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Abstract  Model-making plays an important role in 
architectural design projects. Models can depict how a 
building fits into its surroundings without revealing every 
detail, or they might highlight a particular feature of the 
structure. Model making is important to better understand 
how the architectural design adopts the energy efficiency 
of a structure. Active learning through the Modelmaking 
method has been useful to learners in developing their 
conceptual design using three modes: a) Observations b) 
By doing c) Problem-solving. When the beginners start 
their project, it has been observed that they are unable to 
understand the three-dimensional form and find it difficult 
to study climate-responsive architecture / sustainable 
building design. Physical model making is an extremely 
versatile tool for the design process, conducting research, 
and introducing three-dimensional designs. It may assist 
the process used to explore different forms in Architectural 
design. It also refers to an educational strategy that uses 
engaging learning processes tailored to the learners' 
requirements and interests. Model making is a vast domain, 
and there are many aspects about how to be understood in 
relation to its use, presentation, experimentation, testing 
(prototype), etc. The research underlines how the 
assumptions and accessibility of a technology education 
design process may give learners many opportunities to 
learn about models and modeling. 

Keywords  Model Making, Design Tool, 
Sustainability, Climate, Building Design 

1. Introduction
Model-making is a fine-looking and skillful technique, 

and architectural model-making is a very important part of 
the building design process [1]. Models are made by novice 
students/designers to the understand shape, size, and 
articulation of form [2]. Model making is a significant 
learning tool to improve the basic design skills of a new 
learner, which can lead to their visualization and creativity 
development. Beginners in their 1st attempt were not able 
to understand three-dimensional forms, the selection of 
material, and model making process [3]. Novice designers 
(students) have difficulty with the study of 
climate-responsive architecture / sustainable building 
design [4]. The architectural model is often the first time 
that a building is visualized in three-dimensional forms and 
the climate parameters that influence the building fabric 
are solar radiation, temperature, relative humidity, wind, 
and precipitation [5,6]. Fabric membranes can affect the 
condition in the given circumstance as a result of internal 
surface temperature and the amount of thermal radiation 
directed into the spaces. Through the physical model 
making, the learners have understood the sustainable 
building design. Several studies were explored below. 

1.1. Model Studies 

Koenigsberger has observed that the models are really 
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essential for beginners and contribute to observation, 
imagination, and ingenuity [4,7]. A few devices have been 
created to simulate solar geometry and permit the 
investigation of concealing utilizing building models. The 
inference of these devices as design tools is fairly dubious, 
however, they are absolutely valuable as learning tools, or 
for checking the presentation of gadgets designed, or for 
the reasons for the show, conceivably by photographs of 
the model with shadows cast on various dates and times. 
Such photographs are very helpful in some dubious 
building license applications, for introduction to 
customers. 
i) Drawings, two - dimensional (2D) portrayals of 

three-dimensional items (3D) 
ii) For a precise explanation, physical models, and 

reduced size ages of objects, may be delegated:  
The perspective on using, such a model falls into two 

general classes: 
a) First is design tools which are built devices that do not 

need any assumptions or hypotheses, but instead 
display the thing or strategy by evaluation using the 
model, such as the forward assessment system update 
process. 

b) Checking tools for situations where it's essential to 
make assumptions about future changes – for 
example, 'backward analysis. The stereographic 
sun-path diagrams (solar charts) and related 
protectors and overlays provide a detailed and 
easy-to-use range of design aids for the prediction of 
isolation and shading. These can be thought of as 
'models' that fix the sun-building relationship in a 
realistic structure. They can be used as testing tools 
for planned conformity, but they are mostly designed 
as design tools. Various systems have been 
constructed to mimic the relationship between the sun 
and the building and to facilitate model isolation and 
concealment. In the context of a complicated 
structure, where just a few key points have really been 
decided analytically (determining all information 
with all possible outcomes will be too 
time-consuming), it is necessary to analyze the 
actions of the entire complex as well as the proposed 
details. As an instructional medium or to aid in 
visualizing the sun-building connection, it needs 
reduced description rather than graphic approaches. 

