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Abstract: This study constructed professional competence indicators for technical personnel in fire
safety equipment that can be used to guide curriculum planning of fire-protection-related programs in
colleges and universities; training of technical personnel in fire safety equipment in the industry; and
the mandatory national examinations for technical personnel in fire protection. To achieve the purpose
of this study, document analysis, expert interviews, and the Delphi technique were used to verify
that there are three first-level dimension indicators. These three primary indicators were categorized
as knowledge, skills, and attitude, with an additional 12 second-level orientation indicators and 61
third-level detailed indicators. Furthermore, in relation to the importance–performance analysis, the
falling point distribution of the detailed indicators of technical personnel in fire protection in the
four quadrants of the IPA model chart was obtained in order to provide a reference for the industry,
government, and academia.

Keywords: fire protection equipment; professional technicians; professional competency; indicators;
importance–performance analysis (IPA)

1. Introduction

In 1995, the National Fire Agency of the Ministry of the Interior was established in
Taiwan. Its responsibilities covered fire prevention, disaster relief, and emergency rescue.
This demonstrated the increased concern in fire protection by the Taiwanese government.
The first national examination for technical personnel in fire safety equipment was held in
1996 to select fire equipment engineers and fire equipment technicians. Ever since specialist
fire protection technical personnel have been responsible for fire prevention, the number
of fires has been reduced significantly year on year. Therefore, the technical personnel in
fire safety equipment involved in fire prevention processes have been effective at reducing
fires [1]. Fire safety equipment refers to the devices or tools installed for the purpose of fire
prevention, escape, firefighting, and rescue. This is an issue worthy of further research that
can assist in constructing professional competence indicators for technical personnel in fire
engineering and training technical personnel in fire protection.

Competence is combined of training, skills, experience, knowledge, and behaviors
that a person has and their ability to apply them to perform a task safely and effectively.
Competence framework provided a common approach to achieving and maintaining
the competency of fire safety regulators. It provided an opportunity to demonstrate a
commitment to achieving a professional, competent workforce to provide a more consistent
standard of regulation [2].

Competence analysis identifies the behaviors required for professionals to perform
job-related tasks. Identified behaviors included attitudes, skills, or knowledge of the
fundamental characteristics. Specifically, competency refers to the employee performance
required to work effectively, especially when adequately playing a role or undertaking a
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task [3]. Thus, competency is not only an aggregation of knowledge, skills, and attitudes
but also a dynamic concept of putting theory into practice.

Competence development needs to be focused on learners’ lives and current occu-
pational skills. Thus, as competition is a strong factor in learner motivation, government
organizations hold various competitions to encourage learners to learn and enrich their
knowledge, skills, and attitude [4]. Learners need to be seen as the workforce of the
future; therefore, work skills preparation is an important issue in a constantly changing
international world [5]. Under the influence of globalization, educational and training
institutions now need to consider which skills learners will require and which age to ensure
skill development is appropriate for entering the workforce [6].

This study aimed to construct professional competence indicators for technical person-
nel in fire protection. The two main purposes of this study were as follows: (1) to construct
the contents of professional competence indicators for technical personnel in fire safety
equipment and (2) to analyze and verify the importance and performance of professional
competence indicators for technical personnel in fire safety equipment. The following
research questions are raised in this study:

(1) What are the contents of professional competence indicators for technical personnel
in fire safety equipment?

(2) What is the importance and performance analysis (IPA) of professional competence
indicators for technical personnel in fire safety equipment?

2. Literature Review
2.1. Competence Analysis

An analysis of competence is meant to identify the factors required to perform job-
related tasks, including characteristics, skills, and knowledge. Specifically, competence refers
to the actions required to play a given role or undertake a given task. Competence is also a
dynamic concept involving the practical implementation of theory. The analysis of competence
evaluates the ability to achieve a desired outcome in a given situation [7]. To meet the needs for
professional competence indicators for technical personnel in fire safety equipment, educators
determine the indicators and standards necessary to measure competencies.

Competence has been used to assess training and recruitment techniques as well as the
performance of management and employees. Educational professionals use competency
in staff development, recruitment, and the design of curriculum [8]. Master [9] described
competencies as the activities expected of professionals. Competence model for effective
training in these judgments to a set of standards was defined.

In order to construct professional competence indicators for technical personnel in fire
safety equipment effectively, what needs to be done first is to analyze the content of the
competency so that the indicators concerning measuring competencies can be determined.

