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Abstract:

Architectural design is considered the fundamental pillar of architectural education, through which it is possible
to keep pace with the development of the curriculum and modern digital software tools. Therefore, this research
paper highlights both the negative and positive effects of using modern digital software tools on students'
architectural design outputs. In past years, before the emergence of modern advanced computer technologies,
students in architecture departments at universities around the world, generally, and in Libyan universities, relied
on traditional methods for design, such as two - and three-dimensional hand-drawn sketches. Digital software
tools, such as ArchiCAD, Revit, virtual reality programs, and, more recently, artificial intelligence, have been
developed to meet the diversity of needs (users, design, construction, and creativity), which has had, and continues
to have, a transformative impact on architectural design tools. These tools were introduced into Libyan universities,
specifically the Department of Architecture in Tripoli, in the late twentieth century. They have brought a radical
change in architectural design courses in Libyan universities. Therefore, this research paper aims to understand
the impact of using digital software tools on student outputs in architectural design. The descriptive-analytical
method was applied to answer the paper's questions from different aspects of the theoretical and empirical parts.
One of these questions is the main question that addresses the effects of digital software tools on student output in
architectural design courses, and how their negative effects can be reduced? Questionnaires were distributed to
105 students and 19 professors to determine the extent to which digital software tools impact student outcomes in
architectural design. To come up with at a mechanism for reducing the negative effects of using digital applications
on architectural design outcomes and students' intellectual and creative capabilities in various typologies of
architectural design subjects.
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Introduction

Since its emergence, digital technology has provided students and architects with advanced capabilities, replacing
traditional thinking and design tools. This has made intelligence, creativity, and imagination physically attainable
through the use of various computer technologies in many fields of architecture, from planning to urbanism and
design. The widespread use of digital technologies and their applications in the early 21st century has had a
significant impact on reshaping the structure of the architectural education curriculum. The largest part of the use
of digital software tools in architectural design, with its various functional classifications, has evolved beyond
being an effective tool for drawing to influence modelling, analysis, programming, and other uses of digital
applications. This has forced architecture departments to adopt them within the educational curriculum as core
academic subjects taught to students, such as CAD, RIFT, and other programs, all the way to artificial intelligence
(AI) [1]. Digital drawing technological advancements have had a significant impact on the development of
architecture education, changing our perspective as architects on how to approach form and link it to spatial,
structural, and aesthetic functions. The widespread use of digital programs has had a clear impact on their adoption
as a contemporary design tool in architectural design subjects by students, which has given them great freedom in
dealing with site data, its environmental and topographical constraints, and their effects on the formation of
complex architectural forms [2].

According to the experimental study by Angelil (2003), who emphasized the importance of incorporating modern
digital software tools into at least the last three years of the academic curriculum for architecture students. (Angelil,
M. Uziyel, L. 2003). In addition, digital software tools contribute to the production of attractive architectural forms
and ideas with relatively little effort from students [3]. On the other hand, Achten (2003) highlighted the negative
effects of digital transformation in architecture, especially architectural design, to replace the traditional design
method, which plays a major role in developing and enhancing the physical relationship between the tool of
drawing and creativity (the hand) and the tool of thinking (the brain). Many researchers concentrated on the
problems resulting from the excessive use of digital tools and their applications by students in the initial stages of
the study, without introducing the concept of thinking and creativity to the architectural ideas proposed for projects
[4]. But in return, the viewpoints of other thinkers, including Breen (2004), encouraged the connection between
digital and traditional tools and their integration into educational programs to develop students’ skills at all
intellectual and practical levels. It also provides students, through the link to the two tools, with several different
ideas and directions for their development in a way that is compatible with various characteristics of (users,
functions, and locations) [5]. One of the most important capabilities that distinguish these programs is the speed
in preparing, completing, and producing architectural forms and plans [6]. These programs develop students'
decision-making abilities and reduce problems and risks by offering the best solutions, enabling students to
develop their projects and gain a more accurate and realistic vision [7]. Additionally, these digital software tools
enable students to make modifications and changes to designs in a seamless manner that is easy to use and clear
to present [8].

The use of digital software tools in architectural projects in design courses at the Department of Architecture at
the University of Tripoli has had a significant impact on the outcomes of architectural work and also on the
capabilities and skills of architectural students. This is where the problem emerged and was identified by the
author.

Research Problem

The impact of technological progress is significant and evident in all practical and scientific fields, which in turn
casts its shadow on the educational process in Libyan universities, especially in applied specializations, including
architecture design. Digital progress has had a positive and possibly negative impact on various aspects of the
educational, social, and economic life of architecture students. Therefore, this research paper sheds light on the
extent of the effects of using digital software tools on the architectural design outcomes of architecture students at
the University of Tripoli across different academic levels. In addition, it identifies the positive and negative effects
on the potential of architecture students and their cognitive, sensory, creative, and intellectual abilities, as well as
their future career prospects in this field.

Therefore, this research paper introduces several objectives that serve as a guide to help the researcher identify the
impact of using digital software tools on the academic outputs and capabilities of architecture students.

Research Paper Objectives
* To identify the impact of using modern digital software tools on students' outputs in architectural design.
* To highlight the impact of these technologies on students' efficiency and their design and creative abilities.

* Propose a mechanism that may have a significant impact on reducing the negative impacts of using these digital
tools on students' intellectual and creative abilities in the design process in architectural design subjects.
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Research Paper Questions

Main Question

1. How do digital software tools impact students' output in architectural design studios, focusing on creative,
intellectual, and collaborative skills and communication, and how can their negative effects be reduced?
Sub questions

2. What digital software tools do students and faculty members prefer to use?

3.  What are the advantages and disadvantages of using digital software tools in architectural design?

4. What are the dilemmas and challenges facing architectural education in using such digital software tools
in the Department of Architecture at the University of Tripoli?

Research Methodology

This research paper employs a descriptive and analytical approach to review the literature related to the topic,
which serves as the foundation for the field study. One of the most important tools used in this research was a
questionnaire, which included numerous questions related to the topic. The program used to analyze the results
was Microsoft Excel.

The integration of digital software methodology, its applications, and tools in architectural science, as well as the
rapid comprehensive shift to digitization, has led to changes in the features of the traditional curriculum and the
way students and professors interact with it and view the built architectural environment. Therefore, the researcher
sheds light on the review of the theoretical literature focusing on thinkers' opinions to obtain more information
about the research problem.