2. Significance of Model Making in 
Architectural Design Pedagogy 

For novice designers, the presentation of new ideas is 
critical in any construction field, but it is especially 
important in design, where we sometimes see the final 
product, i.e., the architecture before the designing process 
is finished [6,8] The preliminary idea was developed from 
side to side that enables the students to examine, revise, 
and review process thoughts in increasing features 

awaiting such a spot that the project's design is suitably 
consolidated to be constructed [7]. Models are created by 
students as a means of testing and improving designs in 3D 
forms. Models have a number of benefits, including their 
permanence, which allows them to communicate concepts 
about textures, form, texture, patterns, size, and color in a 
quick and simple manner.[7,11] The size required at 
various stages of construction creation determines the 
volume of either a concept to a certain extent, given those 
models can demonstrate a design development in relative 
to a city framework, or a landscape, since a remodeling 
otherwise adds together to an accessible building, or is 
capable of even being constructed as full-scale versions, 
normally referred to as 'prototypes'. All over history, 
individual forms of models have also been widely used to 
address perceptual knowledge deficits [8,13]. This is for 
the reason that models know how to be very stimulating in 
an immediate entry to every part of a model, and to 
complete as well as on the whole views. A model's flaws 
need to be addressed. Model making and prototyping are 
among the most well-known approved methods designers 
use to convey and visualize their design ideas [9,18]. 

2.1. Types of Architecture Models 

a) Physical models: Physical model making gives 
tremendous understanding to novice students rather 
than trying to visualize the three-dimensional image, 
and the model allows one to view it [3,10]. This 
mostly encourages the transmitter - including a 
beginner or an engineer - to refine and update the 
concept in the future, but it also helps the listener - 
such as the teacher, the customer, or the general 
public - to communicate more effectively. This short 
introduction seeks to demonstrate the significance of 
models not only as aids in the decision-making 
process but also as a means of generating, searching, 
and investigating creative impulses. The models 
depict the internal design, materials, colours, decor, 
and aesthetics of a building. The models of landscape 
design are representations of elements including 
pavement, sidewalks, walls, balconies, and trees in 
landscape architecture and extension. Models of 
urban design are generally designed on a far smaller 
scale (beginning at 1:500 yet fewer, 1:7000, 1:800, 
1:1200, 1:1500, 1:20 000), as well as reflect many 
city blocks, a huge resort, building, manufacturing 
facility, airfield, and so forth. For town/city planning 
and growth, urban models are essential [1,10]. 

b) Compute Aided Design (CAD) or Virtual Modeling: 
Initially understanding the Computer Aided Design 
model making through climate response architecture 
was found to be quite difficult for novice students, 
these observations were found in the first-year studio. 
It is observed that CAD model making for senior 
students is increasingly used in architectural design. 
Digital modeling is used to include the placement of 
imaginary lines as well as points in the virtual world, 
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mostly for the purpose of producing scientific 
drawings [10,12,18]. 

2.2 Research Gap 

It was discovered that the novice students do not 
understand how architectural design incorporates the 
structural design, climatic design and energy efficiency 
into their design projects. After completing the technical 
drawings, the first-year students are unsure of the design 
idea and building form of their design projects. They are 
often unable to evaluate and develop the design in 3D form 
in terms of building orientation, daylighting solar radiation, 
and other climatic conditions. The study of physical model 
with reference to climatic design has not been carried out 
earlier. 

3. Research Methods: Active Learning 
through Model Making (ALTM) 

In this method (ALTM) we developed the active 
learning approach as shown below in Figure 1. 

 

Figure 1.  Active Learning through Model Making (ALTM) 

ALTM- helps learners to develop their design project 
using three approaches – a) Observations, b) By doing and 
c) Problem-solving. ALTM is an educational technique 
that uses engaging learning processes that are adapted to 
the student’s needs and interests. Models are used as a 
means of concept communication to compensate for 
certain flaws. Models are very adaptable methods for use in 
the design process, investigation, and creating and 
introducing designs in three dimensions and students are 

supposed to be able to articulate themselves creatively with 
ease [13-15]. Architectural education, as one of the most 
distinctive branches of education, requires creative 
capabilities [19,20]. With the exploration of form in design 
through physical model making, students’ critical thinking 
ability has been developed as shown in Figure 2.  

    

Figure 2.  From Exploration through Model Making. 

3.1. Solar Radiation 

Beginners developed their physical models for the study 
of solar radiation. The reflective energy obtained from the 
sun is known as solar radiation. The student studied that the 
energy source processes can be carried out by observing 
the action of an architectural model under natural light with 
suitable cardinal alignments (Figure 3). 

 

Figure 3.  Solar Radiation Study through Model Making 

The amount of radiant energy on the ground varies based 
on its geographical region season, a time during the day, 
and weather patterns are all factors to consider. 

3.2. Study of Passive Solar Design Methods and 
Techniques 

Thermodynamics of that same house, direct-gain, 
inverse, ventilation, daylighting, solar radiation, thermal 
containment walls, insulation, including windows 
strategies of applying energy efficient methods will be 
included in the Passive Solar Building Techniques course 
[16,17]. For the purposes of this analysis, the houses are 
presumed to be in the temperate zone, with the majority of 
solar radiation south and east. 
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Figure 4.  Passive solar Building Techniques. 

