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How will Al impact the society, education and healthcare sectors?
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Interdisciplinary and sector-specific knowledge of Al, and long-term Al
research (example: DLC and DLCAIC).
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GPT-4's capabilities for formative
and summative assessments in
Norwegian medicine exams—an
intrinsic case study in the early
phase of intervention

Rune Johan Krumsvik*

Department of Education, University of Bergen, Bergen, Norway

The growing integration of artificial intelligence (Al) in education has paved the
way for innovative assessment methods. This study explores the capabilities of
GPT-4, which is a large language model {LLM), on a medicine exam and for
formative and summative assessments in Norwegian educational settings. This
research builds on our previous work to explore how Al, specifically GPT-4, can
enhance assessment practices by evaluating its performance on a full-scale medical
multiple-choice exam. Prior studies have revealed that LLM's can have certain
potential in medical education but have not specifically examined how GPT-4 can
enhance formative and summative assessments in medical education. Therefore,
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m CONCLWSIONS
In this trmgl, the availability of an LLM
to physicians as a diagnostic aid did
not significgntly improve clinical
reasoning pared with
convention

groups, indicating the ne
technology and workforce ¥ ¢
development to realize the potential
of physician-artificial intelligence
collaboration In clinical practice.

Goh, E., Gallo, R., Hom, J., Strong, E., Weng, Y., Kerman, H., Caol; J. A:; Kanje
& Chen, J. H. (2024). Large language model influence on diaghostic reasonin
https://doi.org/10.1001/jamanetworkopen.2024.40969

The contours bf “symbiaqtic intelligence“?

vswork| O en.

Original Investigation | Health Informatics

Large Language Model Influence on Diagnostic Reasoning
A Randomized Clinical Trial

Abstract Key Points

) L ) A Question Does the use of a large
IMPORTANCE Large language models (LLMs) have shown promise in their performance on both »
. . ) ) L . . language model (LLM) improve
multiple-choice and open-ended medical reasoning examinations, but it remains unknown whether ) ) )
) o ) ) diagnostic reasoning perfermance
the use of such tools improves physician diagnostic reasoning. o _ -
among physicians in family medicine,
. . . ) ) internal medicine, or emergency
OBJECTIVE To assess the effect of an LLM on physicians’ diagnostic reasoning compared with o ) )
) medicine compared with conventional
conventional resources.

resources?
DESIGN, SETTING, AND PARTICIPANTS A single-blind randomized clinical trial was conducted Findings In a randomized clinical trial
from November 29 to December 29, 2023. Using remote video conferencing and in-person including 50 physicians, the use of an
participation across multiple academic medical institutions, physicians with training in family LLM did not significantly enhance
medicine, internal medicine, or emergency medicine were recruited. diagnostic reasoning performance

compared with the availability of only
INTERVENTION Participants were randomized to either access the LLM in addition to conventional conventional resources.

diagnostic resources or conventional resources only, stratified by career stage. Participants were

od Pérsonw, N., Horvitz, E., Yang, D., Milstein, A., Olson, A. P. J., Rodman, A.,
k ndonrzed clinical trial. JAMA Network Open, 7(10), e24409609.
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The contours

of "Symbiatic intelligence“?
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Volume 227, April 2025, 105224

Does ChatGPT enhance student learning? A
systematic review and meta-analysis of

experimental studies

Ruigi Deng °® & B, Maoli Jiang * B, Xinlu Yu =, Yuyan Lu °B¥, Shasha Liu * =
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The contours of syrﬁbmtlc intelligence“?

- b Investigating the effect of artificial intelligence in education (AIEd) on learning achievement: A meta-analysis and research
m Particulgrly, chatbots gating g (AIEd) g y

synthesis

achieved¥a very large
I Ahmed Tlili, Khitam Saqer, r..1, and Ronghuai Huang (+1) View all authors and affiliations
effe Ct, Wh C | ntel | Ige nt OnlineFirst https://doi.org/10.1177/02666669241304407

I UtO rl l I S \ el I IS I I S _ Contents Get access Cite article Share options Information, rights and permissions /1 Metrics and citations
— ool

: Abstract
learning system wree

Qad

Sage

Scant information exists about how Al with its different technologies might affect learning achievement in