Theoretical Framework

Architectural Education and the Transition from Traditional to Digital Tools.

Architectural education, in its early years, relied and continues to rely on traditional manual tools and techniques
(pens, paper, and various types of rulers) in the design process and presentation of plans. Despite the interactive
relationship between the student and the project, and the resulting understanding and awareness of all creative,
intellectual, and spatial sensory data, it is prone to errors and limited ideas requiring a long time to implement [9].
Architecture is not only limited to meeting the user's needs within the specific sit of a particular building type, but
it extends far beyond that to serve as a cultural and social identity for any country, reflecting architectural
development and progress, which tell great stories and philosophical values for the development of any country
(Fadjri, M., Ekawardhani, Y. 2020).

The emergence of digital globalization in recent years has witnessed significant progress, acceleration, and a
scientific revolution unprecedented in previous eras. As a result of keeping pace with and paying attention to this
type of development, it has had a great impact on the development of students' capabilities in terms of thought,
design, and technology. It has also influenced the ideas and visions of students through the creativity of the
architectural ideas and virtual simulations in advanced stages of architectural education, specifically design
subjects. The integration of modern digital technologies into the field of architecture has had a significant impact
on the way architecture students approach their various projects. Furthermore, they have opened up vast horizons
for the development of design capabilities and raised awareness of precision and efficiency among those interested
in this development, producing unconventional architectural geometric forms that reflect the technological
advancements in this field, particularly in innovative structural systems. The development of building modelling
processes, digital parametric design programs, virtual reality simulation, and other digital software has played an
effective role in improving the outcomes of architectural design [10]. These applications have motivated many
architects interested in innovation and complexity in architectural projects to work on developing their
methodologies and tools to enable architecture students to use these technologies to support their educational
projects in architectural design studios and work to develop them and raise their efficiency. According to Dizoni,et
al (2024) who stated that “Such tools could intuitively aid in the generation of design concepts inspired by various
stimuli, while concurrently documenting these thought processes and ideas within interactive design databases”
[11] (p. 492).

Doyle and Senske (2017) discussed the duality of effective scientific interaction between design in architectural
education and digital technology in modern globalization and its impact on the digital transformation in
architectural education. As a result of this interaction, some of the challenges faced by architectural education have
surfaced, most notably how to integrate digital technology into the curriculum, adopt it, and overcome the problems
arising from its implementation. Therefore, the researchers proposed developing students' capabilities and skills
in digital software and its application in architectural design to bridge the gaps that may arise from teaching
architectural design and digital technology separately in architectural education [12]. Ceylan (2024) explained that
the mechanism of dealing with and using such digital software tools requires considerable effort to learn, especially
for new students [13]. On the other hand, the frequent use of digital tools and complete reliance on them has
negatively affected the cognitive, analytical, critical, and various manual drawing skills of students [14].
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Ceylan, S., et al. (2024) highlighted some of the weaknesses they identified in their research, including that some
students have no financial ability to acquire computers compatible with the requirements of digital software.
However, they identified several opportunities, including digital software tools used in architectural design studios,
which create a social foundation for collaboration and participation and develop teamwork, discussion, and the
exchange of technical skills. Furthermore, it encourages file transfer among students (Ayeke, E. et al. 2024).
Shinde, P. et al. (2024) [15] emphasized that digital software tools play an active role in developing students'
capabilities in several areas, including easy and smooth interaction and communication between students and their
professors. Digital software tools provide an educational environment that helps them exchange opinions,
criticism, and feedback, and fosters their ability to develop. Students' reliance on ready-made models in various
digital software tools and programs has many advantages, including reducing thinking and production time,
reducing errors, and allowing for modification according to project requirements. But, excessive reliance on this
model weakens students' ability to think and innovate, acting as a creative impediment, limiting architectural ideas,
and preventing brainstorming, which can help solve many design problems (Gerlich, M. 2025).

According to Narimane, H. et al. (2024) [16], digital software tools serve as basic rules that have contributed to
solving many complex problems at all levels of thought, design, and construction. These advanced technologies
have expanded the horizons of creativity and innovative visions beyond traditional education methods in
architectural science. The main credit for all this digital development began with pen and paper, which paved the
way for the development of digital software tools supported by several advanced tools, starting with CAD and
extending to artificial intelligence. These digital software tools have changed the traditional concept of
architectural science and made great deal of progress in architectural design.

Digital Software Programs and Tools

Since the era of digital transformation requires significant capabilities and skills to keep pace with this rapid
technological development, available traditional design methodologies and tools are ineffective within this
dynamic environment, which requires keeping up, being flexible, and adapting to it [17]. In response to this
development, numerous digital software tools have emerged, such as CAD, SketchUp, Revit, Photoshop, and V-
Ray, all of which rely on computers for downloading. Most of the digital software tools are used in architectural
design processes, each according to its function. For example, CAD was one of the first digital programs to appear
in the early 1980s. Its use in two-dimensional design has become widespread, contributing to increased design
efficiency, quality, accuracy, and speed of completion. The output of this application resembles hand-drawn
designs, making it easier for users to understand its working mechanism due to its proximity to traditional
architectural design methods.

SketchUp has been introduced in 2000 to visualize projects in 3D. It is easy to use and provides near-realistic
images. It also allows for the exchange of 3D files with other digital programs.

Building information technology (BIM). It is a program characterized by its diverse specializations in all
engineering fields, from electrical, mechanical, and construction sciences to architecture and other disciplines.
BIM has different types of tools such as Revit and Lumion. Revit characterized by its speed of preparing two-
dimensional plans in one second. In addition to that, it works to raise the efficiency of two-dimensional
architectural drawings and works to modify all plans simultaneously [18]. As well as Lumion, which works
specifically to present the projects in 3D.

Many digital software tools have recently emerged with advanced technical methods and various uses, such as
VR, AR, and Al, which have a significant impact on the design process of architectural projects during the design
and implementation phases (Fadjri, M., Ekawardhani, Y. 2020).

Modern digital software tools have become a reality, and their use and integration into the educational framework
of architectural education are inevitable, given their significant impact on the way many architectural projects are
conceptualized and produced. Therefore, the researcher deemed it necessary to conduct a field study to gain insight
into the opinions of samples, including professors and students, thereby linking them to the literature reviews. To
arrive at more precise answers to the research questions.

