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1.0 Introduction 

1.1 Purpose 
This document outlines my engineering philosophy, consisting of principles and 
methodologies shaped by my personal experiences and professional endeavors. 
 
This philosophy serves as my guide for approaching complex problems, emphasizing the 
integration of technical proficiency with a strong social consciousness. It is my firm 
conviction that the primary objective of an engineer is to create a positive social impact, 
with the methods to achieve this being secondary. Essentially, the goal is to develop 
solutions that mitigate the overall "negativities" faced by any "entity". Entities are defined 
as the environment, groups of people, individuals, species of plants and animals, or even 
future generations from the longtermism [1, 2] perspective. Negativities refer to situations 
that result in non-ideal outcomes; in the context of human experience, this could mean 
reducing cumulative hours of human suffering, which can be alleviated through 
engineering solutions. 



1.2 For me, the Author 
For me, this document shall serve as a central pillar to my future engineering design work 
and shall be a “living document” where I will update my views and perspective accordingly 
as I mature from a Student Engineer to an Engineer. It shall also provide documentation 
on tools that were conducive to acceptable solutions, as well as tools that did not work 
and might work if applied differently. 

1.3 For you, the Reader 
For you, this document shall provide a description of my previous engineering experience 
and will also offer insight into my way of thinking, as well as the tools that I have found 
to be effective (both in a personal and group format), and the type of thinking required (in 
my opinion) for successful engineering design at the individual and group level. 

2.0 Position in Context 

2.1 Background and Motivation 
My engineering philosophy is firmly grounded in my personal experiences and cultural 
background. I was fortunate to live in the Middle East for much of life and had a chance 
at a proper education, however whilst visiting my country was always refreshing, in the 
periphery there was always a sense of desolation that I felt with the amount of destitution 
that my fellow countrymen felt. Observing the widespread suffering among my fellow 
countrymen from a young age has instilled in me a strong commitment to effecting 
positive change. This motivation has guided my pursuit of engineering, a field I believe 
has the greatest potential for making a meaningful and positive impact on any given 
entity. 

Engineering has the potential to create significant social impact in the world. When we 
observe our history as a species, we can see that moments of great suffering (the 
invention of napalm) [3, 4] and reductions in suffering (the invention of the MRI) [5] were 
often brought about by engineering solutions. If harnessed correctly, engineering can lead 
to meaningful positive change in the world. 

2.2 Engineering Design Philosophy 
This foundational principle guides my approach to engineering design: every solution 
must be evaluated through the lens of its potential impact on people, other species, and 
the environment. For me, engineering design is fundamentally a process of identifying 
problems affecting a group of people or species and developing targeted solutions. 

I believe that for any given problem, there exists a theoretically perfect or "true" solution—
one in which every aspect has been optimized to eliminate all negative consequences. 
While this ideal solution remains unattainable within the perspective of a human lifespan, 
I strive to approach it as closely as possible through rigorous methodology and 
continuous refinement. 



2.3 Key Design Principles 

2.3.1 Framing 

From my experience with personal projects and Praxis II, I have realized that there are two 
types of design: high-level design, where we outline the solution; and low-level design, 
where we detail the actual design elements such as PCBs, CAD, firmware, etc. 

2.3.1.1 Form (Purpose) over Function (Technical Implementation) 

Regarding high-level design, it is essential to focus on the intended purpose of the 
design rather than the specific methods employed to implement a particular set of 
solutions. 

In defining "form," I refer to the precise method by which a given solution achieves 
a desired outcome. In contrast, "function" pertains to the process through which 
the specific form is realized using tools such as CAD, PCB design, and other related 
technologies. 

For example, during the Christmas break of 2024, when developing a voxel engine 
(a 3D graphics engine that renders objects made of cubic elements, similar to what 
powers games like Minecraft), I initially felt overwhelmed by the prospect of writing 
over 20,000 lines of C++ code. The project seemed impossibly complex when I 
thought about how to implement the difficult mathematics and vector calculus 
required, until I broke it down into five distinct sub-problems: multiplayer 
connectivity, player movement mechanics, procedural world generation, world 
modification systems, and the rendering pipeline. By taking these high-level 
features and then slowly refining further down by way of stepwise refinement (a 
computer science term [6], mostly closely modelled by FSD in praxis [7]). By 
understanding the form of the problem first, I could approach each component 
individually with specific solutions rather than attempting to tackle the entire 
system at once. 



 

Figure 1: This is the Voxceleron voxel game engine, this engine was used to lay the 
foundation for Voxceleron2 and involved the layout of the high-level design and 
had very minimal technical integration to ensure that I had scoped out the entire 
project before pursuing it to make sure there were not any new things that I had to 
completely overhaul my knowledge of. Voxceleron2 was the complete 
implementation of this engine, please see figure 1. 

 

Figure 2: Voxceleron2 voxel game engine, this engine is a completely overhauled 
version of the game engine and includes an updated rendering pipeline, mesh-
generation optimization and has a more complete world-generation algorithm. 



2.3.1.2 Systems Thinking 

After an initial form has been identified and the features and features of this given 
form are identified it is important to work on the low-level design and ensure that 
one implements the features as required by using technology, meaning we do the 
CAD, the PCB design, run the calculations, etc. 

