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help make quantum technology more
accessible to non-experts?” It is based
on the assumption that ChatGPT, being a
publicly accessible tool, has the potential
to achieve this goal, as evidenced by its
history of providing positive results via
tailor-made and interesting educational
experiences for students.

Engineering program were involved in a
workshop to evaluate the engagement

Ll Lhnidiarg dosiotl nilivivuuies nicw
to quantum computing and spark their
interest in the field?”

Students from the Industrial Design
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Dr. Salim’s overall perspective highlights the significance of thorough testing, a solid|

understanding of quantum principles, and awareness of the method's strengths and

The investigation employs both qualitative|

limitations. He sees the methodology behind the code positively, finding it generally|

and quantitative methods based on human-|

useful and effective in about 70-80% of cases. However, he also warns that it might not|

centered design principles, in alignment|

work for everyone, stressing the importance of having basic knowledge to anticipate|

with the theoretical knowledge of quantum}

problems and assess outcomes.

computing acquired during the Master's|

program. The general approach selected|

for exploring the hypothesis is organized|

around research questions.|

“Can ChatGPT help anyone engage in
quantum programming? What kind of
background is necessary?”

In User Test 1 individuals with different
backgrounds were recruited; 2 non-
experts, 2 coding experts, and 2 quantum
experts with the task to code Grover's
algorithm in the IBM quantum lab helped
by ChatGPT. The findings from this study
indicated that having a basic coding
knowledge or understanding of quantum
computing is advantageous, while an in-
depth knowledge of quantum mechanics
is not essential. As a result, individuals
with backgrounds in coding or quantum
performed better in the test. Individuals
with coding experience demonstrated
a strong ability to spot possible syntax
issues and anticipated problems. On the
other hand, quantum experts had enough
theoretical knowledge to assist the GPT
in creating accurate code that fulfilled
particular requirements or objectives.

In conclusion, having a smaller code knowledge or a understanding of fundamental
quantum mechanics is noted as advantageous, with both quantum experts completing
the task, one out of two coding experts doing the same, and both non-experts failing to
do so. Being able to anticipate and address potential errors becomes crucial, facilitating
more efficient design and debugging processes, and ensuring a smoother transition
from the conceptual stage to practical implementation. The gap between backgrounds
underscores the complex nature of translating theoretical knowledge into practical,

functional quantum codes.

[7] Quantum Noise: a type of background disturbance that occurs because of the inherent uncertainty in the

behavior of tiny particles, as predicted by quantum physics.
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key insight that presents an opportunity:
a direct connection of ChatGPT with IBM
Quantum Lab through GPT customization.

The design goal was to create an open
online environment that would serve as an
opportunity to make quantum computer
programming easy to access for non-
experts with diverse backgrounds. The aim
was to empower users to interact with the
design, allowing them to generate quantum
code, spark curiosity, and encourage a

aulya)l gaino \

ULl g05g Lol a6)b ol 05 36 6odupg 5 6odupy
aJlwyl gainog

Wy Lo Loy dylieall (o degiio dcgano duwlall Cilad
ool amo duaml e 261 ¢l o jgisall o clus
Jublg .éu0mioll 0 eaunllg 6g6ll blaig (asll) quantum
OULJ (1o %80-70 Jligo o dlles uild auamiall gl ]

ywlwl d.oy00 Jg3 eroal) Jooi U 26 Lol o oyl e

Lle codl blw "aloil Jiliig (Joadiuwall peliw" ouusd
U LaSg . uoyuial) Losle il pasillg dxe blell GLLILW LI
(o dcgasa) Jgdlitall o Cuo Uhallg dlglaoll o buo
Bor g0 pil ey Jeodll Ul bUstl g selial
Jgedl g5 Lausmiall Wlgew iy duludl Slbo ol
ol Wilay asgo ygdliwall ymbl o ilayl ololl

.(6wog.05]l duwgall) quantum computing

ool plasiwl 65lel auilaol Wi duwlall Liouni laS

lmilolg 4




Non-experts

Experts in Coding

Experts in Quantum

P1: MSc in Mechanical
Engineering.

P3: MSc in Computer
Science, focusing on
cybersecurity

P5: MSc degrees in Applied
Physics, specializing in
quantum physics.

P2: MSc in Design for
Interaction

P4: MSc in Aerospace
Engineering

P6: MSc degrees in Applied
Physics, specializing in
quantum physics.

