MAXIMILIANS- N
UNIVERSITAT UNIVERSITAT Bildungsforschung
MUNCHEN

FRANKFURT AM MAIN

LUDWIG- G|U GOETHE % . DIPF

und Bildungsinformation

DFG Research Unit ‘CORE’
Critical Online Reasoning in Higher Education

‘CORE’ Working Papers
No.4

Olga Zlatkin-Troitschanskaia, Dimitri Molerov & Miriam Toepper

Developing Students’ Critical Online Reasoning in Higher Education
(CORE):

Longitudinal Insights, Al-Related Challenges, and Implications for Future
Research: CORE +

Johannes Gutenberg University Mainz

Goethe University Frankfurt

Leibniz Institute for Research and Information in Education (DIPF)
Ludwig-Maximilians-Universitat Miinchen

DF Deutsche
Forschungsgemeinschaft



CORE Working Papers on the DFG Research Unit “Critical Online Reasoning in Higher Education”

The CORE Working Papers series publishes papers from the DFG-funded Research Unit “Critical Online Rea-
soning in Higher Education” (CORE), including project background information, technical reports, and pre-
liminary results that are intended for rapid dissemination and scientific exchange within CORE as well as with
the broad research community. Publication as a CORE Working Paper does not preclude publication else-
where. Responsibility for the content lies with the authors. The content does not necessarily reflect the views
of the series editors.

Series Editors

Prof. Dr. Olga Zlatkin-Troitschanskaia
Johannes Gutenberg University Mainz
Faculty of Law, Management & Economics
Chair of Business and Economics Education
Jakob-Welder-Weg 9

D-55099 Mainz

Prof. Dr. Johannes Hartig

DIPF | Leibniz Institute for Research and Information in Education Frankfurt Department
Teacher and Teaching Quality

Head of Unit - Educational Measurement

Rostocker StralRe 6

60323 Frankfurt am Main

Contact
core@uni-mainz.de

The Research Unit FOR 5404 is funded by the Deutsche Forschungsgemeinschaft (DFG, German Re-
search Foundation) under the project number 462702138.

© Copyright

All rights reserved. All CORE Working Papers publications, including figures and tables, are protected by
German copyright law. No part of this publication may be reproduced in any form or by any means,
electronic, mechanical, or other, including in particular photocopying, translating, microfilming, and stor-
age on electronic data carriers without permission of the series editors.

The CORE Working Paper series is also available for download:

https://www.core.uni-mainz.de/



mailto:core@uni-mainz.de
http://www.core.uni-mainz.de/

CORE Working Paper 4 (2025) [

Developing Students’ Critical Online Reasoning in Higher Educa-
tion (CORE)

Longitudinal Insights, Al-Related Challenges, and Implications for Future
Research: CORE +

Olga Zlatkin-Troitschanskaia, Dimitri Molerov & Miriam Toepper

Bibliographical references:

Olga Zlatkin-Troitschanskaia, Dimitri Molerov & Miriam Toepper (2025). Developing Students’ Critical On-
line Reasoning in Higher Education (CORE): Longitudinal Insights, Al-Related Challenges, and Implications
for Future Research: CORE + (,CORE* Working Papers, 4). Johannes Gutenberg University Mainz.



CORE Working Paper 4 (2025) [

Developing Students’ Critical Online Reasoning in Higher Education (CORE): Longitudinal Insights, Al-Re-
lated Challenges, and Implications for Future Research: CORE +

Abstract

The CORE research unit “Critical Online Reasoning in Higher Education” (CORE), funded by the German Re-
search Foundation (DFG) since 2023, brings together nine collaborative projects to investigate how students’
COR skills develop longitudinally across four major disciplines (economics, medicine, social sciences, and
physics) and to gain initial insights on how Al integration affects these processes. CORE examines both ge-
neric and domain-specific dimensions of COR, and the specific role of Al-driven tools in authentic academic
learning and problem-solving contexts. By combining interdisciplinary expertise, CORE seeks to map COR
developmental trajectories across disciplinary contexts, analyze how digital tools and Al-mediated learning
environments support — or hinder — this development. The present report summarizes the theoretical foun-
dations, research design, methodological innovations, and emerging findings from the first two project
years, while outlining directions for future research.
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1. CORE Rationale

In an increasingly digitalized society, self-directed online learning has become central to higher educa-
tion. To navigate through this complex information landscape effectively and responsibly, students re-
quire Critical Online Reasoning (COR) skills: the ability to strategically search for, critically evaluate, and
synthesize high-quality information from diverse online sources (Molerov et al., 2020). Despite a grow-
ing number of initiatives to enhance students’ digital skills in education, empirical research consistently
shows that many students struggle to distinguish between trustworthy and misleading information
(Weinburg et al., 2022; Zlatkin-Troitschanskaia et al., 2021b).

