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Introduction Evaluation 
In the engineering and construction industry, digital design and automation have become 
the premier vehicles to achieve great designs. However, by connecting learning on a digital 
platform as well as a physical platform, engineering education will be able to teach students 
a more integrated approach to building design, resulting in more advanced student design 
and workflow. Research by Canfield and others at Tennessee Technical University concludes 
that by integrating a hands-on component into computer engineering teaching methods, 
students reported being more confident and engaged with the learning material (Canfield, 
et. al, 52). The goal of this student learning experience is to provide students with a greater 
understanding of how digital and physical design relate, thus elevating the architecture 
and construction industry by graduating engineers that can realize implications of digital 
design in the real world. 
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Future Implications

Current Research
Design model templates, classroom 
assignments and user manuals for 

students to utilize during design and 
modeling process. 

Facilitate student/teacher interaction 
with design workshops and learning 

modules that apply to the engineering 
problem. 

Acquire physical daylight evaluation 
apparatus to allow qualitative and 

quantitative evaluation of physically 
modeled solutions.

Project Timeline

Following student design and physical production, students will evaluate both building 
models (digital and physical) to quantify daylight performance. Digitally, students will use 
a variety of daylight calculation tools to assess performance of designs. Software can 
include Climate Studio, DIVA or Honeybee. These digital calculations will be documented 
and used as a comparison to physical model performance. 

Physical models will be evaluated using an Heliodon apparatus. A Heliodon is a device that 
allows scaled building models to be assessed for daylighting performance by changing 
time of day, time of year and project location in real time. This apparatus can utilize the 
sun as a light source, or a supplemental light source when used indoors to simulate solar 
rays. A diagram of the setup can be seen in Figure 2.

Data from both digital and physical evaluation will be collected and synthesized by 
students. This synthesis will allow students to reflect on the design process to gain a 
greater understanding of the iterative nature of building design. 

Design Problem
This design exercise will be integrated into a second-year Architectural Engineering class 
that teaches the basics of building design relating to energy, daylighting and other building 
systems. The design problem that will be given to students is to design a shading system 
for a room that is 30’ x 30’ x 15’, that controls solar penetration throughout the year. This 
assignment will be formatted into three parts:

The hope of this research is to expose students to a new way of thinking by exploring 
the link between digital design and physical fabrication. This connection between the 
digital and physical world is one that can be lost in the architectural design process, 
which can lead to less desirable designs. By training a new generation of engineers to 
respect this connection, we will be creating future designers that can help to propel the 
industry to achieve higher performing, integrated building design solutions. 

Quantify student learning through 
participant feedback and quantitative 

metrics. 
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Figure 1: Examples of digital building models that would then 
be physically constructed using 3D printing technology or 

other physical modeling methods. 

Students will assess the climatic conditions for a given location, and determine times 
of the year when solar penetration into the space is desirable/undesirable using 
concepts taught in other class modules.

1.)

This information in combination with solar position information will allow students to 
design shading systems using software that meet design criteria defined in Part 1. 
Examples of these digital designs can be seen in Figure 1. 

2.)

Students will use physical modeling techniques such as 3D printing and others to 
create a scaled version of the digital design.

3.)
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Figure 2: Diagram of Heliodon apparatus and main features that will be 
used for physical model daylight evaluation. 


