978-9950-8599-0-6

2025 Engineering for Palestine Conference (ENGA4PAL)
PPU, Hebron, Palestine, September 29-30, 2025

Engineers’ Needs for Achieving Effective

Managerial Performance

Haneen Ahmad Naser, Palestine Polytechnic University*
Wasim Idris Sultan, Palestine Polytechnic University?

A. Abstract — Engineers are often well-suited to hold
managerial roles throughout their professional careers.
It is not uncommon to find engineers in operations or
quality management roles. Thus, many engineers move
from engineering to managerial positions. This
transition poses a challenge for engineers due to the
differences in the success criteria between technical and
administrative roles. This research examines the extent
to which engineers possess three types of managerial
skills: technical, conceptual, and human. Then, it
examines the association between these skills and the
engineers’ managerial performance. Further, it
investigates whether the working environment
moderates this relationship. To achieve this purpose,
170 questionnaires were distributed online to engineers
working in administrative positions in the private sector
of the West Bank region in Palestine during May and
June 2024. Finally, the data of 103 respondents was
valid for analysis. Our analyses are based on structural
equation modeling to address the research questions.
Results show that managerial skills have a positive effect
on engineers’ performance, particularly through
human and conceptual skills. However, technical skills
do not show a significant impact. The organizational
environment was identified as a moderator, enhancing
the relationship between managerial skills and
performance. Fostering engineers’ soft skills and
maintaining a supportive work environment are
essential for improving their managerial performance.
The study emphasizes the importance of enhancing
human and conceptual skills among engineers through
targeted training programs. Universities can deepen
skill development in the engineering curriculum.
Furthermore, employers are advised to create a
supportive work environment characterized by a
culture of empowerment, which drives improved
performance.

Keywords — Engineers; performance; Managerial Skills;
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Il. INTRODUCTION

Recent economic growth has led to significant business
expansion, emphasizing the vital role of management in
organizing and optimizing resources [1]. Managers foster
collaboration to achieve goals by utilizing time, resources,
and personnel efficiently. Management has become a popular
career, blending technical, interpersonal, and leadership skills
[2]. As companies grow, managers are essential for planning,
motivating teams, and overseeing operations [3]. This study
explores how engineers transition into management roles, the
challenges they face, and the skills needed to succeed [4].
Global shifts in economics, politics, and technology demand
that organizations adapt for survival [5]. Change management
is essential, requiring modern managers to lead with vision
and communication while creating value [6], [7]. Many
engineers transition into management without formal training
in leadership or organizational skills (Katz, 1974 Engineering
Management Journal, 2002). Palestinian Universities,
particularly engineering programs, are focused heavily on
technical education, lacking managerial components [9].
Therefore, this study examines the managerial skills
engineers possess and their impact on performance within the
Palestinian marketplace. To achieve this purpose, this
endeavor attempts to answer the following research
questions:

RQ1) How does possessing managerial skills influence the
managerial performance of engineers?

RQ2) Does the working environment moderate the
relationship between managerial skills and performance?

While engineers are typically well-trained in technical skills,
they often lack essential soft skills such as communication,
leadership, and interpersonal abilities [10]. This research
explores the performance of engineers in managerial roles
within private sector companies in the West Bank, Palestine.
It aims to identify the managerial skills engineers need to
perform effectively, acknowledging that engineering and
management are distinct fields [9]. The study investigates
how these managerial skills impact performance and whether
the organizational environment moderates this effect. The
two main research questions focus on the influence of
managerial skills and the moderating role of the
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organizational environment. Hypotheses include the effects
of human, conceptual, and technical skills on performance, as
well as how the working environment may moderate this
effect. {Merging Citations}.

The study is based in the Palestinian private sector, where
Engineering education began at the university level in 1978.
Engineering programs in Palestine primarily emphasize
technical training, with limited exposure to management
education [9]. According to the Palestinian Central Bureau of
Statistics, 10.8% of students are enrolled in engineering
programs, with a significant concentration of engineers in
Hebron and Nablus [12][13].

