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ABSTRACT

Human effort is an integral part of any organization. The success of the project is directly influenced by the
candidates involved in the project. Due to the constraint of time and cost, selecting the right candidate for the task is a key
factor to be investigated. Researchers have proposed different optimization model for achieving the task. But, all these
models consider the input vector to be a known parameter. With the help of this vector, knowledge is derived. In this paper,
we deviate from the traditional setup and make efforts to analyze the input with the help of known pattern. The pattern is
generally binary in nature. We propose a novel research model that uses Expectation Maximization (EM) and Maximum
Likelihood (MLE) approaches for evaluating the input vector. We test the model over a personnel evaluation setup in
Startup Company. Finally, results from confusion matrix infer that, the proposed model is effective in guessing the right

personnel for the project.
Keywords: EM, MLE, confusion matrix, personnel selection.

1. INTRODUCTION

1.1 Background

Human Resource Management (HRM) is a
process of managing human effort in the organizational
setup to meet the emerging demand (Thorndike, 1949).
There is a separate department that works for the effective
maintenance of human power. Researchers have explored
different parameters for effective handling of the resource.
Such parameters are claimed as attributes that define the
persons’ professional and social character. (Safari et al.
2014) gave a new dimension to HRM by defining their job
as the process of selecting, finding, hiring, evaluating and
training a suitable work force for a certain specific task.
Following this idea, (Delaney & Huselid, 1996) claimed
that the concept of personnel selection can be viewed as a
strategy based decision making process where feasible
decision regarding human effort is made in systematic

manner. (Kabak e al. 2012) also gave a new perspective
for personnel selection, which follows, the process of
selecting the right work groups from the available set.

Based on these definitions researchers came up
with novel ideas to select the right person for the job. They
adopted both attribute based selection and methodical
based selection. The first strategy selects candidates for
the job based on the attributes possessed by the candidate.
The preference threshold is set by the decision maker and
candidates who satisfy the threshold are elected for the
process. On the other hand, in methodical based strategy, a
systematic procedure is adopted, which takes input from
attribute based strategy for evaluation. The latter idea is
considered effective and widely used in present day
research. To summarize the different attributes used for
personnel selection, we conduct a longitudinal survey
process. The results obtained from the survey process are
given in Table-1.
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Table-1. Survey on personnel selection and its attributes.

Ref # gtiifi‘l:::tz(: Realization approach Discussion
(Blue et al. 2013) Attitude Ilr)lzzcel;?gﬁ ISSSYTE:;CSSSE The role of skill and attitude was analyzed in a teamwork setup.
’ Score Results show that, these two were key factors in team building
. . The role of facial appearance was analyzed in terms of voting
(Little et al. 2007) Appearance Thematic Survey behavior.
(Garcia et al. 2013) Behavior Artificial Intelligence A tool named G{g;ﬁ:vnzrtz:Vt?;sggséin;iitfbfﬁz?igre,ly assign role to
(Rathore et al. 2016) Benevolence Immune system model Inspired. from human psychology, sensor nodes were testeq for trust
using benevolence factors. Results prove to be effective.
(Castillo et al. 2008) Beauty Empirical and Thematic Experiments were conducted to study the role of beauty in teaming.
) cases Empirical inferences were made rather than statistical inferences.
The experiment was conducted with software developers to
(Lee et al. 2013) Culture Field survey understand the effects of dispersion and the role of culture in
balancing such issues.
(Krishankumar & o Ant colony optimization and The study analyzed thej effec.ts of communication in team and project
Ravichandran 2016b) Communication Hungarian method success. It also mvestlgz_lted_ the_role of closed and open
communication in teams.
Ethics and . The experiments investigates the role of ethics and ethnicity in team
(Kamberg 2001) Ethnicity Thematic survey work and team management
Ensemble method was proposed for identification of ego centric
Ego Empirical study community. Results show that, proposed approach performs better
than other methods.
(Giordano & George . N _ Exper.iments revealed that degeption was less common among
2013) Experience Empirical analysis experienced people and thus virtual teams needed people with
adequate experience.
The role of emotions in team performance was analyzed. Results
(Karsh & Eyal 2015) Emotion Thematic study showed that, positive emotions were boosting team work and
performance.
The research analyzes the effects of familiarity in virtual team set up
(Assudani 2011) Familiarity Empirical analysis and infers that, this parameter plays a key role in boosting
performance.
, Software teams were empirically gauged for their performance using
(Ferl\r/llz?ndez)slznz & Gender Empirical study gender as a metric. Results infer that, teamwork was affected by
isra ) gender.
. .. The research addresses the effects of hatred in team performance and
(Adair 2004) Hatred Empirical study concludes that, hatred is a delimiting attribute to performance.
(Krishankumar & The factors like cost, time, quality, risk, resource and scope