While working on a solar-powered aircraft research project, I observed how 
changing a single parameter—such as the weight of a component or the efficiency 
of a solar cell—would create ripple effects throughout the entire system, affecting 
flight time, structural integrity, and power management. This experience 
highlighted the interconnected nature of engineering systems and the importance 
of considering how modifications to one element influence the whole. Shown in 
figure 3 is the overall way through which the system was simulated and how the 
change of a single variable had reverberating effects on the design. 

 

Figure 3: Gives the overall equation for mathematically optimizing all aspects of 
the solar-power aircraft, it does this by balancing power to mass for all 
components and then determines whether the final aircraft’s parameters are within 
the real of reality, meaning that there are no parameters where the solar panel area 
exceeds the total wing area, etc. 

I believe that the two considerations mentioned above were further developed in Praxis 
II, where I recognized a phenomenon in which complexity is often truncated from a given 



problem to reach a solution. For instance, stating that “...we can use computer vision to 
detect the chess pieces on a board and then utilize that data…” may sound 
straightforward, but it oversimplifies the reality. This truncation of detail can lead us to 
pursue solutions that appear easier than they truly are, ultimately reducing the overall 
value that the solution provides to a community and hindering its potential for meaningful 
positive social impact, which is contrary to my primary directive. 

To combat this, it is important to have a keen awareness of the issue of this behavior and 
to remain vigilant by way of educating oneself of the actual implementation of technology 
we are not familiar with. Moreover, it is also important to ensure that at some stage of 
the iteration process we implement the low-level design by way of actually doing the PCB 
design, the CAD, running the calculations, etc. as a sort of “sanity check” to ensure that 
we are not “barking up the wrong tree”. 

This two-step process, I’ve observed, also has the added benefit of allowing non-technical 
people to contribute meaningfully without needing to know the actual low-level 
implementation of any given design. This is incredibly important later (given in section 
1.3.3.1) as inspiration can come from the most unexpected places and can result in some 
truly innovative solutions. This also ensures that the community we are “prescribing” a 
solution to is able to and is empowered to take part in this process of improving their 
condition thereby reducing their suffering. 

2.3.2 Converging and Diverging 

With the above discussion in mind, comes the question of how to actually do the exact 
design process after a set of high-level design features or objectives has been identified. 
Through my experience I find that the two following principles are essential to a 
successful design to be created. 

2.3.2.1 Iteration is Essential 

A few years ago, I undertook a personal project to design a low-cost cantilever 3D 
printer capable of high-speed, high accuracy printing comparable to commercial 
models available at the time. During the initial design phase, I spent considerable 
time working in CAD software, designing each component in detail, however, when 
I began physical assembly, I encountered numerous unforeseen issues—bolts that 
couldn't be accessed due to obstructing sub-assemblies and parts that didn't align 
as expected. This experience taught me that, had I built and tested individual 
sections as prototypes earlier in the process, these problems would have been 
identified much sooner, saving time and resources. 



 

Figure 4: The left shows the completed cantilevered 3D printer, and the right shows 
a close of the nozzle assembly of the 3D printer. Some pieces on the 3D printer 
use an orange plastic as I had ran out of the bronze filament due to having 
extensive assembly and part reworks as I had not designed carefully enough. 

2.3.2.2 Data-Driven Iteration 

In senior year of high-school, as the team-lead of electrical and mechanical design 
of an electric car design team, I collected extensive data on battery performance, 
including voltage measurements, temperature readings, and discharge rates—to 
precisely calibrate our motor controller. This methodical data collection allowed 
us to extract maximum power from our battery system, giving us a competitive 
edge in races.  

This experience reinforced that effective iteration isn't just about trying different 
approaches; it's about making informed adjustments based on quantifiable results 
and using this factoring in of the results to improve outcomes. 



 

Figure 5: Electric car on tables ready for discharge tests and for further controller 
programming, controller is identified with arrow and circle denoted as “X”. 

2.3.3 Representing 

2.3.3.1 Collaborative Design and Unexpected Inspiration  

When I created a 3D modeling course that was taught across 11 schools with 
approximately 2,700 eligible students, I assigned topology optimization studies as 
part of the curriculum as shown in figure 6. Topology optimization is a 
mathematical approach that distributes material within a design space to 
maximize performance under given constraints. I was consistently surprised to 
find that many students developed solutions superior to my own reference 
designs. Their diverse backgrounds and perspectives led them to approaches I 
hadn't considered, reinforcing the value of collaborative problem-solving and 
diverse viewpoints in engineering. 

X 



 

Figure 6: This figure shows exer.4.1124, this exercise was the 4th topology 
exercise assigned to students in my course in the second week of study.  

 

  



3.0 Overview 
The next three sections will describe the usages of concepts, tools, models, and 
frameworks throughout might engineering design process in three main projects, the 
CIV102 Matboard Bridge, Praxis I, and Praxis II. Figure 7 shows the relation of these 
CTMFs to the FDCR cycle. 

 

Figure 7: Relationship of the CTMFs of the three projects with respect to the FDCR cycle 
exemplify the complete nature of my analysis. 

 

  

NOTE 
It should be noted that all Team member initials denoted as RvH, AF, JW for Praxis 

II; MI, NF for CIV102; and AS and AB for Praxis I. This was done out of privacy for 

said individuals. 

 

 



3.0 CIV102 Matboard Bridge 

3.1 Design Summary 

 

Figure 8: First page of the CIV102 Bridge one-pager. 