FIG. 09 - User test participants and their background

The objective of the test was to program Grover’s Aldorithms [5] and was divided into
three phases [FIG. 10]. The first phase focused on data collection, emphasizing the user’s
background to understand their starting point. The central phase was all about interaction
and coding, where participants engaged with ChatGPT to develop codes that could be
implemented in the IBM quantum computing simulator. The final phase was dedicated to

a thorough evaluation.

[5] Grover’s Algorithm: is a quantum computing algerithm that efficiently searches through unsorted information

to find the desired solution using fewer steps compared to classical methods.
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Braking down the findings for each category overall it's possible to say that non-expert

teams, faced challenges, leading to confusion and repetitive errors while working with ¢}y 4| (0 dj m Opditw 6.cq000 01JL.DD.!J| 0.1U|JJ.U adue]l Culs ‘rOLC Jbul _|

the IBM simulator. Their reliance on copying and pasting code, along with a lack of critical
thinking, resulted in frustration.

Coding experts benefited from ChatGPT’s interactive and straightforward approach,
streamlining their coding process. Their familiarity with coding languages enabled them
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to predict possible outcomes, thereby simplifying the process of error iteration and

decision-making.
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Overall the workshop successfully achieved its gdoals, simplifying the coding process for

non-experts and reducing their apprehension about engaging with technology . However, 5 o & o
limitations such as the workshop’s little depth of knowledge in quantum computing and 1777-1 - TaSk - zw (& lJ [mo

time constraints led to some confusion among participants.
The results showed that participants found the classical computing aspect enjoyable
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and were able to create projects with minimal expertise. Similarly, some participants

pr{\rhn-nrl intriduindg vicnal antnnte in Anantiim rroative cading dacnita hawvinag a limitad

i The section “User Sentiments and Learning Outcomes” [FIG. 29] delves into the emotional

responses and educational prodress observed among participants during the workshop.
R It focuses on individual experiences and developmental journeys, shedding light on
cc emotional trajectories and knowledge acquisition. A notable pattern that emerged was the
in cycle of trial and error, wherein participants alternated between attempts and mistakes,

e leading to various emotional outcomes like frustration or annoyance. Confusion also
. played a role, triggered by both the process and content of the method, resulting in

th
Vi mixed sentiments among participants. While positives and negatives coexisted, negative
1 feedback was less frequent, often highlighting methodological difficulties. Conversely,
21 positive feedback showcased a generally favorable attitude and curiosity toward
in quantum computing, tempered by an awareness of the complexity of the subject.
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FIG.31 - %Results from the final feedbacks session

47

direl 020 wlwo 6 Co Wl oanicl .g,lﬂl kool t,:g.l.wﬂl\
oo Ul uglwlll opd 0547 626,09 44 60040y

auial gl j55 Cuo (dyliio 6y 6blao Al Lle aoieo lula wglul
aomiol g0 pmyliy  woUall Olals e
Jaigell 025 wlwad sbpo Ul Juplaidl (ko Doy

el peg elpsdl éls Lo Loy gudylinall (o dcgiio degono Cloud duwlial
U0 (8wogosll duuwgall) quantum computing JI Jauogll duilowo] ol
ool Wi pmel egi ami JI o iy .ChatGPT JUS

Lol oSl Gilpo Ul Jodl (o Doy

d.023iuwoll apibpodl 66y bl Jgo 623200 Jupled dowlljogy U ylpddly
5p 1 ddgell a0 wlunl
omJlo ol 5939 (roarimoll il dxcgill wilgall e ¢l (1o Doy




waw.midocean.edu.km MGM777-1 - Taskd - 2é6uiay Oljlmwo

sl aJLwpl (< dole 63

( A Quantum Future: Preparing Canada for the Potential Impacts of Quantum Computing \
Ryerson University Master Research 2017

2017 .6 Ryerson University d.eolou jiuislodl 6055 e Jgupall Wllbio (o éJlwyl 0am .Sahar Shoja lmiui5 oljgiSall Gy o

https://rshare.library.torontomu.ca/articles/thesis/A_Quantum_Future_Preparing_Canada_for_the_Potential_Impacts_of_Q
uantum_Computing/14661315?file=28143846

:Ulgiall
A Quantum Future: Preparing Canada for the Potential Impacts of) "é1og.05Jl duuwgal) laisoll ul}uuU 1205 5lac]: ;og05 Judiuuol"
(Quantum Computing

