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Abstract

The present research work develops a prototype model to assess the soft skills for Engineers to enter the
job market, developed based on consolidated psychometrics theory. The aim of the assessment model to
evaluate soft skills is to improve the assertiveness of the Engineering hiring process. The theoretical
support and guidelines for the elaboration of the model were obtained through a Systematic
Bibliographic Review (RBS) with articles published between 2017 and 2022 within the Scopus and
Science Direct databases. As a result of the work, a questionnaire with 19 soft skills identified as
important for the employability of an Engineer was elaborated. The questionnaire can be used as a tool
for data (both qualitative and quantitative) collection, assisting the decision-making process of
employers in the Engineering area.

1. Relevance Of The Research

The development of the present research was prompted by an empirical observation by the authors
regarding the high turnover of Engineering employees, aligned with a considerably high dissatisfaction of
the industries with the hired candidates. The outcome of the research can provide a valuable scientific
contribution to the assertiveness of the hiring process for Engineering jobs.

Currently, Engineering graduates present a very robust technical knowledge acquired throughout the
course. However, some crucial characteristics for employability, such as rising questions and doubts,
vulnerability to demonstrate a need for assistance, assertive communication, and emotional intelligence
to deal with, are often taken for granted.

When a company decides to hire an Engineer, the aim is to increase productivity, improve the quality of
the company's system and boost processes and business. In this context, how will the organization's
goals be met, if the hired person is not the most suitable for the position?

Most of the hiring processes, mainly based on the resumé and an interview, are often not comprehensive
enough, as these steps only capture a portion of the candidate’s strengths, weaknesses, and values. This
often can lead to an interview that does not reach the recruiter's real objective. Furthermore, without a
structured hiring method, the hirer's decisions are at risk of bias and subjectiveness.

The current Industrial Revolution, often referred to as Industry 4.0, influenced both business and
education, and some of its targets are to reduce manufacturing time, and increase quality and
performance. Therefore, the future of business is highly linked to the Industry 4.0, which consequently
demands large investments in skilled labor (Kulkarni et al. 2020). Within this context, Process and
Industrial Engineering graduates (Cordeiro et al. 2020) represent the main portion of employees (Piwowar-
Sulej 2021), reinforcing the importance of understanding the most important skills.

Industrial Engineers are responsible for the design, implementation, operation, improvement, and
maintenance of industrial production systems. As described in the national curriculum guidelines for
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Engineering courses of the Brazilian Association of Engineering Education (ABENGE, 2018), these
processes involve the most diverse areas within a company, including goods and services, labor,
materials, information, technology and energy.

Therefore, the current job market scenario demands both hard skills and soft skills (Tsirkas et al. 2020).
According to Débora Campos (2019), the term hard skill is used for technical skills, such as mathematics
and logic, whereas the so-called soft skills refer to a set of interpersonal skills.

Different from the hard skills, measuring the development of the soft skills is more challenging (Ginting et
al. 2020). However, these skills are indispensable within contexts of constantly changing environment
and technologies. The Industrial Engineer, with both Management and Innovation Development roles, is
one of the first to experience the impact of market and technology changes (Cordeiro et al. 2020).
Especially during global crisis, such as the one caused by the Covid-19 pandemic, the ones who have soft
skills stand out (Piwowar-Sulej 2021).

According to Dana Pessach et al. (2020), a company's employees are one of the most important assets
of modern organizations. Therefore, large investments are made in this asset to increase success in the
workplace.

Consequently, deficient hiring processes incur high costs, both financial and social, due to higher turnover
(Pessach et al. 2020). At the same time, identifying personality traits is crucial for hiring the right person
for the right job. Guidance about how to assess individual's personality, as well as maps with job
characteristics, facilitates the recruitment process and favors a company’s growth (Kulkarni et al. 2020).

For these reasons, this work aims to improve assertiveness during Engineering recruitment, developing a
prototype model to be used during the hiring process, with a structured method to assess the soft skills.
As the method involves questions answered by candidates, these will show a tendency that will indicate
the candidate's aptitude or not for the a given job.

