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Abstract—One of the problems in human resources management
is selection teams. Moreover, good team is indispensable for
improving project performance. This paper proposes a new
general model for team selection. The proposed model integrates
Case-Based Reasoning (CBR) system with the Analytic
Hierarchy Process (AHP), to enhance the accuracy and speed in
the process of team selection. We test the effectiveness of the
model using medical domains of different complexities and
describe some practical experiences of using the model in the
surgical team selection process.
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I.INTRODUCTION

For creating effective teams we should first build teams and
then later selection team. The Selection teams ensure that the
right team is in place and that it will have a capable leader in
place.

Successful selection teams are still an open problem in
various fields of social, business and hospital studies. To solve
this problem, several methods were proposed such as AHP [1],
KMDL [2], fuzzy-genetic algorithm [3], multi-objective
optimization [4], fuzzy logic [5, 6]etc...

The main objective of this paper is to propose a systematic
evaluation model to help the decision maker for the selection of
an optimal team among a set of available alternatives. The
team selection problem isan MCDM problem where many
criteria should be considered in decision-making. Therefore,
this model utilizes a MCDM method (AHP) to determine the
importance weights of evaluation criteria and CBR approach to
obtain the best team for each case that satisfies the most the
decision maker preferences.

The remainder of this paper is structured as follows: Section 2
describes the CBR method and in section 3 briefly describes
the AHP approach. In Section 4, proposed model for weapon
selection is presented and the stages of the proposed approach
are explained in detail. How the proposed model is used on a

real world example is explained in section 5. In Section 6,
experimental results and data analysis are discussed. Finally,
conclusions of this study are made in section 7.

Il. A DETAILED DESCRIPTION OF CBR

Case-based reasoning (CBR) is a problem-solving
framework that focuses on using past experiences to solve new
problems [7], by remembering a previous similar situation and
by reusing information and knowledge of that situation [8].
Similar to human problem-solving process, CBR requires a
knowledge-based learning mechanism to learn from old cases
and reuse the most specific case or set of cases to ex-plain the
new situations [9].

Case-based-reasoning has been applied in various scientific
fields, one of which is medical domain [10, 11, 12, 13, 14, 15].
Aamodt and Plaza defined the four—step cycle of Case-Based
Reasoning (CBR) back in 1994 [8] described by the following
four processes [16] (Fig. 1):

1. RETRIEVE the most similar case or cases

2. REUSE the information and knowledge in that case to
solve the problem

3. REVISE the proposed solution

4. RETAIN the parts of this experience likely to be useful
for future problem solving.
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Fig. 1. The CBR-cycle
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A new problem is solved by CBR can be broken down into
two important steps: case retrieval and case adaptation [17].
CBR provides several advantages over rule base reasoning,
such as the ability to extract maximum similar information
from experience, and to dynamically update the system by
entering new information [18].

In our context of selection teams we use the approach of
CBR as a method of automatic learning for decision maker’s
Preferences over a search session. One major feature of case-
based reasoning is it can store successful solution of past cases
in case base, and when there is a new case coming, it will
search the case base to find similar cases solutions to solve the
new one.

I1l. A BRIEF OVERVIEW OF AHP

The AHP is a decision approach created to solve complex
multiple criteria problems involving qualitative decisions
[19].addresses how to determine the relative importance of a
set of activities in a multi-criteria decision problem. The AHP
is easy, comprehensive and logical. It can be used in both
quantitative and qualitative multi-criteria decision making
problems and it is widely accepted by the decision making
community, be they the academics or the practitioners
[20].AHP permits collection of all relevant elements of a
decision problem into one model to work out their
interdependencies and their  perceived  consequences
interactively. It use of pairwise comparisons forces AHP users
to articulate the relative importance of criteria and then to
decide the relative contributions of the alternatives to the
criteria [21].

The AHP method has been used in a broad of range of
domains to solve complex decision problems. The AHP
method has widely applied in industrial engineering
[22].Business [23].medical domain [24] and other field.

The AHP is a powerful decision-making methodology in
order to determine the priorities among different criteria. The
AHP method encompasses three main stages [25]:

1. Decomposing the decision problem into hierarchical sub
problems,

2. Calculating the relative importance weights of decision
criteria in each level of the hierarchy using pairwise
comparisons.

3. Evaluating the decision alternatives taking into account
the weights of decision criteria.

Many researchers have worked in this field and various
techniques have been developed. To optimize the selection of
teams, we propose a framework through this integrated CBR
and MCDM approach. First, we use one of the known MCDM
approach the Analytical Hierarchy Process (AHP) for identifies
the main attributes of a case and related priority weight. Then,
CBR to utilize these weights for calculate the similarity among
the new case and each case in the base.