 

Figure 9: Second page of the CIV102 Bridge one-pager. 



 

3.2 Design Annotations 
The CIV102 bridge project involved the construction of a matboard (a type of layered 
paper board) by applying our theoretical knowledge of designing bridge members to 
create a single-member bridge. The bridge would have a train (composed of heavy 
weights of around 200N) that would be rolled across the bridge. 

It first involved a set of hand calculations which were then used to verify a computer 
program that I had programmed to ensure that the program was producing results that 
were in reality. See figure 10 for the output of the program. 

  

Figure 10: Shown on the left is a snippet of some of the output calculations that were 
used to inform our interations and also used to verify with hand-calculations. On the 
right is the cross-section of the proposed birdge. 

I had later mechanized the process of creating iterations, as shown in Figure 11, once 
we realized that the height of the bridge, the top flange thickness, and the number of 
diaphragms was the critical metric in increasing the strength in the Case 4 Buckling 
which was the “weakest link” of the bridge. 



3.3 CTMF 1 – Controlled Convergence 

 3.3.1 Definition of Controlled Convergence 

Controlled convergence is the process of iteratively converging and diverging 
which allows for the ideation of a great number of possible solutions whilst not 
having too many that are unmanageable as they are regularly removed by way of 
convergence, this allows for new strains of divergence to get ever closer to the on 
“true” solution as discussed in section 2.2. [8] 

 3.3.2 Usage of the Controlled Convergence 

In the case of the CIV102 bridge we used this sort of process through the entire 
design stages. In the beginning we used hand-calculations to inform the initial first 
iteration of the bridge design.  

We then used these hand-calculations to ensure that the final computer program 
that we had made was producing results that were on the basis of reality. In 
iteration 6, we mechanized the process of iteration to produce all possible 
permutations finite number of available heights (20, 40, 60, 80, 100, 120, 140, 160, 
180, 200), a finite number of top flange thicknesses (1.27, 2.54, 3.81, 5.08) as we 
cannot exceed the matboard area, and a finite number of diaphragms (1 to 20) as 
we cannot exceed the matboard area as shown in Figure 11. 

 

Figure 11: This figure shows all the permutations and the relations to the three 
main variables that were adjusted as well as the strength to weight ratio. 

This closely aligns with my data-driven iteration design philosophy as it ensures 
that no stone is left unturned and the real true solution is sought after completely. 



 3.3.3 Key Takeaways of the Controlled Convergence 

1. Controlled convergence is able to become mechanized, this means that it can 
be automated just like how I made the automated script to find all permutations 
of the remaining types of bridges. This closely aligns with my data-driven 
iteration design philosophy as it ensures that no stone is left unturned and the 
real true solution is sought after completely. 
 

2. Controlled convergence allows us to get close to the final design ensuring that 
we explore the entire design space whilst not spending too much time on 
designs that have glaring issues or would fundamentally fail the requirements. 

3.3.4 Shortcoming of the Controlled Convergence 
1. The main shortcoming of the process of controlled convergence is that without 

any data to drive convergence especially at such a stage where proxy testing 
is not possible due to no prototypes being available (such as in Praxis I) the 
potential of bias can be high. It is important to ensure that team members do 
not engage in group thought and make their own opinions and then later 
convene and decide for an ultimate decision. 

3.4 CTMF 2 – Project Management 
 3.4.1 Definition of Project Management 

Project management is the application of knowledge, skills, tools, and techniques 
to project activities to meet project requirements. It involves initiating, planning, 
executing, monitoring, and closing a project in order to achieve specific goals 
within given constraints such as time, budget, and resources. Effective project 
management ensures that a team’s work is aligned with its objectives and 
delivered in an organized, efficient, and predictable manner. [7] 

 3.4.2 Usage of Project Management 

In the case of the CIV102 bridge project a key feature of our management of the 
course was the use of a time log where each of us in the group logged how much 
time we spent on a given task and were able to track our final and internal 
deadlines with respect to how progress was being made.  

As shown in figure 12, when a given task was complete, the box was turned green; 
if the task was in-progress the task was given a blue color; if the task was late it 
was given an orange color; and then there was a bar the moved along the length 
of the time log to show where we should be as a team with respect to the current 
date. 



 

Figure 12: A snapshot of the time log to show our current progress as the CIV102 
bridge project went on. The red line is the date bar and shows what our current 
progress should be with respect to today’s date. 

We were able to then inspect how many greens, oranges, and blues were behind 
the date bar to determine if we were on track and how much we would need to 
pivot to make our deadlines fit in with our other coursework. 

 3.4.3 Key Takeaways of the Project Management 

1. A time log for this project seemed to be most appropriate as it allowed us to 
track how much time was being spent on each section of the project. Since we 
had not past experience on the sort of tasks we would be doing (especially the 
construction), the time log allowed for us to reallocate work if something was 
taking longer than expected. 
 



2. A clear set of internal deadlines ensured that we able to complete everything 
ahead of time and had time to spare in case something took longer than expect 
or there were unexpected commitments outside of the CIV102 course. 

 
3. Assigned work ensured that responsibility was taken for work and so it was 

completed to a higher standard than in the case of assigning work to the entire 
group and hoping that work was completed by someone and that work was 
automatically assigned.  

