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Abstract — The iterative process, where students develop,
critique, and refine their ideas through multiple feedback
loops, is the core of architectural education. This cycle
fosters research-oriented thinking, critical evaluation,
and problem-solving—skills essential for architectural
growth and holistic human development.

This research situates the iPad-based digital transition
within a broader historical context of architectural
workflow evolution, from hand drafting to computer-
aided design (CAD) and now mobile-first modelling
environments. It argues that non-adoption of these
emerging technologies risks leaving future professionals
at a competitive disadvantage in both academia and
industry.

The evolution processs suggest that traditional design
workflows allocate approximately 55-65% of the total
design timeline to iterative development. In contrast,
digital tools like Procreate and Shapr3D significantly
reduce this by enabling non-destructive editing,
portability, and flexible adaptation to feedback, leading to
a 25—40% reduction in rework time.

Using a longitudinal case study of the author s academic
projects from first to fifth year, the paper maps growth in
design capability and iteration efficiency, visualized
through comparative timelines and tool-based workflows.
Ultimately, the research concludes that iPad-native tools
are not fleeting trends but a pedagogical and
technological advancement aligned with the evolving
demands of architectural education and practice.

Index Terms — iPad, procreate, shapr3D, design evolution
I INTRODUCTION

The design studio, the pedagogical heart of
architectural education, challenges students to
translate abstract ideas into spatial realities. At the
core of this process lies iteration—the repetitive act
of testing, refining, and responding to feedback. This
iterative process enables students to develop not only
design skills but also critical, analytical, and
reflective thinking, as emphasised by Schon (1983).

By nurturing this recursive process, architects
develop the ability to engage with uncertainty and
complexity, traits increasingly valued in both
academic and professional spheres.

As architecture undergoes a digital transformation,
educational tools are evolving to meet this change.
The past few decades have witnessed a shift from
hand drawing to CAD, followed by parametric and
BIM modelling. Each transition has accelerated
workflow and improved precision (Kolarevic, 2003;
Oxman, 2008). The current wave of innovation
centres around mobile, touch-based devices like the
iPad, which offer a highly flexible platform for
ideation and visualisation. Applications like
Procreate and Shapr3D empower students to
seamlessly transition between 2D sketching and 3D
modelling, significantly enhancing iteration speed
and feedback incorporation (Zboinska, 2016; Wang
& Zeng, 2022).

Mobile devices offer numerous benefits, such as
portability and relatively low cost. They also have
collaborative capabilities. How does the upcoming
mobile-based architecture enhance our designing
capabilities? From sketching to realistic 3D renders,
and from initial client discussions to precise CAD
drawings, it can help us create structures that are
precisely as visualised. By studying the evolution of
CAD and hand drafting data, we can predict future
trends. However, for the scope of this research paper,
we will only focus on iterative processes.

Il. LITERATURE REVIEW
A. [Iteration in learning and cognitive development

Jean Piaget (1952) introduced the concept of learning
through active exploration, where children acquire
knowledge via cycles of trial and error. This
developmental process, known as "assimilation and
accommodation," represents the foundation of
iterative learning. Lev Vygotsky (1978) further
supported this model by emphasizing the importance
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of social feedback and the "Zone of Proximal
Development," where learners refine understanding
through guided interaction. Iteration in this context
enables the transformation of errors into adaptive
thinking. Bruner (1960) also emphasized the spiral
curriculum, where learners revisit concepts at
increasing levels of complexity. Each revisit involves
adjusting and building upon prior knowledge—a
process inherently iterative in nature. These learning
theories establish iteration as a fundamental
component in cognitive and skill development,
particularly in domains that require abstract and
spatial reasoning.

B. [lterative design thinking in architectural
education

Donald Schon (1983) framed professional education
as a ‘“reflective conversation with the situation,”
where  designers  engage in  continuous
experimentation, receive feedback, and adjust
accordingly. This principle is evident in the
architecture design studio, where students develop
concepts through a recursive cycle of sketching,
modelling, critique, and revision, as represented in
the initial iterative sketches by the Author during his
thesis.