This research is significant for both individuals and
organizations. Engineers can benefit from the findings to
enhance their soft skills, while companies can develop
training programs to support an effective transition to
managerial positions. Finally, understanding the role of the
organizational environment can help employers optimize the
working conditions for better performance.

I1l. LITERATURE REVIEW

A. Performance of engineers working as managers

It is well documented in the literature that employees in new
managerial roles often encounter difficulties related to
leadership, motivation, and cross-departmental coordination,
regardless of their technical competence [14]. This challenge
becomes more pronounced for engineers transitioning into
management roles, a trend that has grown significantly since
the 1990s [15]. Most engineers begin assuming managerial
responsibilities within a few years of entering the workforce.
However, technical expertise alone is not enough. Successful
management depends on the integration of knowledge, skills,
and attitudes [16].

Historically, engineers were defined as creators of war
machinery and fortifications, a role dating back to the
Napoleonic era [17].0ver time, this definition evolved to
describe engineers as individuals who apply science, math,
and technology to solve problems and improve human life
(Leon Boyd & Leon). The classical view focused more on
physical forces and materials rather than human interaction
[18]. However, engineering education has long been
criticized for neglecting soft skills, focusing instead on
technical content like mathematics and abstract science
[15][15][19]. In today’s globalized world, engineers are
expected to possess teamwork, communication, leadership,
and problem-solving skills to thrive in professional settings.
Studies emphasize that strong managers must have trust,
empathy,  motivation,  accountability, and  clear
communication to lead teams effectively [20] . R. L. Katz
(1955) identified three essential managerial skills—technical,
human, and conceptual—which remain foundational
today[21]. Later research expanded this to include analytical,
decision-making, interpersonal, communication, and
administrative skills. Without these capabilities, engineers
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often struggle to succeed in managerial roles despite their
technical expertise.

R. L. Katz (1955) was the first to define the three essential
managerial skills: technical, human, and conceptual. These
skills, though interrelated, hold varying degrees of
importance depending on the managerial level [8][21].
Technical skills refer to the ability to apply specialized
knowledge and are most crucial for lower-level managers,
particularly engineers transitioning into managerial roles
[22]. However, as managers rise in the hierarchy, the
relevance of technical skills diminishes, and soft skills
become increasingly important [23]. Human skills involve
working effectively with others, building trust, and fostering
cooperation—traits that are often underdeveloped in
engineers due to the technical nature of their training[24].
Engineers typically receive limited education in interpersonal
communication, leadership, and teamwork, which can hinder
their performance as managers [11]

Conceptual skills, which enable a manager to understand the
organization as a whole and how its parts interrelate, are
critical at higher management levels [22][25]. These include
strategic planning, systems thinking, and problem-solving on
amacro scale. While technical expertise may earn an engineer
a management position, sustaining and excelling in that role
demands a well-rounded skillset that includes human and
conceptual capabilities [26]. Research has found that
engineer-managers without adequate conceptual and human
skills often underperform, especially at the strategic level,
where leadership and cross-functional coordination are key
[4].Organizations increasingly value emotional intelligence,
communication, and adaptability—skills not traditionally
emphasized in engineering education [27].Therefore, for
engineers to thrive as managers, they must intentionally
develop a balance of all three Katz skills.

In today’s dynamic business environment, adaptable
management approaches that consider individual employee
needs and situational variables are preferred. Motivational
strategies and a focus on soft skills are essential for enhancing
employee performance and achieving organizational
goals[28]. Despite their importance, soft skills are often
neglected in the workplace. Their development fosters
engagement, leadership, and teamwork, driving high
performance. Moreover, effective managers must address
workplace conflicts, which naturally arise from diverse
perspectives[29][30]). Handling such conflicts is critical for
maintaining team cohesion and productivity.