The learners studied the passive solar building 
techniques through model making for their better 
understanding of climate-responsive building in the studio 
(Figure 4). 

3.3. Study of Climatology through Model Making 

3.3.1. Heliodon 
The study of climate-responsive architecture / green 

building design is proving it challenging for novice 
designers (students). Students did the study that has quite a 
model table that tilts and rotates (for latitude as well as 
hour changes, to between them), as well as a lamp that 
slides upwards on such a longitudinal rail at a length. The 
advantages of simplicity and table model should be fixed 
so that it cannot be tilted to picture the sun's and buildings’ 
relative sizes (Figure 5). 

 

 

Figure 5.  Heliodon shows the Demonstration through Students’ Design 
Models in Climatology Lab. 

3.3.2. Solarscope ‘A' 
A flat table and then a light (or mirror) fixed there at 

down after a long arm with three-way rotation make up the 
Solarscope ‘A'. Advantages: The table stays flat, big 
versions can be accommodated and parts can also be left 
loose of minimal modification (Figure 6). 
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Figure 6.  The Solarscope’A’ 

The Solarscope ‘B’: It has four- circular wide radius rail 
that shows the sun's direction, as well as a slanting (latitude) 
and longitudinal (time of year) rotation under which light 
moves to show the hours of the day. The advantage of 
Solarscope B is that, as previously said, the entire sun path 
is still indicated by the train, making it easy to recognize 
(Figure 7).  

 

Figure 7.  Arrangement Diagram Solar Scope B. 

A graphical model from a whole community of 
structures can be evaluated in many of these devices to 
predict the time and scale of shading of an open 
environment by buildings including buildings that shade 
each other. For testing the output of a shading system, a 
larger-size mock-up of such a unified platform with a 
portion of the area it corresponds to is optimal. It is 
sometimes used as a constructive modeling tool for loose 
parts to decide the best shape and location for a system. In 
hot dry regions, methodology of building construction is 

becoming uniform. Traditional housing methods are 
seldom suited in urban areas since the constructions have to 
be very less in maintenance, and durable methods and 
materials are valued in urban areas [12, 14]. Traditional 
building forms in that particular area may include sound 
solutions to climatic problems [13]. Designing a residence 
is a complex process involving many designs and decision 
makes criteria 

3.4. Climatic Factors 

The students as a beginner (First year) have provided the 
exterior treatment to the building in terms of temperature 
with the aid of models and studies. Central Building 
Research Institute has developed an effective method for 
making thatch roofs fire-resistant and water-repellent [20].  

The following factors are explained in detail on further 
pages which are very important to study the climatic 
problems from the model by students’ design projects. 
1. Roof Form 
2. Orientation 
3. Aligning of buildings. 
4. Fenestration 
5. Openings 

3.4.1. Roof Form 
The roof form can increase or decrease the scope of 

natural ventilation (Figure 8 and Figure 9). 

 

Figure 8.  Different types of roof form s and a study model done by 
students. 
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Figure 9.  Study Model done by students showing inclined roof forms 

3.4.2. Orientation 
Building orientation and form pattern are studied by the 

student with the help of Model Making in their design 
studio. The amount of surface area exposed to the sun 
needs to be as low as possible [22]. Since these elevations 
reduce the total solar heat through solar radiation, sites 
with broad measurements can face southern and northern 
(Figure 10). 

 

Figure 10.  The orientation of the building. 

3.4.3. Aligning of Buildings 

Mutual shading reduces heat gain on exterior walls by 
aligning buildings close to one another and, particularly if 
eastern and western walls are held near each other [22]. 

3.4.4. Fenestration 

Any light-transmitting gap in a structure, wall, or roof is 
referred to as fenestration. The aim of fenestration is to: 
1. Visual communication  
2. Admittance of solar radiation to provide heat and 

light in winter 
3. Admittance of outdoor air and breeze. 

Pattern and configuration involve the area, shape, 
location and relative position of window. This would affect 
the air movement, daylight, glare indoors (Figure 11). 

 

Figure 11.  The two different opening spaces. 

3.4.5. Openings 

Learners explore the opening's orientation in the 
different building forms with the help of physical model 
making as shown in Figure 12. 

Two considerations influence the opening's orientation: 
1) Towards the predominant wind during the hot season 

to take advantage of the cooling influence. 
2) Toward this sun in the winter to take advantage of the 

temperature increase of the sun's rays touching the 
windows. 

 

Figure 12.  Models of two different opening spaces. 

4. The Participants Feedback 
A model-making survey was conducted in the design 

studio and it is pragmatic. The following points are shown 
below in Table 1. 
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Table 1.  Results of model-making survey in the design studio 

S. No. Survey Questions 

Rating of Participants (Total no of Participants = 80) 
Note: Rating is 1 to 10 numbers. 