 3.4.4 Shortcoming of the Project Management 

1. A time log requires integrity of group members in the project, in a non-aligned 
group this may become infeasible and may actually result in points of friction, 
in this scenario it is best to consider alternative project management tools such 
as a team Gannt Chart. 

3.5 CTMF 3 – Design for Manufacturing 

 3.5.1 Definition of Design for Manufacturing 

Design for Manufacturing (DFM) is the engineering practice of designing products 
in such a way that they are easy to manufacture. It involves considering 
manufacturing processes, material choices, tolerances, and assembly methods 
early in the design phase to reduce complexity and waste. [7, 8] 

3.5.2 Usage of the Design for Manufacturing 

In the case of the CIV102 project, we very keenly considered the available 
matboard to us to use, if we exceed this area we could not build the bridge as 
shown in figure 13 we used an efficiency calculation which took ratio of the 
maximum load the bridge could hold with respect to the total area used.  



 

Figure 13: This figure gives an overview of the final design, highlighted in yellow is 
the efficiency rating and the total are used by the bridge, diaphragms, and the area 
that is remaining. 

Moreover, we also had to consider the layups of the material as simply considering 
the area was not entirely enough to build the bridge as we would need large 
continuous sections of matboard. For this we used a custom programmed python 
tool to be able to see how we would be able to lay out the pieces on the matboard 
as we integrated on our design as shown in figure 14. 



 

Figure 14: Shows a quick python script for laying out the cutouts for the bridge on 
a large matboard piece, this allowed for the quick adjustment and checking of 
designs rather than hand drafting.  

3.5.3 Key Takeaways of Design for Manufacturing 

1. The efficiency calculation not only ensured optimal use of the limited matboard 
but also aligned with our broader engineering philosophy of reducing waste 
and negative impacts on society and the environment. The number was also 
an important factor in terms of the success of the final bridge as the strength-
weight ratio was prioritized when we were given this project. 

3.5.4 Shortcoming of Design for Manufacturing 

1. While DFM forced us to stay within real-world constraints, it sometimes 
limited creative exploration. Some potentially stronger or more innovative 
geometries had to be discarded early because they were not compatible with 
the manufacturing material or layout. 
 

2. DFM can require significant upfront effort as given by the additional features 
that we had to integrate with our computer program (and the secondary side 
program for the layups) which may not be practical in time-constrained or 
lower-resourced teams. In such cases, simpler approximation methods may 
be more appropriate. 



4.0 Praxis I – Loose Plugs in Wall Sockets 

4.1 Design Summary 

 

Figure 15: First page of the Praxis I one-pager. 



 

Figure 16: Second page of the Praxis I one-pager. 

4.2 Design Annotations 
We had chosen the Splartz of loose plugs in wall sockets on spaces used by Engineering 
Science students on campus and at Chestnut Residence. After choosing this Splartz and 



preparing a comprehensive set of requirements we began the diverging, pre-converging, 
and converging stages of our design process as shown in figure 17. 

 

Figure 17: This figure shows our stages of diverging, pre-converging, diverging, etc. and 
how we morphed certain designs into others as part of our Alpha development. 

After we had 4 final designs to choose from we began proxy testing these designs with 
respect to 6 critical metrics as outlined in the first page of the one-pager in figure 15. 
We recorded (available here: https://www.youtube.com/watch?v=2SzLAbtiBz8) our 
proxy tests on video. 

We ultimately settled on the final design that uses an electromagnet that is powered by 
the wall socket itself and latches onto the internal metal structure of the wall socket as 
shown in figure 16. 

4.3 CTMF 1 – Psychological Safety and Biomimicry 

 4.3.1 Definition of Psychological Safety 

Psychological Safety refers to a shared belief among team members that the team 
is a safe environment for interpersonal risk-taking. It allows individuals to speak 
up with ideas, questions, concerns, or mistakes without fear of embarrassment, 
rejection, or punishment. [8] 

 4.3.2 Definition of Biomimicry 

Biomimicry is an approach to innovation that seeks sustainable solutions by 
emulating nature’s time-tested patterns and strategies. It involves observing and 

https://www.youtube.com/watch?v=2SzLAbtiBz8


replicating biological forms, processes, and ecosystems to solve human design 
challenges. [8] 

 4.3.3 Psychological Safety Results in Humor and Aids Diverging 

In the early phases of the Alpha Development Process, we established 
psychological safety by individually recording and then sharing our personal values 
as shown in figure 18,  key among this exercise was the discovery that all team 
members shared a common value group centered around humor. 

 

Figure 18: On the left is our teamwork values group together into related “value 
groups”, on the right is a zoom in of the humor value group. 

Recognizing this early on allowed our team to foster an environment where no idea 
was “too out there” to be heard, and this became instrumental in promoting 
divergent thinking. 

 

Figure 19: Shows the ideation of the “octopi surfaci” stage. 



The incorporation of humor into ideation made the team more open to exploring 
"wild" ideas that might otherwise have been dismissed. For instance, when 
exploring possible plug designs using biomimicry, one team member suggested 
using octopus suction cups to help a plug adhere to a wall socket—a concept that 
emerged from the humorous idea of "octopi surfaci" (see figure 19). Although the 
initial suggestion was light-hearted, it triggered a productive stream of iterations 
that further explored the design space and led to more viable concepts. 

 4.3.4 Key Takeaways of this Effect 

1. Early alignment on shared values such as humor helped establish 
psychological safety within the team, which was critical in fostering an open 
and creative ideation process. 
 