Katz’s theory on managerial skills, first published in 1974,
identified technical, human, and conceptual skills as essential
for effective administration, inspiring numerous studies on
engineers' managerial competencies[31][32][17]. The theory
was revisited by Peterson (2004), who added communication,
analytical, decision-making, interpersonal, diagnostic,
flexible, and administrative skills to Katz’s original
framework, reflecting evolving managerial demands [33].
Studies consistently highlight the greater importance of
human and conceptual skills over technical skills, especially
at higher management levels [21][17][11]

The Palestinian engineering landscape has expanded since
1978, with numerous universities offering engineering



programs and over 30,000 engineers registered with the
Palestinian Engineers Association[34][13] . Since the Oslo
Accords and the establishment of the Palestinian National
Authority, infrastructure and industry growth have increased
demand for qualified engineers, many transitioning into
managerial roles [35].

Studies in the West Bank construction sector emphasize
financial, managerial, and communication skills as critical for
project managers, many of whom are engineers [36]. This
research aims to analyze how Palestinian engineers in the
local labor market adopt Katz’s three managerial skills—
human, technical, and conceptual—to perform effectively,
addressing the gap where engineering education often focuses
predominantly on technical knowledge [8][35].

This research focuses on Palestine, especially the West
Bank, where many engineering graduates are in high demand
across industries[34] . Since engineering education began in
1978, several universities now offer numerous engineering
programs, supported by the Palestinian Engineers
Association, which facilitates workforce integration[13].
Following the Oslo Accords, labor demand increased due to
development projects[35]. Studies show many engineers
advance to managerial roles, requiring financial, managerial,
and communication skills[36]. This study examines how
Palestinian  engineers  transition into  management,
emphasizing Katz’s three essential skills: human, technical,
and conceptual, which are often underdeveloped in engineers
focused mainly on technical knowledge

B.  Conceptual Framework

Building on previous research, this study focuses on three key
managerial competencies—technical, conceptual, and human
skills—that influence engineers' managerial performance, as
shown in Figure 1. Technical skills involve proficiency in
methods, processes, and problem-solving, which are essential
mainly for lower-level managers. These skills include
understanding drawings, blueprints, quality control, and
purchasing [8][23][37]. The organizational environment's
impact on performance will also be examined.

Techmcal
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Skills Performance

Conceptuai
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Human skills involve effective team management and

interpersonal abilities, crucial for communication and
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collaboration, though engineers often struggle to develop
them due to their technical focus [8][38]Conceptual skills
enable managers to see the organization as a whole and are
vital for high-level planning and problem-solving[22]
[32].These skills, along with technical skills, influence
engineers’ managerial performance. The organizational
environment, including culture and policies, acts as a
moderating factor, affecting employee productivity and goal
achievement [23][28].

IV. METHODOLOGY

This chapter outlines the research methodology, including the
design, sample, data collection tools, and statistical methods
used to test hypotheses and ensure reliability and validity.
The study uses a quantitative, cross-sectional design to assess
the impact of managerial skills on performance and the
moderating role of organizational environment, employing a
self-administered questionnaire for data collection.

The population comprises engineers in managerial roles in
the private sector across various industries, including
construction and services, in the West Bank. Due to the
absence of a reliable population database, a non-probability
convenience sample was chosen. The sample consists of
engineers who were available and willing to participate.

Surveys were distributed online via email and WhatsApp to
172 engineers between May and August 2024. Of the 170
surveys returned, 120 were fully completed, and 13 were
excluded due to incompleteness. This resulted in a valid
response rate of 77.3%.

This study utilizes a structured questionnaire as the main
instrument for collecting quantitative data. The questionnaire
was developed based on previous studies and theoretical
foundations, adapted to the Palestinian context, and validated
by academic and industry experts. It consists of two main
sections: the first gathers demographic and work-related data,
while the second includes 52 items across five constructs—
Human Skills, Technical Skills, Conceptual Skills,
Organizational Environment, and Managerial Performance—
measured using a five-point Likert scale.

Descriptive statistics were conducted using SPSS v23 to
summarize the sample’s characteristics and responses.
Frequencies and percentages were used for demographic
variables, while means and standard deviations were
calculated for study constructs. To aid interpretation, mean
values were categorized into five levels: very low to very
high, based on score intervals [39].

Inferential analysis was performed using SmartPLS4 through
Partial Least Squares Structural Equation Modeling (PLS-
SEM). PLS-SEM can handle complex models under less
restrictive assumptions and is ideal for exploratory research
[40][41].