- - Ll
|a rge effeCtS . different educational fields across different educational levels and geographical distributions of students. DISC |p||
) L Closing this gap can therefore help stakeholders understand under which learning conditions artificial H ubs
| /ﬂtelllgeﬂt TUtOI’Iﬂg intelligence in education (AlEd) might work or not, hence achieving better learning achievement. To

Read the

— address this research gap, this study conducted a meta-analysis and research synthesis of the effects of Al
Systems (ITS) (g=1.07) gay y y y et ity

application on students’ learning achievement. Additionally, this study conducted one step forward to

ze the field of education, level of education, learning mode, intervention duration, and geographical O
bution as moderating variables of the effect of AlEd. The Hedges’ g was computed for the effect sizes,

Tlili, A., Saqger, K., Salha, S., & Huang, R. (2025). InveStigating the effecf ofdrtifle telligence in education (AIEd) on learning achievement: A
meta-analysis and research synthesis. Information Developmenti thtoc -/ / tlOiiL org/lo 1177/02666669241304407
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Some contextual milestones, Large Language Models

RCT-study: GPT-4.5 RCT-study: The LLM alone
pass the Turing test demonstrated higher
(Jones & Bergen, 2025) performance than both
physician groups (Goh et al,
2024)

JAMA
Large Language Models Pass the Turing Test Network ‘Open

Cameron R. Jones Original Investigation | Health Informatics

Department of Cognitive Science UC San Diego San Diego, CA 92119 cameron@ucsd . ec Large Language MOdel |nf|uence on Diagnostic Reasoning
Benjamin K. Bergen Department of Cognitive Science UC San Diego San Diego, CA 92119 bkbezgen . A Randomized Clinical Trial

Ethan Goh, MBBS, MS; Robert Gallo, MD:; Jason Hom, MD: Eric Strong, MD: Yingjie Weng. MHS; Hannah Kerman, MD; Joséphine A. Cool, MD.
Zahir Kanjee, MD, MPH; Andrew S. P AD, MPH; Neera Ahuja, MD; Eric Horvitz, MD, PhD; Daniel Y: 3
Abstract Andrew P. J. Olson, MD; Adam Rodman, MD, MPH; Jonathan H. Chen, MD, PhD

We evaluated 4 systems (ELIZA, GPT-4o, Ll aMa-31-405B, and GPT-4.5) in two randomised, controlled, and pre-regis-
tered Turing tests on pendent populations. Participants had 5 minute conversations simultaneously with another Abstract
human participant and one of these systems before judging which conversational partner they thought was human.
When prompted to adopt a humanlike persona, GPT-4.5 was judged to be the human 73% of the time: significantly more IMPORTANCE Large language models (LLMs) have shown promise in their performance on both
often than interrogators selected the real human participant. LLaMa-3.1, with the same prompt, was judged to be the hu- ~

N 3 multiple-choice and open-ended medical reasoning examinations, but it remains unknown whether R
man 56% of the timi ot significantly more or less often than the humans they were being compared to—while baseline th fsuch tool h di " diagnostic reasoning performance

~ e use ol such tools Improves 'siCian diagnostic reasoning.

models (ELIZA and GPT-4o) achieved win rates significantly below chance (23% and 21% respectively). The results consti- 0 IMproves pysic & & among physicians In family medicine,
tute the first empirical evidence that any artificial system passes a standard three-party Turing test. T ults have im-
plications for debates about what kind of intelligence is exhibited by Large Language Models (LLMs), and the social and OBJECTIVE To assess the effect of an LLM on physicians' diagnostic reasoning compared with
economic impacts these systems are likely to have. conventional resources.

Key Points
Question Does the use of a large
language model (LLM) improve

internal medicine, or emergency
medicine compared with conventional

resources?