2.2. Technical Personnel of Professional Competence

Technical personnel of professional competence [10] defined in Article 2 of “Profes-
sionals and Technologists Examinations Act” of Taiwan are those who have obtained
special academic or technical skills through modern education or training, have engaged
in business closely related to public interest or people’s right to life, health, and property,
and have been awarded the relevant certificates after passing the required examination.
Technical personnel in this study refer to “professional fire protection engineers” who
design, supervise, install, and maintain fire safety equipment.

Professional competence refers to the valuable actions taken by an individual in terms
of cognition, skills, and attitudes in order to complete a task when engaging in professional
work [11]. It measures the specialized knowledge, skills, and attitude in the industry to
successfully play a specific role in a specific profession and to meet the expectations of the
organization or the department [12]. Professional competence in this study refers to the
experience and qualifications that fire equipment engineers must have obtained.
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2.3. Indicators

Indicators refer to the required specific behavioral performance such as value, idea,
action, and integration and can be considered as a guide through which the quality or
quantity of things can be understood and measured. Therefore, there are quantitative
and qualitative definitions for indicators that are a statistical measurement that reflects
important aspects of subjects that are of interest to researchers. In terms of qualitative
definition, Spee and Bormans [13] argued that indicators are a signal or guide to show
the performance of a system. Indicators in this study refer to professional competence
indicators for technical personnel in fire safety equipment.

Shyr et al. [14] identified a number of indicators that are essential for measuring the
learning effects on students involved in artificial intelligence (AI)-based robot design. Their
data collected from the questionnaires were analyzed using Z values from the Kolmogorov–
Smirnov test. Employability refers to producing capable graduates, which affects all aspects
of a student’s university or college life, including the ability to deliver effective academic
programs. Patacsil et al. [15] proposed the importance of soft and hard skills as perceived
by engineering students and industrial partners and analyzed the skill gap between them.
They provided a better picture of soft and hard skills that the industry needs and future
graduates are expected to perform. Marrelli et al. [16] presented a step-by-step process
for developing a competency model. There is an emerging trend within healthcare to
introduce competency-based approaches in the training, assessment, and development
of the workforce. This modeling process is drawn from advanced work on competencies
in the industry. Gayeski et al. [17] presented computer-aided approaches to competency
analysis and provided examples of their use, including a detailed case study analyzing
curricula and skills for professionals who provide benefit and work incentive planning and
assistance to persons with disabilities.

3. Methodology

This study adopted document analysis to develop the first-level professional compe-
tence indicators and to complete the preliminary structure of the second-level professional
competence indicators.

3.1. Participants
3.1.1. Expert Interviews

This qualitative research method includes one-on-one interviews and group inter-
views to obtain information from the other party. Interviews are used in two ways. One is
the main method of data collection, and the other is used with participant observation,
document analysis, or other techniques. Expert interviews were used in this study to de-
velop the second-level professional competence indicators and to complete the preliminary
structure of the third-level professional competence indicators.

Experienced licensed professional fire protection engineers were invited for the inter-
views. Five fire equipment engineers with more than 20 years of experience were invited for
the in-depth interviews. After the opinions obtained from the interview were categorized
and concluded, the preliminary structures of the second-level (orientation indicators) and
third-level (detailed indicators) competence indicators were developed.

3.1.2. Delphi Technique Experts

Experts and scholars were invited to carry out several rounds of questionnaire surveys
through brainstorming anonymously until reaching consensus. It was a group decision
process that effectively enables all individuals in a group to deal with a complex problem [18].
Researchers from many countries had predicted future developments of business, transporta-
tion, and education through the Delphi technique [19]. It was used in this study to construct
professional competence indicators for technical personnel in fire safety equipment.

There can be about five to ten members if a heterogeneous Delphi panel is used. If
there are more than ten persons in a Delphi panel, the group error can be minimized, and



Sustainability 2021, 13, 7058 4 of 14

group credibility can be maximized [20]. Experts and scholars in industrial, governmental,
and academic circles were taken as the research subjects in this study. Five experts from
the industry, five experts from the government, and five scholars from the academia were
invited. A total of 15 experts and scholars were invited to form a Delphi Panel to participate
in this study.

3.1.3. Importance–Performance Analysis (IPA) Experts

IPA was first proposed by Martilla and Jamesy [21], who created a two-dimensional
matrix diagram that displayed the average scores of motorcycle products in relation to their
importance and performance. In the matrix, the axis scale and positions in quadrants can
be set at will. The key point was the relative positions of different points in the matrix, and
the correlation between their importance and performance was analyzed. It was used in
this study to analyze the correlation between importance and performance of professional
competence of technical personnel in fire safety equipment.

