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. Introduction:
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GAP: Despite widespread applications, there is a lack of systematic reviews on human-
machine collaboration models, role changes, and challenges in STEM fields
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. Introduction:

Objective

To map the landscape of Human-LLM collaboration based on empirical studies from the
last two years.
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II. Research Questions:

» RQ1: What models of Human-LLM collaboration are described in the literature
for STEM education?

» RQ2: What are the documented domains of impact of Human-LLM
collaboration on student learning outcomes in STEM?

» RQ3: How does the adoption of LLMs as collaborative partners affect the
traditional roles of students and educators in the STEM subjects?

» RQ4: What are the primary challenges and limitations identified in the
literature regarding the use of LLMs in a collaborative capacity in STEM higher
education?
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Ill. Methodology:
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V. Result:
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V. Results Human-GenAl Collaboration’ Models (RQ1)
y E o\ (7) GenAl-Based
What models of Human-LLM Tutors & @, e A
collaboration are described Assistants (n=68) [(Y-& for personalized guidance

in the literature for STEM
education?

LLMs provide on-demand

i : B CodeTutor (n=1)
instructional support. J 1"

for programming hints

GenAl-Assisted

© Collaborative Learning
| (n=13)

for group discussions

~ Collaborative
Learning (n=16)

LLMs act as peers or

Pair Programming
co-creators in problem-solving.

| with GenAl (n=3)
for joint tasks

Rubric-Based Code
Evaluator (n=3)
for assignment grading

N Distribution (n=88 from 94 papers)
Assessment & 4(4.5%

Feedback (n=4) o
LLMs enable scalable (18.2%

evaluation and feedback. 4

Uneven focus
across disciplines
(e.g., Computer
Science n=61).

Real-Time Style
Feedback tool (n=1)
for immediate reviews

Tutors &
Assistants
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IV. Results LLM’s Role and Human’s role in Human-GenAl Collaboration (RQ1)

LLM Functions Human Roles

®
C_(NOELY)

&)\ Assessment & Feedback (n=45)

Brief: Evaluates work and provides feedback.

E.g., Feedback Generator, Evaluator. E.g., Reviewer, Error Corrector.

=
-

Brief: Offers personalized instructional
support. E.g., Tutor, Programming Assistant.

(&) Human as Co-Creator &
« & Collaborator (n=25)

Brief: Partners with Al in creation.

Tutoring & Scaffolding (n=32)

Shift towards
active engagement
over passive use.

4

L

F Human as Educator &

o ; e
g Collaborative Partnership (n=10) %22 Facilitator (n=8)

Brief: Engages in co-creation and problem-

solving. E.g., Learning Partner, Teammate. E.g., Instructor, Lesson Planner.

(o)

—

ﬁﬁ Content & Resource Learner as Recipient (n=4)

Generation (n=5)

Brief: Creates educational materials.

E.g., Content Generator, Code Generator. E.g., Learner, User.

Human as Evaluator & Refiner

Brief: Assesses and improves Al output.

E.g., Collaborator, Problem Solver.

Brief: Uses Al for instructional design.

Brief: Consumes Al output for learning.

10



Human-Al Collaboration in the STEM Classroom: A Systematic Literature Review of GenAl as a Complement in Higher Education

IV. Results Student learning outcomes in Human-Al Collaboration (RQ2)

Learning Performance & Knowledge Acquisition (n=50)

20% Learning Processes & Behaviors (n=20)

13% Higher-Order Cognitive & Problem-Solving Skills (n=13)

Perceptions & User Acceptance (n=6)

4 Affective & Motivational Outcomes (n=5)
>

#rwt) Learning Performance : Higher-Order Cognitive [N o o o\ .
Q?’ & Knowledge @ ;e;;?g?i :r;o(cne_s;:)s & Problem-Solving | Messiienamen ” |
Acquisition (n=50) 2 Skills (n=13) S dapiizind .
Exemplar Outcomes Exemplar Outcomes Exemplar Outcomes Exemplar Outcomes Exemplar Outcomes
exam performance, assignment time on task, engagement critical thinking application, perceived usefulness, ease of motivation levels, confidence,
scores, quiz results, final project metrics, questioning strategies, creative solutions, complex use, satisfaction surveys, trust anxiety reduction, interest in
quality, conceptual collaborative behaviors, study problem-solving, synthesis of in Al, technology acceptance STEM, self-efficacy, emotional
understanding tests patterns, resource utilization information, argumentative model (TAM) constructs response
quality, debugging skills

Brief Description Brief Description Brief Description Brief Description Brief Description
Direct measures of academic Observational data on how Assessment of advanced mental Subjective student opinions and Impact on students' emotional
achievement and mastery of students approach learning tasks, abilities, including analysis, attitudes towards the LLM tools, states, psychological well-being,
subject matter, indicating interact with content, and evaluation, and creation of new including comfort level and and drive to learn within STEM
acquired knowledge and skills. manage their study efforts. ideas. J perceived value. disciplines.
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V. Results Student learning outcomes in Human-Al Collaboration (RQ3)

% Student Role Evolution % Educator Role Evolution

Al-Scaffolded Self-Regulator 43 Before: After:
Primary Source Learning
Z48 Human-Al Co-Creator of Knowledge Architect