1 2 3 4 5 6 7 8 9 10 

1 Rate the Model making in the Design Project 1 1 2 2 3 3 14 19 20 15 

2 How much you enjoyed the Model Making work in 
the design development process? 1 0 1 1 6 4 10 16 21 19 

3 What is your level of satisfaction with developing 
the Physical model for the Design Project? 1 1 2 5 11 6 13 12 13 16 

4 As per the answer to the above question no.4, why 
do you most like this Model Making type? 

1) 70% towards Physical Model making because of easy to understand 
Form/shape and hands-on experiences 
2) 30% towards CAD Model making because of time-consuming less 
physical efforts. 

5 How much you were pleased with the time for 
discussion during class? 3 1 0 1 7 18 11 15 12 12 

6 Are you get confused to select the material and 
process for the model making of the Design Project 

Yes = 51.2 % 
No = 20 % 

Maybe = 28.7 % 

7 How would you rate the Physical Model Making of 
this Design Project 1 1 5 4 6 4 11 19 16 13 

8 How would you rate the CAD Model Making of 
this Design Project? 0 0 4 4 3 4 13 17 19 16 

9 
Which Model Making type you would like to adopt 
in your future Design Assignments? 
Participants Rating in Percentage = 

Physical Model making 
CAD 

Model making 

76% 24% 

10 
As a beginner, which Model Making type do you 
most like in your Design Project 
Student Rating in Percentage: 

Physical Model making 
CAD 

Model making 

63.7% 36.3% 

 

5. Results and Discussion 

The observations in Table 1 have been summarized as 
below: 
1. According to the study, there is a direct link between 

learners’ development toward model-making, 
particularly during the concept generation stage, and 
their ability to achieve the desired learning outcomes 
in design projects. 

2. From the preliminary design way to the end of the 
second presentation, the physical models must 
proceed to be used in the creative process. 

3. 70% of learners throughout favor create physical 
models due to simple Form/Shape and practical 
experiences. 

4. The participants stated that creating physical model 
making and learning through experience gave them 
new ideas and helped them come up with 
unconventional solutions to design issues that 
participants intended to solve. 

5. Most of the participants specified that physical Model 
Making will be adopted in their future Design 
Assignments/projects. 

6. As per ANOVA, a statistical Analysis in Social 
Science (SPSS) software, it was found that the 
physical models are likely to be more effective than 
Computer Aided Design (CAD) models. The 
summary of the results between physical model 
making and CAD model making has been mentioned 
in Table 2 and the variances between different groups 
have been summarized in Table 3. 

Table 2.  Summary of ANOVA single factor (one-way) 

Groups Count Sum Average Variance 

Physical Model 
Making 

(Column 1) 
80 51 0.6375 0.234018987 

CAD Model 
Making 

Column 2 
80 33 0.4125 0.245411392 
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Table 3.  Variation in different groups using ANOVA single factor (one-way) 

Source of Variation SS df MS F P-value F crit 

Between Groups  2.025 1 2.025 8.447524752 0.004180848 3.900988556 

Within Groups  37.875 158 0.23971519 - - - 

Total 39.9 159 - - - - 

(Column-1 represents the Physical model making and Column 2 represents the CAD model making) The P-value of 0.0041 indicates that there is a 
strong evidence to reject the null hypothesis. It means there was a statistically significant difference between the two types of models and that the 
physical models are likely to be more effective than the CAD models. 

6. Conclusions 
The Model making in the architectural curriculum, if 

taken and taught seriously to the architecture students may 
help the students and clients better understand the 
architectural design, climatic design and sustainability of 
the buildings. Faculty members who want to encourage 
students to use advanced critical thinking skills might 
benefit from adopting Bloom's taxonomy [21]. There is 
also a lot of scope for technological companies to create 
technologies that enable people to test passive and active 
structures in environmentally sustainable buildings. Often 
consider how effective the building is in terms of natural 
daylight and ventilation, as well as the impact of solar 
panels and a green roof upon the architectural composition 
of something like the façade. Even today novice students 
can strengthen their basic design knowledge by using the 
old famous climatic: instrument in the practice order 
through physical model making. The term model is utilized 
here from a nonexclusive perspective, which means the 
portrayal of one framework by another, which is 
comparable to with it structure of the given perspective. 
For beginner students, the physical model is a valuable 
artifact for the interaction of all design types, and for senior 
students, CAD modeling is very beneficial to their design 
projects. The physical modeling tools have evolved into a 
separate discipline as well as an art practice with its own 
materials, instruments, and techniques. 
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