Fieldwork

Data Collection

The Department of Architecture and Urban Planning at the University of Tripoli is one of the oldest departments
in architectural education in Libya. The department was established in 1969 within the Faculty of Engineering at
the University of Tripoli. “The department seeks to keep pace with technological development in all its
educational, scientific, and research stages to catch up with scientific progress, similar to global architectural
departments] ’[19] (p. 4).

To keep pace with this development and highlight the impact of digital tools on student outcomes in architectural
design, and to answer the questions of this research paper, were selected random samples from architecture
department students at different academic levels and several faculty members in the department who use various
digital programs to assist in the design diverse types of buildings. The survey's participants numbered 124 from
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several categories of students and professors. The percentage of students who completed their responses was 70%,
or approximately 105 students out of 150 who participated in the field study. In addition, 19 faculty members out
of 30 professors were included in survey in the Department of Architecture and Urban Planning at the University
of Tripoli.

The researcher prepared two versions of the questionnaire for each of the target groups: students and faculty
members. Each version highlighted significant topics that address the research problem. The subjects that
introduced to the samples were Section 1, general information about the samples; Section 2, the digital programs
used; Section 3, an evaluation of the impact of using digital software; Section 4, the advantages and disadvantages
of using these applications; and Section 5, the obstacles and challenges facing architectural education in using such
applications.

The questionnaire was organized using the Customer Effort Score (CES) method, based on a five-point Likert
scale. This tool is for assessing the opinions of participants based on their different classifications on the specific
topic (strongly agree, agree, neutral, strongly disagree, disagree). The questionnaire contained various sections, as
previously explained. The journey of searching and investigating unprepared information is not a simple one but
rather a series of interconnected stages. The research begins with a data collection phase, followed by quantitative
statistical analysis of responses using Excel, a tool for analyzing data collected from survey participants. After this
stage, the discussion of the results, based on previous literature relevant to the topic, answers the research questions
and comes up with recommendations for relevant stakeholders.

Results and Discussions

The responses of the survey participants from the various samples (students and faculty members) categorized into
sections relevant to the research questions. This data then entered into Excel to obtain percentages for comparison
with other responses from the same group.

The most important parts of the survey are as follows:
= Section One: Information about the survey participants by gender.
= Section Two: The digital software tools used in the various design studios.
=  Section Three:
A. Evaluating the impact of using digital software tools on the quality of architectural design
outputs and design creativity among students and faculty members.
B. The impact of digital software tools on student collaboration in group projects.
= Section Four: The advantages and disadvantages of using digital software in architectural design courses.
= Section Five: The obstacles and challenges facing architectural education in the use of such digital
applications in the Department of Architecture at the University of Tripoli.

Section One: Demographic Classification

The demographic breakdown of the participating samples included 24 male students, accounting for 25%, and 81
female students, representing 80% of the total. Note the higher proportion of females compared to males in the
Department of Architecture at the University of Tripoli, indicating a rising number of females enrolling in the
department. According to statistics from the National Center for Education, Science, and Community Engagement
(NCES), more than half (57%) of students enrolled in higher education across the United States are female [20].
This increase is due to several reasons, according to Steffens, such as architecture being a flexible major that takes
into account the possibility of working from home and meeting the needs of children and families. It offers a work-
life balance and achieves a greater degree of inclusiveness and diversity. These are among the reasons that motivate
female students to enter this major [21].

Section Two: Digital Software Tools Used in Various Design Studios

Table (1) shows the most significant digital programs used by both students and faculty members for architectural
drawings. The most important of these is AutoCAD, with 100% of both faculty and students using it. SketchUp
also accounts for 100% of faculty and 83% of students. Photoshop also accounts for 84% of faculty members,
while students use the same program at 76%. We cannot forget some of the other programs, such as Revit and
Lumion, with varying percentages ranging from 42% to 58%.

Table (1): Programs Used

Programs Percentage of Students (105) Percentage of Professors (19)
AutoCAD 100 % 100%
SketchUp 83% 100%
Revit 52% 42%
Photoshop 76% 84%
Lumion 42% 58%
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Both professors and students emphasized the importance of these programs, based on the high and varying
percentages of their use. They all agreed on the widespread use of digital software tools such as AutoCAD,
SketchUp, Photoshop, and Revit, as shown in Figure (1). Most of the digital software tools used in the design and
visualization of various projects in two- and three-dimensional formats. According to Fadjri, M. and Ekawardhani,
Y. (2020), these programs contribute to improving the efficiency, quality, accuracy, and speed of design, providing
images that are almost realistic and deal with building information technology (BIM), which has different types
of tools such as Revit and Lumion. They characterized by their speed of preparing 2,3 D plans in one second. In
addition to that, Revit works to raise the efficiency of two-dimensional architectural drawings and works to modify
all plans (Qiang, L. Badarch, T. (2022).

PROGRAMS USED

120%
100%
80%

60%

0 & I -

20%

0%
AutoCAD SketchUp Revit Photoshop Lumion

W Percentage of Students (105) Percentage of Professors (19)

Fig 1: Programs Used

Section Three:

A- Evaluating the impact of using digital software tools on the quality of architectural design outputs and
design creativity among students.

Some different opinions raised regarding the impact of using digital software tools on the quality of students'
design output in their architectural projects, as shown in Table 2. The answers varied, as shown in Figures
2 and 3.

Both professors and students were strongly agreed, with varying percentages ranging, 79%, 58%, 55%, and 36%,
that digital software tools contribute to the better development and production of diverse design ideas while
investing time and effort. Achten, H. (2003), spotted the light on digital tools that contribute to producing and
presenting attractive architectural forms and ideas easily, without requiring any effort or trouble from students.
Both professors and students were strongly agreed, with 63% and 58%, respectively, that digital software tools
enhance design quality and deliver more accurate and professional outputs. Ayeke, E. et al. (2024) noted in their
research paper that the entry of modern digital software tools into architecture has had a significant impact on the
way architecture students approach their various projects and has raised awareness of accuracy, efficiency, and
professionalism.