Ravichandran 2016a)

Iron Star Factors

Research model

constitute the iron star factors. Ensemble classifiers were adopted to
test their effects on team performance.

(Mihalcea 2014)

Job satisfaction

Thematic study

Research on job satisfaction and performance was carried out to
understand the proportionality relationship between the two factors.

(Hausknecht et al.

The research deals with understanding the mood of the application

2004) Mindset/ Mood Research model during selection process.
The five factors namely, openness, consciousness, extraversion,
(Schmit & Ryan . - . agreeableness and neurotics were investigated and results proved
1993) ! Personality Big Five Trait model tl%at, consciousness and agreeableness arg essential for hig{)l team
performance.
The research proposes a model for understanding the effects of task
(Chan et al. 2008) Skill Research model skill on project performance. The model proves the fact that skill is
an essential
(Zhang & Zhang Trust Classification model Support V.ector Machine classifier is used to an.alyze the role of trust
2015) in overall performance of cross functional teams
(Fagerholm et al Work A new reseafch framework is developed to understand the effect.s Qf
’ Research framework different attributes towards performance. The model forms a holistic
2015) Performance

view of the attributes that affects project performance.

Based on the survey, we identified these 20
attributes that are closely related to personnel selection

and

team formation.

The fields

in the table are

straightforward and are easy to understand. From the
analysis, we infer that, prediction of attribute nature is an

interesting and challenging research area. Empirical cases
demonstrate the nature of each attribute, but deciding
whether an attribute is of benefit zone or cost zone still
remains questionable. From the literature, we found that,
quality, satisfaction, trust and personality are the dominant
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attributes used by researchers for gauging personnel at
work.

Before proceeding further, it is worth to note
some key attributes used by researchers for electing the
better work force for the project.

1.2 Problem Statement for MLE

We take an interesting scenario from the software
company where groups are being gauged based on their
previous success rates. Let us consider an illustrative
example where 3 sets are considered each set involving 5
project results. Two groups are chosen and they are given
these 15 projects for completion. Projects involve logic
development and coding. The success or failure is the
class that is determined for each trial. Based on this record
a data set is to be developed. The objective of this
illustration is to find out whether group A or B is
viable/feasible for the next project.

1.3 Problem Statement for EM

In this section, we modify the scenario and get
the data set for the 15 projects (3 set each having 5
projects). In this case, the data is known but the group that

performed the data is kept anonymous. Now, the
interesting challenge here is to find out the possible group
that adheres to the sample space.

The rest of the article is constructed as, Proposed
research model in Section 2, Procedure for MLE in
Section 3, Procedure for EM in Section 4, Results and
Discussion in Section 5 and Conclusion in Section 6.

2. PROPOSED RESEARCH MODEL

Let us now propose the generic research model
for the investigation of teams in the organization. The
architecture is given in Figure-1. It consist of the data feed
phase where the initial data is fed for processing. The
teams’ previous project success rates are fed as input
based on the interviews. The process phase formulates a
work cube for understanding the efficacy of each team.
The procedure for two methods in the work cube is given
in section 3 and 4. The results from the work cube reach
the response phase where an optimal team is chosen for
the next task. The research model is simple and
straightforward. Henceforth, any organization can easily
incorporate the model and make rational decisions during
team selection process.

