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Abstract

Skills Management is an essential concept of human resource management in which a skill
inventory may be created for each employee and managers can assign tasks to workers
based on worker’s abilities. This concept is not fully practiced for two reasons: i) employee’s
skills are not effectively evaluated and documented, ii) tool support is deficient to manage
this complex task. Ineffective skill management of an organization fizzle tasks assigned to
the incompetent employees and this may lead to project failure. To fill up this gap, a survey
is conducted across various software organizations to find out the best practices for the

skill management and to gather requirements for skills management framework. Based on
survey findings, a mathematical framework is proposed that calculates the soft and hard
skills of employees automatically based on time and achievements as skill increases or
decreases over time. In this framework, the Skills Calculation Engine (SCE) is developed for
the managers to enhance the capacity of appropriate decisions making in assigning tasks to
the rightly skilled workers. This framework is also useful for organizations as it can increase
profitability as tasks are assigned to the most appropriate employees. The SCE is imple-
mented as a Windows-based application to calculate skills, store skills in skills inventory,
and assign tasks based on an employee’s skills. The skills management tool is evaluated in
a facilitated workshop; furthermore, a feature-wise comparison of the tool is also made with
existing tools.

1 Introduction

A Company must be acquainted with the skills of the employees so that the right person can be
selected for the right job. Researchers [1] identified that software development/maintenance
projects either in-house or outsourced will only be redsuccessful if appropriate human
resources are engaged in it. If the organizations fail to assign suitable human resources in proj-
ect activities then these organizations will face constant failure [2]. Hence, for the success of a
project, appropriate tasking of employees is very crucial [3]. In many software development
organizations, the required skill assessment system is not being implemented due to lack of
awareness of its strengths [4].
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Software projects are different from other discipline’s projects because the success of soft-
ware projects depends on how effectively and efficiently human skills are utilized [4]. Unfortu-
nately, there is no broad approach and tool support for monitoring and evaluating human
skills [5-7]. Researchers agreed that there is a severe need for calculating human skills [6], but
due to the un-availability of skill assessment systems, organizations are losing time and money.
Due to competitive pressures in the industry, it is obligatory to adopt the Decision Support
Systems (DSS) for skill assessment. By adapting computerized DSS, organizations will be able
to utilize time efficiently in decision making and to perform tasks in a better way [8].

Employee’s skills are overlooked in the software development industry because determining
relationships between employee’s skills and software development is a complex task [9]. As a
result, assigning an employee to an appropriate task is hard to put into practice in big organi-
zations [10]. Due to large-scale human resources, it is challenging to update the skills of all
individuals. Global firms are facing more difficulty in managing employee’s skills efficiently
[11]. To tackle such problems, it is very decisive to maintain detailed information about the
employee’s qualifications, experiences, and expertise. It is nearly impossible for the managers
to retain a comprehensive profile of all employees without an effective software support [12].
Similarly, managers are unable to memorize the employee’s skills and knowledge for assigning
specific tasks to skilled employees.

The need for computerized skills evaluation is increasing day by day because using a tool to
manage skills improves decisions precision [13, 14]. Researchers explored this fact saying that
taking the right decisions is very important for the success of software projects/ industry [15].
Researchers are now focusing on multiple skills of individuals during project scheduling [16].
A pool of multi-skilled employees is available, but allocating a particular employee to a specific
task requires consideration of enormous parameters like Product Development Life Cycle
(PDLC) time, skill efficiency gain and cost [17].

Above in view, it is the need of every organization to assign tasks to employees, according
to the skills they possess. But it is very challenging to find which project task is suitable for
whom. As skill calculation is a difficult task, so most of the time managers fail to assign tasks to
the employees according to their skills [13, 14]. In this paper, we proposed a skills calculation
framework and it calculates the skills of employees before assigning tasks. In this framework,
the skills are calculated by considering various factors which include: responsibilities assigned
to an individual, the task performed by an individual, education, training, and emotional intel-
ligence (ability to control emotions and achieve goals). The proposed framework automatically
increase or decrease the rating of skills based on employee’s performance, experience, and
qualification. It provides benefits to the organizations, management, and employees. Managers
can calculate the skills of the employees; employees get tasks according to their skills and will
be in a better position to perform well. The major contributions of this research are as follows:

o A survey is conducted across various organizations to understand the existing practices for
skills management and to gather requirements to develop the skills calculation framework.

« An algorithm and a mathematical framework are proposed that calculates the skills of
employees based on their profile. The algorithm will increase or decrease the skill over time.

o A prototype software tool is developed to automate redskill calculation and skill inventory
management. The software is evaluated by various experts. We uploaded our tool online for
future research and improvement.

« Comparison of the prototype software tool with existing literature and the existing software
applications [18-20] is also made.
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In the rest of the paper, Related work is given in Section 2. In Section 3 our research meth-
odology is given. An overview of the proposed framework to calculate skills is provided in Sec-
tion 4. Section 5 covers the system implementation details. Evaluation and Comparison of our
tool are presented in Section 6. Finally, the conclusion and future work are presented in Sec-
tion 7.

2 Related work

For knowledge intensive organizations, human resource management is one of the key factors
for success. To find the right person for the right job is of prime importance and is one of the
major issues for organizations. Managers assign projects to those employees whose skills are
relevant to the project. Human skills are important because most of the studies have proved
the fact that employee’s skills should be relevant and contributes towards the success of the
project [10, 21, 22].

Kerzner [23] discussed that evaluating and balancing employee’s skills require a lot of effort.
The decision to utilize either task skills or people skills is the major pitfall. Employee’s assign-
ment to tasks should be proportionate with their skills, otherwise, this may lead the project
towards failure. Badaracco et al. [24] proposed a procedure for the item using a multi-criteria
decision model for competence training. Computerized Adaptive Tests (CAT) adaptation
accuracy to the student’s proficiency level is improved by the proposed approach. This
approach is not suitable when it comes to the applicability to different sectors. In the mean-
time, tests are adapted to the students’ competencies, but the competency analysis to map and
fill competency gaps is not supported. Therefore, a generalized approach is needed for the eval-
uation of skills required in projects because numerous types of human skills are required in
projects and these skills need to be updated constantly.

For the better performance of the firms, a proper assortment of expertise is very decisive.
Researchers focused on two main approaches for the selection of experts, i.e. relative methods
and absolute methods [19, 25-27]. It is evident from literature [26] that certain criteria are
used for defining levels of expertise. These criteria can be written criteria or professional
achievement [28]. The European Commission, 2008, in its work explores the literature which
aims to enrich the definition of competence and to cover all potential criteria for competence
management. However, there is no practical implementation of the concept. As a conse-
quence, their work offers a very good theoretical basis and foundation for our research area.
The integration of scientific methods/algorithms in this regard will add significant additional
benefits to the results of this study [29].