Both professors and students strongly agreed that digital tools help express architectural ideas and provide virtual
simulations for projects before implementation, with percentages ranging from 58%, 39%, respectively. This is
consistent with Ayeke, E. et al.'s (2024) view that digital programs influence students' ideas and visions through
creativity in the design concepts. Additionally, they assist professors in the evaluation process and clarify design
and construction problems through digital parametric design programs and virtual simulations of projects at
advanced stages of architectural education, particularly in design, thereby playing an effective role in improving
architectural design outcomes.

Both professors and students were neutral in their opinions about the hypothesis that total reliance on software
tools reduced the quality of architectural projects in various design studios by close percentages (47%, 51%),
respectively. This neutrality on this hypothesis, from my perspective as a researcher and professor of advanced
architectural design, and through my educational experience in this field, is due to students' weak abilities to deal
with various digital software tools, which negatively affected their ability to communicate architectural and design
ideas at different stages. Guney, D. (2014) and Achten (2003) explained that the use of digital software tools and
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their applications in the initial stages of study has many passive effects, such as a weakness of ability to think and
creativity, and a lack of awareness of basic architectural concepts. However, we cannot ignore the clear impact of
these digital software tools on enhancing the quality of various architectural projects. In addition, this is reflected
in the development of students' capabilities and skills, replacing traditional thinking and design tools, and making
intelligence, creativity, and imagination materially attainable, as emphasized by Soliman et al. (2019). Yanga
(2015) highlighted that adopting various digital software applications as a modern design tool in architectural
design subjects grants students greater freedom to deeply study with all site data, its environmental and
topographical determinants, and their impact on the formation of complex architectural shapes, in line with diverse
climatic conditions. These opinions were expressed by both participants, with similar percentages (53% and 50%),
who disagreed with the statement that these programs have no noticeable impact on architectural projects.

Table 2: Evaluating the impact of using digital software tools on the quality of architectural design outputs.
Strongly agree Agree natural Disagree

Topics

Professors | Students | Professors | Students | Professors | Students | Professors | Students

Contributed to the
development of design
and technical ideas and

produce of better
architectural forms and

ideas.
Investment in time and
effort
Improve design quality
and deliver more
accurate and
professional output.
Digital programs
helped express ideas
and simulate the 58% 39%
project virtually before
implementation.
The total reliance on
technology has reduced
the quality of the
project.
No noticeable effect 53% 50%
Linking digital and
traditional tools and
integrating them into
educational programs 53% 40%
to develop students'
skills at all intellectual
and practical levels.
It contributes to
opening new horizons
for design and
increases creativity.
Distract from the main
ideas
Relying on ready-made
designs without
thought, which
moderates students'
architectural creativity

58% 36%

79% 55%

63% 58%

47% 51%

58% 39%

42% 42%

32% 42%

Both professors and students (53% and 40% respectively) strongly agreed on the need to link digital and traditional
tools and integrate them into educational programs to develop students' skills at all intellectual and practical levels.
This mechanism encourages students to devise and create different ideas, then improve them to suit the various
characteristics of the function, the user, and the site (Breen, 2004).
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58% of faculty members strongly agreed, and 39% of students agreed that these digital software tools contribute
to opening new horizons for design and increasing students' creativity level. These advanced technologies have
expanded the horizons of creativity and innovative expression beyond the traditional architectural role by
producing unfamiliar architectural geometric forms that reflect the technological and digital development in this
field, which were previously unattainable and changed the tradition concept of architecture, and ushered in a new
era of development in architectural design (Narimane, H. et al, and Ayeke, E. et al. 2024).

Student Response

70% 58%

o, 55% o o
60% 51% 50%
50% 369 399% 40% 39% 42% 42%
40%
30%
20% I I
10%
Z/'. z’.' ) Q'. %.' . ; X b.‘ 0 Q N L
@%\ N'\\& be?\% %®Q & 5@0 %\%\\ \6%& @\\\ @zy&
> e X A ) <
& & <& »ooow & & &
& S & -\@ > & & y < S
& & ¥ & & & < N b
o & &\@ <« W <

m Strongly agree mAgree  m Neutral = Disagree

Fig 2: Students’ Responses

Both professors and students were equally neutral (42%) regarding the assumption that digital software tools
distract from the main ideas. The overuse of digital tools in architectural design and their reliance on them may
distract from the basic and essential ideas in the design process. Students pay great attention and focus on the
technical characteristics of digital software tools and learning them, neglecting many design aspects, such as design
standards and linking them to function, focusing on movement of all kinds, losing the sense of human scale within
buildings, and other functional and technical characteristics, that must take into consideration, that focused on, and
not neglected. Furthermore, it negatively impacts students' cognitive abilities, critical analytical thinking, and
various manual drawing skills, as emphasized by Gerlich (2025).

Both professors and students, with varying percentages (32% and 42%), disagreed with relying on ready-made
designs without thought, which moderates students' architectural creativity. Students' reliance on ready-made
models in various digital tools and programs has several advantages, including reducing thinking and production
time, minimizing errors, and being adaptable to project requirements. But Gerlich, M. (2025) explained that
excessive reliance on this model weakens students' ability to think critically and innovate, acting as a creative
impediment and limitation of architectural ideas, and preventing brainstorming, which can help solve many design
problems.

professors's Responses
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Distract from the main ideas
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Linking digital and traditional tools and integrating them..
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B- The impact of digital software tools on student collaboration in group projects?

Table 3: The impact of digital programs on student collaboration in group projects
Strongly agree Agree Disagree
Professors | Students | Professors | Students | Professors | Students

Topic

Reduces interaction
between students and
hinders communication
between them.
Facilitates file sharing

and encourages 44% 58%
collaborative work.
Use digital programs in
teamwork effectively

68% 41%

58% 49%

As shown in Table 3 and Figure 3, both professors and students disagree with varying degrees on the statement
that digital software tools reduce interaction among students and hinder communication at varying rates, 68% and
41% respectively. But they agree that rates 58%, 44%, and 49% of users of digital software tools facilitate and
effectively impact group work. These percentages support the discussions of Shinde (2024), Ceylan (2024), and
Ayeke (2024), who discussed that digital tools play a significant role in developing students' capabilities through
various means, including easy and smooth interaction between students and their professors. Furthermore, these
software tools create a social base and educational environment that fosters collaboration, participation, discussion,
the exchange of opinions, the development of technical skills, criticism, and feedback. They also develop the
ability to work collaboratively and communicate in academic projects that require group participation, as digital
software tools provide opportunities for file transfer and collective learning.