PLS-SEM includes both inner (structural) and outer
(measurement) models. Structural models test relationships
between latent variables, while measurement models
represent the link between constructs and their indicators,
using reflective or formative approaches depending on the



nature of the constructs [40]. This methodological choice
allows the study to accurately examine the effects of
managerial skills and organizational environment on
engineers' performance.

A. PLS- SEM Evaluation

The evaluation of the measurement model followed the
guidelines of Hair et al. (2017), Fornell and Larcker (1981),
and Henseler et al. (2015), confirming the model’s reflective
nature, meaning the removal of any indicator does not alter
the conceptual meaning of the latent construct. The model
consists of five first-order latent variables and one second-
order latent variable, namely managerial skills. The
assessment focused on key aspects, including internal
consistency reliability, convergent validity, and discriminant
validity, to ensure the quality and accuracy of the
measurement model. This comprehensive approach ensures
that the latent variables are well-defined and measured
accurately by their respective indicators.

All constructs demonstrated satisfactory internal consistency,
with Cronbach’s Alpha and Composite Reliability (CR)
values exceeding the accepted threshold of 0.70. These high
reliability coefficients indicate that the indicators within each
construct are internally consistent and measure the same
underlying concept. This is crucial for the validity of
structural equation modeling, as it ensures that the constructs
are robust and dependable. Additionally, for the higher-order
construct (Managerial Skills), both CA and CR were strong,
supporting its structural reliability.
Convergent validity was assessed by examining the outer
loadings and AVE values of the constructs. Outer loadings
ranged from 0.525 to 0.877, all exceeding the minimum
acceptable value of 0.50, demonstrating that individual
indicators reliably contribute to their respective constructs.
Although the AVE values for Technical Skills and
Managerial Skills were slightly above 0.40, they are
acceptable due to sufficient composite reliability, as noted by
Fornell and Larcker (1981). These results confirm the
acceptable convergent validity of all constructs included in
the model.

Discriminant validity was evaluated using cross-loadings, the
Fornell-Larcker criterion, and the Heterotrait-Monotrait
Ratio (HTMT). Indicators loaded highest on their intended
constructs, supporting discriminant validity. Furthermore, the
square root of AVE for each construct exceeded the inter-
construct correlations, satisfying Fornell-Larcker’s condition.
HTMT values, while not explicitly detailed, were assessed
and found to be below the conservative threshold of 0.90,
further confirming discriminant validity and supporting the
distinctiveness of the model’s constructs.

The second-order construct "Managerial Skills" was modeled
as a reflective-formative type, comprising three first-order
constructs: Human Skills, Technical Skills, and Conceptual
Skills. The outer loadings of these components were 0.831,
0.823, and 0.855, respectively, all of which exceed the
recommended threshold of 0.70. This indicates that each
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dimension makes a substantial contribution to the formation
of the higher-order construct, confirming the reliability and
validity of modeling managerial skills in this manner.

The HTMT criterion was employed to assess discriminant
validity between the constructs. As shown in Table 10, all
HTMT values remained below the threshold of 0.90, aligning
with the standard recommended by Henseler et al. (2015).
This result reinforces the conclusion that the constructs are
empirically distinct and supports the robustness of the
measurement model in differentiating between related but
separate constructs.

The measurement model's internal consistency was further
confirmed, with Cronbach’s Alpha ranging from 0.890 to
0.941 across all constructs, indicating excellent reliability.
Additionally, Composite Reliability values exceeded the
minimum threshold of 0.70, verifying the consistency and
stability of the measures used. These strong reliability
indicators also extended to the second-order construct
"Managerial Skills,” providing additional evidence of the
overall strength and coherence of the model's internal
structure.

V. RESULTS AND DISCUSSION

This chapter presents data analysis and hypothesis testing
based on the research questions. It begins with descriptive
statistics, followed by the assessment of the measurement and
structural models using PLS-SEM to evaluate the
relationships between constructs (Hair et al., 2017). The
analysis aims to clarify the responses gathered through the
questionnaire and address the core research problem.

