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Abstract

A primary objective in the development of an artificial intelligence (AI) system should be to replicate an expert physician’s
thought process. This study compares a hypothetico-deductive powered system (Doctor Ai) and a decision tree powered sys-
tem (Babylon Health Ai) with human physicians to evaluate efficacy, measured by the time needed to (1) diagnose and (2)
make triage decisions. In this study, both AI systems and the physicians evaluated a total of fifteen typical textbook presenta-
tions of clinical scenarios. The study found that both Al systems agreed on patient disposition decisions for 93% of cases (14
out of 15 cases; p<0.08) with no statistically significant difference from physicians, indicating that both Al systems are equal-
ly effective in patient triage decisions relative to the physicians. The Doctor Ai system agreed with the physicians on the fi-
nal diagnosis for 73.3% (11 out of 15) of the cases, while Babylon Health Ai provided a final diagnosis in only 53% (8 out of
15) of cases. For the remaining cases, the diagnosis was either undisclosed or could not be determined. In this study, Doctor
Al used an average of 7.8 (£2.08) computer screens to reach diagnostic confirmation compared to Babylon Health’s 21.5
(£9.63) screens (p<0.001). The number of screens utilized to reach a final disposition decision (triage) was 10.0 (£2.33) for
Doctor Ai, whereas Babylon Health utilized 21.5 (+£9.63) screens (p<0.001). Additionally, Doctor Ai used on average 13.9
(£6.54) Yes/No events to determine the final diagnosis compared to Babylon Health’s 62.3 (£31.55) Yes/No events
(p<0.001). In conclusion, the hypothetico-deductive system can diagnose more quickly and provide more accurate triage de-
cisions compared to a decision tree powered system. However, both systems combined perform as well as physicians. It is
important to evaluate whether such Al can be utilized to tackle pandemics in the U.S. healthcare system and in any develop-

ing country healthcare systems facing dire circumstances due to a scarcity of trained physicians.
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Introduction

In healthcare systems today, medical errors are per-
sistent, compromising patient safety and healthcare quality
[1]. Despite advancements in medical technology and train-
ing, errors continue to create adverse events and prolonged
hospital stays. The solution necessitates preemptively identi-
fying, anticipating, and preventing errors before they occur.
Artificial Intelligence (AI) stands alone in its ability to aug-
ment the clinical decision-making processes, improving pa-
tient outcomes, and allocating resources more efficiently

[2].

Fully integrating AI in healthcare is a paradigm
shift. Al-driven systems, equipped with great capability for
prediction fueled by machine learning algorithms, can ana-
lyze expansive datasets of patient records, medical litera-
ture, and real-time clinical data to identify patterns more
quickly than a human could [3]. Using the full extent of da-
ta available, AI can assist healthcare providers in making ac-
curate diagnoses and minimizing the likelihood of errors

throughout every step of patient care.

Moreover, Al technology has an incredible capabil-
ity to improve patient triage, an essential component of
healthcare delivery that influences treatment prioritization,
resource utilization, and overall patient outcomes [4]. Lever-
aging sophisticated algorithms, Al-enabled triage systems
can quickly assess the severity of patients' conditions based
on symptoms, medical history, and calculate other relevant
parameters; Al can also optimize the allocation of health-
care resources by suggesting an appropriate time to inter-
vene in a patient’s visit [5]. By streamlining the triage pro-
cess, Al can simultaneously improve the efficiency of health-
care delivery but also increase the likelihood that patients re-
ceive appropriate care promptly, thereby mitigating risk of

adverse events.

Several research studies have highlighted the effica-
cy of Al in preventing medical errors and optimizing pa-
tient triage across a diverse set of healthcare settings. For ins-
tance, Baker et al [5]. measure the expediting impact of Al-
based triage systems with respect to assessment of patients
with acute conditions; they find faster treatment initiation

and improved clinical outcomes.
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To develop an expert physician replica, it is impor-
tant to understand pattern recognition and hypothetico-de-
ductive reasoning in diagnostic decision making. Pattern
recognition is widely used by machine learning algorithms
to develop artificial intelligence systems. Therefore, it is cru-
cial to have all key data points as available inputs for pattern
recognition to work. This is the Achilles’ Heel of machine
learning process in aiding diagnostic reasoning. In real life,
patients present with only a few symptoms and physicians
are left to collect data points like a detective to find a diagno-
sis. The experts start data collection by generating hypothes-
es and using hypothetico-deductive reasoning. This process
does not use pattern recognition until there is a critical
mass of data available for analysis’. Expert clinical reason-
ing alternates between pattern recognition and hypotheti-
co-deductive reasoning (systematically generating and test-
ing hypotheses), depending on the difficulty of clinical cases
[6]. Any artificial intelligence system that strives toward
equivalent performance with expert clinical reasoning must
also alternate between pattern recognition and hypotheti-

co-deductive reasoning in a similar manner.