Figure 1. initial conceptual sketch - Author’s 9th
semester design
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Figure 2. after few iteration cycle - scaled concept
sketch with the help of integrated grid on procreate (

based on faculty s feedback )
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floor zoning plan integrated with CAD ( improvised
on further feedback )

AT

Figure 4. Continuation of iterative cycles - Scaled
sketch and to and from between shapr3D ( CAD &
3D ) and procreate ( scaled sketch )

Figure 5 - initial block model and massing options
directly on shapr3D based on further iterated
procreate sketches
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Figure 6. vertical zoning in shapr3D with further
iterated procreate planar sketches
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Figure 7 - column layout on procreate on shapr3D
exported floor plates

Figure 8 - column placement and further presentation
exported directly from shapr3D

TR

column layout’s Dwg file exported
directly from shapr3D to be further developed in
AutoCAD

Figure 10 -
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Figure 11 - after all the final modelling the elevation
exported directly from shapr3D
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Figure 12 - elevation further iterated in procreate by
overlaying a new pixel layer and sketching the
desired elevation on top of the existing one
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Furthermore Salama and Wilkinson (2007)
emphasized that architectural studio pedagogy is
built on iterative processes that train students to deal
with uncertainty and complexity. Each critique
session, or “desk crit,” serves as an iteration point,
where feedback is processed and integrated into
design development. Oxman (2008) described this
process as “design cognition,” highlighting how
students learn to integrate conceptual knowledge
with visual and spatial reasoning through iterative
refinement.

Figure 13 - final elevation modelled in shapr3D,
exported and further developed in CAD and further
edited with procreate

Figure 14 - final 3D render modelled in shapr3D and
directly exported to sketchup and rendered in d5
render

C. Tangible metrics in iterative architectural design
process

Now as we’ve seen throughout the author’s 9th
semester design project that unlike STEM courses
which follows a linear methodology or formula to
arrive at results, architectural design lacks a single,
fixed and linear path to design which again is highly
subjective. It’s a process of constantly juggling
through ideas iterated and accumulated over each
critique that further helps to improvise further. Also
consequently, we cannot directly compare digital and
manual methods based on any subjective factors. So
to address this, we need tangible parameters to
compare the two methods as outlined in the table
below which is again based on previous literature and
peer reviewed anecdotal data accumulated by the
Author.
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Conceptual Precision
sketching Iteration count
Iteration/time

Ease of revision

Bubble diagram @ Flexibility
and spatial | Revision time

zoning Iteration count
Single line | Clarity & Precision
drawing Integration with CAD & 3D

Iteration count
Iteration / time

Initial massing / | Precision

block model Integration with CAD & 3D
Iteration count

Iteration / time

Feedback /| Clarity
review cycles Feedback cycles
Revision time

Final  working Integration with CAD & 3D
drawings Speed
Table 1

D. Time allocation in different iterative design
stages in industry

In industry, iterative loops remain central. According
to Autodesk’s research white papers (2018),
professionals conduct between 5 and 15 major
revisions on a standard project. Concept development
and schematic design account for 50 to 65% of design
labour hours. AIA (2019) guidelines also note that
successful project delivery hinges on feedback
integration and revisi

on during the early design stages and the basic
parameters on basis of which we can evaluate them
are as shown in the table below.

Project brief and research — | low 10-15%
Understanding requirements,
site analysis, user needs,

regulations
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Concept development — Very 15-20%
Bubble diagrams, zoning, | high

initial sketches

Preliminary design —
Rough plans, massing, single
line layouts, early 3D forms

high | 15-20%

Design development — Very 20-25%
Detailed plans, elevations, | high /

sections, structural | time

integration

Client / Faculty feedback Takes | Integrate

cycle — 50-65% | d all
Formal / informal review and | of total | across
revisions / redo based on the

critique and is subjected to

change and revision until

both reach a common ground

Table 2
E. Digital tools and iterative acceleration

Digital tools have revolutionised the design process,
particularly through the introduction of CAD. This
shift towards precision-based iteration has been
facilitated by digital tools, which enable non-linear
exploration and parallel development of ideas,
enhancing feedback integration. As noted by
Kolarevic (2003), digital tools have transformed the
design workflow.

Building Information Modelling (BIM) has also
emerged as a powerful tool in design. Aksamija
(2016) documented how BIM improves design
accuracy and shortens iteration loops through
parametric control and collaborative tools. Data from
Burry and Burry (2010) further illustrates how
parametric workflows support real-time iteration.
Changes in one element trigger updates across the
design, reducing manual correction and enabling
rapid decision-making.