IV. THE MODEL DESCRIPTION

For selection teams, this model (see Fig. 2) will help the
decision maker to find in more appropriate team directly; that
is to say, the team that is adapted to her preferences and the
need of each operation.
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Fig. 2. The structure of a team selection system

The proposed model is presented in four main steps
explained below.

A. Stepl: Case base Construction

The presentation of the base depends strongly on the
structure and content of such cases. A case-base contains
problems and solutions that can be used to derive solution for a
new situation. Among the steps of the CBR cycle, the most
important step is case representation because the performance
of the CBR system depend it [25].

In our work, cases contain a vector of attributes that define
the problem and the solution. Which correspond to the best
team that satisfies exactly the needs of operation and the
preferences of the decision maker.

A case is described by criteria and also the solution:
Criteria:

The criteria which characterizing the team choice are:

e  Thetime (T): the duration of operation

e Competence (Ct): the technical competence of
team.
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e  Communication (Co): the communication in team.
o Risk criticality (R): the criticality degree of risk.
Solution:

It is represented by the best team which satisfies exactly the
needs and the preferences of the decision maker. That is
defined by a set of criteria.

B. Step2- Calculate the weights of criteria

In this step the AHP method is used to determine the
weights of criteria for case similarity analysis. This weight is
the key to case retrieval. For this reason we use the analytic
hierarchy process (AHP) to determine the relative weight of
each attribute according to its importance and use these
importance weights to calculate the similarity among the new
coming case and each case in the case base.

The first step is to compose our problem in three
hierarchical levels presented by Fig. 3.

Goal Selection Teams

Criteria| Time Competence Communication Risk
(M (cY (Co) criticality
(R)
Alternatives Team Team Team Team
1 2 3 n

Fig. 3. An AHP Structure for selection teams

The next step is to conduct a questionnaire survey handed
to each member. The value assigned is based to the scale in
interval of 1-9. Then create square pair wise comparison
matrices of the selection criteria. The table.l [20] present scale
of preference in the pair- wise comparison process.

TABLE I. AHP COMPARAISON SCALE
Verbal judgments Numerical rating
Equal importance 1
Moderate importance of one over another 3
Strong or essential importance of one over another 5
Very strong importance 7
Absolute importance 9
Intermediate values between to adjacent judgments 2,4,58

The consistency of results obtained is found by calculating
the consistency index (CI). More consistency index becomes
bigger and more the judgments of the user are coherent and
vice versa.

C. Step3- Retrieving phase

The objective of Retrieving phase is to finding the most
similar previous cases in case base, and retrieving them for
analysis, in order to select one and reuse it in the next phase.
The similar cases retrieve depends on the cases representation,
their indexing in the case base. The objective is to measure the
similarity between the new case (operation) and the stored
cases in the case-base.

The question in our model, is which one of the previously
teams is the most similar to the new operation (case) that must
be treated. In order to evaluate the similarity, the similar
attribute collection S = {sT;... sT,} should be determined first.
Let us denote the new operation (case) to be considered by T°.
By T, we denote operation (case) stored in the case base. We
also denote by Sim the similarity degree between the new
operation and the operation stored.

In the first step, we calculate the local similarity sT;
between attribute. We define this similarity in the following
way:

-1

sT, = (1 - i)
T%nax_T%mn (1)

Where T;: the i"" attribute of the case in memory.

T°;: is the i"" attribute of the current case.

T,™ T,™": are the maximum and minimum values between
all the cases for the i attribute.

The second step, we calculate overall similarity by using
the weights associated with each attribute. We thus introduce
the importance of the attributes as a new variable. It’s measures
the importance of the i™ attribute, which we express as T;. In
our model the weights W; were calculated by using the AHP
method. A general form of similarity measure function is
shown in (2).

. L
Sim( T,T )= E_L-—Ef‘ _E"T{;?"?l o

Where T is the case in memory, T is the target case, and n
is the number of attributes of each case. Finally, the case
having the biggest global similarity with the new case will be
selected.

D. Step4: Construction of the new case solution

The objective of this phase is to evaluate the retrieved
solution. Thus, the decision-maker must judge if the selected
case is well or no. If yes, this case solution will be adapted to
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the new case. Otherwise, he passes to the second more similar
case, to the third, etc.

Finally, the new case and its validated solution is integrated
into the case base. It is than necessary to know which
information can be important to retain, how to index the case
for a future retrieve, and how to integrate the new case in the
case base.