The DOCTOR Ai® system is a patent-protected
software and includes a hypothetico-deductive powered al-
gorithm which uses combination of automated chatbot func-
tions with Natural Language Processing (NLP) algorithm
and decision rules to both collect patient history using
open-ended questions. Gathering all the pertinent informa-
tion requires a conversational tool. To analyze the collected
clinical information, the hypothetico-deductive system mim-
ics the physician workflow, which includes high probability
differential diagnosis generator based decision-making
rules to collect medical history [7,8] (Patent granted in 2017
and 2024) and uses the natural laws of expert diagnostic
thinking process. When a user clicks on the generated differ-
ential diagnosis, the system shows diagnostic confirmation
pathways for each and every diagnosis. Based on a given pa-
tient clinical scenario, DOCTOR Ai confirms or denies a di-

agnosis and provides a specific treatment algorithm.

To the best of our knowledge, Babylon Health is
developed based on decision tree powered algorithm [9], al-
so one of the most advanced Ai tools that process patient
symptoms and provide diagnosis and triage decisions. For

this study, we compare both systems with physicians for
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clinical efficacy. Babylon Health, a U.K.-based startup that
developed Ai-based patient triage systems, using a chatbot
that is currently used by the U.K.’s National Health Service
to help diagnose ailments [10]. This algorithm currently has
a low success rate for solving complex clinical problems
[11]. Another system, IBM Dr. Watson, uses pattern recog-
nition as a fundamental basic algorithm for diagnostic deci-
sion-making [12] and recently pulled away from the market
after being tested at MD Anderson [13].

This study compares the efficacy of the two se-
parate artificial intelligence algorithms with human physi-
cian performance in terms of the time needed to provide a fi-
nal diagnosis and a disposition decision outpatient treat-
ment under a general practitioner versus treatment in an
emergency room for consideration of hospitalization, to

solve clinical cases.

Method

A sample of fifteen clinical cases with typical clini-
cal scenarios were chosen randomly. The clinical cases were
drawn from a subset of cases that exclude physical exam
findings or laboratory or radiological data. The final diagno-
sis for the following clinical scenarios was ultimately deter-
mined from the textbook: Chronic Obstructive Pulmonary
Disease, Tuberculosis, Pneumonia, COVID-19, Influenza,
Strep Throat, Pulmonary Embolism, Congestive Heart Fail-
ure, Myocardial Ischemia (MI), Diverticulitis, Urinary Tract
Infection, Endometriosis, Hypothyroidism, Diabetes Melli-
tus (DM), Carpal Tunnel Syndrome, and Migraine. This
sample size of fifteen in each group was considered adequ-
ate to compare the efficacy of each algorithm used to devel-
op Doctor Ai and Babylon Health respectively. The study
used the time needed to confirm a diagnosis or to provide a
disposition decision as a surrogate measure for clinical effi-
ciency during a clinical encounter, for both Ai systems. The
following variables were utilized as surrogate measures to
calculate the time needed to confirm a diagnosis or provide
a final disposition decision: 1. The number of screens used
to collect history with open-ended questions, from the start
of the patient encounter until the differential diagnosis; 2.

The number of screens used to find the final diagnosis,
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from the start to the end of the patient encounter; 3. The
number of screens used to determine the final disposition,
from the start to the end of the patient encounter; 4. The
number of Yes/No events needed to determine the final di-
agnosis, from the point of differential diagnosis to the end
of the patient encounter. The clinical history for each of the
selected cases was entered into the artificial intelligence pro-
grams, one case at a time. Screenshots of the desktop com-
puter were obtained and saved for data collection for each
data entry point or click, to reflect how many computers
screens any user needed to go through before finding the fi-
nal diagnosis or coming to the final disposition decisions.
As a part of the data collection, the investigator also collect-
ed the differential diagnoses, final diagnosis and disposition
decision by each of the systems. And the Ai systems, Doctor

Ai and Babylon Health were accessed using website address

https://ddxrx.com/ and https://www.babylonheal
th.com respectively and also from smart phone apps (app

store or google play).

All fifteen clinical scenarios were also evaluated by
three internal medicine board certified physicians, who
were working as hospitalists in the state of Alabama. A ques-
tionnaire was used to collect the physicians' decisions about
the differential diagnosis, final diagnosis, and final disposi-
tion separately, for each case. As part of the data collection
process, physicians were blinded from the Ai decisions. The
investigator summed up all three physicians' diagnosis and
disposition decisions. In general, the study demonstrates
that an Ai system can generate the same results when repeat-
edly evaluating the same clinical case. The study further eval-
uates whether physicians can reproduce the same results
while evaluating the same clinical cases. If physicians were
unanimous in their decision, the decision was considered ac-

curate.