2. Methodology

This work has a methodological framework classified as Bibliographic Research, carried out through a
Systematic Bibliographic Review to support the development of the scientific model, which will be
explained in the following sections.

2.1 Systematic Bibliographic Review (SBR)

The first step of the research was the Systematic Bibliographic Review (RBS), for the collection of
relevant data, followed by a bibliometric analysis to create a robust theoretical basis. The steps of the
SBR are detailed in the next sections.

2.1.1 Keyword Selection
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The chosen keywords were defined according to each main area that the chosen theme addressed, as
shown in Fig. 1, aiming to answer the main research question: How to assess soft skills when hiring for
an Engineering position?

After this definition, as shown in Fig. 1, the keywords were gathered in groups and combined prioritizing
the use of the words “assessment” and “soft skill”, resulting in 5 research groups, illustrated in Fig. 2.

The graphic asterisk in Fig. 2, which is found in the first group of keywords (soft skill engineer*
assessment), was used to indicate that variations of the keyword (e.g. plural form) were also accepted.

2.1.2 Definition of Databases and Research Timeframe.

After defining the keywords, the databases Scopus and Science Direct were selected, based on their
relevance to the current scientific scenario as a whole and to the research area in particular. Initially, the
timeframe from 2017 to 2022 was used. The total number of articles found in this first stage was 19,910
articles, which were exported to the Mendeley software for structuring. Due to the high number of articles
found, the years of publication was reduced to articles published between 2020 and 2022, resulting in
8,271 articles. However, this was still a large volume of articles for the scope of the study.

For this reason, two keywords’ groups were eliminated, namely: "soft skill behavioral assessment
structure” and "soft skills engineers". These were chosen because "soft skill behavioral assessment
structure” resulted in many articles out of the topic scope and "soft skills engineers", has already been
encompassed within the study of Campos (2019). The elimination of these keywords, 3,161 articles
remained, a number that allowed an effective analysis for the composition of this research.

These Mendeley articles were exported to Excel and some filters were applied to refine the results. The
first filter applied was to eliminate any work other than articles published in scientific journals, such as
books and congresses. As certain articles were indexed in the two researched databases, a second
duplicate filter was applied. The application of these filters resulted in 2,413 articles published between
2020 and 2022, in the three groups of chosen keywords.

The following step of the Systematic Literature Review consisted of reading the titles and abstracts of the
2,413 articles, to evaluate their consistency with the work’s scope. Among all documents, 37 articles met
the scope of the study; the others were excluded from the SBR.

Later, the 37 remaining articles were fully read for a deeper analysis and to evaluate which would be used
to compose the theoretical basis for the model to be developed. After this step, 7 articles were eliminated
for not being fully connected with the topic, and the other 30 were used to support the model proposed.
Figure 3 illustrates the steps of articles selection, from the initial 19,910 to the final 30 articles. Refining
the articles selection is a key research step, as it provides the necessary bibliographic support for what
was developed.

Development of the Assessment Model
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The elaboration of the scientific model for this work was based on the books “Manual de Psicometria”, by
Tereza Cristina Erthal (1955) and “Theory of Measurement Methods in Behavioral Sciences” by Luiz
Pasquali (1996). These classic studies are a reference in Human Behavior and Organizational
Psychology, respectively. Therefore, the Questionnaire developed within the model was based on the
authors’ guidance on concepts that endorsed the principles of soft skills in work practices.

As a starting point for the questionnaire, six core competences groups, identified by Campos (2019) as
the most demanded by the job market for Engineers, were initially taken as a basis. These core
competences are shown in Fig. 4.

The soft skills concepts found in the SBR articles complemented Erthal's and Pasquali’s work, guiding the
elaboration of the Questionnaire, based on the psychometrics of how to question human behavior,
structured by Erthal (1955), and considering the organizational behavior outlined by Pasquali (1996).

Figure 4 illustrates the six core competences groups identified by Campos (2019), in which the six main
competences are located closer to the center of the circle, branching to their respective secondary soft
skills. These six core competences are significant for the development of the study, because the entire
division of the model started from them.