Y

Project MLE EM

method method

repository

- Accurac Feasible
Confusion Estimat: Group
matrix selected

Figure-1. Proposed research model.

3. PROCEDURE FOR MLE

The MLE is the process of finding a suitable
value for the likelihood function that maximizes the
distribution. It is represented mathematically as x" and its
given in (1).

#" — HZx(l _ H)n—Zz
ey

where 6 is the estimate value.

The steps for MLE are given below:

Step 1: Consider the set of projects and its completion
rates. Form a matrix using the given data. The
instances are binary in nature with 1 for success
and O for failure.

Step 2: Find the probability of success and the
probability of failure separately. This estimate
determines the chance for success and failure by a
group. Mathematically it is given by (2-3).

# of events occurred
A = Hofevents occurred @)

# of total events

__ #of events occurred

Ny = 3)

# of total events
Step 3: Using this estimate, the managers can make
rational decisions about future. This value
indicates the previous success rates. If the success
value is higher, then the future scope for the
group is high. This estimate is however not fully
right as the success in current task is an
independent parameter of time. But still, this
estimate gives some confidence to the manager
regarding the working nature of the group and
hence can be used as an opinion metric for

gauging groups.

4. PROCEDURE FOR EM

The data associated with time factor are well
defined using Markov models. The EM is an algorithm
that can be deployed with this model to obtain
computationally effective result. The main purpose of EM
is to handle missing and incomplete data. Researchers
have proved that, optimization in EM is difficult when
compared to optimization in MLE. The EM is the
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generalization of MLE. In general, EM is the log
probability of the given set of data.

The complete set of data forms an objective
function which is of log term. This function is solved
using MLE and we obtain global optimum. Whereas, the
incomplete type of data forms an objective function that
cannot be solved using such mechanisms. The result for
such data reach local optima and choosing global optimum
from these local optimum points is often tough and
misleading. To overcome this issue, EM concept is used.
According to this approach, the problem of optimization is
divided into modules with each module capable of
reaching global optimum. These sub modules are further
integrated to obtain the net global outcome. The EM has 2
stages namely E-stage and M-stage. In the E-stage, a
feasible point A is determined which sets the lower bound
for the log term. On the other hand, the M-stage fine tunes
the feasible point to find global solution. This mechanism
is iterative and the steps for implementation are given
below (Do & Batzoglou 2008):

Step 1: Choose arbitrary probabilities for the events as
initial points. We name them as Ajand A5.

Step 2: Now, we begin the process for E-stage: With the
random points from Step 1, we calculate the new
probability for the events. We adopt binomial
distribution for this. We then normalize the
results of binomial distribution to get the new

probabilities for each of the event.
Mathematically, it is given by (3-4).
Bd — PXQn—x (3)
. _ B¢
B = SBa )

where, P is the success, Q is failure probability and B} is
the normalized estimate.

Step 3: Calculate the values of success and failure in each
set using (5). Use this and apply (2-3) to estimate
another set of probabilities for each event. This is
again fed to Step 1 of EM.

Step 4: We follow, Step 1 to Step 3 repeatedly until we
obtain an optimal point. The stopping condition
for this iterative procedure is determined when
for two successive iterations the value does not
change.

5. RESULTS AND DISCUSSIONS

Let us now deploy the two methods to solve the
research question under study. The RQI1 is solved using
MLE and RQ2 is solved using EM. The two questions are
challenging and interesting. These questions arise in
managers’ mind every time a new project is to be initiated
and completed successfully.

The RQI deals with finding a suitable group for
the project provided their history of previous success rate.
Now, we apply the MLE procedure for solving this.

Consider 3 sets with 5 projects in each set for two groups
A and B. Table 2 clearly shows the scenario.

Table-2. Success rates for each set of project.

Set of projects
Scenario
I 11 I
Group A 10011 01001 11010
Group B 00110 10010 01110
Table-3. Probability estimates.
Probability Set of projects
estimate I I I
0.6(s), 0.4(s), 0.6(s),
Group A 0.4(f) 0.6(f) 0.4(f)
0.4(s), 0.4(s), 0.6(s),
Group B 0.6(f) 0.6(f) 0.4(f)

The Table-3 above shows the probability of
success and failure for each set of projects. We obtain this
by using (2) and (3). Now, we apply MLE to estimate the
final probability for the two groups.