Wang et al. [30] proposed multi-objective algorithm which addresses the scheduling prob-
lem of multi-skill resource. The idea is to minimize the cost during the scheduling process.
The algorithm takes the advantage of knowledge to perform sequential search and to reassign
and readjust the resources to respective tasks. Although this approach is useful, but the emo-
tional intelligence factor is ignored during multi-skilled resource scheduling.

Huan et al. [31] utilized a multi-purpose evolutionary technique to optimize the expansion
of competency sets by multiple criteria. This works lacks in term of flexibility as the adaptation
of their proposed approach to a different range of areas is not adequate.

Ahmed et al. [16] also identified the fact that many organizations face serious problems
because project managers are unable to understand the project’s requirements and the skills
required to accomplish the project. Their work provides a theoretical basis of the skill required
in different phases of software development [16, 32]. The theoretical basis is not adequate and
requires skill management system. To solve such problems efficient utilization of the resources
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and a skill management is crucial because every individual is not fit for every task as they have
different abilities and traits.

Amiri et al. [33] proposed approach is based on a hybrid model which uses multi-criteria
decision making to assess the company’s expertise. The approach also provides practical results
of implementation. However, it lacks generality and flexibility in various fields and failed to
give a basis for the competences model. The scope of application is also different from this
work as it applies to the capabilities/competencies of companies rather than individuals.

Olsen [34] explored that to accomplish certain tasks, skill management tools and techniques
should be efficiently managed and implemented. Lee et al. [35] and Lin et al. [36], work
includes the core competencies of technical experts for integrated circuit design and research
and development. Both areas require necessary expertise in high-performance. Different
approaches to competencies management were investigated in both papers, but the practical
implementation and application of algorithms are missing.

A job description is a common approach for human skill management. Job evaluation is
possible by using skill level and other factors of employees [37]. In most organizations,
employees themselves rate and maintain their information. If they rate themselves too high,
they can face some difficulties because if they fail to meet targets or fail to answer questions
about their high ratings, their reputation will be suffered in front of their colleagues. A com-
puter-based test method developed in the project “Measuring Experimental Competences in
the Large Scale Assessments” [38] allows accurate and reliable measurement of experimental
capabilities comprehensively. “Technology-based Assessment of Skills and Competencies in
VET (ASCOT)” [39] as an initiative consists of 21 projects covering six key areas and requires
close collaboration between research institutes, VET professionals, and facilities. Most of the
projects in this initiative are theoretical studies that do not apply computer methods and are
limited to academic skills without application. At the same time, these projects focus only on
the evaluation phase, rather than sorting and matching job applicants and the selection of
qualified employees.

Furthermore, researchers analyzed [40] that it is the responsibility of the project manage-
ment team to analyze the project output, accomplishment, and fulfillment of the goals. For
obtaining these goals, some internal performance measures must be implemented [41]. But
assessing the performance of the projects is very crucial [42]. Jiang and Klein also explored
that performance can be measured through output level, time management and the actual cost
of the project [43]. Although accomplishing project success is possible only, if the workers/
employees linked with the project are skillful and specialists in particular tasks. A skill evalua-
tion is needed before assigning any task to an employee; otherwise, this would impact in proj-
ect’s productivity.

The quality of software development depends on the skills of developers. Therefore, it is
really important for PMs to first determine the proper skill set and then assign activities for
said purpose, Chandsarkar et al. [18] built a small application for PMs to efficiently organize
and retrieve resources. This application retrieves employees with the best skillset and if an
exact match is not found then it provides the closest match.

The project manager needs an automated skill evaluation system. But unfortunately, orga-
nizations are not utilizing skill management systems properly because the skills and qualifica-
tions of employees cannot be determined by a single tool. Hence, incorporating these two
factors in a tool increases the production and profitability of an organization [21].

In order to keep a detailed profile and to track the skills and qualifications of employees, it
is very important to use the skills management system. Because it helps in finding suitable and
skilled employees with appropriate qualities and abilities and then it is easy to position an indi-
vidual for different tasks. The human resource department also uses this system to match the
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skills of employees for certain tasks and then assign tasks accordingly. Moreover, it saves time
and costs of the overall project [16, 32].

Project managers believe in continuous improvements in technical abilities and for this
training and development programs need to be promoted to bring improvement at the organi-
zational level [16, 44]. The training should be arranged by keeping in mind that particular
skills need to be enhanced. Training, developments, and technical improvements will bring
positive change in the organization in terms of the improved capabilities of employees, task
accomplishment and flexible workforce environment [44, 45].

The approach proposed supports the requirements of Competence Management System
(CMS) as found in the general definitions of competence and CM (Competence Management)
in this section. These requirements in particular are considered in establishing the reference
mathematical model. Overall, an in-depth review of the literature makes it clear that CMS
demands a scientific and workable mathematical approach to improve job performance in an
organization. It can be observed in the literature review, previous efforts in this area have
come primarily from an HRM and psychological perspective, relying on paper-based and tra-
ditional practices, and deficient integration of computer science methods with CMs.

Furthermore, after the literature review it has been concluded that any EBSMs at least
includes: (1) required competencies identification (exploration of competencies), (2) acquired
competencies/skill evaluation (capability assessment), (3) analysis of competencies/skills
(required and acquired skills matching) and (4) provide recommendations for further capacity
development planning and improvement of competencies/skills gaps (capacity development).
Most of the research projects reviewed used traditional assessment methods for competencies.
As mentioned earlier, these methods have difficulties in adopting such an approach to new
fields (careers).

In most of the literature, it is discussed that one of the main challenges is the lack of a gener-
alized and efficient competence matching method. Considering the European refugee crisis
and the main problem of skill mismatch, this work effectively encourages e-recruitment in the
form of skill discovery and matching solutions. The proposed EBSMs can be adopted easily for
software organizations because it provides a mathematical basis for evaluating competences.

3 Research methodology

Our research methodology as shown in Fig 1 is divided into four major steps i.e. survey, devel-
opment of the framework, implementation of the framework, and finally validation of frame-
work. Details of each step are given below:

As the motivation for the proposed framework in the paper, we have gathered data through
questioners [46] from the various software organizations. In this survey, the forms are filled by
Team Leads, Project Managers, HR Managers, Program Managers, Testers, CEOs, Developers,
CTOs, Designers, and System Analysts. We anonymized the identity and organizations of sur-
vey respondents as the identity of respondents is not used and required in our research. The
sampling method we used is convenient sampling because we want to gather requirements
from all employees. The survey is conducted in a short time using this technique. The ques-
tionnaire is designed after exhaustive brainstorming and literature review [5, 7, 9, 30, 37] to
collect information about the expertise of an individual working in the software development
industry. This questionnaire is categorized into five sections as given below and contains 28
direct and indirect questions.

o Concept verification—The first section of the questionnaire verifies the concepts that are
base of this paper. We have asked different questions to verify that either we are moving in
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Fig 1. Research methodology.

https://doi.org/10.1371/journal.pone.0255928.9001

the right direction or not. These questions are related to the verification of multiple skills
concepts, skills rating mechanism, and practices.