V. COMPUTATIONAL STUDY

To assess the efficiency of the developed model, we tested
the operation of our model on a real data set that has 50
examples of a team selection’s decisions on a set of department
of operating theatre in ‘Habib Bourguiba’ hospital in Tunisia.

We report the results obtained one test on neurology
department. We have 36 employees with three disciplines (10
Surgeons, 11 Anesthetists, and 15 Instrumentalists) and we
need to select teams for each new case (operation).

Within our framework of aid to the choice of the best team
which satisfies the preferences of decision maker and operation
need. Our case base is formed by 20 operations witch satisfied
this type of operation.

TABLE II. CASE BASE CONSTRUCTION FOR THE TEAM SELECTION
PROBLEMS

Case Criteria Team

T CT CO R
1 125 4 6 1 {C2, C3, A5, 12, 13}
2 122 5 3 2 {C4,C1, A2, 11, 14}
3 130 5 5 3 {C6, C3, A6, 12, I5}
4 110 4 5 2 {C10, C2, A5, 112, I3}
5 160 4 4 5 {C4, C2, A2, 13, 12}
6 74 3 6 2 {C1, C7, Al0, 16, 114}
7 115 6 5 3 {C3, C6, A3, 19, 110}
8 65 5 4 1 {C5, C8, A1, 18, I7}
9 85 2 3 1 {C2, C1, A3, 112, I3}
10 75 4 5 3 {C7, C5, A8, 18, 111}
11 100 6 5 2 {C4, C3, A2, 110, 12}
12 92 4 6 3 {C9, C5, A7, 19, I5}
13 122 3 4 3 {C6, C10, A3, I5, 16}
14 160 5 4 5 {C6, C2, A10, 112, I5}
15 125 3 6 4 {C3, C10, A2, 114, 19}
16 140 1 3 1 {C2, C4, A6, I3, 16}
17 76 3 4 1 {C5, C9, AL, 19, 115}
18 85 2 3 1 {C3, C6, A9, 113, 12}
19 134 5 2 2 {C8, C1, A3, 115, I3}
20 124 3 5 2 {C2, C4, A2, 14, 110}
CNew | 120 5 5 3 ?

Our objective consists to searching the best team of a new
case arising to the case base. This new case is described by the
same attributes that those of the others cases in base, described
in table.1l.

VI. EXPERIMENTAL RESULTS AND DATA ANALYSIS

The objective of similarities measures is to look for the
nearest case which satisfies the most the preferences of the new

operation in the case base. Indeed, by applying Eq (1), we
calculate all local similarities between attributes (Table. 111).

TABLE III. SIMILARITIES LOCAL CALCULATION

Case T CT CO R
1 0.9473 0.8 0.75 0.5
2 0.0210 1 0.5 0.75
3 0.8947 1 1 1
4 0.8947 0.8 1 0.75
5 0.5789 0.8 0.75 0.5
6 0.5157 0.6 0.75 0.75
7 0.9473 0.8 1 1
8 0.4210 1 0.75 0.5
9 0.6315 0.4 0.5 0.5
10 0.5263 0.8 1 1
11 0.7894 0.8 1 0.75
12 0.7052 0.8 0.75 1
13 0.9789 0.6 0.75 1
14 0.5789 1 0.75 0.5
15 0.9473 0.6 0.75 0.75
16 0.7894 0.2 0.5 0.5
17 0.5368 0.6 0.5 0.5
18 0.6315 0.4 0.5 0.5
19 0.8526 1 0.25 0.75
20 0.9578 0.6 1 0.75

The relative importance weighting attributes obtained by
AHP method, W;, as listed in (Table. IV).

TABLE IV. CRITERIA WEIGHT
Attributes T CT Co R Weight (W)
T 0.1 0.086 0.076 | 0.120 0.095
CT 0.3 0.260 0.307 | 0.240 0.276
Co 0.2 0.130 0.153 | 0.159 0.160
R 0.4 0.521 0.461 | 0.480 0.465

The attributes weights are then employed in Eq. (2) to measure
the similarity between the cases in memory and the new case.
Next, we obtain the following result:

TABLE V. GLOBAL SIMILARITIES CALCULATION
Case Global similarities Rank
1 0.3065 15
2 0.4065 11
3 0.9859 1
4 0.5367 7
5 0.3058 16
6 0.7178 4
7 0.8706 2
8 0.3177 13
9 0.2791 18
10 0.8595 3
11 0.5354 8
12 0.6232 5
13 0.6156 6
14 0.3129 14
15 0.4187 10
16 0.2753 20
17 0.2830 17
18 0.2791 19
19 0.3939 12
20 0.5118 9
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The computational study pretends to analyze if the model
improves the effectiveness of team in operating theatre and
how good is its contribution. For this study, team performance
identified by 50 tests. Respectively, 10 tests in orthopedics
department, 20 tests in Urology department and 20 tests in the
neurology department. Figure 1 shows the percentage of
operation success in each department. It is analyzed the
comparison of results before and after the integration of our
model.