Total Success of Group A =1.6
Total Failure of Group A =1.4

MLE of Group A 0, = = = 0.5333

Total Success of Group B = 1.4
Total Failure of Group B =1.6

MLE of Group B 05 = =* = 0.4666

Thus, the net MLE is given by Table-4. From
this, we observe that, Group A is a better choice for the
next project under consideration.

Table-4. Estimation using MLE method.

Calculation of MLE
Groups :
Success (%) Failure (%)
Group A 53 47
Group B 47 53

Now consider RQ2 which is another interesting
challenge in the organization. According to RQ2, we have
a set of events indicating project success and failure rates.
But, we are unaware of the group that yields the result.
Now, the objective is to find the group that yields this
result. For this, we apply the EM procedure. The process is
an iterative mechanism and the implementation of EM is
given below.
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Table-5. Formulation of RQ?2.

Table-7. Performance analysis between methods.

Set Value Set (s) MLE (%) EM (%)
Set 1 01011 Set 1 60 80
Set 2 10011 Set 2 60 80
Set 3 11000 Set 3 60 100
R Set 4 40 80
. Consider the initial probability, Ay = 0.5 and Set 5 40 30
Ao = 0.6. Now, apply the procedure for E-stage. From (3)
and (4) we get, Set 6 60 60
; , Set 7 40 60
A =(0.5)°(1-0.5)* =0.03125
B = (0.6)*(1 — 0.6)? = 0.03456 Set8 60 100
Set 9 80 100
. A* = 0.475 and B*' = 0.5'25. are the two success Set 10 30 30
probabilities that are normalized. Similarly, set 2 and 3 are
also constructed. For set 2 A* = 0.475 and B* = 0.525. Set 11 60 60
For set 3 A" = 0.576 and B* = 0.424. Set 12 40 100
Now, we start the M-stage by multiplying the
normalized terms with the respective probabilities. Table-5 Set 13 40 80
shows the estimation of the adjusted probability. Set 14 60 80
Table-6. Estimation using EM approach. Set 15 80 100
Net Accuracy 57133 82 67
Set Estimated values using EM Estimate ) )
1 2.85 (A A5 (B
Set 85 (A) and 3.15 (B) From Table-6, we observe that, EM approach
Set 2 2.85 (A) and 3.15 (B) performs better as it is an iterative procedure for finding
Set 3 2.30 (A) and 1.70 (B) the right candidate for the task. The net accuracy of the

The new probability estimate for the two groups
are given by, A4 = 0.5and A% = 0.5. The process is done
iteratively to optimize the feasible points. The feasible
point thus obtained is A4 = 0.55and A = 0.4. This infers
that Group A is a better candidate for the new project
compared to Group B and also we can observe that, Group
A is the optimal candidate for the set of projects.

In order to test the power of the proposed model,
we deploy the model to different test scenarios. These test
scenarios are projects that are previously done by the
groups. Now, our objective is to test whether the proposed
model predicts the group correctly or not. To achieve this,
we form confusion matrix. We take 15 sets for our test
case with each set containing 5 projects and perform the
analysis. Table-6 shows the performance analysis for each
of these trails.

EM approach yields a value of 82.67%.

6. CONCLUSIONS

In this paper, we propose a research model which
employs EM and MLE approaches for solving common
and challenging issues in the organization. These are
framed as RQ1 and RQ2 which are solved using the
proposed research model. To further test the efficacy
between methods, we take up a common question and test
for different trials. We form confusion matrices to
determine the accuracy for each method. The results infer
that EM approach performs better compared to MLE as
the method follows iterative mechanism. As a part of
future work, different research models deploying different
methods can be proposed and other challenging questions
like strategy selection, policy making and performance
optimization can be tackled. Also, fuzzy based approaches
are planned for effective handling of vagueness and
uncertainty in decision process.
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