Skill Rating—This section presents various skill rating methods to get feedback from the sur-
vey respondents about the best method for the software development industry that should be
opted to rate skills.

Resource Allocation Practices—This section covers questions related to human resource
allocation practices. Resources are allocated based on the job description, expertise, or suc-
cess rate.

Relation between Resource Allocation and Skill Management—This section finds and
explores the effectiveness of the skill management concept for resource allocation. Many
questions have been asked from the survey respondents about what are their expectations
from a system/tool while allocating resources to projects. Respondents have been asked to
give feedback on the tool support in the software development industry to evaluate/rate
employees based on expertise. The tool should have functionality to facilitate the resource
allocation process.

Expertise Based Skill Management (EBSM) Requirements—This section of the questionnaire
collects user’s requirements and their expectations about the EBSM model. Feedback about
the integration of EBSM with project management software is also gathered.

After analyzing the results of the survey, we developed the mathematical framework to cal-

culate the skills. The framework is implemented as a windows application in C# language. SQL
Server is used to store the data. The tool is evaluated by using three methods i.e. i) Question-
naire; ii) Facilitated Workshop and iii) Comparison of our prototype tool with existing tools.
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4 The proposed framework

A framework to improve the skills management as shown in Fig 3 is proposed after analyzing
the results [46] of the survey. The proposed framework covers the limitations of Feng et al. [7]
which states that employee’s skills are not consistent with the management practices of soft-
ware development organizations. The population of the study as given in Fig 2 is employees of
software companies. The majority of the population is developers and project managers. We
distributed 200 questionnaires out of which we get 57 responses, the response rate is 28.5%.
The responses help us to figure out the important requirements that are considered for devel-
oping the framework. Highlights of the survey results are given as under:

Concept Verification: 82.45% marked agree or strongly agree by the statement that Employees
have many skills other than their job description. The idea that skills should be rated based
on proficiency is agreed upon by 89.47% people. 68.42% participants admit to utilizing the
extra skills of their subordinates. 42.1% people believe that emotional intelligence can serve
as an adequate measure of the proficiency and skill of employees.

Existing Practice for Project Resource Allocation (PRA): 48% respondents do skill management
based on the job description. They use the experience of an employee as a measure of his/
her skill level. 50% have the desire to gauge the skills using measurements of performance.
Currently, PRA practice uses a Job Description and Success Rate based approach.

Resource Allocation Problem: 43% struggle with finding suitable employees to give project
work. 30% report that they have a shortage of skills record.

Unrelated Jobs Assignment: 46% people recruited are not suitable human resources (employ-
ees) and then assigning jobs to the recruited resources which are not relevant or beyond
their expertise.

Skill Management (SM) and Resource Allocation (RA): 77.19% do not use any kind of skill
management software, while 40.35% of people feel that they do not require any such tool.
84.21% people have the belief that project resource utilization will be positively impacted by
skill management. 91.22% people think that an organization’s overall performance can be
increased with aid from skill management. 96.49% of people think that project management
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will be helped by adequate skill management. The EBSM approach is chosen by 82.45% of
people while 89.47% of people wish to integrate the skill management in the project man-
agement software.

Integration with Project Management Software: 36% of people wish to view the record of the
skills in the resource sheet, while 40% expect that there should be a separate view for skills
and 24% think that skills should be visible in the resource calendar.

EBSM Model Requirements: The requirements for most people include; module to rate skills,
module to enter educational data, the record of success/failure of current and past projects,
training record of employees, job description record of employees, and seamless integration
with project management software.

Fig 3 shows the conceptual model of the framework of the product proposed in this paper.
It addresses the requirements for calculating the expertise and skills of an employee, supports
the project manager in decision making for assigning the job to the most suitable and qualified
skilled personnel. The framework is implemented as a tool to facilitate the decision-making
process by calculating the skills of an employee working within the organization. Require-
ments for the framework are captured from each section of the survey. From the concept veri-
fication section, it is validated that employees possess multiple skills. The skill calculation is
based on training, responsibilities / experience, performance, educational record, and emo-
tional intelligence. Therefore, we include these features in the framework to calculate the skills.
The framework should rate the skills on a scale of 1 to 10 based on the feedback of the partici-
pants. Currently, managers use expert judgment to measure the skills; therefore, we designed a
Decision Support System (DSS) to facilitate managers to rate employee’s skills. The DSS rate
each skill of employees; whereas, the performance management system rates the employee’s
overall performance.

From the existing practice for RA and resource allocation problem section of the question-
naire, we get more information about resource allocation and the root cause of the problem in
assigning resources. The resources are assigned based on their success rate. The proposed
framework helps project managers to find suitable employees for the tasks because the project
manager will have the information of all employee’s skills along with skill ratings.

The next three sections of the questionnaire, provide information about the usefulness
of the skills management system and user requirements/features that should be included
in the framework. Most of the participants want to use skills management systems in their
organizations and the various features to be included in the framework which are given in
Table 1.

Authentication and ]
Authorization Update SKill

< ”
et
2

o
v

-

® Task Performance

® Responsibilities

Employee Skill T y
Profile Skill Calcalation *o’ # Emotional Intelligence

S <+ P AN,
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Fig 3. Proposed framework.
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(O

PLOS ONE | https://doi.org/10.1371/journal.pone.0255928  August 16, 2021 8/20


https://doi.org/10.1371/journal.pone.0255928.g003
https://doi.org/10.1371/journal.pone.0255928

PLOS ONE Expertise based skills management system to support resource allocation

Table 1. Features of framework.

Sr. No. Features

Job description record

Employee experience/profiling module

Training record

Success rate of employee

Skill rating facility

Emotional Intelligence record

NN e W N

Expertise based rating of skills

8 Integration with project management software

https://doi.org/10.1371/journal.pone.0255928.t001

4.1 Skills calculation algorithm

We devise a skill calculation algorithm after extensive literature review [5, 7, 9, 30, 37] and get-
ting feedback from practitioners in the form of a questionnaire. Skills calculation consists of
six steps. As proposed in the existing work [7], we also included problem-solving and analyti-
cal ability in skills calculating algorithm. All steps of the skill calculation the algorithm are
given in Fig 4. The description of notations used in the algorithm is given in Table 2.

Step I: In the first step; we created the skill matrix which consists of various skill items that
are required in an organization. Levels are defined from 1 to 10 for each skill item; where 1
means lowest and 10 means highest. The number of skill items can be represented by a matrix
as shown in Eq (1).

Stnitial = {87 M;, B,AB,PS} (1)

Where S;piia1 is the initial skill matrix, S = Specialization in a major subject, M; = A set of
minor subjects (i.e. M1, M2, M3,. . .), B = Behavior rating, AB = Analytical ability and think-
ing, PS = Problem solving. Each feature is shown on the right-hand side of Eq (1) number to
represent the skill level.