A two-sided T-test was used to find a statistically
significant difference between Doctor Ai and Babylon
Health across the four surrogate measures of time to com-
plete the clinical cases in terms of finding a diagnosis or fi-
nal disposition decision. Both Ai systems were also com-
pared with the expert physicians’ final diagnoses and dispo-

sition decisions using a Chi-squared test.
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Results agreed upon 53% (8 out of 15) clinical cases; Babylon
Health did not provide a final diagnosis for the remaining
The physician's diagnostic accuracy was 73% (11 seven (7) clinical cases. Both Ai systems agreed on the dispo-

out of 15). Physicians agreed on disposition decisions for on- sition decisions for 93% (14 out of 15) of the clinical cases.

ly 66.7% (10 out of 15) of the clinical cases. The Ai systems

Table 1: Description of the clinical cases used to compare the diagnostic accuracy and disposition decisions of Doctor Ai, Babylon Health,

and physicians

Clinical Cases Final Diagnosis Disposition

1. A 56-year-old male presents with chest pain for 6
hours. It is retrosternal, sharp, and rated 5/10 in
intensity. The patient also complained of shortness

of breath. Upon further questioning, the patient Congestive Heart Failure Hospital/Emergency Room
reported experiencing shortness of breath when Doctor Ai: Correct. Doctor Ai: Agree

lying flat and needing three pillows to sleep
comfortably in the recent past. The patient further
complained of lower extremity edema. Upon
presentation, blood pressure was 125/89, heart rate
103, and pulse oximetry 92% on room air. The
patient denied any other complaints.

Babylon: Not disclosed/critical| Babylon: Agree
Physicians: 2 out of 3 correct | Physicians: 2 out of 3 agree

2. A 66-year-old female presents with a fever for 7
days. Her temperature was 100.4°F. The patient
complained of chest pain and cough. She stated that
her chest pain worsens when she takes a deep
breath. The patient mentioned that she does not

bring up any sputum while coughing and coughs all | Pneumonia Hospital/Emergency Room
day long. She also reported worsening shortness of | Doctor Ai: Correct. Doctor Ai: Agree

breath on walking or minor exertion for the last 4 Babylon: Not disclosed/critical.| Babylon: Agree

days. Additionally, the patient complained of chills, | Physicians: All correct Physicians: All agree

nausea, and vomiting but denied any nasal
congestion, headache, sore throat, or problems
related to the throat, neck, ear, or face. Upon
presentation, her blood pressure was 89/65, heart
rate 110, and pulse oximetry 88% on room air. The
patient denied any other complaints.

3. A 45-year-old female presents with worsening
shortness of breath for 12 hours while walking
normally. The patient also complained of having
stabbing chest pain on the left side of the chest when
taking a deep breath, rated 3/10 in intensity. The
chest pain started suddenly and was not radiating.

She denied any cough, sore throat, nasal congestion, | Pulmonary Embolism Hospital/Emergency Room
or headache. The patient had a heart rate of 110 and | Doctor Ai: Correct. Doctor Ai: Agree
complained of palpitations. Upon further Babylon: Not disclosed/critical Babylon: Agree
questioning, it was found that she had traveled a Physicians: Allcorrect Physicians: All agree

long distance and was in the hospital for 4 days prior
to this event. The patient has right lower extremity
swelling and a positive history of DVT in the past.
Upon presentation, her blood pressure was 155/95,
heart rate 110, and pulse oximetry 85% on room air.
The patient denied any smoking, alcohol, or drug
abuse.
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4. A 45-year-old female presents with chest tightness
and shortness of breath during normal walking or at
rest for the last 4 days, accompanied by a cough. She
stated that she has had a nonproductive cough for
more than 8 weeks, with symptoms persisting day
and night. The shortness of breath is not associated
with any allergens. Additionally, she noted having
audible wheezes while exhaling. The patient denied
any fever, chills, chest pain, palpitations, abdominal
pain, heartburn, nasal congestion, headache, sore
throat, leg pain, leg edema, anxiety or panic attacks,
and weight loss. She usually smokes one pack per
day but has not smoked in the past two days and
complained of fatigue and tiredness. Furthermore,
her pulse oximetry is 85% on room air. The patient
denied any other complaints. Upon presentation,
her blood pressure was 129/89, heart rate 87, and
pulse oximetry 88% on room air.

Chronic Obstructive
Pulmonary Disease
Doctor Ai: Correct.
Babylon: Correct.
Physicians: All correct

General Practitioner

Doctor Ai: Agree
Babylon: Agree
Physicians: 2 out of 3 disagree

5. A 35-year-old female presents with pain in her
right wrist for the last 4 weeks. She also complained
of right hand weakness. The patient has no history
of wrist, hand, or elbow injuries, and her wrist is not
swollen. She experiences pain in the hand,
numbness, and a tingling sensation in the thumb,
index, and middle fingers. There is no pain in any
other part of the arm. Her symptoms worsen at
night but are not associated with cold weather.
Frequently, the patient finds it difficult to hold
objects or turn keys and doorknobs. She works as a
secretary where she mainly types all day. She denied
having a fever, chills, joint pain, nausea, vomiting,
chest pain, shortness of breath, palpitations, night
sweats, dizziness, or lightheadedness, and she did
not pass out. She has no past medical history of
hypertension, hyperlipidemia, diabetes, no history
of heart attack or stroke, and does not smoke. Upon
presentation, her blood pressure was 155/95, heart
rate 100, and pulse oximetry 98% on room air.