Licensed fire protection engineers from various fire protection engineers’ associations
were taken as the research subjects in this study. IPA was carried out for professional
competence indicators. Currently, in Taiwan, many fire equipment engineers have joined
various associations, including 180 members of Taipei Fire Protection Engineers Association;
120 members of New Taipei City Fire Protection Engineers Association; 33 members of
Taoyuan City Fire Protection Engineers Association; 30 members of Hsinchu County
Fire Protection Engineers Association; 130 members of Taichung City Fire Protection
Engineers Association; 42 members of Tainan City Fire Protection Engineers Association;
and 63 members of Kaohsiung City Fire Protection Engineers Association. In terms of
sample size, Gay [22] argued that in descriptive research, sample size should account for
at least 10% of the population, and in the case of small population, the minimum sample
size should be 20% of the population. In addition, in correlational studies, the sample
size should be at least 30 people. Hence, in this study, more than 20% of licensed fire
protection engineers from each registered association were planned to be invited as the
research subjects, totaling 132 licensed fire protection engineers.

3.2. Instruments

Questionnaire used a Likert 5-point scale to determine the importance of all detailed
indicators (the first draft) listed by the researchers, which was rated on a 5-point scale,
ranging from 5 (important) to 1 (unimportant), as the basis for retention or deletion.

The first instrument was expert interview questionnaire, which adopted the “Question-
naire for expert interview on professional competence indicators for technical personnel in
fire safety equipment” integrated and developed through document review and analysis,
using a semi-structured questionnaire.

The second instrument was Delphi questionnaire, which adopted the first round
of “Delphi survey on professional competence indicators for technical personnel in fire
safety equipment” integrated and developed based on expert opinions. A semi-structured
questionnaire was used in the first round, and a structured questionnaire was used after
the second round.

The third instrument was IPA questionnaire, which used the professional competence
indicators for technical personnel in fire safety equipment integrated based on Delphi
expert opinions to develop the “IPA survey on professional competence indicators for
technical personnel in fire safety equipment”. In this questionnaire, the relationship
between importance and performance of professional competence indicators for technical
personnel in fire protection was mainly investigated by IPA. With importance as the vertical
axis and performance as the horizontal axis, the rating of each attribute was marked as
the coordinate in the two-dimensional space. With the end point of the grade as the
separation point, the space is divided into four quadrants. Quadrant I was the “keep up the
good work” zone. Its attribute indicates that the professional competence indicators were
considered by the interviewed technical personnel as high importance and performance not
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as high as expected and can be regarded as advantages and can continue to be maintained.
Quadrant II was the “concentrate here” zone. Its attribute indicated that the professional
competence indicators were considered by the interviewed technical personnel as high
importance and performance not as high as expected and can be regarded as the items to
be improved in priority. Quadrant III was the “low priority” zone. Its attribute indicated
that the professional competence indicators were considered by the interviewed technical
personnel as low importance and low performance and can be regarded as the items to
be strengthened secondarily. Quadrant IV was the “possible overkill” zone. Its attribute
indicated that the professional competence indicators were considered by the interviewed
technical personnel as low importance and performance higher than expected and are
possible overkill, and it was suggested to save time and effort for the items that need to be
strengthened in the second quadrant. The analysis model chart was shown in Figure 1.

1 
 

 
 
 

Figure 1. IPA model chart.

3.3. Implementation

In order to achieve the research purposes, the research was implemented in five stages.
In the first stage, “document analysis” was adopted for information collection, conclusion,
and integration to develop the first-level professional competence indicators (dimension
indicators); in the second stage, based on expert opinions, “expert interviews” were used
to categorize and develop the second-level professional competence indicators (orientation
indicators) and complete the preliminary structure of the third-level professional compe-
tence indicators (detailed indicators); in the third stage, ideas and opinions of experts and
scholars were integrated by the Delphi technique to construct the third-level professional
competence indicators (detailed indicators); in the fourth stage, the importance and per-
formance of professional competence of technical personnel in fire safety equipment were
analyzed by IPA.

3.4. Data Processing

Data processing of document analysis: The first-level competence indicators (dimen-
sion indicators) of this study were developed by objectively defining, concluding, and
organizing the collected literature data, such as information, investigation reports, books,
journals, and academic papers, and by identifying and analyzing literature. In addition,
other literature data were collected and categorized to provide a reference for expert
interview questionnaires and Delphi surveys.