2. The use of humor in a psychologically safe environment enabled the team to 
explore unconventional ideas—such as biomimetic suction cups—that sparked 
further iteration and deeper exploration of the design space. 

4.3.5 Shortcomings of Humor as a Team Norm 

1. Humor can sometimes lead to miscommunication or exclusion, especially if all 
team members do not relate to the same type of humor or feel equally 
comfortable expressing themselves in that way. 
 

2. While helpful for idea generation, humor can become distracting or reduce 
focus during later design phases where critical evaluation and precision are 
required. 

4.4 CTMF 2 – Pairwise Comparison 

 4.4.1 Definition of Pairwise Comparison 

Pairwise Comparison is a qualitative evaluation method in which design 
alternatives are compared directly in pairs. Each pair is examined to determine 
which option better meets the design requirements or criteria. This process helps 
to establish a ranking order by identifying relative strengths and weaknesses 
without necessarily quantifying the magnitude of differences. [8] 

 4.4.2 Usage of the Pairwise Comparison 

To begin our final convergence process we decided to start of with a high-level 
pairwise comparison to identify designs that were in close proximity with regard 
to their level of meeting the design requirement and criteria, as shown in figure 20. 



 

Figure 20: Each design here is compared to the other design using a pairwise 
comparison method, the magnetron design corresponds to design b2 from figure 
X, octopi suction is h1, spring clamps is a4, and nanotape is g3. 

 4.4.3 Key Takeaways of Pairwise Comparison 

1. Pairwise comparison enables a direct assessment between two designs at a 
time, simplifying the decision-making process by breaking down complex 
evaluations into manageable, binary decisions. 

 4.4.4 Shortcoming of Pairwise Comparison 

1. The main issue with pairwise comparison is that it does not tell us how big the 
difference is between two designs, it only tells us the “sign” of the difference, 
that is, whether it is in favor of one design or the other. It is therefore required 
to use this tool in conjunction with a measurement matrix and Pugh chart and 
to not jump to conclusions regarding ties in the pairwise or even losses in the 
pairwise comparison. 
 

2. With this in mind, pairwise comparison is then only useful on its own when it is 
known that the designs are quite close together and so ties are actual real ties, 
and losses are real losses. 

4.5 CTMF 3 – Proxy Testing 

 5.4.1 Definition of Proxy Testing 

Proxy testing is an indirect evaluation method where “mock” tests or simulations 
are used to assess critical performance metrics that are difficult to measure 
directly. By employing representative test conditions, proxy testing provides 
insights into how a design might perform under actual operational conditions 
without the need for full-scale or real-world testing. 

 5.4.2 Usage of the Proxy Testing 

As part of our video (see above), we proxy tested some of critical metrics that were 
not able to reasonably obtained by way of calculation or secondary research, as 
shown in figure 21. 



 

 

Figure 21: Top shows the deployment time test procedure for the nanotape 
analogue, bottom shows the engagement force test procedure for nanotape 
analogue.  

This aligns closely with my values as data-based iteration is incredibly important 
if we want a successful final solution. 

 5.4.3 Key Takeaways of Proxy Testing 

1. Proxy testing allows for the estimation of performance characteristics that are 
otherwise challenging to measure directly. This approach provides valuable 
data to inform design decisions when direct measurement is impractical. 
 

2. Proxy testing serves as a practical check on theoretical predictions, ensuring 
that simulation-based or calculated results align closely with real-world 
behavior. This dual approach increases confidence in the final design. 



 5.4.4 Shortcoming of the Proxy Testing 

1. Proxy tests may not capture all the nuances and complexities of actual 

operational environments, potentially leading to discrepancies between test 

outcomes and real-world performance. As a result, it should ideally be 

supplemented with more rigorous or direct testing methods to fully validate 

design performance, adding an extra layer of effort and resource investment. 

 

2. The effectiveness of proxy testing relies on the assumption that the mock 

conditions are an accurate representation of reality. If the test conditions 

diverge significantly from actual use, the conclusions drawn may be 

misleading. 

  

  



5.0 Praxis II – Chess-Move Recording Device 

5.1 Design Summary 

 

Figure 22: First page of the Praxis II showcase one-pager. 



 

Figure 23: Second page of the Praxis II showcase one-pager. 

5.2 Design Annotations 
After receiving our first choice RFP – the chess RFP, we began in earnest with our 
diverging process as exemplified by the figure 24. 



 

Figure 24: This figure shows our stages of diverging, pre-converging, diverging, etc. and 
how we morphed certain designs into others as part of our Beta development. 

During this time we had a keen awareness of the complexity of a given design and then 
decided to scope out the designs in completion as show in appendix 7.1 and in figures X 
and X. 

 

Figure 25: This image shows the TACTI medium fidelity Cad model so that we were able 
to scope out the way the actual device looked. 



 

Figure 26: On the left is the CAD model of the main wrist-mounted control unit and on 
the right is the actual electronica schematic for said PCB. 

We then converged onto the design labelled a3 in figure 24 by way of technical analysis 
and comparison to the requirements that we had rescoped after receiving our RFP. Shown 
in figure 27 is the final, Tacti (Touch-Augmented Chess Transcription Interface), it utilizes 
inertial navigation to track the index finger's position accurately. Upon detecting touch, it 
records the initial and release positions to determine the chessboard position, converting 
this data into algebraic notation (e.g., P-e2e4) through a set of algorithmic rules. Tacti 
offers significant value to stakeholders compared to other chess recording devices due 
to its superior accuracy, FIDE (Fédération Internationale des Échecs) compliance, and 
versatility. 