Carpal Tunnel
Doctor Ai: Correct.

Babylon: Correct.
Physicians: All correct

General Practitioner
Doctor Ai: Agree
Babylon: Agree
Physicians: All agree

6. A 55-year-old female presents with a burning and
stinging sensation during urination. The patient
reports increased frequency of urination at night
and foul-smelling urine. She also complains of pain
on the right side of her abdomen. She mentions a
low-grade fever of 100.4°F for the last 2 days. She
could not remember anything during the event. She
denied any other complaints. Upon presentation,
her blood pressure was 136/76, heart rate 78, and
pulse oximetry 93% on room air.

Urinary Tract Infection

Doctor Ai: Correct.
Babylon: Correct.
Physicians: All correct

General Practitioner
Doctor Ai: Agree
Babylon: Agree
Physicians: All agree
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7. A 75-year-old male has had a cough for the last 6

weeks accompanied by a low-grade fever. He

decided to see a physician when he noticed blood in

his sputum, predominantly at night. Recently, the

patient traveled to Africa for a medical mission. He

complained of night sweats and a persistent low- Tuberculosis General Practitioner

grade fever. Additionally, he has been losing weight, Doctor Ai: Correct Doctor Ai: Agree

with a total loss of 20 pounds, and has complained o ' Babvlon: Agree.

of fatigue. He denied having coronary artery disease Babylon: Correct. Yo o8

h gue. o v arery | Physicians: All correct Physicians: 2 out of 3 agree
ypertension, or heart fajlure. The patient also

denied any smoking, secondary smoke exposure,

and asbestos exposure. Upon presentation, his blood

pressure was 125/85, heart rate 77, and pulse

oximetry 98% on room air. He denied any other

complaints.

8. A 67-year-old male presents with chest pain and
associated shortness of breath on exertion. The
patient complained of retrosternal chest pain, rated
7/10 in intensity, radiating to the neck or jaw, and
relieved with nitroglycerin. He stated that he has
been progressively experiencing shortness of breath
upon minor exertion for the last month. On
presentation, his blood pressure was 187/95, pulse
115, respiratory rate 20, and temperature 98°F. He
denied having any fever or cough but complained of
nausea and vomiting. He denied any other
complaints.

Myocardial Ischemia (MI) Hospital/Emergency Room
Doctor Ai: Correct. Doctor Ai: Agree

Babylon: Not disclosed/critical| Babylon: Agree
Physicians: All correct Physicians: All agree

9. A 24-year-old male presents with a fever of 101°F,
chills, and a nonproductive cough for 3 days. He
reports coughing both day and night, accompanied
by a headache and sore throat. His headache started
gradually, mainly in the forehead, and is rated 4/10
in intensity; it is constant and not associated with
light sensitivity. The patient also complained of
muscle aches, joint pain, fatigue, and lethargy. He
has some skin rashes (petechiae) that become lighter
when pressed. The patient denied experiencing nasal
congestion, shortness of breath, chest pain,
abdominal pain, nausea, vomiting, dysuria, diarrhea,
and constipation. He also denied taking any
medication that could cause immune deficiency. On
presentation, his blood pressure was 120/65, heart
rate 85, and pulse oximetry 95% on room air. He
denied any other complaints.

Influenza/COVID-19 General Practitioner
DoctorAi: Correct. Doctor Ai: Agree
Babylon: Correct. Babylon: Agree
Physicians: 2 out of 3 correct | Physicians: All agree

10. A 59-year-old female presents with a fever of
101°F. She complained of intractable vomiting since
this morning and also mentioned having left lower | Diverticulitis
quadrant abdominal pain. The patient reported Doctor Ai: Correct.
constipation in the recent past. On presentation, her | Babylon: Correct.
blood pressure was 135/65, heart rate 55, and pulse | Physicians: All correct
oximetry 94% on room air. All other findings and
complaints were negative.

General Practitioner
Doctor Ai: Agree

Babylon: Agree
Physicians: 2 out of 3 agree
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11. A 35-year-old female presents with extreme
fatigue. She also complained of having heavy
menstrual periods and constipation. She has
experienced significant weight gain, cold
intolerance, and hoarseness of voice. Additionally,
she is losing hair, and her skin feels dry, thin, and
brittle. She denied having any headaches,
palpitations, shortness of breath, drowsiness, or
tremors. The patient does not have any known heart
or kidney diseases. She denied any other complaints.
On presentation, her blood pressure was 145/85,
heart rate 105, and pulse oximetry 98% on room air.

