qualitative and
quantitative terms) of women’s participation in the firm. The
equal opportunity dimension is also extended to include
firm’s awareness of the other firms of the network in which it
operates.

2.3 Reduced system layout

We present the inputs involved in EF macro-indicator and
the sub-system in which the variable GE is split in the original
inputs.

Age. Age

SWminusSM. Gender gap in standard employment inside the
firm

DI Dissimilarity index defined as %Z}%—ﬂ where m
Sl w
|

m

and wj; are the numbers of men and women in the i-th area.
SWomen. Women in standard jobs

SMen. Men in standard jobs

DiffMang. Gender gap in managerial position

DiffResp. Gender gap in high responsibility white-collar
positions

DiffWage. Gender wage gap

W_U Women share in union’s representatives

Intermediate variables:

EmplEquity. Employment equity

FF. Equity in the firm

EO. Equal opportunities

GE Gender equity

GT. Gender Sustainability

HRM. Human resources management

Level. Level in the job ladder as percentage of women in
apical positions

S. Safety

StWork. Standard work

WageEquity. Wage equity

WLB. Work Life Balance

Now we present the fuzzyfied input variable DiffWage and a
rule block in which this variable is involved. DiffWage
measures the gross wage gap in the firm as the ratio of
women’s average labour cost with respect to men’s. As it is
possible to see, this variable enters directly at the second
step and is aggregated with the intermediate variable Level.
Level measures the share of women in apical positions with
respect to men and can be considered as a measure of
vertical segregation against women. Wage equity is then
evaluated with respect to both variables to evaluate current
wage gap and a cause of wage gap at disadvantage of
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women. All the cut points that define the fuzzifcation and the
rules have been discussed in depth inside the research group
where also the researchers who interviewed firm’s
representatives were involved.

low medium_law medium_high high

1.0

0.8

0.E

0.4

02

0.0 n:
0 0.25 0.5 0.75 1

Urits
Figure 2: DiffWage variable layout

This research step can be deemed very important both in
order to state the rules that are at the basis of evaluation in
FES and in order to detect problems in the evaluation process
and in the tools that have been used.

The following Rule Table is referred to Wage Equity: this
intermediate variable is built with the input DiffWage and the
intermediate variable Level.

Table 1: rule table of WageEquity

# | DiffRetrib Level WageEquity
1 low v medium_low o wery o

2 low ediunn_law WERY_ o

3 low medium o

4 low rmediurn_high rnediurn_ow
5 low high mediumn_high
6 medium_low rnediurn_law o

7 medium_low rnediurn rnediurn_low
g mediurmn_low rnediurn_high rediurm_high
9 medium_low v medium_high high high

10 medium_high o ([a1t]

11 medium_high medium_low medium_low
12 medium_high rnediurn rediurm_high
13 medium_high medium_high high

14 high o rrediurn_low
15 high rnediurn_law rediurm_high
16 high rnediurm high

17 high rmediurn_high very_high

The experts decided that if women’s wage cost with respect
to men’s is low or medium and women’s share in managerial
and high responsibility white-collar positions are low the
wage equity dimension assumes value ‘very low’. The
experts have suggested this rule that combines wage
differentials and gender inequalities in access to apical
positions since though the existence of a wage gap at the
disadvantage of women can be related to vertical
employment segregation one can observe wage differentials
also in the same job position. Moreover the measure of the
wage gap obtained from the sample of firms, given the
structure of the questionnaire, is a gross wage gap (not
corrected for employee’s level of education or work
experience). Inequalities in the access to apical positions can
be considered as a proxy of vertical employment segregation
by gender to which the experts’ group assigns a high weigh

in affecting firms’ gender equity. This rule block shows that
there is a function f(DiffWage Level): RZ >R increasing
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in all the two variables but they are weighted in a different
way. Looking at rules 5 and 14 we have that: 5) f{Low,
High)-> medium_high, 14) f(High, Low)> medium_low .
This table translates in a simple way what the experts
consider correct. This way to translate the experts’ position
is simpler than asking them numerical weights for the single
variables and what type of function better represents their
idea.

2.4 The sample of firms to which the system has been
applied

The system introduced in this Section has been applied to
the gender evaluation of 34 private firms of different size
belonging to the different productive sectors that have been
selected by the Italian Ministry of Labour through a public
call. The sample was formed by: 14 joint-stock companies, 2
Ltds, 3 cooperatives Ltd, 10 social cooperatives and 5 others
form of enterprise. According to the number of employees
those firms can be classified as follows: 1 micro-enterprise
(<10 employees), 12 small and medium enterprises (>10
employees <250), 21 big enterprises of which 4 employ more
than 30.000 employees. 21 firms have got a turnover of max 50
millions euro (SMEs) while 5 companies exceed a turnover of
1 billion euro per year. Concerning the economic sectors, 17
firms belong to the service industry (research and training,
welfare services, company services), 5 are utility companies
(telecommunications and public transports), 3 of them belong
to the pharmaceuticals industry, 3 to the retail trade, 1 is an
energy producing industry and 1 is a bank. The last 4 firms of
the sample belong to other sectors like: edutainment, food
production and airport management. The selected firms filled
in the self-assessment questionnaires and the sociologists
conducted in-depth interviews to the relevant union
representatives. The system has been presented and
discussed inside a group of experts to whom the results of
evaluation has also been submitted to validate the fuzzy
outcome.