1 Introduction DESIGN, SETTING, AND PARTICIPANTS A single-blind randomized clinical trial was conducted Findings In arandomized clinical trial
from November 29 to December 29, 2023. Using remote video conferencing and in-person including 50 physicians, the use of an
11 The Turing test participation across multiple academic medical institutions, physicians with training in family LLM did not significantly enhance
ernal medicine, or emergency medicine were recruited. diagnostic reasoning performance
compared with the availability of only

75 years ago, Alan Turing, (1950) proposed the imitation game as a method of determining whether machines could be
said to be intelligent. In the game—now widely known as the Turing test—a human interrogator speaks simultaneously to
two witnesses (one human and one machine) via a text-only interface. Both witnesses attempt to persua e inter- INTERVENTION Participants were randomized to either access the LLM in addition to conventional conventional resources.
rogator that they are the real human. If the interrogator cannot reliably identify the human, the machine is said to have

: an indication of its ability to imitate humanlike intelligence

Turing’s article “has unquestionably generated more commentary and controversy than any other article in the field of
artificial intelligence” (French,, 2000, p. 116). Turing originally proposed the test as a very general measure of intelligence,
in that the machine would have to be able to imitate human behaviour on “almost any one of the fields of huma
deavour” (Turing,, 1950, p. 436) that are available in natural language. However, others have argued that the test might
be too easy—because human judges are fallible (Gunderson,, 1964; Hayes and Ford,, 1995)—or too hard in that the ma-
chine must deceive while humans need only be honest (Fr

Turing's test has taken on new value in recent years as a complement to the kinds of evaluations that are typically used

to evaluate Al systems Fi Contemporary Al benchmarks
are mostly narrowly-s a ding to concerns that high performance on these tests reflects memorization
or shortcut learning, rather than genuine reasoning abilities (Raji et al.,, 2 Mitchell and Krakauer,, Ivanova,,
). The Turing test, by contrast, is inherently flexible, interactive, and adversarial, allowing diverse interrogators to
pen-ended capacities and drill down on perceived weaknesses.

10 get updated for 03

GPT-4-Turbo (03) achieves
high score on the ARC-AGI
test (Chollet, 2024)

O SERIES PERFORMANCE / ARC-AGI SEMI-PRIVATE EVAL
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88%
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=
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@
31% 32%
25%
25%
13.33%
7.80% ® 01 PREVIEW
® 01-MINI
0%
$1.0 $10.0 $100.0 $1,000.0

COST PER TASK

This is a surprising and important step-function increase in Al capabilities, showing novel task adaptation ability never seen before in the GPT-family
models. For context, ARC-AGI-1 took 4 years 1o go from 0% with GPT-3 in 2020 to 5% in 2024 with GPT-40. All intuition about Al capabilities will need
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Combination of resources and scaffolding in writing your synopsis

\ 7. GPT-4: Writing the synopsis 6. Mid term evaluation, 90% doctoral
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4. Academic literature
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This is a surprising and important step-function increase in Al capabilities, showing novel task adaptation ability never seen before in the GPT-family
models. For context, ARC-AGI-1 took 4 years to go from 0% with GPT-3 in 2020 to 5% in 2024 with GPT-40. All intuition about Al capabilities will need
1o get updated for 03.




Ethical “minefield” and transparency? From the integration of Al in

education to its integration in professions and working life (example:
American Medical Association, 2025)

® ®
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Physicians' confidence in Al's advantage for patient
care remains strong and is on the rise

Definite disadvantage

Some disadvantage

No advantage
or disadvantage 6 8 0/0

say Al is an
advantage in
patient care

Some advantage

Considering the overall impact, how much of an
advantage do tools using Al give to your ability to care

© 2025 American Medical Association. All rights reserved. .
for your patients?

Definite advantage

28% report a
"definite"

advantage vs.
22% in 2023

AMA% ~ Physicians’ powerful ally in patient care




CAN GP-4 BE CONSIDERED AS 1. A WRITINMPGBLORﬁZ.IS GPT-4 UNDERMINING STUDENTS LEARNING OF
ACADEMI WRITING? (KRUMSVIK ET AL., 2024) o,

Doctoral supervisors (N=85)




CHATGRI AND GPT-4 ARE LARGE LANGUAGMU HAVE ANY EXPERIENCE WITH USING THIS KIND OF
ARTIFICHL INTELLIGENCE? (KRUMSVIK ET AL., 2024) S,

\ .