General Practitioner

Hypothyroidism
Doctor Ai: Correct. Doctor Ai: Agree

Babylon: Unable to determine. Babylon: Agree
Physicians: All correct Physicians: All agree

12. A 55-year-old male presents with increased thirst
and appetite for the past 6 weeks. He has also
experienced an increased frequency of urination and
has been passing more urine recently. He needs to
wake up several times at night and has reported
recent weight loss. The patient also feels tired and -
unwell but denied any confusion. He has a Diabetes Mellitus (DM) General Practitioner
significant family history of type 2 diabetes mellitus | Doctor Ai: Correct. Doctor Ai: Agree
but has never been diagnosed with diabetes. He Babylon: Correct. Babylon: Agree
denied any complaints of nausea and vomiting, Physicians: All correct Physicians: All agree
numbness or loss of feeling, any skin lesions or rash,
lightheadedness, dizziness, and has no history of
immune deficiency. The patient has never been
diagnosed with any autoimmune disease. On
presentation, his blood pressure was 135/85, heart
rate 102, and pulse oximetry 98% on room air.

13. A 51-year-old male presents with a constant
headache on both sides of the head for 6 hours,
which is precipitated by light and sounds. The
headache started gradually, and he has sensitivity to
light and sounds but denied any eye pain or changes
in vision. He also complained of associated nausea
and vomiting, though no blood was observed in the | Migraine General Practitioner
vomit. The patient reported seeing zig-zag lines and | Doctor Ai: Correct. Doctor Ai: Agree
spots. Additionally, he mentioned that the Babylon: Correct. Babylon: Agree
headaches are precipitated by hunger and fatigue. Physicians: All correct Physicians: All agree
He denied any head or neck injuries, neck pain,
traffic accidents, nasal congestion, or fever. The
patient also denied any numbness, weakness in any
part of the body, or scalp tenderness. On
presentation, his blood pressure was 136/85, heart
rate 90, and pulse oximetry 96% on room air.

14. A 31-year-old female presents with abnormal
vaginal bleeding. She complained of painful sexual
intercourse and lower abdominal pain for the last 10 | Endometriosis General Practitioner
days. The patient is also experiencing constipation. | Doctor Ai: Correct. Doctor Ai: Agree

In addition, she reports urinary frequency and Babylon: Unable to determine. Babylon: Agree
dysuria. She denied any other complaints. On Physicians: 1 out of 3 correct | Physicians: All agree
presentation, her blood pressure was 125/75, heart
rate 110, and pulse oximetry 98% on room air.
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15. A 35-year-old female presents with a fever of
102°F for 3 days. She complained of fatigue and a
sore throat but denied any chills and shivering. The
patient reported difficulty swallowing and speaking.
She denied any cough, nasal congestion, and
earache, but mentioned drooling, although she
denied any difficulty breathing. She has a rash that
resembles sandpaper. Her neck was found to have
some tender, enlarged lymph nodes. She denied
chest pain, abdominal pain, shortness of breath,
abdominal discomfort, diarrhea, constipation,
nausea, vomiting, dysuria, frequency, muscle ache,
joint pain, and lethargy. The patient is not taking
any medication that would suppress the immune
system. On presentation, her blood pressure was
136/85, heart rate 90, and pulse oximetry 96% on
room air.

Strep Throat
Doctor Ai: Correct

Babylon: Not disclosed/critical
Physicians: 2 out of 3 correct

Hospital/Emergency Room

Doctor Ai: General
Practitioner

Babylon: Agree
Physicians: 2 out of 3 agree

Among the seven (7) cases where Babylon Health
did not confirm a diagnosis, five (5) clinical cases were la-
belled as critical conditions. Babylon Health recommended
for the patient to visit the emergency room immediately.
Doctor Ai and Babylon Health both defined the remaining
ten (10) clinical cases as non-critical. Among these 10 clini-
cal cases, Babylon Health was unable to confirm a diagnosis
for two (2) clinical scenarios, where the Babylon Health
suggested those two patients to visit a general practitioner.
Both artificial intelligence systems matched one or both of
the differential diagnoses among the rest of the eight (8)
non critical clinical cases. In addition, both the Ai systems
agreed upon patient disposition decisions for 93% of the cas-
es (14 out of 15) with no statistically significant difference
(P<0.08). This indicates that there is no difference between
both Ai systems in terms of the accuracy of provided triage

decisions.

The time needed to complete the clinical cases was
the primary focus of the study. This was measured using sev-
eral surrogate variables to measure time needed to complete

an encounter demonstrated in Table 2.