— STEP 1 —— STEP 2 STEP3
Define SKkill Define Skill Define Skill SetE Find Mean of
Level Set Items (Educational Skill Set) Skill Set
F -  PR—————
E = SetEx 'y
9 v (Experience Skill Set) } -x

STEP 4

STEP 5

If Training
Update Skill based Required?
on Training

Rals

. 8. 8.8 ¢
& i

— Project Performance
| Update Skills
=
Job Performance

® ® © 0 @
STEP 6 P S Y

Update Skill based on
Manager’s Feed back

(]
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Fig 4. Skills calculation algorithm.
https://doi.org/10.1371/journal.pone.0255928.g004
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Table 2. Algorithm symbols representation.

Notation Description
Er Employee’s experience in a subject
SL Skill Level
Stnitial Initial Skill Items/matrix
BR Behavioral Rating
BRg Satisfied behavior
BRg Good behavior
BREyc Excellent behavior

(Eb) Beginner

(EF)Intermediate

Employee is a Beginner

Employee is not Beginner or Expert

(ER)Expert Employee is an Expert
SLgx Skill rating based on experience
SLg Skill rating based on Education
PM Project Manager
Tset Training Set
Elg Satisfied emotional Intelligence Level
Elg Good emotional Intelligence Level
Elgye Excellent emotional Intelligence Level
PS Problem solving Skill
AB

Analytical ability

https://doi.org/10.1371/journal.pone.0255928.t002

Sinitial 18 populated with the information given by the Employee. This initial matrix will be
updated later based on the employee’s education and behavioral record. Analytical ability and
problem-solving skills are important to consider before job assignments along with technical
expertise. An employee with these skills can deal with the dynamic and challenging environ-
ment [47].

Step 2: In step 2; we created the two subsets SetE (Educational Skill Set) and SetEx (Experi-
ence Skill Set). SetE is calculated based on the educational record of the employee. The highest
rating is given to major subjects. If the employee has previous experience, his Setg, (as shown
in Eq (5)) is created and skills are rated based on working years for each subject as shown in
Eq (2). Only the main field(s) of employees will be rated in this step.

(EF)Beginner =1 if 1 S x < 5, or
SLEx = (EF)Intermediate =9 if 5 S X S 97 or (2)

(EF)Expert = 10 lf X Z ]‘0

BR =1 if 1 <x<bjor

BR=<{ BR; =5 if 5<x<9;0r (3)

BR, =10 if x> 10

Exc

Eq (3) is used to calculate the Behavioral Rating of an employee on a scale of 1 to 10.

SL BR
s, = S+ B8 “
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Eq (4) is used to take mean value of SLg, and BR. Here we added BR because we consider
the attitude of an employee towards work. So, the employee’s experience level is also updated
based on the behavior.

Sety, = {SLy s SLgo, SLpgs - - - - - - ,SL;..} (5)

The Setg, matrix is formed using Eqs (2) and (3), which measures skill level of an employee
in each subject/field based on experience and behavior. If an employee has experience of 1 to 5
years, the employee is assigned the value 1 which means he is at beginner level. If an employee
has an experience of 5 or more than 5 years but less than or equal to 9 years then value 5 is
assigned, which means he is at the intermediate level. Similarly, if an employee has experience
of 10 years or more then PM assigns the value 10, which means that the employee is an expert.
Eq (5) shows the skills rating of an employee in each subject/field based on his experience,
Where SLgy, is an employee’s experience in subject/field 1 and SLg,, is employee’s experience
in subject/field n.

It is important to take the mean value as each item is rated on a scale of 1 to 10. So, Eq (4) is
used to take the mean/average value.

S=v Z1;o0r
SLy = (6)

M, =v, Z2

where Z1 = Project Manager (PM) assigned value (v) to the specialized subject on a scale of
1 to 10 and Z2 = PM assigned value v to minor subjects on a scale of 1 to 10 for a given
employee.

Set, = {S, M} (7)

The Sety matrix is formed using Eq (6), which measures skill level based on an employee’s
education. A manager rates major subject (S) and minor subject (M;) on a scale of 1 to 10 but a
higher value is assigned to specialized subjects as compared with minor subjects. Eq (7) shows
the skill rating of employees based on educational records. The educational set covers the skills
that an employee learns in university [6].

Step 3: In step 3, SetE and SetEx is merged and the database is populated with the mean
value of SetE and SetEx.

Set, Set,
SkillRating = w (8)

Step 4: The input to step 4 is an initial skill matrix (Syyia1) of an employee that is created at
the configuration of software, refer to step 1 of Fig 4. In step 4, the skills of the employee will
be updated (rated higher or lower) by the manager based on the performance of the employee
using Eq (9). Here the performance of an employee related to project activities, i.e. soft/hard
skills, and performance at the workplace, i.e. attitude, punctuality, soft skills, etc. will be rated.
Eq (9) will be automatically updated by software.

Skill,,, = update(Skillg,,) ®)
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Step 5: In this step; the skills of an employee will be updated based on training and a rating
will be given based on training evaluation.

T,

Set —

E; =1 if i" employee has j" training,
(10)

E; =0 Otherwise
AB,=1  if 1 <AB, <5;or
AB= (¢ AB; =5 if 5 <CT;<9;0r (11)

=10 if ABy_ > 10

PS =1 if 1 <PS; < 5;0r

PS={ PS,=5 if 5<PS,<9;or (12)

PS, =10 if PS; > 10

Exc Exc

Eqs (11) and (12) are used to rate analytical ability and problem solving skill respectively.
Step 6: In this step; the manager will update the skills set based on the emotional intelligence
and overall performance of an employee in the organization.

EI. =05 if 1 <x<5;0r
EI=< EIL=0.8 if 5 <x<9or (13)

EL. =1 if x>10

Exc 7

Eq (13) is used to measure levels of emotional intelligence of an employee.

Step 7: The output of steps 5 and 6 generate the final skill set of an employee shown in Eq
(14). This skill set is continuously updated as steps 4 to 6 will be repeated based on the Stan-
dard Operating Procedures (SoPs) of the organization.

Skilly,, = update(Skilly,, * EIRating) (14)

5 System implementation

As a proof of concept, we have built a tool for skill management, which implements the pro-
posed algorithm as given in Fig 4. Our prototype tool solves the problem of skill calculation.
More specifically, the personnel database and skills inventory of the employee can be managed.
In addition to manipulating personal data, authentication and authorization mechanism are
the features of our system. After successful log-in the Admin can assess skills; update the
employee’s skills based on his performance of assigned tasks, responsibilities, training, and
emotional intelligence rating. The manager can also add, update, delete and view the projects
and associated tasks. He can assign tasks to employees based on their skill set ratings as he can
view and generate a skill matrix of employees. Whereas, an employee can only add, update his
personal information, education, experiences, and training. Admin can add skill set and train-
ing information required by the company.