The impact of digital programs on student collaboration in group projects
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Fig 3: Professors and Students’ responses

Section Four:

A: Advantages of using digital software tools in architectural design.

Some of the advantages of using digital software tools in architectural design have been presented to professors
and students to obtain their opinions, which are in Table 4. All opinions were somewhat similar in some topics
and divergent in other points, as shown clearly in Figure 4.

Table 4: The advantages of using digital software in architectural design.

Topic Strongly agree Agree Natural
P Professors | Students | Professors Students Professors | students
Ease of rpodlfylpg and 63% 64%

changing designs

Speed of output of 0 0
charts and drawings 63% 33%
Accuracy and speed 68% 46%

Adaptatlop and 530 379
Integration

Improve decision-

making and mitigate 37% 39%
risks
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Both professors and students strongly agreed, with very close percentages (63% and 64%, respectively), that digital
software tools facilitate the process of modifying and changing the design without requiring significant effort from
students. The researchers (Fadjri, M., & Ekawardhani, Y., 2020) indicated that these programs reduce the problems
resulting from modifying and changing the designs smoothly, characterized by ease of use and clarity of
presentation.

The percentages varied (63%, 68%, 53%, 46%), expressing strong agreement for both samples regarding the
accuracy and speed of producing plans and drawings. Mosalanejad, N (2025) discussed these points, stating that
these tools have high efficiency and accuracy in terms of speed of preparation, speed of completion, and production
of architectural plans in record time and at the lowest cost. On the other hand, traditional tools can take time to
design, modify, and produce the project in its final form.

Both professors and students, at varying rates (53% and 37% respectively), agreed on a significant feature of digital
software tools: the ability to integrate and modify many of the basic components of architectural designs, such as
plans, sections, facades, and other elements, to create a diverse architectural, spatial, and illustrative vision for the
project. These are confirmed by Kwak, E. (2023) [22], who stated that digital tools contribute to integrating
architectural elements to create a realistic interactive environment, with the possibility of diversifying the
presentation of ideas, which is compatible with the surroundings and location, and completing all requirements
quickly.

Professors strongly agreed (37%), while students were almost neutral (39%), regarding the idea that this digital
software contributes to enhancing decision-making ability and reducing risks. Irwan, D., & Nurmala, N. (2023)
emphasized that these programs develop decision-making abilities and reduce problems and risks by offering the
best solutions, which allows students to develop their projects and obtain an accurate vision of them that is closer
to reality.

The advantages of using digital software in architectural and urban design
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Fig 4: Professors and Students’ responses

B: Disadvantages of using digital software tools

The researcher discussed some shortcomings and problems that students and professors face. The responses were
similar in opinion but divergent in percentages, as shown in Table 5 and Figure 5.

Professors and students agreed that the difficulty of learning several digital software programs for students at
varying rates was 63% and 49%, respectively. Many digital tools may require high skills, significant effort, and a
considerable amount of time to learn, especially for new students. These statements align with what Ceylan (2024)
indicates, that the mechanism of dealing with and using such digital software tools requires considerable effort to
learn.

Both professors and students strongly agreed with percentages (47%, 40%) that excessive reliance on digital tools
weakens the hand-drawing of students. In addition, they create a gap in all levels (intellectual, creative, and
cognitive) between them and their architectural work. This agrees with Gerlich's (2025) view, who explained that
the frequent use of digital software tools and their complete reliance on them negatively impact the creative
abilities of students, including various hand-drawing skills.

(47%, 54%) were the percentages of both professors and students who strongly agreed with the statement that
digital programs require powerful, high-spec computers. Such devices are expensive and require a large amount
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of money to purchase. It is one of the weaknesses that Ceylan (2024) has pointed out in their research. They
clarified that some students' financial inability to acquire computers is compatible with the requirements of digital
software. Both professors and students agreed, to varying degrees (32%, 46%), that digital programs and tools
weaken or reduce the critical and analytical thinking abilities of students in general. It is compatible with the
findings of Kamel, M., & Khalil, M. (2023) [23], who concluded that students lose their passion for creativity in
the early stages of the design process and, during the idea generation stage, as a result of excessive use of digital
software tools as design aids. It is clearly evident in limited thinking, negatively impacting their creative potential.

Table 5: The most important disadvantages of using digital software tools.
Strongly agree Agree Natural Disagree

Topic Professors | Students | Professors | Students | Professors | students | Professors | Students
Difficulty learning
some programs for 63% 49%
students

Over-reliance on
digital software
weakens hand-drawing
skills.

The need for powerful
and expensive 47% 54%

computers

47% 40%

Reducing critical and

o, 0
analytical thinking 32% 46%

Technical problems

419 429
and data loss % %

Confusion due to the
large number of tools 42% 29%
and programs

Complexity in

. . 42% 44%
implementation

Reduces the creativity

269 179
of the architect. %0 %

Both professors and students agreed with very close percentages (41%, 42%) that computers and digital software
tools are prone to technical problems, which sometimes result in data loss and corruption. Kamel, M., & Khalil,
M (2023) confirmed that issues arising from technology and digital software malfunctions, and sometimes security
breaches of these programs, require a long time to resolve, which in turn leads to distraction and a lack of thinking
and creativity in solving design problems, especially during the idea generation stage.

Both professors and students agreed, with varying rates (42%, 29%), on the confusion and disarray that occur
among students due to the use of a large number of digital software tools in the design process. It leads to a lack
of interaction between students' skills in drawing and design thinking, a lack of focus on several important design
details, a lack of balance, clarity, and precision in the architectural project stages [24].

The opinions of both professors and students were natural, with very similar percentages (42%, 44%) on the
complexity of design and implementation resulting from the complex architectural forms that emerged with the
advent of digital software tools. This requires providing a digital infrastructure that serves as a foundation to allow
students to learn professionally and proficiently, that rises to the level of complexity in the formation, employment,
construction, and implementation of such complex designs.