A. Descriptive Statistics
1) Sample Characteristics

A sample of 104 respondents was analyzed. Males represent
76.7% of the sample, and females 23.3%, reflecting gender
imbalance in this sector (UNESCO, 2021). Most participants
(73.3%) were between 30 and 50 years, and 49.2% had 11—
20 years of engineering experience. Regarding managerial
roles, 65.8% had 1-10 years of experience, while only 0.8%
had over 20 years. In terms of engineering specialties, civil
engineers were the largest group (45.8%), followed by
electrical engineers (31.7%) and mechanical engineers
(15%). Only 7.5% came from other disciplines. This
distribution suggests that civil engineers are more likely to
reach managerial or self-employed roles compared to others
(World Bank, 2020). These characteristics provide essential
context for interpreting the survey data and understanding the
research findings (Table 1).

TABLE 1: SAMPLE CHARACTERISTICS

Variables
Gender

Options n %
Female 92 76.7




Male 28 23.3
Less than 30 99 18.3
Years
Age 30 - less than 50 88 73.4
Years
More than 50 10 83
Years
Working as _1-10 Years 41 34.2
an engineer 11 -20 59 49.1
(years) > 20 20 16.7
Working as _1-10 Years 79 65.9
a manager 11 -20 Years 40 33.3
(years) > 20 Years 1 0.8
Civil Eng. 55 45.8
. Mechanical
Specialty E 18 15.0
in eng. ng._
Electrical Eng. 38 31.7
Others 9 7.5

Table 2 presents the characteristics of companies represented
in the study. Most respondents (84.2%) do not work in family
businesses, indicating a preference for professional
independence. The sectors are evenly distributed: 35% in
services, 35% in contracting, and 30% in manufacturing,
reflecting industry diversity. Regarding company size, 36.7%
work in firms with over 50 employees, 32.5% in small firms
(1-20 employees), and 30.8% in mid-sized firms (21-50
employees). This indicates a balanced mix of organizational
scales. Managerial roles vary: 20.8% are general managers,
20.8% are in other roles, 20% are quality engineers, 15.8%
are project managers, 14.2% are production engineers, and
only 8.3% are project engineers. Geographically, 62.5% of
respondents are based in the North, and 37.5% in the South,
indicating a greater concentration of industrial activity in the
northern region.

Table 2: The characteristics of the participating companies

Other 25 20.8

South 45 37.5

Geography — o1t 75 62.5

Variables  Options n %
. Family business 19 15.8
Business _
Type No family 101 84.2
Business
Services sector 42 35.0
Business  Manufactor
Sector sector Y 36 30.0
Contracting sector 42 35.0
1-20 employees 39 325
Number of 21-50 Employee 37 30.8
employees more than 50 44 36.7
employees
General manager 25 20.8
. proqluctlon 17 14.2
Manageria _engineer
| position quality engineer 24 20.0
project manager 19 15.8
project engineer 10 8.4
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2) Factor Analysis

This study examined three key factors affecting managerial
performance: managerial skills, organizational work
environment, and managerial outcomes. Managerial skills
included human, technical, and conceptual skills. The overall
managerial skills scored high with a mean of 4.00. Technical
skills were highest (4.08), followed by human skills (4.05),
and conceptual skills (3.87) (see Table 1).

Human skills were rated high (mean 4.05, 81.0%). The
strongest statement was “I listen carefully to my team”
(87.6%), while the lowest was “I hold quick morning
meetings regularly” (72%) (see Table 2).

Technical skills were also high (mean 4.05, 81.6%). The top
practice was “Using technology and task management
systems” (85.4%). The lowest was “Selecting team members
during plan development” (75.8%) (see Table 3).

Conceptual skills scored moderately high (mean 3.87,
77.4%). “Setting goals before projects” was highest (82.8%),
while “Visiting relevant exhibitions” was lowest (71.6%) (see
Table 4).

The work environment was rated relatively high (mean 3.57,
71.4%). Highest agreement was on ‘“Regular salary
payments” (84%), while “Weekly meetings to discuss
employee challenges” scored lowest (59.8%) (see Table 5).
Managerial performance showed high levels (mean 4.04,
80.8%). The highest rated was “Solving problems during
work” (85.6%), and the lowest was “Projects achieving good
profits” (76.2%) (see Table 6).