Data processing of expert interviews: One-on-one interviews were conducted to collect
interviewees’ opinions, viewpoints, and ideas to edit into interview records. According to
the interview records, a cross comparison was carried out according to expert opinions to
organize appropriate and consistent competence indicators and develop the second-level
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competence indicators (orientation indicators), which later formulated the Delphi survey
for this study.

Delphi data processing, verification, and analysis: Qualitative research analysis was
based on the opinions and suggestions of the Delphi Panel. The content was analyzed
and revised to categorize similar opinions. The “IPA survey on professional competence
indicators for technical personnel in fire safety equipment” was applied for the quantitative
research analysis. This study referred to Antonio et al. [23] on the criteria for the selection
of appropriateness and consistency of this study, as listed below:

3.4.1. Criteria for Appropriateness Test

Extremely high appropriateness: the mean (M) is ≥4.5.
High appropriateness: the mean is between 4 and 4.5.
Low appropriateness: the mean is <3.5.

3.4.2. Criteria for Consistency Test

High consistency: standard deviation (SD) is ≤0.5.
Moderate consistency: standard deviation is ≤1.
Low consistency: standard deviation is >1.

3.4.3. Kolmogorov–Smirnov One-Sample Test

In order to be more cautious about the results, Kolmogorov–Smirnov one-sample
test was used to evaluate the consistency of opinions amongst respondents (reaching the
significant level). Any inconsistent detailed indicator was deleted.

3.4.4. Importance and Performance Data Processing, Verification, and Analysis

The IPA was conducted for indicators of licensed fire protection engineers of various
fire protection engineers’ associations to investigate the importance and performance of
indicators. In this study, statistical analyses, such as mean (M) test, standard deviation (SD)
test, and paired-samples t test, were used for verification.

4. Results

Based on the research methodology, data were analyzed to obtain the results, as
discussed below:

4.1. Expert Interview Process Analysis Results

Based on the literature review and analysis, the first-level competence indicators (di-
mension indicators) were constructed for this study, including “knowledge”, “skills”, and
“attitude”. Moreover, the second-level competence indicators (orientation indicators) of
this study were preliminarily constructed as the basis for the “outline of expert interview”,
and a semi-structured questionnaire was adopted for the expert interview.

The content and development process of the expert interview are described below.

4.1.1. Establishing “Knowledge Orientation Indicators” and Preliminarily Constructing
“Detailed Knowledge Indicators”

After the interview, experts agreed that the “knowledge dimension indicators” of
the professional competence of technical personnel in fire safety equipment include four
orientation indicators. These were categorized as 1-1“knowledge about fire laws and
regulations”, 1-2“knowledge about fire safety equipment”, 1-3“knowledge about fire
theories”, and 1-4“auxiliary knowledge about fire engineering”, whilst it was suggested
that “detailed knowledge indicators” would be utilized to preliminarily construct the
second-level orientation indicators and the third-level detailed indicators in the knowledge
dimension for this study.
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4.1.2. Establishing “Skill Orientation Indicators” and Preliminarily Constructing “Detailed
Skill Indicators”

After the interview, experts agreed that the “skill dimension indicators” of the profes-
sional competence of technical personnel in fire safety equipment include four orientation
indicators. These were categorized as 2-1“fire safety equipment design skills”, 2-2“fire
safety equipment manufacturing supervision skills”, 2-3“fire safety equipment installation
skills”, and 2-4“fire safety equipment maintenance skills”, whilst it was suggested that
“detailed skill indicators” would be utilized to preliminarily construct the second-level
orientation indicators and the third-level detailed indicators in the skill dimension for
this study.

4.1.3. Establishing “Attitude Orientation Indicators” and Preliminarily Constructing
“Detailed Attitude Indicators”

After the interview, experts agreed that the “attitude dimension indicators” of the
professional competence of technical personnel in fire safety equipment include four orien-
tation indicators, namely, 3-1“law-abiding attitude”, 3-2“honest attitude”, 3-3“dedicated
attitude”, and 3-4“aggressive attitude”, and put forward suggestions about “detailed atti-
tude indicators” to preliminarily construct the second-level orientation indicators and the
third-level detailed indicators in the attitude dimension for this study.