As creating a project plan is a very critical activity for a project manager. Tempting to make
a project schedule and complete tasks as soon as possible is the manager’s topmost priority.
For this purpose, a manager needs some automated tools. MS project is a quite popular soft-
ware for managing resources, develop project plans, manage budgets, create schedules and
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track progress. Although MS project is a good tool for scheduling but leveling of resources is
an issue while working in MS Project and secondly, it does not support skill calculation. One
can manually calculate employee skills and then assign resources to project activities [48]. This
ends up with poor management and results in inappropriate human resource allocation espe-
cially in large organizations.

With our proposed approach (the framework and the supporting tool), a project manager
evaluates employee competencies because project activities/tasks required different skills of an
employee. This tool provides skill rating based on employee experience and job performance,
which helps PM during the assignment of employees to the best-fitted task by considering
employee EI (Emotional Intelligence) factor. Emotional intelligence is one measure of human
resource competencies. According to the Marie-Louise Barry survey [4, 49], 89.8 percent of
respondents agree that EI is necessary for PMs.

5.1 Working environment

This system runs on a Windows platform and is developed on a computer running Windows
8 operating system. The front end of the system is developed in Visual Studio and the database
is stored in SQL Server. We have uploaded the code of the project and the database on our
GitHub project page [46]. Anyone can extend the project for research purposes.

5.2 Major modules

The system consists of eight major modules and different forms for user interactions. It is not
possible here to list the features of each module. Therefore, we have uploaded the complete
requirement specifications and screen shorts on our GitHub project page [46]. Some of the
screen shorts of form are given in Figs 5-8. The modules can be categorized based on the func-
tionality and user’s role. Here, we give a brief description of each module based on the func-
tionality of the module.

5.2.1 Authentication and authorization. This module authenticates the user and catego-
rizes the user into three roles, i.e. manager, employee, and administrator. After successful
login, users can use the system, and a connection with the database is established. Interfaces
are also divided into three classes, these classes are based on the roles of the user.

x
9 Project ’;, Assign Task, ** Manage Skills | Rate Employee
CALCULATESKILLS ~ UPDATESKILLS ~ UPDATE ON TRAININGS

VIEW BY EMPLOYEEID | 123 v| | View Calculate | Skill CountFor 123 10 Expert
EMPLOYEE EDUCATIONAL RECORD

Subjects Educational_Level
»

PHP

5
java 3
2
Android 4

EMPLOYEE EXPERIENCE RECORD
Field Experience_Level

» 2
Asp Net 3
cshap 4

2

java

Fig 5. Employee skill calculation.
https://doi.org/10.1371/journal.pone.0255928.9005
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F 2 T,
e Rate Skill - o IEN
Rate Skill Based on Performance In Task
Sortby Employee ID |321 v |
Rate Skill Employee_Id  Task_Id Skill_Id p_id Task_Detail Success_Factc

[321 T12 [s17 Nothing

Nothing

Skill Rating

Employee ID 321 RATING: 10
Skill Id

S14
Previous Rating 4

Success Factor 5

Fig 6. Rate skills.

https://doi.org/10.1371/journal.pone.0255928.9006

ol manager
% Project 8., Assign Task | ¥ Manage Skills | Rate Employee

ASSIGN TASK ~ REMOVE TASK

Skill Required S13
ProjectID 753

Assign Here
Assign To 321 v
Taskid

<

<

Updated Successfully
Task Details Nothing

o]
[ [ wwome |

L

Delete Employee_Id Task_Id Skill_ld p_id Task_Detail Success_Factor
» |321 T2 [s17 [852 | nothing
321 T7531 S14 345 Nothing

Fig 7. Assign tasks.

https://doi.org/10.1371/journal.pone.0255928.9007

] manager - o B
#8 Project| &, Assign Task | © Manage Skills | Rate Employee
RATE EMPLOYEE TASKS ~ RATE EMPLOYEE RESPONSIBILITES
= ) |
Responsibility Rating
Search by ID [123 v|
Employee_Id  Jd_id D ibilty_l ] i N )
» 123 25 Developer i | |Coding | Testing [o |
*
o x
Rate Responsibility
Nuroer
D 123 ]
Rating | Outstanding v
iyt
=
i | -
ityll | Testing
Rating IV satisfactory |
Responsiitty IV
Rating V Good v
Responsibility V| Deployment
Rating  |Sati v L

Fig 8. Rate responsibilities.

https://doi.org/10.1371/journal.pone.0255928.9008
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5.2.2 Skill calculation. This module as given in Fig 5, is developed for the managers to cal-
culate the skills of the employees. The skill calculation is based on the data entered in various
forms that are filled by the user and manager. The data include educational record, training
record, experience, project and task completion history, and performance of the employee. All
information is used by the skill calculation module. This module increase or decreases the rat-
ing of employee skills automatically based on his/her performance on the current task(s).

5.2.3 Skill updater. This module is used by the manager to update the particular skill of
an employee based on his/her performance in the task. This updated information is used by
the skill calculation module to rate the overall skills of employees.

5.2.4 Manage project. This feature enables the manager to add, updates, view, and delete
the project/project activities. The project manager will be able to view the work status of
employees.

5.2.5 Manage task. This feature allows the manager to add, update, view, and delete the
tasks of a Project.

5.2.6 Assign tasks. This feature allows the project manager to view skill profile before
assigning tasks. This module facilitates PM to view how many tasks of employees are in prog-
ress or completed so that he can assign next tasks accordingly.

5.2.7 Rate task. This feature allows the manager to rate an employee based on his perfor-
mance on the task.

5.2.8 Rate responsibilities. This feature allows the manager to rate employee
responsibilities.

6 Tool evaluation / comparison

We have built the EBSM system based on the proposed algorithm as shown in Fig 4. The sys-
tem evaluation process is performed using different methods which include: i) Questionnaire;
ii) Facilitated Workshop and iii) Comparison of our prototype tool with existing tools. Detail
of each part is given below:

6.1 Facilitated workshop

A facilitated workshop is arranged for the evaluation of the EBSM tool. 70 participants from
the software development industry and academia are invited to attend the workshop. 38 partic-
ipants attended the workshop. In the workshop, the authors give a live demonstration of the
EBSM tool to participants. The demonstration includes a short presentation about the tool,
installation of the tool, data entry, and usage demonstration. After the demonstration EBSM
tool is given to the participants for evaluation. The participants have privileges to play the role
of manager and employee at a time to assess the functionality of the tool.