3 Results

We can start by observing that none of the 34 firms that
applied to be evaluated and were selected in the Bollino Rosa
project obtained a high result in terms of “Certification
value”, the final output of the FES presented in the previous
section. The firm at the top position in terms reached a final
evaluation of 0.68 against the maximum of 1 (Table 2) and the
firm at the bottom has a value of 0.25, with 9 firms out of 34
with a value for the final outcome of the system lower than
0.40 (Table 3).At this stage of the project we cannot analyse
in depth the situation of each firm in the sample and, for
privacy reasons, we cannot provide more details about the
firms involved in this experimental phase of the project. In the
two tables we call them Ai and Ci if the firm is “not
corporate” or “corporate” respectively. Table 2 shows the
value of the intermediate and input variables of the first ten
firms (in terms of the value of the final output of the system
that we call certification) and Table 3 shows the last 10 firms.
The tables show how similar output values can be derived by
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different situation in terms of the dimensions of gendered
equity condensed in our intermediate variables. For instance
the corporate firm CO08 that performs as the not corporate firm
AO01 In terms of the final value of the FES output (0.62) shows
a higher evaluation in terms of gender equity (GE=0.57) than
in terms of gender sustainability (GT=0.65), whereas firm A01
performs better in terms of gender sustainability (GT=0.71)
than in terms of gender equity (GE=0.53). The same result in
terms of certification can therefore mean different outcomes
in terms of policies suggestions to the firm in order to
improve its ‘Bollino Rosa’ outcome. A further investigation
on the reasons of a lower evaluation of firm AOI in terms of
gender equity with respect to firm COS8 reveals that this is
connected to the high degree of vertical segregation in the
firm (with no woman in apical positions) whereas the
presence of women in apical position in firm CO8 though
lower (0.32) is higher than in firm AO1. On the other hand
both perform rather well in terms of gross wage gap.

Table 2: results the first ten best
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Table 3: of results the last ten
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000)10,12|0,201[(0301)| 0475|0000 0,200{0,000|0,332|0,24554

EmplE quity
WageE quity
Certification

Firm
DiffWage
Level

Al12
A10
A19
Al
A3
A23
A0S
A1
A1
A20

Turning to the last ten firms in terms of the final assessment
of gender certification, we can see that the bottom one
performs very poorly both in terms of wage equity (0.00) and
in terms of the equal opportunities (0.20) and gender
sustainability (0.33) dimensions while it scores better (0.575)
in terms of employment equity denoting a more equal
presence of women and men in the areas of the firm and with
regards to the type of contract. This firm is very far from a
sufficient level and has to work a lot in all the dimensions to
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be certified as a ‘Bollino Rosa’ Firm.

The results shown in the previous section can be considered
as a step in the whole process of certification that can use
FES tools for assessing firms and addressing specific policies
for each firm to reach a final assessment. The results of Fuzzy
evaluation will be transmitted to the firms and commented
upon by the relevant expert/auditor. According to the results
obtained each firm will introduce the needed changes for
correcting the gender discriminations. At the end of the
evaluation path and only when the organizational situation
within the firm will be improved, it will receive a Label that will
identify it as a “Bollino Rosa firm”, i.e. a gender friendly
workplace in terms of equity and sustainability. The process
towards certification of gender equity and sustainability
involves also an assessment of the steps towards a higher
values in the critical dimensions by means of the FES
application to evaluate the changes occurred over time. Firms
can therefore assess their level of ‘Bollino Rosa’ connected
to the strategies enacted to improve its value.