The Doctor Ai system accepts free text input of
symptoms without validating errors and spelling mistakes. t

can use these inputs to identify the nearest symptoms in the
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database for the Ai to analyze. In comparison, Babylon
Health accepts data from a predefined selection of symp-
toms presented to the user in a drop-down menu, with limit-
ed options available. On average, Doctor Ai collects 2.8
(+0.86) symptoms using open-ended questions prior to gen-
erating differential diagnosis, while Babylon health only col-
lects one symptom before collecting history and generating

differentials.

Table 2 also shows the total number of screens
Doctor Ai utilized to collect history with open- ended ques-
tions was 5.3 (£1.75); the total number of screens used to
find the final diagnosis was 7.8 (+2.08); and the total num-
ber of screens to determine final disposition was 10.0
(£2.33); the total number of Yes/No events to find the final
diagnosis 13.9 (+£6.54). The corresponding numbers for
Babylon Health were: 2.0 (£0), 21.5 (£9.63), 21.5 (£9.63)
and 62.3 (£31.55) respectively. Each difference between Doc-
tor Ai and Babylon Health was statistically significant at
<0.001.

The study also compared the combined Ai system
decisions against the physicians' diagnostic accuracy and dis-
position decisions. Only 46.7% (7 out of 15) of cases were ac-
curately diagnosed and 53.3% (8 out of 15) cases received
correct disposition decisions by physicians and the Ai sys-

tem respectively.
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Table 2: Comparison of Doctor Ai and Babylon Health Ai system in terms of time needed to find a diagnosis and provide triage decision

P Value
Surrogate measure for time needed to complete DoctorAi | Babylon | <br>(two

sided)

(n=15) (n=15)
Number of symptoms collected using open-endedquestions to
. 11 . . 2.8 1.0
generate differential diagnosis:Number of symptoms collected using (£0.86) (+0) <0.001
open-endedquestions to generate differential diagnosis: - -
Number of screens used to collect history with open- ended questions | 5.3 2.0 <0.001
(from the start to differentialdiagnosis): (£1.75) (+0) ’
Number of screens used to find the final diagnosis (from the startto | 7.8 21.5 <0.001
end): (£2.08) | (£9.63) ’
Number of screens to determine final disposition (from the start to 10.0 21.5 <0.001
end): (£2.33) | (£9.63) ’
Number of Yes/No events to find the final diagnosis (from the point | 13.9 62.3 <0.001
of differential diagnosis to end): (£6.54) (£31.55) ’
100.0% 53.3%
. . . . -
Did the Ai system provide a final diagnosis? (+0) (£0.13) <0.001
. - . . - 26.7% 33.3%

Disposition decision to hospital (versus general practitioner) (+0.11) (+0.12) <0.08

Table 3: Comparison between combined physicians' decisions to the Ai system in terms of diagnostic accuracy and disposition (triage) deci-

sions
Combined Ai Decision
Physicians Decision Correct Diagnosis Wrong Diagnosis Chi-Square
Correct Diagnosis 7 (46.7%) 4(26.7%)
Wrong Diagnosis 1(6.7%) 3 (20.0%) <0.185
Total 8 (53.3%) 7 (46.7%)
Correct Disposition Wrong Disposition
Correct Disposition 8 (53.3%) 0 (0%)
Wrong Disposition 6 (40.0%) 1(6.7%) <0.268
Total 14 (93.3%) 1(6.7%)
Discussion its efficiency in critical complex clinical cases. Both the sys-

Hypothetico-deductive powered system (Doctor
Ai) provided a correct final diagnosis for 100% (15 out of
15) of clinical cases, whereas the physicians provided a cor-
rect final diagnosis for 73.3% (11 out of 15) of clinical cases.
The decision tree powered system (Babylon Health) provid-

ed a final diagnosis for 53% (8 out of 15) of cases, reducing

JScholar Publishers

tem combined agreed with the disposition decision for 93%
(14 out of 15) of cases to determine whether a patient
should go to the general practitioner, the emergency room,
or the hospital. In contrast, the physicians provided the cor-
rect disposition for 53.3% (8 out of 15) of clinical cases, with
variation in disposition decision within the physicians. This

study indicates that both of the Ai systems may provide cor-
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rection disposition decisions like physicians.