At the end of the workshop, we distributed the evaluation questionnaire [46] to all partici-
pants and requested them to give their feedback. The questions are asked to get opinions and
experience towards the EBSM tool in three major aspects including 1) the EBSM effectiveness
in measuring and evaluating skills of the employees, 2) the EBSM tool applicability and need,
and 3) the EBSM functionality. A total of 36 paper-based questionnaires are distributed to stu-
dents, developers, project managers, and researchers. Collected data are classified into 3
groups: students, developers, and project managers. In the survey, respondents are asked to
grade each parameter (usefulness, learning, usability, performance, effort, ease of installation,
etc.) of the EBSM, according to their actual preferences in the working environment.

From the results of the survey [46], it is clear that our tool helps employees and organiza-
tions to easily manage and measure employee skills. The software is useful because it makes
employees more effective in getting their job done [47]. No technical assistance is needed

PLOS ONE | https://doi.org/10.1371/journal.pone.0255928  August 16, 2021 15/20


https://doi.org/10.1371/journal.pone.0255928

PLOS ONE

Expertise based skills management system to support resource allocation

because the system is user-friendly. Employee productivity and performance are increased as
the system is simple to interact with. System functions are well integrated but do not have a
built-in assistant facility which can be added in future versions.

In summary, respondents show a high level of satisfaction with the evaluation parameters
of the tool. 58% respondents are very satisfied with the performance of the tool, 28% are satis-
fied and Only 3% are not satisfied with the performance. Overall 86% participants show a high
level of satisfaction towards software performance. We have asked 5 sub-questions to measure
the usefulness of the tool. 100% participants agreed that the EBSM tool is useful and effective
for skills management. 50% respondents strongly agreed and 41% agreed about ease of use of
this tool. In total 91% of the respondents agreed that the EBSM tool is easy to use. 89% of the
participants show a high level of satisfaction. They want this tool at their workplace because
this tool works as per their expectations. We have asked various questions during the survey to
judge the usability of the system. The response of participants is healthy about the usability of
the system and 72% of participants show their satisfaction as they can use this tool with very
little effort. 94% of the respondents agreed that the EBSM system is useful at the job, 92%
agreed that using this tool they can perform tasks quickly and 97% agreed that this system
helps to increase their productivity. Effort expectancy of software is assessed and the respon-
dents show a high level of satisfaction. 92% agreed that their interaction with the proposed sys-
tem is clear, 97% agreed that the system is user-friendly and it is easy to learn the system. The
attitude of survey respondents towards using this software is positive. 94% agreed using this
system in an organization is a good idea. 92% agreed that using this system makes tasks easier
to accomplish. We have asked questions to measure the Self-efficacy of the employee using the
proposed system. 78% of the respondents agree that self-efficacy has been increased because
an employee completes the task and needs no technical support. 97% agreed that the system
installation is easy. 94% agreed that functionality is consistent with the interfaces. 100% of the
respondents are satisfied with the overall performance of the system. We have uploaded the
complete results of the survey on our GitHub project repository [46].

6.2 EBSM comparison with existing tools

We compare the features of the EBSM tool with three already developed tools named Skill Set
Improvement [18], Skill Management [19] and Skill Manager Tool [20]. We have considered
different research papers and after narrowing them down, we have identified papers that are
closely related to our research. We have identified five features from research papers [18-20]
for comparison. These features include algorithm, features, usage, development tool / lan-
guage, and availability. Comparison results are given in Table 3. From the comparison, we can
observe that the EBSM tool algorithm is better because it covers most of the attributes to calcu-
late the skill. EBSM covers more features as compared with other software. Moreover, the
usage of EBSM is simple and we have uploaded it on GitHub for future researchers.

7 Conclusion and future work

Assessment of human skills is vital; it determines the progress and profitability of businesses.
Proper evaluation and assessment of human skills are very important because it is need for
management. In order to evaluate human skills, organizations spend plenty of resources in
terms of time, money, and efforts. We cannot neglect the importance of DSSs for skill calcula-
tion because of the rapid change in the software development industry. Our proposed system
helps in decision-making and also fulfills the user expectations. The proposed system will over-
come the problems stated in the literature. This system facilitates finding experts in an organi-
zation based on skillset. DSS using skill evaluation, facilitate managers as well as employees to
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Table 3. Comparison of proposed tool with existing tools.

Tools Skill Set Improvement [18] Skill Management [19] Skills Manager Tool [20] EBSM (Proposed)
Algorithm | Indexing technique Resource Constraint scheduling - Skills Calculation
problem

Features Skill set, Role Played, No of years of | Skill set, skills for tasks, number of Knowledge and level about subjects | Skill matrix, Experience Skill Set,

Experience tasks, cost of task, employee salary Educational Skill Set, Rating,
performance

Usage Retrieves the resource with the best Genetic algorithm-based automated | Employees can state the level of Calculate employee skills based on

skill sets available in the database. The | tools that assign the employee to knowledge they have in different education, experience, project

signature graph is constructed for the
employee class. Signature matching is
performed to find the closest match.

Dev. Tool |Java
Availability | No

https://doi.org/10.1371/journal.pone.0255928.t1003

project tasks optimally by considering | areas like Visual Basic, C#. Used performance, and training. Update
various necessary configurations of | for project staffing and it can help | Skill matrix continuously by

duration and cost. to find a qualified person for the tracking and assessing the
task. performance of individuals.

- Web based (HTML, PHP) C#, Visual Studio

No No Available on GitHub

cut down manual work. By using this system, managers will easily identify the employee’s skills
and then utilize these skills to increase productivity. This system can be utilized to find the
knowledge gap in the organization as it successfully evaluates the skills and knowledge of the
employees. Furthermore, System can be applied to a whole software development industry
with little modifications. We would like our tool to be integrated with mainstream PM tools
for the effective use of our approach in the future.

Supporting information

S1 Appendix. This file contains the data collection questioner which is used to collect data
and requirements to develop EBSM software. Results of the survey, Questioner used for the
evaluation of developed tool. Finally, the results of evaluation survey are also enclosed in the file.
(PDF)

Acknowledgments

We thanks all the organizations and participants of the survey who helped us to give their valu-
able feedback to develop this framework.

Author Contributions
Conceptualization: Nazia Bibi, Zeeshan Anwar.
Data curation: Nazia Bibi, Zeeshan Anwar.
Formal analysis: Nazia Bibi, Zeeshan Anwar.
Investigation: Tauseef Rana.

Methodology: Nazia Bibi, Zeeshan Anwar.
Project administration: Tauseef Rana.
Software: Nazia Bibi, Zeeshan Anwar.
Supervision: Tauseef Rana.

Writing - original draft: Nazia Bibi.