4.2. Delphi Survey Analysis Results

Appropriateness and consistency analysis was conducted on the results of the Delphi
survey. The Delphi survey was statistically analyzed by using Kolmogorov–Smirnov one-
sample test and revised according to the opinions of experts and scholars on addition,
deletion, and revision. For example, no significant difference in the test results of all groups
indicated consistency. Any inconsistent detailed indicator was deleted from this study.

According to the above statistical analysis and expert opinions in the Delphi survey of
this study, this study confirmed 61 indicators for the third layer (see Tables 1–3).

Table 1. The consistency data analysis of the knowledge indicators for K–S test.

1-1 Knowledge about Fire Laws and Regulations M SD K–S Test
(Z Value)

1-1-1 Knowledge about fire business laws and regulations 5.00 0.000 Consistency
1-1-2 Knowledge about the building act and building technical code 4.33 0.724 1.807 **
1-1-3 Knowledge about the codes for public safety inspection of buildings 4.07 0.594 1.420 *
1-1-4 Knowledge about the occupational safety and health act and infra-laws 3.80 0.676 1.420 *
1-1-5 Knowledge about interior decoration law 4.07 0.458 1.078 **

1-2 Knowledge about fire safety equipment

1-2-1 Knowledge about fire safety equipment in water systems 5.00 0.000 Consistency
1-2-2 Knowledge about fire safety equipment in chemical systems 4.73 0.594 3.098 ***
1-2-3 Knowledge about fire safety equipment in alarm systems 5.00 0.000 Consistency
1-2-4 Knowledge about fire escape equipment 4.87 0.352 3.357 ***
1-2-5 Knowledge about fire rescue equipment 4.80 0.414 3.098 ***

1-3 Knowledge about fire theories

1-3-1 Knowledge about fire science 4.87 0.352 3.357 ***
1-3-2 Knowledge about fire evacuation 4.73 0.458 2.840 ***
1-3-3 Knowledge about fire hazard analysis 4.60 0.632 2.582 ***
1-3-4 Knowledge about fire risk assessment 4.33 0.617 1.678 **
1-3-5 Knowledge about fire rescue tactics 3.80 0.676 1.807 **

1-4 Auxiliary knowledge about fire engineering

1-4-1 Language knowledge about fire engineering 4.13 0.640 1.420 *
1-4-2 Physical and chemical knowledge about fire engineering 4.27 0.594 1.678 **
1-4-3 Graphic knowledge about fire engineering 4.73 0.458 2.840 ***
1-4-4 Knowledge about fire engineering equipment 4.67 0.488 2.582 ***
1-4-5 Knowledge of automated control in fire engineering 4.53 0.516 2.066 ***

* p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 2. The consistency data analysis of the skill indicators for K–S test.

2-1 Fire Safety Equipment Design Skills M SD K–S Test
(Z Value)

2-1-1 Computer graphics and engineering calculation software application skills 4.27 0.704 1.549 *
2-1-2 Integrated design skills of electromechanical systems and fire protection systems 4.53 0.516 2.066 ***
2-1-3 Integrated design skills of information systems and fire protection systems 4.33 0.488 2.582 ***
2-1-4 Integrated design skills of building facilities and fire protection systems 4.80 0.414 3.098 ***
2-1-5 Fire simulation software application and performance-based design skills 4.07 0.884 1.807 **

2-2 Fire safety equipment manufacturing supervision skills

2-2-1 Making and integration skills of manufacturing supervision file data charts 4.47 0.516 2.066 ***
2-2-2 Fire safety equipment design drawings reading skills 4.73 0.458 2.840 ***
2-2-3 Integrated coordination and analysis skills of various kinds of pipelines 4.73 0.458 2.840 ***
2-2-4 Integrated coordination and analysis skills of various kinds of lines 4.67 0.488 2.852 ***
2-2-5 Inspection and verification skills of various kinds of fire safety equipment 4.93 0.258 3.615 ***
2-2-6 Skills of quality control personnel 4.20 0.561 1.678 **

2-3 Fire safety equipment installation skills

2-3-1 Installation and testing of fire pipelines and control panels 4.93 0.258 3.615 ***
2-3-2 Installation and testing of fire alarms and smoke extraction equipment 4.93 0.258 3.615 ***
2-3-3 Installation and testing of escape tools and devices 4.60 0.737 2.840 ***
2-3-4 Fire pump unit installation and test skills 4.87 0.352 3.357 ***
2-3-5 Emergency power generator installation and test skills 4.73 0.458 2.840 ***

2-4 Fire safety equipment maintenance skills

2-4-1Maintenance equipment operation, test and determination skills 4.80 0.414 3.098 ***
2-4-2 Operation skills of various kinds of fire safety equipment 4.87 0.352 3.357 ***
2-4-3 Testing of various kinds of fire safety equipment 4.93 0.258 3.615 ***
2-4-4 Maintenance skills of various kinds of fire safety equipment 4.73 0.458 2.840 ***
2-4-5 Skills of tabulating submitted file data 4.53 0.516 2.066 ***

* p < 0.05, ** p < 0.01, *** p < 0.001.