Expert physician medical history collection de-
pends on open-ended and unbiased questions that lead to
improved diagnostic efficacy and accuracy. The Doctor Ai
system used 2.8 (+0.86) symptoms on average (collected us-
ing open-ended text inputs) at the onset of the patient en-
counter. These symptoms were used to generate three to
five differential diagnoses while Babylon Heath used only
one (1) symptom (collected using an open-ended text in-
put) to start collecting data. Babylon Health [10] utilizes de-
cision tree powered algorithms, which possibly contribute
to a decreased efficiency in the current study. This possibly
resulted in a significant advantage for the Doctor Ai system
in terms of time needed to complete any clinical encounter.
The decision tree method utilizes yes and no based decision
nodes, which leads to a different path for any yes or no an-
swer in the decision tree. The questions asked may possibly
require an expanded review of the system, or detailed speci-
fications of the quality of symptoms, which may not pertain
to the final diagnosis. Further, this may have no statistical
importance in confirming a diagnosis and is rather used to
rule out other, low probability diagnoses. This in turn may
possibly lead to an increased time for Babylon Health to fin-
ish a clinical counter, resulting in a less efficient process to
generate a differential diagnosis relative to Doctor Ai. In ad-
dition, the decision tree strategy reflects a faulty understand-
ing of how an expert utilizes patient history and calculates
its weight in the diagnosis process. During the initial stage
of diagnostic reasoning, experts start by asking open-ended
and unbiased questions in order to generate a high quality
and diverse differential diagnosis. If a patient cannot pro-
vide any further history, then the experts ask questions relat-
ing to the presenting system, to avoid the use of leading
questions. Thus, the most important strategy to develop an
Al system is to collect initial sets of history with open- end-
ed and unbiased questions, with a focus on the presenting
organ system, in order to generate a diverse, high probabili-
ty differential diagnosis. The collection of further quantify-
ing history from presenting symptoms does increase the
probability of certain diagnoses but heterogeneous symp-
toms increase the likelihood of finding correct diagnosis
among the generated differential diagnoses. Thus, these
open-ended questions are the fundamental strength of Doc-

tor Ai when compared to other decision tree powered sys-
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tems.

The efficacy of hypothetico-deductive powered sys-
tem in solving clinical scenarios is reflected in the compari-
son of the total number of screens any user has to go
through before they can reach a final diagnosis or final dis-
position decision. The number of screens in this study is
used as a surrogate measure for the time needed to reach
the target endpoint. In this study, Doctor Ai used a 7.8
(+2.08) computer screen to reach diagnostic confirmation,
compared to Babylon Health’s 21.5 (£9.63) screen, which is
statistically significant at <0.001. Even the number of
screens utilized to reach a final disposition decision was
10.0 (+2.33) for Doctor Ai, in contrast to Babylon Health,
which utilized a 21.5 (£9.63) screen, which is statistically sig-
nificant at <0.001. The reason behind the difference in time
needed to reach final disposition is the unique algorithm,
which uses hypothetico-deductive reasoning as opposed to

decision tree powered algorithm [7,8].

The decision to compare both systems by (1) the
number of screens used to collect history with open-ended
questions (from the start to differential diagnosis genera-
tion), (2) the number of screens used to find the final diag-
nosis (from the start to end) and (3) the number of screens
to determine final disposition (from the start to end) was
made as hypothetico-deductive system uses four separate
stages to reach the final diagnosis: Stage 1 is the collection
of patient history using open-ended questions; Stage 2 is the
generation of high probability differential diagnoses Stage 3,
utilizes a hypothetico-deductive reasoning-based diagnosis
confirmation system; Stage 4, uses a mathematical equa-
tion-based cut-off point to confirm or deny a diagnosis
[11]. Another problem with the common Ai algorithm is
that it is fundamentally dependent on the Bayesian method
and is unable to mimic an expert physician’s thought pro-
cess. The human, expert thinking process is simple in the
sense that they cannot process complex math such as the cal-
culation of diagnostic probability. If an Ai system use com-
plex Bayesian weighting systems to solve clinical encounter,
which any expert cannot compute as part of their workflow,
does not follow physician clinical reasoning [7,8]. In stage 4,
if a certain diagnosis is ruled out based on a unique cutoff
points-based decision rules, then the system collects history

about the second ranking diagnosis in the differential diag-
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nosis list (which is generated from stage 2). This rank order-
ing of the high probability differential diagnosis list contin-
ues to get updated as clinical information is obtained during
the diagnosis confirmation process. Whenever any perti-
nent new information is obtained even if such information
is obtained at the end of the encounter, as would happen for
an expert physician’s workflow, the system updates the
symptoms to find a new set of rank ordered differential diag-
nosis list and restarts the process from stage 3 again. Each
of the above four stages are built to maximize efficacy and ef-
fectiveness of clinical encounters, considering how valuable
of an asset the time needed to complete any clinical encoun-

ter is.

The other significant finding in the study was that
the hypothetico-deductive powered system confirmed the
presence of a diagnosis in 100% of cases. In contrast, Baby-
lon Health could reach diagnostic confirmation only 53.3%
of the time (p<0.001). To Babylon Health’s credit, among 5
out of the 7 cases where decision tree powered was unable
to find a diagnosis as the system refrained from collecting
more clinical data when the Ai system determined that a pa-
tient's condition is critical and needs an emergency room
visit. That's why the current study also compared the final
disposition decision between the two Ai systems and found
that there is no statistically significant difference between
the system’s respective final disposition decisions. This
study found that hypothetico-deductive powered system rec-
ommends an emergency room visit for 26.6% of cases
whereas Babylon Health recommends an emergency room
visit for 33.3% of cases, with a p-value of <0.08. When the
clinical cases were determined to be non-critical, Babylon
Health completed the history taking process until they
found a diagnosis (with the exception of 2 out of the 10 clini-
cal cases) and recommended for the patient to visit a gener-
al practitioner. Overall, both the Ai system agreed on a pa-
tient's disposition decision of either the emergency room or
general practitioner (primary care physician) in 93.3% of
cases, indicating that the major difference between two sys-
tems is the time needed to complete any clinical encounter,
measured as the number of screens utilized to complete the

clinical encounter.