Writing - review & editing: Zeeshan Anwar, Tauseef Rana.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255928  August 16, 2021 17/20


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255928.s001
https://doi.org/10.1371/journal.pone.0255928.t003
https://doi.org/10.1371/journal.pone.0255928

PLOS ONE

Expertise based skills management system to support resource allocation

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

Chen WN, Zhang J. Ant colony optimization for software project scheduling and staffing with an event-
based scheduler. IEEE Transactions on Software Engineering. 2013 Mar 6; 39(1):1-17. https://doi.org/
10.1109/TSE.2012.17

Otero LD, Centeno G, Ruiz-Torres AJ, Otero CE. A systematic approach for resource allocation in soft-
ware projects. Computers & Industrial Engineering. 2009 May 1; 56(4):1333-9. https://doi.org/10.1016/
j.cie.2008.08.002

Christie RD, Talukdar S, Nixon JC. CQR: a hybrid expert system for security assessment (of power sys-
tems). In: Power Industry Computer Application Conference, 1989. PICA’89, Conference Papers.
IEEE; 1989 May 1:267-273.

Anwar Z, Bibi N, Ahsan A. Expertise based skill management model for effective project resource allo-
cation under stress in software industry of Pakistan. In: 2013 6th International Conference on Informa-
tion Management, Innovation Management and Industrial Engineering. IEEE; 2013 Nov 23:Vol(1):509-
513.

Lewis TL, Smith WJ, Bélanger F, Harrington KV. Are technical and soft skills required?: the use of struc-
tural equation modeling to examine factors leading to retention in the cs major. In: Proceedings of the
Fourth international Workshop on Computing Education Research. ACM; 2008 Sep 6:91—-100.

Baird AM, Parayitam S. Employers’ ratings of importance of skills and competencies college graduates
need to get hired: Evidence from the New England region of USA. Education+ Training. 2019 Jun 10; p.
622-34. https://doi.org/10.1108/ET-12-2018-0250

Feng A, Valero A. Skill-biased management: evidence from manufacturing firms. The Economic Jour-
nal. 2020; 130(628):1057—-1080.

Falessi D, Cantone G, Kazman R, Kruchten P. Decision-making techniques for software architecture
design: A comparative survey. ACM Computing Surveys (CSUR). 2011 Oct 18; 43(4):1-28. https://doi.
org/10.1145/1978802.1978812

Williams T. Identifying the hard lessons from projects—easily. International journal of project manage-
ment. 2004; 22(4):273-9. https://doi.org/10.1016/j.ijproman.2003.11.001

Fernandez-Sanz L, Gdmez-Pérez J, Castillo-Martinez A. e-Skills Match: A framework for mapping and
integrating the main skills, knowledge and competence standards and models for ICT occupations.
Computer Standards & Interfaces. 2017 Mar 1; 51:30-42. https://doi.org/10.1016/j.csi.2016.11.004

Minku LL, Sudholt D, Yao X. Improved evolutionary algorithm design for the project scheduling problem
based on runtime analysis. IEEE Transactions on Software Engineering. 2013 Oct 25; 40(1):83—-102.
https://doi.org/10.1109/TSE.2013.52

Swierz NF |ll, Baron J, Vroom B, Powell M, Loughridge R, Perreault S, et al. Method and system for
implementing workflows and managing staff and engagements; 2017 Oct 3.

Papadopoulos G. Moving from traditional to agile software development methodologies also on large,
distributed projects. Procedia-Social and Behavioral Sciences. 2015 Feb 12; 175:455-63. https://doi.
org/10.1016/j.sbspro.2015.01.1223

Crawford B, Soto R, Johnson F, Monfroy E, Paredes F. A max—min ant system algorithm to solve the
software project scheduling problem. Expert Systems with Applications. 2014 Nov 1; 41(15):6634—45.
https://doi.org/10.1016/j.eswa.2014.05.003

Davenport TH, Prusak L. Working knowledge: How organizations manage what they know. Harvard
Business Press; 1998.

Ahmed F, Capretz LF, Bouktif S, Campbell P. Soft skills and software development: A reflection from
the software industry. arXiv preprint arXiv:150706873. 2015; p. 171-191.

Chen R, Liang C, Gu D, Leung JY. A multi-objective model for multi-project scheduling and multi-skilled
staff assignment for IT product development considering competency evolution. International Journal of
Production Research. 2017 Nov 2; 55(21):6207—34. https://doi.org/10.1080/00207543.2017.1326641

Chandsarkar R, Shankarmani R, Gharpure P. Information retrieval system: For skill setimprovement in
software projects. In: 2014 International Conference on Circuits, Systems, Communication and Infor-
mation Technology Applications (CSCITA). IEEE; 2014 Apr 4. p. 277-282.

Alba E, Chicano JF. Software project management with GAs. Information Sciences. 2007 Jun 1; 177
(11):2380—-2401. https://doi.org/10.1016/}.ins.2006.12.020

Dingseyr T, Reyrvik E. Skills management as knowledge technology in a software consultancy com-
pany. In: International Workshop on Learning Software Organizations. Springer; 2001 Sep 12:96-103.

Pinkowska M, Lent B, Keretho S. Process based identification of software project manager soft skills.
In: Computer Science and Software Engineering (JCSSE), 2011 Eighth International Joint Conference
on. IEEE; 2011 May 11. p. 343-348.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255928  August 16, 2021 18/20


https://doi.org/10.1109/TSE.2012.17
https://doi.org/10.1109/TSE.2012.17
https://doi.org/10.1016/j.cie.2008.08.002
https://doi.org/10.1016/j.cie.2008.08.002
https://doi.org/10.1108/ET-12-2018-0250
https://doi.org/10.1145/1978802.1978812
https://doi.org/10.1145/1978802.1978812
https://doi.org/10.1016/j.ijproman.2003.11.001
https://doi.org/10.1016/j.csi.2016.11.004
https://doi.org/10.1109/TSE.2013.52
https://doi.org/10.1016/j.sbspro.2015.01.1223
https://doi.org/10.1016/j.sbspro.2015.01.1223
https://doi.org/10.1016/j.eswa.2014.05.003
https://doi.org/10.1080/00207543.2017.1326641
https://doi.org/10.1016/j.ins.2006.12.020
https://doi.org/10.1371/journal.pone.0255928

PLOS ONE

Expertise based skills management system to support resource allocation

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

4,

42,

43.

44.

45.

Luna F, Gonzalez-Alvarez DL, Chicano F, Vega-Rodriguez MA. The software project scheduling prob-
lem: A scalability analysis of multi-objective metaheuristics. Applied Soft Computing. 2014 Feb 1;
15:136-48. https://doi.org/10.1016/j.as0c.2013.10.015

Kerzner H, Kerzner HR. Project management: a systems approach to planning, scheduling, and control-
ling. John Wiley & Sons; 2017 Apr 3.

Badaracco M, MartiNez L. A fuzzy linguistic algorithm for adaptive test in Intelligent Tutoring System
based on competences. Expert Systems with Applications. 2013 Jun 15; 40(8):3073-86. https://doi.org/
10.1016/j.eswa.2012.12.023

Sukhoo A, Barnard A, Eloff MM, Van der Poll JA, Motah M. Accommodating soft skills in software proj-
ect management. Issues in Informing Science & Information Technology. 2005; 2.