 

Figure 27: Snipped taken from our final poster design, the top-left shows the complete 
design, the top-right shows the way in which the design is calibrated, the arrow on the 
bottom shows the overall technical process through which it works in generality.  

After the design was completed scoped out in CAD, PCB schematics, etc. it was then 
made into a prototype as shown in figure X.  

 



  

Figure 28: Left depicts the main MCU, battery, and screen module, the right is the 
simulated use of the flex-PCB where a push button is used and a 3D-printed chassis 
instead of it. 

After the prototype was complete we went to Hart-House chess club to validate our 
prototype as shown in figure X by asking chess players a set of questions as discussed 
in the following sections. 

 

Figure 29: Testing out TACTI and asking chess players questions regarding their 
experience with TACTI, faces redacted for privacy. 



5.3 CTMF 1 – The Power of Unrelated Discussions and the use of 
Random Word 

 5.3.1 Definition of Random Word 

Random words are a diverging tool whereby we would choose any random word 
and take that forward to develop a set of design ideas. [8] 

 5.3.2 Definition of Psychological Safety and Team Norms 

Psychological safety is the establishment of a set of team norms that are 
conducive to produce discussions and that allow for the finding of common 
ground in terms of values, perspectives which ensures that effective decision-
making is able to be done. [8] 

 5.3.3 Usage Unrelated Discussions and Random Word 

Whilst we did use Random Word in our diverging process, it is my opinion that the 
use of Random Word was not noteworthy. Rather the conversations that we had 
that were not even tangentially related to our work in Praxis II were incredibly vital 
for the extremely wide range of designs that we had come up with, effectively 
allowing us to explore the entire design space. I can say that we explored the entire 
design space as there were designs that were very farfetched such as the EEG 
(electroencephalogram) in figure 24 design f2. 

The use of Random Word came about only because of a previous discussion about 
the use of Chiffon and Brocade Fabrics by RvH resulted in us using the word 
Chiffon in the random word exercise and resulted in use getting the whole “lineage” 
or category of designs that would be sensor matrix related as shown in figure 24, 
design c1 to c3. 

These discussions were only possible through the early establishment of a set of 
team norms that were conducive to psychological safety so that team members 
were able to talk in a more casual matter, such as things that were not related to 
our work as a team. I believe that this is further supported by the team A vs. team 
B dynamic given in figure 30 and that a team that is flexible and that can act as 
both teams is the most effective. 



 

Figure 30: Teamwork dynamics as taken from source. [7] 

I personally resonate with this phenomenon as I have also observed firsthand for 
inspiration to come from the most unexpected places as given in section 2.3.3.3. 

5.3.4 Key Takeaways of Unrelated Discussions 

1. Having unrelated discussions can be considered productive at times especially 
if these discussions allows one to get closer to team members getting to know 
them better (by way of hobbies, interests, etc.). This has the added benefit of 
allowing team members to more quickly find common ground in future 
disagreements and solve them equitably. 
 

2. The discussion of supposed “unrelated” ideas is important as that is what the 
guiding principle of Random Word is – we use a random world unrelated to the 
design or task at hand to try to gain inspiration to solve it. Random discussions 
are a vital part of this process. 

 5.3.5 Shortcomings of Unrelated Discussions and Random Word 

1. It is careful to note, however, that excessive discussion of things not related to 
work is generally not ideal as time might be wasted on things that does not get 
project deliverables done. It is best to structure unrelated discussions during 
down-time, especially during group-work sessions, where discussions such as 
these can prove to be a useful break from work. 
 

2. It is also pertinent to concede that this effect is not always possible and that it 
is up to chance that any given discussions are able to used in the Random Word 
process in the future, it is however a given that discussions such as these are 
able to bring the team together and increase work efficiency and so there 
remains a benefit to unrelated discussions. 



5.4 CTMF 2 – The Curb Cutting Effect 

 5.4.1 Definition of Curb Cutting Effect 

The Curb-Cutting Effect refers to the phenomenon where a design change or 
innovation initially intended to benefit a specific group ends up providing broader 
advantages to a much larger population. In the example given in Praxis II, curbs 
cuts were initially made to help those in wheelchairs but later had the benefit of 
helping cyclists, workers with dollies and carts, those with impaired vision, etc. [X] 

 5.4.2 Usage of the Curb Cutting Effect 

When visiting Hart House chess club to complete our final validation of the 
prototype with our stakeholders, one of our stakeholders mentioned that they 
found the device useful enough to use even outside of applications such as a 
damaged dominant hand. 

Since the device records moves as they are made (in parallel) rather than after 
such as with a pen and paper (where you make the move and then write it in series), 
it would completely remove the need to take focus of the chess game. We found 
that upon refining our question set to also ask casual players if they would be more 
willing to take part in tournaments if they didn’t have to memorize the FIDE chess 
algebraic notation that these casual players would be more than willing to take 
part in the game.  

We noted that if this device was able to reduce the barrier of entry to chess 
tournaments and chess overall it might make chess more popular and allow 
hidden talent to come out, thereby leveling the playing field for those who are not 
fortunate enough to be able to train for hours a day outside of other commitments. 