Both professors and students, with percentages of (26%, 17%), disagreed with the view that digital tools reduce
the creativity of students. On the contrary, they opened horizons for them to think outside the box without any
intellectual, creative, or artistic limitations. Ayeke, E. et al. (2024) discussed the positive impact of digital software
tools on students' ideas and visions through creativity in architectural concepts and virtual simulation in different
design stages. These programs contributed effectively to enhancing their architectural capabilities and skills.
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The most important disadvantages of using digital programs
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Fig 5: Professors and Students' responses

Section Five: Dilemmas and challenges facing architectural education in the use of such digital tools in the
Department of Architecture at the University of Tripoli

Some of the challenges and obstacles that resulted from the use of digital software tools in architectural design
surfaced. The researcher identified a number of them and discussed them with the samples, as shown in Table 6.
As shown in Figure 6, 42% of professors agreed that the quality of drawings using digital tools is low. It is clearly
evident in the drawings of students in the early stages of their study who are using digital software tools such as
CAD for the first time, as well as advanced-stage students in their education who are using Al for the first time.
Some students (33%) disagreed with this opinion, who believed that digital tools do not affect the quality of the
drawings presented. But this is contrary to the view of Qaradaghi, A., Jamal, H. (2015) [25], who explained that
the frequent use of digital software tools harms the drawing skills of students and architects in general. In addition,
it weakens the skills of discovering and creating ideas, slows down creative and imaginative thinking, and makes
them dependent on initial ideas when using digital software tools, and does not develop their sketches.

Both professors and students agreed on varying stages of difficulty in learning some complex digital software tools
(79%, 51%). Learning various types of digital software tools requires learners, whether students or engineers, to
put in a great deal of effort, focus, understanding, and the ability to apply what they have learned in practice.
Furthermore, these tools require users to acquire advanced computers that are compatible with multiple programs,
and to spend a significant amount of money on training courses to learn how to use these advanced tools [26].
Professors strongly agreed (47%), while students (43%) agreed, regarding the lack of practical training for
students, on all different types of digital software tools during their studies. This is attributed to several reasons,
including the lack of trained, qualified academic staff with technical knowledge of the various types of these tools.
At this statement, both samples strongly agreed with similar percentages (63% and 59%). The high financial cost
of training in these programs, combined with the continuous and rapid progress and development of these
programs, makes keeping up with them extremely difficult. This is consistent with what Praise, K & Grace, 1.
(2023) [27] discussed that regular, prepaid training for lecturers, organized by their affiliated entities, on all digital
software tools and programs, enables them to develop their technical and digital capabilities and stay updated on
modern developments. It allows professors to solve all issues raised by students related to the use of digital
software tools in architectural design.

Professors with a percentage (95%, 74%) and students with a percentage (60%, 50%) both strongly agreed with
the statements regarding the lack of full support for digital software tools from the college and the high cost of
electronic devices supporting this software. Both original software and computers are expensive and strain the
budgets of students and professors. Ceylan, S, & et al (2024) discussed that some students are unable to afford
computers that meet the requirements of digital programs. Digital software tools are essential and supportive in
developing students' various skills to keep pace with quick technological developments. Furthermore, without
computers, these programs cannot work. Therefore, universities are responsible for providing these digital software
tools in their original versions for free and computers at a reasonable and affordable price in all their colleges,
making them available to all students and professors, contributing to improvement and raising the level of
educational strategies. In addition, Mexhuani, B. (2024 emphasized the importance of advanced strategic planning
to develop, support, and integrate digital software tools into the educational plan to create an academic
environment that keeps pace with digital progress.
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Table 6: The obstacles and challenges facing architectural education in using such digital technologies in the
Department of Architecture at the University of Tripoli
Strongly agree Agree natural Disagree
Professors | Students | Professors | Students | Professors | Students | Professors | Students

42% 33%

Topics

Decreased quality of
graphics
Difficulty learning

some complex 79% 51%
programs
Lack of practical
training in digital
applications during the
study
Lack of full support
from the college
High cost of
equipment required for 74% 50%
operation
Failure to update
curricula to keep pace
with technological
developments
Lack of qualified
academic staff to teach 63% 59%
the programs
Some professors'

47% 43%

95% 60%

68% 52%

resistance to digital 53% 30%
change
Poor basic digital skills 47% 33%
pressure of the
academic curricula and 44% 53%

many projects
Power and internet
outage

37% 34%

Both professors and students strongly agreed with percentages of (68% and 52%, respectively) that curricula had
not been updated to keep pace with technological developments in assistive computer programs. Soliman, S & et
al (2019) explained that the widespread and rapid improvement of digital technologies and their applications has
had a significant impact on reshaping the educational structure of architectural education curricula. The largest
share of digital technology use was in architectural design, with its various functional classifications, which has
evolved beyond being an effective tool for drawing to include effect modelling, analysis, programming, and other
digital uses. This forces architecture departments to develop a strategy that integrates these technologies into the
curriculum as basic academic subjects, adapts to these developments, and is taught to students within a practical
framework interconnected with traditional architectural education methods.

Fifty-three per cent of professors agreed, while 30% of students remained neutral, regarding resistance to the
implementation of digital software tools. Some professors opposed incorporating these tools early in the design
curriculum for various reasons, including concerns about their effect on students' creative and analytical abilities
and drawing skills in design subjects. This finding is consistent with the view of Heidari, P., and Polatoglu, C.
(2018) [28], which indicated that professors prefer students to initially use their hands for drawing or combine
traditional methods with different programmes rather than relying solely on digital tools in the advanced stages.
Additionally, Deacon, B. et al. (2025) [29] noted that some professors' reluctance to adopt these programmes may
stem from a lack of a clear scientific framework for integrating computer software tools into the architecture
curriculum.

Forty-seven per cent of professors agreed, while 33% of students were neutral, about the weak capabilities and
skills of new or novice students in working with digital software tools. Students enter architecture departments
without the slightest idea about these digital assistant tools. As soon as they enter the architecture department, they
begin to learn the basics of this technology, which does not qualify them to be creative with it. Therefore, through
my experience in dealing with students in the courses I undertake, I noticed that students’ weak capabilities in
using drawing assistance tools are due to their limited experience with them, and their failure to use some of the
advanced programs required for the semester, which require practice and familiarity. It has led to a decline in the
quality of students’ drawings and, consequently, weak design outputs for their projects in all aspects [30].
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Fifty-three per cent of professors agreed, and 44% of students strongly agreed, that academic pressure and the
large number of projects significantly impact students' design and creativity skills, weakening their ability to use
digital computer tools and programs, thus affecting their educational outcomes in architectural design. Figueroa,
R. et al. (2025) explained that managing academic pressure has a significant impact on students' physical, mental,
and creative well-being. Factors that cause stress include time constraints, level of performance, and academic
workload, all of which have significant impacts on students' academic performance and the quality of education.
Both professors and students strongly agreed, with similar percentages (37% and 34%), that power and internet
outages are among the obstacles and challenges that face students and professors, impacting their educational
outcomes. Shibub, M. (2025) highlighted that power outages cause internet cuts, which prevent students from
downloading essential programs and applications that aid in digitally drawing their projects. In addition,
Oluwapelumi, T; et al. (2024, P. 51 stated that "students reported that power outages during critical study periods
or while working on assignments led to reduced study time, missed deadlines, and lower-quality work
submissions".