100
80
60 _.-"'f m old
politic
40 B New
20 7 model
0+
orthopedic  Urology neurology

department department department

Fig. 4. Percentage of successful operations

We are next interested in comparing the performance of our
model with other proceeding models for selection teams is
presented in Table. VI below:

TABLE VI. APPROACHS USED FOR SELECTION TEAMS

Models Strnad, 2010 Ahmed, 2013 Our approach
Used fuzzy logic and | Multi-objective AHP and CBR
approach genetic algorithm | optimization and
for selection genetic
team algorithm
Type of | Monodisciplinary | Multidisciplinary | Multidisciplinary
teams Team Team Team
Field Artificially Sport domain Medical domain
application constructed

domains

Sternad and Guid [3] proposed a team selection model, that
makes up for some shortages of previous models. In her model,
he used fuzzification to automatically obtain fuzzy skill
assessments from numerical data. An island genetic algorithm
is then used to find the optimal solution for problems of scale
that surpasses previous attempts. Her model is essentially a
single-objective optimization method. Although multiple
criteria are internally used to define this objective (i.e.,
compatibility of team member skills to project requirements),
the global optimum is well defined that facilitates the
extraction of such solution.

But is a limitation in cases where many independent fuzzy
objectives exist. Another restriction of that approach is a
disregard for crisp constraints like budget limits and deadlines
used by some previous approaches. He considered a batch team
selection, in which the whole project team is constructed before
the project starts. This is possible when the project
specifications are adequately detailed and stable and when the
nature of the project allows at least a speculative planning for
the whole project lifetime. Unfortunately, many real-time
projects are not like that so the teams must be frequently
supplemented. Also takes into account the criteria related to
each member.

Ahmed et al., [4] proposed a novel gene representation
scheme and a multi-objective approach using the NSGA-II
algorithm to selection bowling teams. He wused for the first
time emergent computing methodologies for an objective
evaluation of cricket team selection using a multi-objective
genetic algorithm and multiple criteria decision making aids.
The consideration of multiple objectives during optimization
and during the decision-making process provides team
selectors a plethora of high-performing team choices before
they can select a single preferred team. In a dynamic selection
of players one at a time, the team selectors may put more
emphasize in selecting such players. Some fine-tuning of the
proposed methodology and a GUI-based user-friendly software
can be developed to customize a franchise’s options, that can
be used in practice without much knowledge of multi-objective
optimization, genetic algorithms, or decision making aids. For
the optimization task, a novel representation scheme has
allowed feasible solutions to be found in a convenient manner
and enabled simple genetic operators to be employed.

But the limitation of this approach is that it takes into
account the criteria related to each member not related to the
team, and it requires a large number of cases for the release of
game very different and the performance of player in one
version of the game does not extrapolate to another version for
most players.

In order to overcome the limitations in the two previous
approaches, we proposed a new approach of selection team.
Our method based on a multi-criteria aid model and using the
CBR. The combination of the two techniques seems to be more
appropriate in our problem.

Team selection problem can be assimilated to a decision-
making problem. This is due to the fact that team selection
problems usually associate several criteria. These criteria can
be qualitative or quantitative. For this reason the AHP method
provide a framework to cope with multiple criteria problems.
Then, the CBR technique allows us to reuse base contain teams
to generate new solution that respect the new preference
decider. With this tow phase of evaluation the system can
provide a high quality teams.

VII. CONCLUSION

In this paper, we present a team selection method based on
a Multi-criteria aid model using Case-Based Reasoning
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technique. The proposed approach was tested on the real data
sets collected from the ‘Habib Bourguiba’ Hospital in Tunisia.
However, because of the nature of the information and the
difficult of obtaining the data, the number of available data
points was limited. By comparing the results obtained through
the model with those resulting, it was found that the developed
model is highly representative of reality because it use last
experience case that satisfies the most the decision maker
preferences.

The next step in our work will be the use of our approach in
other Areas. We are also planning to imbed this model in a
general project management system we are currently
developing. The model can be improved by adding others
attributes (experience, leaderschip...) which can be studied in
the future.
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