This curb cutting phenomenon has proven to be incredibly important to my goal 
as an engineer as it allows my solutions to be able to improve the lives of those 
around me a more far reaching way than initially expected. 

 5.4.3 Key Takeaways of the Curb of the Cutting Effect 

1. Curb cutting is an important phenomenon as it allows solutions to have a wider 
reach and be able to improve the lives of a greater number of people – this 
improvement directly impacts the human condition and can be considered a 
great asset in the goal of achieving social impact with engineering. 

 5.4.4 Shortcoming of the Curb Cutting Effect 

1. It is important to note that one should be careful when assigning a “solution” 
to a given group of people, groups of people can have very specific needs than 
cannot be met with a “one-size-fits-all” solution and make become alienated at 
the prospect of just becoming another number. It is important to take the lived 
experience and crucial perspectives of these communities to ensure that real 
value is realized for them. 



5.5 CTMF 3 – Analysis and the Importance of Low-Level Scoping 

 5.5.1 Definition of Analysis 

Analysis [7] in terms of Praxis is the use of some sort of computational simulation 
tool to verify whether a design meets a set of a requirements and thereby realizes 
genuine value for the stakeholders and community at hand. [7] 

 5.5.2 Usage of Analysis 

In Praxis II we had decided to scope out all the low-level design features of all 
proposed solutions on figure 24 as it would allow us to do a sort of “pseudo-
attribute listing” and thereby find ways of reducing complexity in the final design 
by way of combining of truncation features completely from the design. As shown 
in figures 22 and 23 (and appendix 7.1), I completed medium-fidelity CAD models, 
PCB schematics, and ran schematic analysis. Retrospectively, as a side effect, by 
doing this type of low-level scoping I was able to run the necessary electronic 
schematic analysis to determine theoretical energetic analysis and determine how 
long the device would be able to run on a 9-volt battery, thereby allowing us to proxy 
test our critical requirement of operating time. 

This type of scoping out allowed for the removal of some complexity and the 
outright cancelation of the computer vision strain of designs  as it was deemed to 
technically complex for the task at hand, given its susceptibility to differing light 
levels, board and piece colors, angles, etc. 

5.5.3 Key Takeaways of Analysis 

1. I believe that the usage of analysis is closely related to my position the sense 
that to achieve any meaningful use of analysis a low-level scoping of the design 
must be completed, this thus ensures that real value is provided to the 
stakeholder and thereby it means that the greatest possible positive social 
impact is achieved. 
 

2. It is essential to reduce complexity to ensure that genuine value is realized as 
the more complex a solution is the less likely it is to be adopted. By ensuring 
that the low-level design was scoped out in completion, I maintained a strong 
awareness of the phenomenon where the actual complexity of a given design 
is often downplayed in high-level discussions. This approach has allowed me 
to accurately represent complexity and maintain the highest possible level of 
value for our stakeholders. 
 

3. I believe that this in-depth design work at this level is rare, and should be more 
commonplace as it has an effect that is two-fold: first, it allows one to develop 
and hone the necessary technical soft skills such as CAD, PCB design, and CFD 
required for more technically complex projects; and secondly it allows one to 
combine features and remove them as needed to ensure that the final design 
complexity is reduced. 



5.5.4 Shortcomings of Analysis 

For both below shortcomings of analysis, it should be noted that both are due to 
time constraints rather than any intrinsic issue with the low-level design and then 
analysis, these are able to be mitigated with careful planning, skill, or by using it 
only when strictly necessary such as when a new type of technology is being 
scoped out. 

1. It can be argued that the most major shortcoming of completely scoping out 
all designs in the design space is the time-consuming nature of such a process 
– time that could instead be used to scope out further high-level designs rather 
than this low-level scoping 
 

2. It can be further argued that the usage of analysis as a method of validation 
should only be done in the case when there is no low-fidelity prototyping 
available and therefore there is no chance of doing any proxy-testing as the 
time spent on analysis could be time saved in this way. 

6.0 Conclusion 
While my engineering design process will undoubtedly evolve throughout my career, my 
guiding principle remains constant: engineering must serve a purpose beyond technical 
achievement—it must create positive social impact.  

This perspective frames how I select problems, approach solutions, and evaluate 
success. In my view, there is no field with greater potential for positive change than 
engineering. After all, what is the purpose of an engineer if not for the people? 



7.0 Appendices 

7.1 Beta Designs in Detail 

































 

7.2 Alpha Designs in Detail 

 















 

7.3 Time log for CIV102 
Values below represent the time each person spent performing a given task, not the 
cumulative time spent as a group. Therefore, adding up final total times for each person 
does not yield the total time the group spent as a whole. 

Names have been made into initials for privacy. 