The obstacles and challenges are facing architectural education in using such digital
technologies in the Department of Architecture at the University of Tripoli
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Fig 6: Professors and Students responses
Conclusion

The widespread use of digital software tools and their applications has had a significant impact on reshaping the
educational structure of architectural curricula. The largest share of digital software technology used in
architectural design, regardless of its functional classification, has evolved beyond being an effective tool for
drawing to become influential in modelling, analysis, programming, and other digital uses. Architectural design is
the fundamental pillar and backbone of architectural education, through which it is possible to keep pace with the
development of curriculum and educational tools and reflect the outcomes of adopting modern digital software
tools. From this perspective, the researcher has sought to shed light on the positive and negative effects of using
modern digital software tools on students' outputs in architectural design. In previous years, before the advent of
advanced computer technologies, students in architecture departments at world universities, in general, and in
Libyan universities in particular, relied on traditional design methods, including two- and three-dimensional
sketches drawn by hand. But, with the emergence of modern digital software tools in the early twentieth century,
such as CAD, ArchiCAD, Revit, and virtual reality tools, along with artificial intelligence and other advanced
digital software that witnessed unprecedented rapid development to meet diverse needs at all levels—
humanitarian, design, construction, and creativity—this had a transformative impact on architectural design
drawing tools. These tools entered Libya in the late twentieth century, bringing about a radical change in
architectural education in the architecture departments of Libyan universities.

By reviewing various literature reviews and analyzing the opinions of professors and students, the following
research questions can be addressed:
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Main Question

1. How do digital software tools impact student outputs in architectural design studios, focusing on
creative, intellectual, and collaborative skills and communication?

The introduction of digital software techniques and tools into architecture has had a significant impact on the way
architecture students approach their various projects. These include:

e Raising awareness of precision, efficiency, and professionalism.

e Contributing to products' attractive architectural forms and ideas easily, without the need for any effort
or trouble.

e Enhancing students' capabilities and skills, opening new horizons for design, replacing traditional
thinking and design tools, making intelligence, creativity, and imagination within reach.

e Reducing thinking, production, and error time, and allowing for modification based on project
requirements.

e Providing students with greater freedom to engage in depth with all site data, its environmental and
topographical limitations, and their impact on the formation of architectural forms, while adapting to
diverse climatic conditions.

e Expands the horizons of vision and innovative expression by producing unconventional and complex
architectural geometric forms that reflect the influence of digital software tools, ushering in a new era of
development in architectural design.

e  Assists professors in the evaluation process and clarifies design and construction problems through digital
parametric design tools and virtual simulation, effectively enhancing architectural design outcomes.

e Enhances easy and seamless interaction between students and their professors, fostering a social
environment and educational atmosphere that promotes collaboration, participation, discussion, opinion
exchange, technical skill development, constructive criticism, and feedback.

The use of digital software tools and their applications in the early stages of study has many cons, including:
e It reduces the quality of architectural projects in various design studios due to students' weak skills in
handling multiple digital tools.
e It negatively impacts students' ability to communicate architectural design ideas at various stages.
e It leads to loss of critical thinking and creativity; furthermore, a lack of understanding of the basic
concepts of architecture.
e It distracts from the essential ideas of the design process, given that students' focus is on learning the
technical characteristics of digital software tools.
e It neglects a large number of fundamental design aspects, such as design, functional, and structural
standards.
e Itleads to a loss of a sense of human scale.
o Itnegatively impacts students' cognitive abilities, critical analytical thinking, and various manual drawing
skills.
Reliance on ready-made models in software tools weakens students' ability to think, limiting their architectural
creativity and preventing them from applying the brainstorming method to solve many design problems.

Sub Questions
2. What digital software tools do students and faculty members prefer to use?

The most important software that professors and students emphasized in their widespread use are AutoCAD,
SketchUp, Photoshop, and Revit. Many digital software tools have recently emerged with advanced technical
methods and various applications, such as VR, AR, and Al, which have a significant impact on the design process
of architectural projects during the design and implementation phases. Most digital software tools are used in the
design and visualization of various projects in 2D and 3D formats, contributing to the production of images that
are almost realistic for architectural projects.

3. What are the advantages and disadvantages of using digital software tools in architectural design?
The most important advantages include:

¢ Facilitating the process of modification and change, reducing the resulting design problems, without
significant effort on the part of students, through applying a seamless approach characterized by ease of
use and clarity of presentation.

¢ Highly efficient and accurate in terms of speed of preparation, rapid completion, and the production of
architectural plans in record time and at the lowest cost.

¢ Integrating architectural solutions to create a realistic, interactive environment, with the possibility of
diversifying the presentation of ideas compatible with the surroundings, location, and completing all
requirements quickly.

Libyan Journal of Contemporary Academic Studies
75 Website: https://ljcas.ly/index.php/ljcas/index

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



https://ljcas.ly/index.php/ljcas/index

(Libyan Journal of Contemporary Academic Studies) 5 _alrall 4pas¥) cilaf jall 4l ddaal)
LICAS, eISSN: 5970-3005
Volume 3, Issue 2 (Part II), 2025, Pages: 61-79

¢ Developing decision-making capabilities and reducing risks by offering the best solutions, enabling
students to develop their projects and gain an accurate and realistic vision.

The disadvantages of using digital software tools are:

¢ Many digital software tools require advanced skills, a significant effort, and a long time to learn,
especially for new students.

¢ Over-reliance on digital software weakens hand-drawing skills, negatively impacts students' creative
abilities, and creates a gap at all levels (intellectual, creativity, and cognitive) between them and
architectural work.