Table 1 shows an example of the development of the questions for each soft skill based on the the
guidance of Erthal (1955):

Erthal's (1955) psychometric format is represented in Table 1, as an example of its use for the elaboration
of the model. After reading the article, which is referenced in the column "Author, Year", the main
competence discussed in the study is identified, along with the main concept and reflection discussed
about such competence. The questions were then based on the concept presented. After the development
of the questions, they were sent to 5 psychologists for correction and approval and, subsequently,
delivered to the responding students.

In addition to these questions, the insights of Campos (2019) were considered, based on reports from the
Organization for Economic Cooperation and Development OECD (2015, 2016a and 2016b) and on the
P21 report for 21st century employability (Casner-Lotto and Barrington, 2006).

3. Results: Analysis And Discussion

The results of this work provide a prototype of a model to be used as a tool for Human Resources during
a recruitment process to assess the soft skills of Engineers.

The following sections approach the results obtained through the collected data, including the proposed
prototype model and the sample characterization. Table 2 illustrates the model developed.

Table 2 presents all the guidelines, subdivided into their soft skills the respective questions. The

questions separated by guidelines can be found in the appendix. As for the answers for these questions,
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the model proposes the use of Likert scale, with a five-point scale for participants to assess their own
performance of soft skills in their work routines, being the five-points scale: Very Often (5); Often (4);
Sometimes (3); Rarely (2); Seldomly (1).

Endorsement of the Model

After its elaboration, the model was sent five professionals from the Psychology field. Initially, the model
had a total of 109 questions, elaborated by the authors of the present work, based on Erthal's
psychometry (1955). After the Psychologists assessment, the scientific model was improved, eliminating
questions judged as repetitive, invasive, or even confusing. The final model consisted of 64 questions.
The final 64 questions elaborated, and the Likert-type semantic scale were then evaluated and validated
by the psychologists.

Conclusion

In agreement with the initial proposition, study fulfilled its aim of elaborating a prototype model to be
used as a tool to increase assertiveness during recruitment processes for Engineering. For this, the
research counted with the participation of five professionals in the Psychology field.

The design of the model, the importance of the soft skills within the Engineering job market and their
relevance through the recruitment process was systematically mapped through a Systematic
Bibliographic Review.

The recruitment process for Engineering positions in industries is complex and englobes several
variables. When the hiring process relies solely on the diplomas, resumé and the recruiter's impression in
a first contact with the applicant, the decision can be biased. It is not uncommon for applicants to try to
impress the recruiters with soft skills that are important for the job, but which they do not possess.
However, this is not sustainable and results not only in turnover for employees unsatisfaction, but also
impacts the company’s performance.

All of this highlights the significance of using a structured model to assist the recruiter in selecting the
best profile for the position based on the soft skills with increased assertiveness. The scientific model
helps the recruiter to compare their perceptions of the candidate with the results obtained with the
application of the model.

Furthermore, the prototype model proved to be robust, as it was elaborated with consolidated psychology
from Erthal (1955) and validated by professionals of the area. Another advantage of the model is that it
can be applied to any Engineering course, as it is not directed to a specific area.

Finally, a very important outcome of this study is that the Engineering education needs to be continuously
innovated and encourage the development of soft skills, showing the importance of these skills in their
professional lives. Lower levels of turnover and higher degrees of satisfaction from both employees and
employers can only be achieved if the Education is aligned with the Engineering job market's demands
and expectations.
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Tables

Table 1 and 2 are available in the Supplementary Files section.

Figures

Keywords

Figure 1

Keywords. Source: Own authorship (2022).

Keywords Groups

Figure 2

Grupos das palavras-chave utilizados para pesquisa nas bases de dados. Source: Own authorship
(2022).
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Figure 3

Steps for the articles’ selection. Source: Own authorship (2022).
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Figure 4

Compilation of the important soft skills for Engineers grouped by their core competences. Source:
Campos (2019)
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