Table 3. The consistency data analysis of the attitude indicators for K–S test.

3-1 Law-Abiding Attitude M SD K–S Test
(Z Value)

3-1-1 Conduct business without offering or accepting bribes 5.00 0.000 Consistency
3-1-2 Do not disclose any secret known in the course of business 4.93 0.258 3.615 ***
3-1-3 Do not promise to others to carry out business in their names 4.87 0.352 3.357 ***
3-1-4 Conduct business according to fire protection code and standards 4.73 0.458 2.840 ***
3-1-5 Carry out construction according to occupational safety and health regulations 4.53 0.516 2.066 ***

3-2 Honest attitude

3-2-1 Reasonable engineering quotation 4.60 0.507 2.324 ***
3-2-2 Ensure engineering quality 4.87 0.352 3.357 ***
3-2-3 Accurate test reports 4.87 0.352 3.357 ***
3-2-4 Complete construction under contracts 4.73 0.458 2.840 ***
3-2-5 Good after-sales services 4.53 0.516 2.066 ***

3-3 Dedicated attitude

3-3-1 Diligent and responsible attitude 4.80 0.414 3.098 ***
3-3-2 Attitude of good communication 4.80 0.414 3.098 ***
3-3-3 Attitude of teamwork 4.73 0.458 2.840 ***
3-3-4 Attitude of crisis management 4.87 0.352 3.357 ***
3-3-5 Attitude of the fact that tasks must be achieved 4.60 0.507 2.324 ***

3-4 Aggressive attitude

3-4-1 Aggressive attitude of technology improvement 4.87 0.352 3.357 ***
3-4-2 Diligent attitude of new knowledge absorption 4.87 0.352 3.357 ***
3-4-3 Aggressive attitude of research and development innovation 4.33 0.617 1.678 **
3-4-4 Attitude of engineering quality improvement 4.67 0.488 2.582 ***
3-4-5 Aggressive attitude of service quality improvement 4.67 0.488 2.582 ***

** p < 0.01, *** p < 0.001.
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4.3. Analysis Results of Importance and Performance Questionnaire Survey

The importance–performance analysis (IPA) was used to check the competence indi-
cator importance based on the expert assessment and the actual contestant performances.
The competence indicator facet mean for the cognitive importance of experts was on the
Y axis, and the indicator facet mean for contestant performance from the expert’s point
of view was on the X axis; the drop points for the indicator facets were divided into four
quadrants, as shown in Figures 2–4.

Figure 2. IPA falling points of detailed knowledge indicators.

Figure 3. IPA falling points of detailed skill indicators.
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Figure 4. IPA falling points of detailed attitude indicators.

4.3.1. Analysis Results of the Importance and Performance of Knowledge Dimension

The importance and performance of 20 detailed indicators of the knowledge dimension
were analyzed statistically using mean (M), standard deviation (SD), and paired-samples
t test (see Table 4) for verification. The total mean of importance is 4.634 (Y axis), and the
total mean of performance is 4.344 (X axis). With the two means as the mid-point, Y axis
and X axis are cut into four quadrants. The IPA falling point distribution of the 20 detailed
indicators of the knowledge dimension is as follows. There are 11 detailed indicators in
the “keep up the good work” zone (Quadrant I), indicating that the above professional
competence indicators are considered by the technical personnel in fire protection of high
importance and high performance and can be regarded as advantages and continue to
be maintained. There are nine detailed indicators in the “low priority” zone (Quadrant
III), indicating that the above professional competence indicators are considered by the
technical personnel in fire protection of low importance and low performance and can
be regarded as the items to be strengthened secondarily. The falling points of detailed
knowledge indicators are shown in Figure 2.

Table 4. The paired-samples t test for knowledge indicators.