Recent research has shifted its focus to mobile
platforms. Zboinska (2016) explored the role of
touch-based sketching and found that digital
sketching facilitates rapid ideation and revision
without material limitations. Wang and Zeng (2022)
reported that mobile applications like Morpholio
provide non-destructive editing, layer management,
and real-time feedback processing. These features
reduce time spent on rework by 25-40% in student
design tasks.

These digital tools enable students to conduct more
feedback cycles within the same time frame
compared to traditional methods. Their portability
also encourages iterative development outside studio
hours, increasing design engagement and flexibility
as shown during Author’s third semester architectural
design.

F. Research gaps and study contributions

Current literature emphasises the significance of
iteration in learning and architectural education
(Piaget, 1952; Schon, 1983) and documents the use
of digital tools like CAD and BIM in professional
practice (Kolarevic, 2003). However, there is limited
research quantifying iteration cycles in architectural
education or tracking their evolution over time with
digital tools. Moreover, mobile-native apps like
Procreate and Shapr3D remain unexplored in
academic design workflows.

This study aims to address this gap by presenting
longitudinal data from Authojr’s five years of
academic projects. It compares iteration frequency
and time between traditional and iPad-based
workflows and demonstrates how mobile tools
enhance speed, flexibility, and engagement during
feedback cycles and analyses that data in schematic
manner to draw conclusions.

I1l. RESEARCH METHODOLOGY

A. Research type

This study employs a comparative case study
approach with a mixed-methods strategy, combining
quantitative and qualitative data to assess the
effectiveness of digital tools in expediting the
iterative process during architectural design
development mainly focused on iPad with Apple
Pencil along with shapr3D and procreate.

B. Data source

Primary data was collected from the author’s
academic design projects spanning from first to fifth
year. Each year included projects initially developed
using traditional tools, which were later reworked or
supplemented with iPad-based tools like Procreate
and Shapr3D. Secondary data was sourced from
literature reviews, and anecdotal evidence was
reviewed by peers at university to verify its
reliability.
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C. Parameters of comparison

Elaborating on the table 1, the results would be
compared on the following data as shown in the table

3
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Precision Low - high
Iteration .
numerical value
count
ConcePtual Iterations 1o, of hours
sketching time .
Fluid and
Flexiblity dynamic - static
design
Ease of | destructive / non
iteration destructive
Bubble
diagram and | Revision
g. . no. of hours
spatial time
zoning -
Iteration .
numerical value
count
Clarity & | legibility & low -
Precision high
Int tion
Witehgra CO AD, ne:;rd f;o manuallr};
redraft - expo
Single  line BIM, 3D' & ready
drawing collaboration
Iteration .
numerical value
count
Iteration
. no. of hours
time
Precision low - high
Integration | need to manually
.\ with CAD, | redraft - export
Initial
. BIM, 3D ready
massing  /
block model [teration .
numerical value
count
Iteration
. no. of hours
time
Clarity  in | legibility and
discussion communication
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Feedback /| Feedback .
o cycles numerical value
cycles Revisi

ti;\gSlon no. of hours
Final Integration | need to manually
working with CAD & | redraft - export
drawings / 3D ready
= Precision low - high

Table 3

D. Tools and techniques used

Feedback records, including notes, deadlines, and
faculty comments, were used to assess response
accuracy and efficiency. Iteration count logs
documented each version or revision. Screenshots
and process visuals supported analysis, while a
reflection journal maintained by the author tracked
challenges and learnings. For digital tools - iPad Pro
with Apple Pencil, procreate and shapr3D are used
whereas for manual, the traditional tools such as
drafting equipments, etc are used.

E. Method of analysis

1. Quantitative Analysis
Comparing average time per
frequency between traditional and digital workflows
Estimating percentage of project time spent on
iteration per stage

task and iteration

Figure 15 - Author'’s 3rd semester design concept
sheet sketching with manual tools (2 hours)

Figure 16 - Author’s 3rd semester design sketch
visualisation in progress
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2.  Qualitative Analysis

Evaluating student’s experience, adaptability, and
creative flow, we assess feedback response quality
with each student. Additionally, we observe design
evolution through comparisons based on the ease of
iteration, flexibility, number of ways in which one can
present and finally if a student is industry ready or
not based on the current trends.

Figure 17 - Authors third semester design sketch
Visualisation with the help of digital tools ( procreate
- 20 minutes )

3. Comparative Tables and Charts

Used to visualize the difference in performance and
time saving across years and design stages based on
informative tabular format.