Hypothetico-deductive powered system (Doctor
Ai) utilized on average 13.9 (£6.54) Yes/No events to find
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the final diagnosis compared to the decision tree powered
system (Babylon Health) 62.3 (+£31.55) Yes/No events,
which were statistically significant at <0.001. It is unders-
tandable that the time taken to go through an average of
13.9 (+£6.54) questions will be much less than 62.3 (£31.55)
questions. That's why the current study measures screen
number and the number of Yes/No events as surrogate mea-

sures of time to reflect clinical efficiency.

The future of healthcare belongs to artificial intelli-
gence system-based healthcare delivery. Such a system can
potentially address key challenges that healthcare systems in
the U.S. and other countries are facing due to the
COVID-19 pandemic. An Ai system can increase the num-
ber of critical patients that doctors and nurse practitioners
can see by equipping physician assistants and nurses with
the ability to diagnose more patients and triage them
smoothly. If this is indeed the case, the following implica-
tions of the platform are significant in the time of
COVID-19 as well as during future pandemics: (1) through
better triage, the use of the platform can reduce the number
of face-to-face interactions that healthcare providers must
have with patients further reducing both patient and
provider exposure as well as transmission risks and the ex-
haustion of scarce PPE equipment; (2) through improved al-
location of services and reductions in unnecessary treat-
ments and defensive medicine practices, the platform can re-
duce the costs of overburdened healthcare systems in an era
when governments and banks are struggling to provide the
loans required to keep such businesses afloat; and (3)
through reducing wait times, the hassle and transmission
risk of physically going to a healthcare center, and incorrect
diagnoses and treatments due to time pressure and failure
to attend to all symptoms by memory, the platform can im-
prove overall patient welfare. Finally, such a artificial intelli-
gence platform is desperately needed globally, where health-
care facilities are often scarce, poorly equipped, and physi-
cians likewise scarce and poorly trained to manage the

COVID-19 or any future pandemics.

However, there are challenges to develop such a
perfect system that can mimic expert physician reasoning.
Unfortunately, clinicians do not know all the sensitivities
and specificities associated with each piece of a patient’s his-

tory or physical exam that are pertinent to each medical di-
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agnosis. This data is not available in the literature as well.
But to solve the clinical scenario using Bayes’ theorem, we
need to know the sensitivity and specificity associated with
each sign and symptom related to each diagnosis, to esti-
mate their weight. Even using a supercomputer, Bayes theo-
rem can’t be solved as those numbers are virtually impossi-
ble to obtain. But using a simplified weight has shown to de-
liver accurate results compared to using accurate sensitivity
and specificity for a known medical problem [13]. Thus, the
incorporation of hypothetico-deductive reasoning to devel-
op artificial intelligence software enables users to work as
an expert by helping them generate a high-quality differen-
tial diagnosis at the beginning of the encounter, as well as al-
lowing them to confirm the diagnosis if diagnostic criteria
are met. Statistical models generate average overall predic-
tions, not for an individual subject. Instead of complex sta-
tistical modeling of the different variables, artificial intelli-
gence software needs an individual mathematical algorithm
and not a statistical algorithm, to confirm or deny certain

outcomes [14].

Limitations

The current study used typical presentation of clin-
ical cases that are most commonly presents in physicians’
clinics or in emergency room. In general, many attempts
were failed because of the faulty expectation to solve atypi-
cal presentations of clinical cases rather than understanding
that Ai is only good for simple textbook presentations of
clinical cases. The problem with atypical clinical scenarios is
that they do not present with commonly known signs and
symptoms. Any attempt to provide diagnostic confirmation

using atypical presentation will lead to diagnostic ineffective-
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ness and unnecessary testing and unnecessary resource util-

ization.

Conclusion

To solve complex critical clinical scenarios, the hy-
pothetico-deductive powered system performs superior to
decision tree powered system but both the system com-
bined performs as well as human physicians, in terms of
finding a correct diagnosis and provide disposition deci-
sions (triage decisions). It is important to further evaluate
whether such an Ai system can be used to tackle triage deci-
sions during pandemics to reduce burden on the healthcare
system in the U.S. and also in developing countries that are
facing dire circumstances due to a scarcity of trained physi-

cians.
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