N M SD Paired-Samples
t Test

Importance 20 4.634 0.321 −14.547 ***
Performance 20 4.344 0.329

*** p < 0.001.

4.3.2. Analysis Results of the Importance and Performance of Skill Dimension

The importance and performance of 21 detailed indicators of the skill dimension were
analyzed statistically using mean (M), standard deviation (SD), and paired-samples t test (see
Table 5) for verification. The total mean of importance is 4.666 (Y axis), and the total mean of
performance is 4.344 (X axis). With the two means as the mid-point, Y axis and X axis are cut
into four quadrants. The IPA falling point distribution of the 21 detailed indicators of the skill
dimension is as follows. There are 11 detailed indicators in the “keep up the good work” zone
(Quadrant I), indicating that the above professional competence indicators are considered by
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the technical personnel in fire protection of high importance and high performance and can be
regarded as advantages and continue to be maintained. There are four detailed indicators in
the “concentrate here” zone (Quadrant II), indicating that the above professional competence
indicators are considered by the technical personnel in fire protection of high importance and
performance not as high as expected and can be regarded as the items to be improved in
priority. There are five detailed indicators in the “low priority” zone (Quadrant III), indicating
that the above professional competence indicators are considered by the technical personnel
in fire protection of low importance and low performance and can be regarded as the items to
be strengthened secondarily. There is one detailed indicator in the “possible overkill” zone
(Quadrant IV), indicating that the above professional competence indicators are considered
by the technical personnel in fire protection of low importance and performance higher than
expected and can be regarded as overkill, and the efforts can be directed to the items that
need to be strengthened. The falling points of detailed skill indicators are shown in Figure 3.

Table 5. The paired-samples t test for skill indicators.

N M SD Paired-Samples
t Test

Importance 21 4.666 0.258 −8.563 ***
Performance 21 4.344 0.322

*** p < 0.001.

4.3.3. Analysis Results of the Importance and Performance of Attitude Dimension

The importance and performance of 20 detailed indicators of the attitude dimension
were analyzed statistically using mean (M), standard deviation (SD), and paired-samples
t test (see Table 6) for verification. The total mean of importance is 4.788 (Y axis), and the
total mean of performance is 4.580 (X axis). With the two means as the mid-point, Y axis
and X axis are cut into four quadrants. The IPA falling point distribution of the 20 detailed
indicators of the attitude dimension is as follows. There are nine detailed indicators in
the “keep up the good work” zone (Quadrant I), indicating that the above professional
competence indicators are considered by the technical personnel in fire protection of high
importance and high performance and can be regarded as advantages and continue to be
maintained. There are two detailed indicators in the “concentrate here” zone (Quadrant
II), indicating that the above professional competence indicators are considered by the
technical personnel in fire protection of high importance and performance not as high as
expected and can be regarded as the items to be improved in priority. There are six detailed
indicators in the “low priority” zone (Quadrant III), indicating that the above professional
competence indicators are considered by the technical personnel in fire protection of low
importance and low performance and can be regarded as the items to be strengthened
secondarily. There are three detailed indicators in the “possible overkill” zone (Quadrant
IV), indicating that the above professional competence indicators are considered by the
technical personnel in fire protection of low importance and performance higher than
expected and can be regarded as overkill, and the efforts can be directed to the items that
need to be strengthened. The falling points of detailed attitude indicators are shown in
Figure 4.

Table 6. The paired-samples t test for attitude indicators.

N M SD Paired-Samples
t Test

Importance 20 4.788 0.151 −5.690 ***
Performance 20 4.580 0.250

*** p < 0.001.
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5. Discussion

This study makes three important contributions. First, the results add to the literature
by presenting a set of competence indicators for technical personnel in fire safety equipment,
and their relative importance and performance were based on empirical data. Second,
the competence indicators identified in this study can contribute to the development
and improvement of learner support training programs. Third, the findings improve the
methodology of determining competency by piloting expert interviews, Delphi technique
experts, and IPA experts involving both qualitative and quantitative approaches.

The findings indicate the kinds of professional competencies as well as intrinsic and
extrinsic motivations required by institutions to promote efficient training and learning.
As indicated in other studies [24,25], comprehensive, ongoing learner support systems are
required to help learners. This study demonstrates the value of the three-phase method
(expert interviews, Delphi technique experts, and IPA experts) as a systematic and reliable
methodology for identifying professional competence indicators for technical personnel in
fire safety equipment. Various methods were applied individually and in combination to
identify and validate the competencies of various professionals [26]. The proposed method
integrates carefully selected expert interviews, Delphi technique experts, and a validation
survey using the IPA method. These competencies were then clarified, elaborated on,
validated, and classified by experts in the field and experienced researchers.