PhD-candidates (N=96)

60




TOW

EXTENT DO YOU THINK YOU WILL WH GPT-4 DURING YOUR PHD-SCHOLARSHIP?
((KRUM

K ETAL., 2024))
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PhD-candidates (N=96)
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Han Han (2024)




Analysis

(researchers'
perspective)

Scoping review

Published peer-
reviewed articles

Database searches
Keywords
In/exclusion criteria
Manual searches

Statistical analysis
Qualitative analysis

\

Article I
(teacher educators'
perspective)

Mixed methods
case study research

English language
teacher educators in
Norway

* Surveys
* In-depth interviews

Statistical analysis
Thematic analysis

B

Article llI
(student teachers
perspective)

Mixed methods
case study research

English language
student teachers in
Norway

* Surveys

* Focus group
interviews
Exit tickets

Statistical analysis
Thematic analysis

Article IV
(student teachers'
perspective)

Mixed methods
case study research

English language
student teachers in
Norway

* Surveys
* Focus group
interviews

Statistical analysis
Qualitative analysis

Han Han (2024)
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Overview of articles: Following the abstract,
the articles included in the thesis should be listed
on a separate page. The list should state the
publishing status of each article (submitted,
accepted etc.).

Comment: A brief explanation of the coherence
between the three articles to show how these
relates to the overall research question and the
thesis’ coherent whole, is important in this section
and in the introduction (next section).

Introduction: The purpose of the study should
be clearly presented here. Themes and issues are
specified and actualized from a social and/or
research context. The theoretical framework may
be presented he

of your study to the current state of knowledge
(should be made explicit here.

that ties the theoretical supposmons and issues
discussed in the individual articles together. The
candidate can expand further on theories and the
research literature presented in the articles.
Comment: Thus the critical issue is to be clear
about one's underpinning theoretical stance, and
ensure that there is explicit alignment and
consistency between your theoretical stance and
your approach, as well as within the approach and

N the methodology, design, me
Instruments and analysis. A more thorough
literature review should be carried out in this

rt

Methodology: The candidate will
account for, and justify, the
methodological choices and research
strategies utilized in the articles. The
data collection process is described,
and the quality of the data and analysis
work is discussed. Philosophy of
science is discussed where relevant.
Such a discussion may also be placed
in the introduction or discussion
sections.

Comment: Methodology must align with
the theoretical stance and underpinning
ontological and epistemological
assumptions, which should be stated.
Research design must align with
methodology. Should be clearly
articulated and /ust/f/ed

approach. Some aspects of literature
review could be mentioned here.

Results:
The main findings of the thesis are
accounted for briefly and
systematically. The theme of the thesis
and the correlation between the content
of the articles should be clearly
presented. No empirical data can be
brought into the results which are not
presented in the articles.

ment: As part of the results, the
analy is used need to be appropriate,
wi means there needs to be
consistency between the method(s)
and analysis.

The data analysis must be explicit and linked to
the data and research question, and should be
guided by prior theory, theoretical assumptions
and underpinning theoretical stance.

Discussion and conclusion:

The candidate discusses how the findings
contribute to existing research in the field, as well
as any theoretical implications or contributions.
The discussion should demonstrate a critical
distance to, and an ability to reflect on, strengths
and weaknesses of the candidate’s own
research, as well as the ability to provide relevant
ethical considerations. The conclusions are
related clearly to the theS|s formulatlon of

Comment: The discussion and conclusion
should culminate to the thesis contribution to
he current state of knowledge.

Documents not included in the articles and that
are significant to understand the results, as well
as research ethics recommendations, etc., are
included in the appendix.

Comment: To increase the thesis’ transparency, it
is possible to add addltlonal lnformatlon in the
appendlx Thisca# TeRtaLy 1] atenals

extracts and other relevant lnformatlon)
Increasing the transparency is also mitigated by
(increasing) the length of the synopsis (e.g. 90
Rages at Faculty of Psychology, UiB). Snapshots

Example, Rubrics: Unpacking your chapters and overall literature review in your
synopsis. Step-by-step discussion with Al on each section and chapter? (Krumsvik, 2019)

Quality Requirements:

Formulation of problems (thesis
statements , hypotheses and/or
research questions) are clearly and
precisely formulated

The purpose of the study is clearly
presented and the investigation is

The thesis relates to the status of
knowledge within the relevant
field of study

Theories and concepts are justified
and used precisely and in an
academically relevant manner

Methodological design and analysis
are described and justified
Assessments of research ethics are
discussed where necessary and
relevant

Results are clearly presented,
embedded, documented and
discussed - Conclusions are
consistent with the premises found
in the formulation of problems,
theoretical perspectives and
empirical material

The thesis’ contribution to
knowledge is clearly
demonstrated
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