Tasks  Internal 
Deadline  

Submission 
Deadline  

MI NF Ayan 

Preliminary  10/29/2024  ---  1.5  1.5  2  

Deliverable I Preliminary 
Meeting  
  

Includes Reading Design 
Document, Assigning 
Tasks, and Analyzing the 
rest of the project  

11/3/2024  ---  1  1  1  

Find storage and building 
space  

11/5/2024  ---  0.5  0.5  0.5  

Pick up build material  13/13/2024  ---  ---  ---  0.5  

Deliverable 1  11/9/2024  11/11/2024  3  2  1.2  

SFD and BMD  11/9/2024  11/11/2024  0.5  1  ---  

Centroid and Second 
Moment of Area  

11/3/2024  11/11/2024  1.5  ---  ---  

FOS against flexural 
tension/compression 
failure  

11/4/2024  11/11/2024  0.33  ---  ---  

First Review  11/04/2024  11/11/2024  0.66  1  ---  

Second Review  11/05/2024  11/11/2024  ---  ---  1.2  

Team Dynamics Survey  11/3/2024  11/11/2024  0.1  0.1  0.1  

Design Report - Total  11/25/2024  11/25/2024  3.5  6  11.5  

Introduction  11/25/2024  

  

11/25/2024  

  

---  0.5  ---  

Preliminary Discussion  11/17/2024  11/25/2024  1  1  1  

Code review and design 
report analysis  

---  11/25/2024  0.5  0.5  -  

Iterations – Design 
Decisions  

11/25/2024  11/25/2024  1  0.5  9  

Iterations - Justification  11/25/2024  11/25/2024  0.5  3  1  



Review  11/25/2024  11/25/2024  0.5  0.5  0.5  

Supporting Calculations - 
Total  

11/25/2024  11/25/2024  20  23.5  41.5  

Part 1: Hand Calculations - 
Total  

11/24/2024  11/25/2024  7  5  ---  

Design 0 Calculation 
(Load Case 1)  

11/25/2024  11/25/2024  3  ---  ---  

Design 0 Calculation 
(Load Case 2)  

11/25/2024  11/25/2024  3  ---  ---  

Diaphragm Spacing 
Calculations (Non linear)  

11/25/2024  11/25/2024  1  5  ---  

Part 2: Programmed 
Calculations - Total  

11/24/2024  

  

11/25/2024  

  

11.5  18.5  36.5  

Code for intermediate 
calculations  

11/24/2024  

  

---  ---  2.5  20  

Cross Sectional Building 
Software – Framework 
code, master shape list  

11/21/2024  ---  ---  9.5  9.5  

Cross Section Code – 
Areas and Void area + 
fixes  

11/21/2024  ---  ---  2  2  

SFE of Design 0 for Load 
Case 1 and for your final 
design under Load Case 
2.  

11/23/2024  

  

11/25/2024  5  ---  2  

BME of Design 0 for Load 
Case 1 and for your final 
design under Load Case 
2.  

11/23/2024  11/25/2024  

  

5  ---  2  

Code output of all FOS 
values along the bridge.  

11/23/2024  

  

11/25/2024  

  

---  3  ---  

Formatting and 
annotating code  

11/25/2024  11/25/2024  1.5  1.5  1  

Additional - Total  11/25/2024  ---  1.5  ---  5  



Calculation Review for 
Final Design  

11/25/2024  ---  1.5  ---  1.5  

Additional Design 
Considerations   

11/24/2024  ---  ---  ---  3.5  

Engineering Drawings  - 
Total  

11/27/2024  11/27/2024  8  9.5  1  

Part 1: Good Copy of Final 
Bridge Design - Total  

11/27/2024  11/27/2024  1.5  6.5  0.5  

2D Matboard Cutting 
Plan  

11/24/2024  ---  ---  0.5  ---  

Elevation, top, bottom, 
cross-section views  

11/25/2024  11/27/2024  ---  1  ---  

Splice, Diaphragm and 
connection details  

---  11/27/2024  0.5  1.5  0.5  

3D Models  ---  11/27/2024  ---  1.5  ---  

Formatting  11/27/2024  11/27/2024  1  2  ---  

Part 2: Construction 
Process - Total  

11/27/2024  11/27/2024  6  1  0.5  

Time Stamped photo 
evidence of construction 
session  

11/27/2024  11/27/2024  3  0.5  ---  

Formatting  11/27/2024  11/27/2024  2  ---  ---  

Review  11/27/2024  11/27/2024  1  0.5  0.5  

Part 3: Timelog - Total  11/27/2024  11/27/2024  0.5  2  ---  

Timelog  11/27/2024  11/27/2024  

  

0.5  2  ---  

Construction  - Total  11/25/2024  11/25/2024  6.5  6  10.5  

Obtaining Materials  11/20/2024  ---  ---  ---  1 
 

Drawing Members onto 
Matboard  

11/24/2024  11/25/2024  1  1  1.5  

Cutting Matboard  11/25/2024  11/25/2024  1  1  2.5  

Scoring Glue Tabs  11/25/2024  11/25/2024  0.5  0.5  1  



Glue round 1: Diaphragm 
edge 1 and making the 
deck piece  

11/25/2024  11/25/2024  1  ---  1  

Glue round 2: Splice  11/25/2024  11/25/2024  0.5  ---  0.5  

Glue round 3: Diaphragm 
edge 2  

11/25/2024  11/25/2024  0.5  0.25  0.75  

Glue round 4: Diaphragm 
edge 2 - redo  

11/25/2024  11/25/2024  0.5  ---  0.5  

Glue round 5: Fixes and 
top deck  

11/25/2024  11/25/2024  1  1  1  

Final adjustments  11/25/2024  11/25/2024  ---  0.25  0.25  

Clean up  11/25/2024  11/25/2024  0.5  0.5  0.5  

Decoration  11/28/2024  ---  ---  1.5  ---  

Total  42.5  48.5  67.7  
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