Figure 18 - Author s second semester design process
Sfully on iPad starting from bubble diagram - single
line to final plan based on digital workflow during
online mode

IV. REVIEW AND DISCUSSION

A. Traditional vs digital iteration workflow in
architectural education

IJIRT 178164

Not precise Highly accurate
2-3 hr /iteration | 30-50 min /
Concept iteration
sketching
destructible Non destructible
unscaled Highly
proportonate
Bubble 2-5 iterations 7-10 iterations
diagrams,
zoning Destructible Non destructible
editing editing
high 15-20%

Single line

2-3 iterations

4-5 iterations

drawings | Require manual | Collaboration
redrafting ready
Prone to manual | Highly accurate
€rrors
Destructible Non
Block /" egiting destructible
massing editing
model
Require Cad ready
remodelling
Hands on | Highly
Faculty understanding prooductive
feedback | destructible Non destructible
Overall medium Very fast
iteration
cycle and
speed
Learning | less Steep  learning
curve curve
Stress /| Very stressful Less stress
rework
factor
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Presentatio | Different for | Integrated
n  output | each medium across all
and platforms
integration
among
each stage
Industry Require Industry ready
alignment | upskilling

Table 4

B. Student’s design evolution from first year to final
year

GRaep FLOGY LMY

bylrag
e

o

Figure 19 - Authors design from first - seventh
semester showcasing growth over varying aspects of

iteration processes

Azom

Figure 20 - Author’s thesis scaled concept sketch (
after 2 iterations )

Figure 21 — Author s thesis scaled sketch after further
iteration

Figure 22 — final thesis conceptual sketch after all
iterartuon

C. Bridging the gap

Traditional methods foster foundational thinking and
craftsmanship, but they lack the speed, flexibility,
and scalability offered by digital desktop based tools.
This research suggests that a digital mobile ( iPad,
stylus ) based approach prepares students for better
academic performance and a smoother transition into
professional practice.

D. Psychological and emotional impact

Students who use digital tools report reduced stress,
decreased burnout during final submissions, and
increased confidence. This is because they can easily
correct mistakes and have greater control over visual
communication.

E. Equity and accessibility concerns

While initial costs may pose a barrier, digital
workflows offer long-term savings and reduced
material dependency. This makes them an equitable
solution, especially with the growing affordability of
entry-level iPads and free/low-cost apps.
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EXPENSE DIGITAL ( TRADATION
IPAD AL (
BASED ) MANUAL
TOOLS)
INITIAL COST low 10-15%
DIGITAL APPS Very high 15-20%
SKETCHBOOK, | high 15-20%
SHEETS,
DRAFTING
PADS
MANUAL Very high / | 20-25%
DRAFTING time
TOOLS
PRINTOUTS Takes 50- | Integrated all
AND REPRINTS | 65% of | across
total
Table 6

F. Future outlook

Just as CAD replaced hand-drafting in the early
2000s, mobile digital tools like iPads are the next leap
in architectural education. They offer not only
efficiency but also creative freedom and
interdisciplinary integration, such as augmented
reality, animation, and Al tools.

V. FINDINGS AND CONCLUSION

A. Iteration is central to architectural education
Across all project stages, from conceptualisation to
final drawings, traditional workflows consume 55—
65% of the total design time. However, with iPad-
based tools like Procreate and Shapr3D, this time is
reduced to 35-45% due to non-destructive editing,
digital layering, and portability.

B. Digital tools enable more and precise iteration
in less time

Digital tools enable students to iterate more

frequently, averaging 8—10 cycles per stage compared

to traditional tools ’4—6 cycles per stage. This leads

to quicker integration of feedback and deeper design

exploration.

C. Student’s skill evolution accelerated with digital
integration

A year-wise comparative study reveals that students

using digital tools demonstrate faster growth in

visualisation and spatial reasoning, precision in

drawings and models, and confidence in critiques and
reviews.

D. Industry alignment and competitive edge
Adoption of digital workflows in education mirrors
industry trends, where BIM, rapid prototyping, and
parametric tools dominate. Students trained digitally
are better equipped to handle the demands of modern
practice.

E. Conclusion

While digital CAD based workflows significantly
enhance efficiency and iteration, traditional methods
still offer fundamental design value, especially in
early learning stages. A hybrid approach, such as
using an iPad or graphic tablet, combines the intuition
of handwork with the speed and flexibility of digital
tools. This approach yields the best results without
sacrificing the true essence of education, including
iteration, sketching, model-making, and review
feedback.
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