¢ The poor quality of drawings that have been created by using digital tools is evident in the drawings of
students in the early stages of study, such as CAD for the first time to use, as well as advanced students
in their use of Al and some other tools, due to their limited knowledge of these digital software. In
addition, Students begin to think and create initial sketches of the idea and plans directly through using
these software tools, without using external hand sketches.

¢ Students rely entirely on initial ideas and do not develop them further.

¢ Students' critical and analytical thinking abilities are weakened or diminished, and they lose their passion
for creativity in the early stages of the design process, such as the idea generation stage.

4. What are the dilemmas facing architectural education in the use of such digital software tools in
the Department of Architecture at the University of Tripoli?
Architectural design projects output dilemma.
¢ The weakness of students' capabilities to work with assistive digital software tools.
The lack of trained personnel with technical knowledge of the various types of these tools.
Practical training is lacking for students on all digital software types during their studies.
The high financial cost of training for these programs.
The continuous and rapid advancement and development of these programs make keeping up with them
extremely difficult.
Financial dilemma.
¢ Digital software requires high-quality computers that are compatible with these programs. Furthermore,
learning how to use these advanced tools requires enrolling in training courses. However, these types of
equipment and courses are expensive, requiring significant financial resources that burden the budgets of
students and professors.
Supportive dilemma.
¢ The lack of full support for purchasing original digital software tools for students by the relevant
university's authorities.

* & o o

Curriculum modernization dilemma.
¢ The failure to update curricula to keep pace with technological developments in many programs, as well
as the lack of mechanisms for integrating these digital tools with traditional methods in selected courses
within the architecture curriculum. These issues stem from a lack of scientific vision in addressing these
challenges.

Academic pressure dilemma
¢ The various types and large number of projects that students undertake during the course have a
significant impact on students' design and creative skills, and weaken their ability to use digital software
tools and programs.

Power and internet outages dilemma
¢ The poor electricity and frequent internet outages are leading to damage to digital copies and sometimes
loss of them. All the previous issues have caused the accumulation of tasks and the short timeframe
allotted for project completion. As a result of all problems, the lower-quality architectural project
drawings negatively impact students' educational outputs.

The answer to the second part of the main question in this research paper, which is how to reduce the negative
impacts of digital software tools, involves a mechanism to lessen the adverse effects of digital software on students'
outputs in architectural design.
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Recommendations

The Reduction Mechanism for the Impacts of Digital Software Tools on Students' outputs in Architectural
Design courses.

1. Control the use of digital software tools.

*

Preventing students in the early stages of architectural design studies within architecture departments
from using digital software tools, as they weaken their hand-drawing skills. It negatively impacts their
creative abilities and creates a gap at all levels (intellectual, inventive, and cognitive) between them and
the architectural project.

Develop students' architectural and freehand drawing skills at the beginning and enhance their ability to
generate ideas, innovate, cultivate imagination, and express themselves through their architectural design.
Raise students' awareness of precision, efficiency, professionalism, and a sense of space and human scale
in architectural projects.

Enrich students' thinking through an in-depth introduction to the basic concepts of architecture.

Focus on the basic stages of the design process in core subjects for architectural education.

The quotation of selected ready-made architectural models or projects has negatively affected students'
thinking and limited their architectural ideas. Using brainstorming can help solve several design
problems.

Regulating the use of some advanced digital tools, such as artificial intelligence, in the advanced stages
of architectural design in architecture departments, such as the Graduation Projects Studio.

2. Developing the Digital Infrastructure

*

*

Developing the capacity of students and faculty to learn such digital programs and tools by providing
several free training courses that keep pace with these modern technologies.

Providing full or partial support from university authorities for the purchase of original digital software
tools and modern computers, making them available to all students and professors, and contributing to
improving and raising the level of educational strategies.

Proactive strategic planning for the development of digital tools and supporting them to build an
educational environment that keeps pace with digital developments.

Providing a clear scientific vision regarding the structure of integrating computer software tools into the
architecture curriculum.

Updating curricula to keep pace with technological developments in assistive computer programs.
Maintaining and developing electricity and internet services, increasing their speed, and making them
available free of charge to students, professors, and campus workers, to enhance the level of technical
services.

3. Encouraging the Integration of Digital and Traditional Tools at the Intermediate and Advanced Levels
of Architectural Education.

*

Integrating digital and traditional tools into educational programs opens new horizons for design, enabling
intelligence, creativity, and imagination to be reached at all intellectual and practical levels.

Managing academic pressure, which has a significant impact on students' physical, mental, and creative
health, and consequently on the quality of education and its outcomes.

Motivating students to devise and create a variety of ideas and solutions in architectural design and
develop them according to the various characteristics of the function, the user, and the site.

Working to produce attractive architectural forms and ideas in a sophisticated style keeps pace with digital
development.

Reducing thinking and production time, errors, and the possibility of modification according to project
requirements by using digital software tools.

High efficiency and speed in preparation are the most notable features that drive the completion of
architectural plans in record time.

Contributing to the integration of architectural solutions to create a realistic interactive environment, with
the possibility of diverse presentation of ideas compatible with the surroundings, and completing all
requirements quickly.

Develops decision-making skills that help reduce risks and problems and gain a more accurate, realistic
view of them.

Expands the scope of vision and creative expression by dealing with unconventional and complex
geometric shapes in architectural design
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4. Establishing a Social Foundation for Architectural Work
¢ It fosters positive interactions between students and their professors, creating a social foundation and
learning environment for collaboration, participation, discussion, exchange of opinions and technical
skills, criticism, and feedback.
¢ It supports collaborative group work among students and enables the transfer of digital files.
¢ It promotes unified, collaborative, and integrated group work, aligning vision and efforts to exchange
knowledge and achieve desired goals.

5. The Evaluation Process and Digital Performance in the Architectural Design Process
¢ Assists professors in the evaluation process and clarifies design and construction problems through the
use of digital parametric design programs and virtual, thus playing an effective role in improving
architectural design outputs.
¢ Assesses knowledge skills, reflected in the compilation of relevant information using the techniques of
research, compilation, study, and analysis, and extracting what is appropriate for the design problem.
Assesses innovative ideas and precision in production.
Assesses the ability to link function, form, and structural system through digital software tools.
Assesses the ability to sense human scale.
Assesses decision-making skills at all levels (thinking, analysis, creativity, productivity) affecting the
design process.

* & o o
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