The implications of the results in this study are discussed as follows:

5.1. First-Level Professional Competence Indicators (Dimension Indicators)

By literature review and analysis, after professional competence was defined and or-
ganized by scholars at home and abroad, the first-level professional competence indicators
(dimension indicators) of this study were determined, including: one knowledge, two skill,
and three attitude indicators.

5.2. Second-Level Professional Competence Indicators (Orientation Indicators)

After experts were selected for the interview, a cross comparison was carried out
according to expert opinions to determine the second-level professional competence indi-
cators (orientation indicators) of this study. There are a total of 12 orientation indicators:
four orientation indicators in the knowledge dimension, four orientation indicators in the
skill dimension, and four orientation indicators in the attitude dimension.

5.3. Third-Level Professional Competence Indicators (Detailed Indicators)

A Delphi panel was selected for the Delphi survey. After data processing, the third-
level professional competence indicators (detailed indicators) of this study were finally
determined. There were a total of 61 detailed indicators: 20 detailed indicators in the
knowledge dimension, 21 detailed indicators in the skill dimension, and 20 detailed
indicators in the attitude dimension.

6. Conclusions

This study used the Delphi technique method, where the contents of professional
competency indicator details for technical personnel in fire safety equipment were built
and subsequently divided into three categories, 12 second-level indicators, and 61 detailed
indicators. The detailed indicators were then analyzed using the importance–performance
analysis (IPA). For experts, the professional field was found to be the most important
indicator for the knowledge, skills, and attitude in a specialty area. In terms of contestant
performance from the expert point of view, specialty skill performances were seen as the
more important ones with the ability to measure performance being the most important
in this area. A detailed competency table was constructed, expert academic opinion
assessment, which could be a useful reference to verify the abilities during training.

Regarding the contents of competence indicators at all levels, the results in the order
of the research implementation are concluded. According to the results, the importance
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and performance analysis of the obtained 61 detailed indicators of professional competence
for technical personnel in fire safety equipment were analyzed, as detailed below:

6.1. Indicators in the “Keep Up the Good Work” Zone (Quadrant I)

There are 31 detailed indicators in the “keep up the good work” zone, Quadrant
I, indicating that the professional competence indicators in this zone are considered by
the technical personnel in fire protection of high importance and high performance and
can be regarded as advantages and continue to be maintained. The detailed indicators
falling in this zone of the IPA model chart are: 11 detailed indicators in the knowledge
dimension, 11 detailed indicators in the skill dimension, and 9 detailed indicators in the
attitude dimension.

6.2. Indicators in the “Concentrate Here” Zone (Quadrant II)

There are six detailed indicators in the “concentrate here” zone, Quadrant II, indicating
that the professional competence indicators in this zone are considered by the technical
personnel in fire protection of high importance and performance not as high as expected
and can be regarded as the items to be improved in priority. The detailed indicators falling
in this zone of the IPA model chart are four detailed indicators in the skill dimension.

6.3. Indicators in the “Low Priority” Zone (Quadrant III)

There are 20 detailed indicators in the “low priority” zone, Quadrant III, indicating
that the professional competence indicators in this zone are considered by the technical
personnel in fire protection of low importance and low performance and can be regarded
as the items to be strengthened secondarily. The detailed indicators falling in this zone of
the IPA model chart are: nine detailed indicators in the knowledge dimension, five detailed
indicators in the skill dimension, and six detailed indicators in the attitude dimension.

6.4. Indicators in the “Possible Overkill” Zone (Quadrant IV)

There are four detailed indicators in the “possible overkill” zone, Quadrant IV, in-
dicating that the professional competence indicators in this zone are considered by the
technical personnel in fire protection of low importance and performance higher than
expected and can be regarded as overkill. The efforts can be directed to the items that
need to be strengthened. The detailed indicators falling in this zone of the IPA model
chart are: one detailed indicator in the skill dimension and three detailed indicators in the
attitude dimension.

The competencies identified in this study could serve as a reference for curriculum
planning of fire-protection-related teaching programs in colleges and universities, training
of technical personnel in fire safety equipment in the industry, and the national examination
for technical personnel in fire protection.

It is worth noting that the selection of Taiwan participants who are well-versed in
experienced licensed professional fire protection engineers may limit the generalized ability
of our findings.
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