Active Agent & Critical Evaluator
Inquiry Director & Prompt Engineer

Dependence & Altered Pathways

Al-Augmented

Al-Scaffolded Human-Al Active Agent & Inquiry Director & Transtormation
Self-Regulator (no4S) Co-Creator (n=25) Critical Evelustor (n<14) § Prompt Engineer (n=7)
Poawecmon Weeaphcwow, | Wotanecon | Noruweciwine,  [Wetoveomon, || FaSSHO TSN Faciltating Personalized
« Using Al to make - Colia ing wi 0 « Scrutiniz outputs . ulati . Yecesivi i 2 &
indegendent learning generate code, solve for accumncgy, bias, and promts tggouiue At; Al opgrol?Iem-eol ting; ecturer-Centere Journeys; Student-Centered,;
choicee: complec probiems, relevancs; . menting with + Experiencing radu Co-Creation GUide
. Enaaging in structured and design projects; . Comgatipg Al solutions different phrasing and engagement with
sefl-reflection + Jointly authoring with baditionel contexts to optimize fundamental concerts
facilitated by the LLM reports and creative methods and external Ai responses or foundational skiils /\
works sources
@ ?;'ieef It)%scriptiﬁn: i @® g:i%f DescnguA(:nwo‘k @ g:'l%f Description: - 0 gtri%f Dfs?ripti(:n:d_ i grltef [{eﬁription: i
nt uliltz ts an ts t ivi m otential for over-reliance . : s :
:ge}sstg nfclné‘f ?e?.igé :o;..a&"ef aastpautr;ners to role é"qE%%ﬁ?;?n:e the Al by e‘aif?.f ) "R-é‘l‘"f“ 'fo“g""fﬁ“ Note: Educators guide students in leveraging Al for
min r 3 veri nerate ecise and strategic shift in leerning pafhways : : H t i :
p{géeoggs,e]:dr ing regeftan;j‘n%negch othe!'stl Intgnwsu!io:]most;ang g;,s{;elilaheg:n::negsklllfm and p?isﬁlgnezggggin y CO"Creatlon and hlgher'Order Skl"S, deSIinng enVITOHmentS
5 h essenlial knowiedge Y oS P : H
dreiecion )| pocees ) | nsependenciment ) | inomatonandresrs ) | Seqistion that foster critical thinking and innovation.
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V. Results

Accuracy & Reliability of Output _ 21 studies

JA

Challenges and Limitations in Human-Al Collaboration (RQ4)

Distribution of Studies by Challenge Category (n=94)

Y bonen nerscion . voveton [ .

Limitations in Task Complexity & Reasoning _ 10 studies

System Integration & Technical Infrastructure l 1 study

F ) Human-Al )

Interaction &
Evaluation
(n=35)

Exemplar Challenges

+ Over-rellance on Al

* Lack of critical engagement

« Difficulty in prompt engineering

* Misinterpretation of Al feedback

« Ethical considerations in interaction

Brief Description

Focuses on how students and
educators interact with Al, including
issues of trust, dependence, and the
effectiveness of communication and

evaluation processes. j

f Pedagogical & \

Content Quality
Control
(n=25)

Exemplar Challenges

+ Ensuring alignment with leaming
objectives

+ Maintaining academic integrity

* Preventing plagiarism

« Evaluating AT's pedagogical approach

« Difficulty in assessing original thought

Brief Description

Concerns the integration of Al in a way
that supports educational goals,
maintains standards, and ensures the

provided by the Al.

quality and relevance of the content

( Accuracy & \
A Reliability of Output

(n=21)

Exemplar Challenges

« Hallucinations (generating fabricated
information)

« |naccurate code snicpets

« Factual errors in STEM concepts

* Inconsistent responses

* Bias in generated content

Brief Description

Issues concerning factual correctness,
consistency, and trustworthiness of the
content generated by the LLM,
particularly in scientific and technical

Qmains. )

o Limitations in Task

( Complexity &
Reasoning
(n=10)

Exemplar Challenges

« Inability to solve multi-step complex
problems

+ Limited understanding of deep
domain-specific knowledge

« Failure in abstract reasoning

« Difficulty with open-ended creative tasks

« Lack of contextual understanding

Brief Description

Highlights the current boundaries of
LLMSs in handling sophisticated STEM
tasks that require deep understanding,

mulli-layered reasoning, and complex

wblem-sotving capabilities. /

Infrastructure
(n=1)
Exemplar Challenges
+ Platform incompatibility with existing
LMS
» Technical glitches and downtime
* High computational costs
+ Data privacy and security concems
+ Limited access to advanced models

Brief Description

Addresses the technical and logistical
hurdies in integrating Al tools into
existing educational systems, including
platform compatibility, cost, and data

[ System Integratiorm
& Technical

Ccurity issues. /
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V. Conclusion and Future Work

Current Landscapes:

» Adoption of GenAl is dominated by "human-in-the-loop" model

» LLMs primarily as tutors/assistants to enhance learning performance;

» Humans as critical evaluators for quality and accuracy.

Transformative Shift:

» Emerging models position Al as a co-creator/partner, fostering higher-order cognitive skills (e.g.,
problem-solving, creativity) essential for STEM.
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V. Conclusion and Future Work

Role Evolution:

» Students transition from passive recipients to active agents and prompt engineers;

» Educators become facilitators and designers of Al-augmented environments.

Challenges:

» Technical issues (accuracy, reliability, task complexity)
» Pedagogical concerns (content quality, over-reliance)

» Need for better integration and evaluation methods.
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V. Conclusion and Future Work

Future Directions:

> Prioritize longitudinal studies on sustained impacts (e.g., long-term skill development, career
preparedness).

» Conduct comparative analyses of models (e.g., Al Tutor vs. Al Partner).
» Develop robust frameworks for GenAl as a transformative educational partner.

» Emphasize rigorous, large-scale experimental research beyond exploratory studies.
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