4 Pursuing in the process of certification

The results shown in the previous section can be considered
as a step in the whole process of certification that can use
FES tools for assessing firms and addressing specific policies
for each firm to reach a final assessment. The results of Fuzzy
evaluation will be tansmitted to the firms and commented
upon by the relevant expert/auditor. According to the results
obtained each firm will introduce the needed changes for
correcting the gender discriminations. At the end of the
evaluation path and only when the organizational situation
within the firm will be improved, it will receive a Label that will
identify it as a “Bollino Rosa firm”, i.e. a gender friendly
workplace in terms of equity and sustainability. The process
towards certification of gender equity and sustainability
involves also an assessment of the steps towards a higher
values in the critical dimensions by means of the FES
application to evaluate the changes occurred over time. Firms
can therefore assess their level of ‘Bollino Rosa’ connected
to the strategies enacted to improve its value. Further
research involve considering how the level of gender equity
and sustainability in the firm relates to the socioeconomic
environment the firm is inserted in. As shown in the
following chart the firm operates in connection to local,
national government and European Commission that can set
rules or adopt policies that are going to affect the firm’s
situation with regard to Gender Equity or Gender
Sustainability. For instance the National Law 53/00
introduces the possibility for firms to receive funds dedicated
to the implementation of family friendly policies that can
improve gender sustainability in the firm. On the other hand
the firm can supply childcare services for their employees but
open to other families that can improve gender sustainability
of employment in the area. Equal Opportunity Counsellor can
take an action to remove discrimination in the firm. The firms
that are suppliers or clients can be characterized by a
different degree of gender equity and the workers in the firm
are going to be affected by the equality or gender
sustainability policies of the firm. Trade unions at local or at
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national level can bargain over working hours schedule to
obtain a working time more that balances more with private
and family life. The network of relations amongst private and
public agents leading to the obtained results can itself be
evaluated calling for an extension of the evaluation process
to subcontractors, suppliers, clients. The system now
includes firms’ evaluation on the situation of clients and
suppliers with regards to gender equity and this awareness is
accounted for as a part of the gender equity dimension.
However to have a more precise information on the
interactions amongst firms in a gender perspective the whole
network of firms should be reconstructed and subject to the
evaluation process. Italy is characterized by a highly
segmented labour market (by area and type of occupation)
and by a different level of diffusion of public care services
that can have an impact on gender equity and sustainability
of work. Local labour market and institutional variables can
be inserted to provide a comparative analysis upon different
areas in Italy producing a more complex indicator of gender
equity that can be inserted in the evaluation of gender human
development.

i ]
National s "y
Govemnment Eu'upean
- : a Commission )
Region ““
| g ] Trade Unions
i ./f-.- T ---..J:. i ™ g
District | N Firm S Employers unions
.-.Mjinipalitr.x [ || Equal Opportunity
L J | Other Firms Counsedlor J
e -
Women and men employed
in the firm

Figure 3: Toward firm’s evaluation in a gendered perspective

5 Conclusions

The process of firm’s evaluation in terms of gender equity
pursued by the project ‘Bollino Rosa’ promoted by the Italian
Ministry of Labour in year 2007 requires collecting and
analysing indicators on different dimensions of gender
equity. To provide a synthetic indicator on the firm’s
situation without loosing the complexity of the different
dimensions of gender equity we have modelled and applied a
Fuzzy Expert System. To our knowledge this is the first
attempt of using Fuzzy Expert System to assess firms with
respect to gender equity and gender sustainability, though
broader issue of the gender perspective in the evaluation of
quality of work using fuzzy expert system has been
considered in [8]. Other experiences carried out in European
countries implies self-evaluation like Total Equity Prize in
Germany) or evaluation on the basis of the policies enacted
by the firms in terms of equal opportunities, on their human
resources management and on the presence of work life
balance policies (like Label Egalité in France) however they
do not use a system of evaluation structured as the one used
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in this application [5]. The micro data used have been
collected through a structured questionnaire submitted to a
sample of firms in the Private Sector that have proposed
themselves by answering to a public competition on
participation to the experiment, further extension to the public
sector and a calibration of the questionnaire should follow its
experimental phase. In this line we plan to let firms construct
measures of net gender wage gap (by connecting wages to
employees’ individual characteristics on their work
experience and education) that can improve the system of
gender equity evaluation (currently based on gross wage
gap). With respect to other systems of evaluation the
proposed method entails an analytical model of evaluation
that confers numerical indicators useful for the firm to assess
its position as far as gender equity and sustainability are
concerned allowing a backward process to detect causes of
poor grades in terms of gender certification. Another
advantage of the system is the transparency of the
evaluation system reached by a clear statement of input
variables and the rules used by the experts. Sometimes the
transparency is not an advantage especially in situations in
which politics is involved, but we think that a clear and
transparent method is better than others in which the choices
are expressed in “obscure” words in order to hide real
choices from people involved. Public institutions and
government can use the results of this model in terms of
gender certification of firms to take policy decisions. They
can also infer by comparative analyses on different areas
how different policies and agreement carried out also at local
level may interact with the gender assessment of firms in that
area. Policies to consider firms’ gender certification in gender
equity and sustainability can also be used as an indicator for
the assessment of firms when public institutions or firms
contract out part of their production. This approach, more
typical of engineering problems, finds here an interesting
multi-disciplinary — application. A very heterogeneous
research unit containing mathematics, economics, sociology,
political and trade union experts have faced this application.
The fuzzy approach has given us all the possibility to work
together, to have a common language. This language is due
to the linguistic attributes of the variables, the rules given in
a verbal way and the final interpretation of the results
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