:6J Ll opls

98l pobig il (ol Lo o Lm}ub Lhe jpopll g0 8yaisll Ulelupdl 6 8uogosdl duwgal) QLng.Dqu UL Ul ol wwinsiuw
dwous b Ul blwgllg ogaodl (jw (Jgled! pjei) Glupgi 089 8ol dwiwlg Ggul oo Jio g )bl Grguwdl] pLol Glgoll ol 5y .édolall
091 oglgini o 125 650 Lle blaallg uhaailaalleo Jl ygledl hm woarmy . oLl ¢lhsllg

MIDOCEA

UNIVERSITY

\_ _/




Chapter 4

Methods and Materials

4.1 Survey Participants

In order to gain a better understanding of the current state, capabilities and perceptions of

quantum computing, online surveys were sent to three distinct group of participants. Please

refer to Appendix A in chapter 6 to see the list of questions for each survey group. fﬂ;

h);n'ti(‘ip;uu criteria and logic for the selection of each group is detailed below:

T,

Quantum Computing Firm Employees: Canada is home to some of the world’s leading
quantum technology and quantum computing firms. Seven individuals employed at
five firms building quantum computers or working with quantum technologies
completed an online survey. The survey for this group asked about the size and value
of their technologies and services, the types of industries they serve, and how they see

the future of quantum computing evolving over the next 0-10 years.

Academic Institution Employees: Several of the world’s leading research universities
and quantum computing institutions are located in Canada. Six individuals from
three such institutions completed an online survey. The survey asked about their
research, in addition to their perceptions of quantum computing’s evolution in Canada

over the next several years.

Employees of Firms Using Machine Learning: If quantum supremacy is achieved,
quantum computers could provide exponential speed-ups to firms using machine
learning algorithms. As a result, nine individuals from nine unique firms using
Machine Learning algorithms completed an online survey about their work.
Individuals surveyed work at firms that provid B2B or B2C services through the use of

machine learning algorithms. Those using machine learning to optimize aspects of
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Chapter 4

Methods and Materials

4.1 Survey Participants

In order to gain a better understanding of the current state, capabilities and perceptions of
quantum computing, online surveys were sent to three distinct group of participants. Please

refer to Appendix A in chapter 6 to see the list of questions for each survey group. [Thel

participant criteria and logic for the selection of each group is detailed below:

1. Quantumn Computing Firm Employees: Canada is home to some of the world’s leading
quantum technology and quantum computing firms. Seven individuals employed at
five firms building quantum computers or working with quantum technologies
completed an online survey. The survey for this group asked about the size and value
of their technologies and services, the types of industries they serve, and how they see

the future of quantum computing evolving over the next 0-10 years.

2. Academic Institution Employees: Several of the world’s leading research universities
and quantum computing institutions are located in Canada. Six individuals from
three such institutions completed an online survey. The survey asked about their
research, in addition to their perceptions of quantum computing’s evolution in Canada

over the next several years.

3. Employees of Firms Using Machine Learning: If quantum supremacy is achieved,
quantum computers could provide exponential speed-ups to firms using machine
learning algorithms. As a result, nine individuals from nine unique firms using

Machine Learning algorithms completed an online survey about their work.

Individuals surveyed work at firms that provid B2B or B2C services through the use of

machine learning algorithms. Those using machine learning to optimize aspects of
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Chapter 4

Methods and Materials

4.1 Survey Participants

In order to gain a better understanding of the current state, capabilities and perceptions of

quantum computing, online surveys were sent to three distinct group of participants. Please

refer to Appendix A in chapter 6 to see the list of questions for each survey group. [The|

h)elrti('ip;ml criteria and logic for the selection of each group is detailed below:|

T,

Quantum Computing Firm Employees: Canada is home to some of the world’s leading
quantum technology and quantum computing firms. Seven individuals employed at
five firms building quantum computers or working with quantum technologies
completed an online survey. The survey for this group asked about the size and value
of their technologies and services, the types of industries they serve, and how they see

the future of quantum computing evolving over the next 0-10 years.

Academic Institution Employees: Several of the world’s leading research universities
and quantum computing institutions are located in Canada. Six individuals from
three such institutions completed an online survey. The survey asked about their
research, in addition to their perceptions of quantum computing’s evolution in Canada

over the next several years.

Employees of Firms Using Machine Learning: If quantum supremacy is achieved,
quantum computers could provide exponential speed-ups to firms using machine
learning algorithms. As a result, nine individuals from nine unique firms using
Machine Learning algorithms completed an online survey about their work.
Individuals surveyed work at firms that provid B2B or B2C services through the use of

machine learning algorithms. Those using machine learning to optimize aspects of
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