3) Hypothesis Testing
The final stage of the structural model evaluation tested the
proposed hypotheses using bootstrapping (5000 subsamples)
based on Hair et al. (2017).

a) Effect of Managerial Skills on Managerial
Performance

Table 4 shows that managerial skills have a significant
positive effect on managerial performance (B = 0.223, p =
0.064 < 0.10). This supports Hypothesis 1 (Hi). Increasing
managerial skills by one unit leads to a 0.223 increase in
managerial performance.
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Table 4: Result of the first hypothesis
c) Moderating Role of Organizational Environment
No.  Hypothesis () Std.  tvalue pvalue Result ,p 6: RESULT OF THE SECOND HYPOTHESIS
H,, MS->MP 0.223 0.120 1.850 0.064*  Sig.
No Hypothesi t va pvalu
b) Effect of Skills Dimensions on Managerial s B S e e Result
Performance H OExMS- 0.26 0.06 4.38 0.000 Sj
Table 5 summarizes the sub-hypotheses. Human skills 2 >MP 4 0 1 ** g

(B=0.247, p=0.038) and conceptual skills (f=0.269, p=0.065)
significantly impact performance, supporting Hi.: and Hi..
Technical skills do not have a significant effect (p = 0.447),
rejecting Hi.3.

TABLE 5: TESTING THE EFFECTS OF MANAGERIAL SKILLS

No.  Hypotheses  (B) Std. t value pvalue Result
Hy, HS>MP 0247 0119 2073  0.038** Sig.
H, CS->MP 0269 0.146 1.847 0.065* Sig.
Hi3 TS->MP 0.172 0226 0.761 0.447 rejected

Note: ** and * represent statistical significance at 5% and 10%,
respectively; B: Regression coefficient; HS: Human Skills; CS:
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Note: ** and * represent statistical significance at 5% and 10% levels,
respectively; B: Regression coefficient; MP: Managerial Performance; MS:
Managerial Skills; OE: Organizational Environment.

d) Moderating Role of Organizational Environment
on Skills Dimensions

Table 7 reveals that the organizational environment
moderates the effect of human skills (p = 0.098) and
conceptual skills (p = 0.002) on performance, supporting H>.1
and H:... It does not moderate technical skills (p = 0.330),
rejecting Hos.



No | Hypothe | B Std. | t val | pval | Result

. ses ue ue

H,,| OE x| 0.15|0.09 | 1.655 | 0.098 | Support
HS-> 4 3 * ed
MP

H,,| OExCS | 0.30 | 0.09 | 3.050 | 0.002 | Support
-> MP 2 9 ol ed

H,;| OEx TS | 0.12 | 0.13 | 0.975 | 0.330 | rejected
-> MP 8 1

VI. CONCLUSION

The study concludes that Palestinian engineers possess a high
level of managerial skills, with technical skills being the
strongest, followed by human and conceptual skills. The
organizational environment in their companies is generally
supportive,  contributing  positively to  managerial
performance. Managerial skills overall have a significant
positive effect on performance, particularly in terms of
human and conceptual skills, while technical skills show no
significant impact on managerial outcomes. Furthermore, the
organizational environment acts as a moderator,
strengthening the positive effects of managerial skills,
especially human and conceptual skills, on performance.
These findings underscore the growing significance of soft
skills and environmental factors in engineering management
roles.

Based on these conclusions, it is recommended that
employers focus on developing human and conceptual skills
through targeted training and mentorship, while fostering a
supportive and communicative organizational culture.
Universities should integrate leadership and strategic
thinking into engineering curricula to better prepare students
for managerial roles. Engineers’ associations can enhance
professional development by offering continuous learning in
management skills. Engineers themselves should prioritize
building interpersonal and strategic abilities as they progress
in their careers. Future research should examine how
technical skills evolve in senior management, consider
diverse organizational contexts, and explore the role of
communication in boosting managerial effectiveness.
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