Hu AH, Hsu CW, Kuo TC, Wu WC. Risk evaluation of green components to hazardous substance using
FMEA and FAHP. Expert Systems with Applications. 2009 Apr 1; 36(3):7142-7. https://doi.org/10.
1016/j.eswa.2008.08.031

Chi MT. Two approaches to the study of experts’ characteristics. The Cambridge handbook of expertise
and expert performance. 2006; p. 21-30.

Charness N. Expertise in chess: The balance between knowledge and search. Toward a general theory
of expertise: Prospects and limits. 1991; p. 39-63.

Europea C. The European qualifications framework for lifelong learning (EQF). Luxembourg: Office for
official publications of the European Communities. 2008 Apr; p. 1-15.

Wang L, Zheng XI. A knowledge-guided multi-objective fruit fly optimization algorithm for the multi-skill
resource constrained project scheduling problem. Swarm and Evolutionary Computation. 2018 Feb 1;
38:54—63. https://doi.org/10.1016/j.swevo0.2017.06.001

Huang JJ, Tzeng GH, Ong CS. Optimal fuzzy multi-criteria expansion of competence sets using multi-
objectives evolutionary algorithms. Expert Systems with Applications. 2006 May 1; 30(4):739-745.
https://doi.org/10.1016/j.eswa.2005.07.033

Jorgensen M. A review of studies on expert estimation of software development effort. Journal of Sys-
tems and Software. 2004 Feb 1; 70(1-2):37-60. https://doi.org/10.1016/S0164-1212(02)00156-5

Amiri M, Zandieh M, Soltani R, Vahdani B. A hybrid multi-criteria decision-making model for firms com-
petence evaluation. Expert Systems with Applications. 2009 Dec 1; 36(10):12314—22. https://doi.org/
10.1016/j.eswa.2009.04.045

Olsen RP. Can project management be defined? Project Management Institute; 1971.

Lee YT. Exploring high-performers’ required competencies. Expert Systems with Applications. 2010
Jan 1; 37(1):434-9. https://doi.org/10.1016/j.eswa.2009.05.064

Lin YT, Yang YH, Kang JS, Yu HC. Using DEMATEL method to explore the core competences and
causal effect of the IC design service company: An empirical case study. Expert Systems with Applica-
tions. 2011 May 1; 38(5):6262-8. https://doi.org/10.1016/j.eswa.2010.11.092

Plekhanova V. On project management scheduling where human resource is a critical variable. In:
European Workshop on Software Process Technology. Springer; 1998 Sep 16. p. 116—121.

Measuring Experimental Competences in the Large Scale Assessments;. Available from: http://
didaktik.physik.uni-essen.de/mek-Isa/.

Technology-based Assessment of Skills and Competencies in VET (ASCOT);. Available from: http://
www.ascot-vet.net/, visited in November 2020.

Larsen JK, Shen GQ, Lindhard SM, Brunoe TD. Factors affecting schedule delay, cost overrun, and
quality level in public construction projects. Journal of Management in Engineering. 2016 Jan 1; 32
(1):04015032.

Shepherd DA, Patzelt H, Wolfe M. Moving forward from project failure: Negative emotions, affective
commitment, and learning from the experience. Academy of Management Journal. 2011 Dec; 54
(6):1229-59. https://doi.org/10.5465/am;j.2010.0102

Atkinson R. Project management: cost, time and quality, two best guesses and a phenomenon, its time
to accept other success criteria. International journal of project management. 1999 Dec 1; 17(6):337—
42. https://doi.org/10.1016/S0263-7863(98)00069-6

Jiang J, Klein G. Software development risks to project effectiveness. Journal of Systems and Software.
2000 May 15; 52(1):3—10. https://doi.org/10.1016/S0164-1212(99)00128-4

Shen XN, Minku LL, Marturi N, Guo YN, Han Y. A Q-learning-based memetic algorithm for multi-objec-
tive dynamic software project scheduling. Information Sciences. 2018 Feb 1; 428:1-29. https://doi.org/
10.1016/}.ins.2017.10.041

Shakir R. Soft skills at the Malaysian institutes of higher learning. Asia Pacific Education Review. 2009
Sep; 10(3):309-15. https://doi.org/10.1007/s12564-009-9038-8

PLOS ONE | https://doi.org/10.1371/journal.pone.0255928  August 16, 2021 19/20


https://doi.org/10.1016/j.asoc.2013.10.015
https://doi.org/10.1016/j.eswa.2012.12.023
https://doi.org/10.1016/j.eswa.2012.12.023
https://doi.org/10.1016/j.eswa.2008.08.031
https://doi.org/10.1016/j.eswa.2008.08.031
https://doi.org/10.1016/j.swevo.2017.06.001
https://doi.org/10.1016/j.eswa.2005.07.033
https://doi.org/10.1016/S0164-1212(02)00156-5
https://doi.org/10.1016/j.eswa.2009.04.045
https://doi.org/10.1016/j.eswa.2009.04.045
https://doi.org/10.1016/j.eswa.2009.05.064
https://doi.org/10.1016/j.eswa.2010.11.092
http://didaktik.physik.uni-essen.de/mek-lsa/
http://didaktik.physik.uni-essen.de/mek-lsa/
http://www.ascot-vet.net/
http://www.ascot-vet.net/
https://doi.org/10.5465/amj.2010.0102
https://doi.org/10.1016/S0263-7863(98)00069-6
https://doi.org/10.1016/S0164-1212(99)00128-4
https://doi.org/10.1016/j.ins.2017.10.041
https://doi.org/10.1016/j.ins.2017.10.041
https://doi.org/10.1007/s12564-009-9038-8
https://doi.org/10.1371/journal.pone.0255928

PLOS ONE Expertise based skills management system to support resource allocation

46. Skills Management Project Site, Code of project, and survey results;. Available from: https:/github.
com/zeeshan0333/SkillsManagement.

47. Dingsgyr T. Knowledge management in medium-sized software consulting companies: An investigation
of intranet-based knowledge management tools for knowledge cartography and knowledge repositories
for learning software organisations. arXiv preprint arXiv:190311854. 2019 Mar 28.

48. BibiN, Ahsan A, Anwar Z. Project resource allocation optimization using search based software engi-
neering—A framework. In: Digital Information Management (ICDIM), 2014 Ninth International Confer-
ence on. IEEE; 2014 Sep. p. 226-229.

49. Barry ML, du Plessis Y. Emotional intelligence: a crucial human resource management ability for engi-
neering project managers in the 21 st century. In: AFRICON 2007. IEEE; 2007 Sep 26. p. 1-7.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255928  August 16, 2021 20/20


https://github.com/zeeshan0333/SkillsManagement
https://github.com/zeeshan0333/SkillsManagement
https://doi.org/10.1371/journal.pone.0255928