At the outset of the CORE research program, students reported that the Internet was their primary
source of study-related information (Maurer et al., 2020; Grothaus et al., 2021). Previous fundings fur-
ther demonstrated that students’ COR-related skills are closely linked to their academic success (Weber,
2019; Elbright-Jones, 2024).

These challenges have intensified with the rapid advancement of generative Al technologies, such as
ChatGPT. While (generative) Al tools provide unprecedented access to vast amounts of information,
they often produce superficially plausible yet inaccurate content, thereby increasing the risks associated
with uncritical reasoning (Mannuru et al., 2024; Romero-Rodriguez et al., 2023). As Al-powered tools
become increasingly integrated into higher education (and civic life), fostering students’ COR skills is
increasingly intertwined with promoting Al literacy, which encompasses understanding the limitations,
biases, and epistemic implications of algorithmically generated content (Pinski & Benlian, 2024; Zhang
& Magerko, 2025).

The CORE research unit “Critical Online Reasoning in Higher Education”, funded by the German Re-
search Foundation (DFG) since 2023, brings together nine collaborative projects (see Figure 1) to inves-
tigate how students’ COR skills develop longitudinally across four major disciplines (economics, medi-
cine, social sciences, and physics) and to gain initial insights on how Al integration affects these pro-
cesses. CORE examines both generic and domain-specific dimensions of COR, and the specific role of Al-
driven tools in authentic academic learning and problem-solving contexts. By combining interdiscipli-
nary expertise, CORE seeks to map COR developmental trajectories across disciplinary contexts, analyze
how digital tools and Al-mediated learning environments support — or hinder — this development.

The present report summarizes the theoretical foundations, research design, methodological innova-
tions, and emerging findings from the first two project years, while outlining directions for future re-
search.

2. Conceptual Background and Research Questions

Critical Online Reasoning (COR) is conceptualized as a multidimensional skillset essential for effec-
tive, and evidence-based learning in digital information environments (Molerov et al., 2020). Build-
ing on established models such as Information Problem Solving on the Internet (Brand-Gruwel et
al., 2009), Multiple Source Comprehension (Goldman & Brand-Gruwel, 2018), Multi-Source, Multi-
Modal Processing (List & Alexander, 2018), and Civic Online Reasoning (Wineburg et al., 2016), the
COR framework integrates cognitive and metacognitive processes for searching, selecting, evaluat-
ing, and synthesizing online information to make well-founded decisions.

The COR framework emphasizes four core facets (Molerov et al., 2020) (for Al-related adaptations,
see Section 5):
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1. Online Information Acquisition: Skills for strategic information search, requiring students to
develop targeted search strategies and identify high-quality, relevant information from
search engines or databases.

2. Critical Information Evaluation: Skills for systematically analyzing quality and relevance of
sources based on appropriate indicators.

3. Reasoning based on Evidence, Arguments, and Synthesis: Skills for integrating multiple per-
spectives, weighting (conflicting) evidence, constructing coherent arguments, and drawing
justified conclusions.

4. Meta-Cognitive Activation: Skills for monitoring and reflecting one’s reasoning strategies
and decision-making processes, and regulating one’s approach as needed during the learn-
ing process.

A distinguishing feature of the COR framework is the differentiation between generic (GEN) COR
skills, which are independent of specialized disciplinary knowledge, and domain-specific (DOM) COR
skills, which rely on in-depth expertise and discipline-based reasoning (Zlatkin-Troitschanskaia et
al., 2021a). COR tasks are designed to capture both dimensions across varying academic contexts.

For example, evaluating a study on vaccine effectiveness requires not only general critical thinking
but also domain-specific medical knowledge, including established research methodologies,
whereas addressing questions related to fiscal policy requires discipline-specific expertise in eco-
nomic models (List, 2021). In combination with the Model of Domain Learning (Alexander, 2004),
this approach enables a systematic examination of how COR skills develop across diverse
knowledge domains and varying levels of expertise (Zlatkin-Troitschanskaia et al., 2021a).

Given the growing role of (generative) Al technologies in the learning and information landscape,
the COR framework is being extended to incorporate skills related to strategic and reflective inter-
acting with Al-tools and Al-generated content (e.g. Al-literacy; Gonsalves, 2023). These skills include
the ability to formulate effective prompts, critically evaluate Al-generated content, and triangulate
Al outputs with traditional sources (Federiakin et al., 2024).

The CORE research unit is organized into three main areas (see Figure 1).

AREA A investigates the longitudinal development of students GEN- and DOM-COR skills through-
out their undergraduate studies in economics and medicine, with control comparisons in sociology
and physics.

Area B examines the characteristics and quality of the online information (e.g., accuracy, linguistic
features, narrative frames, and latent meaning structures) students engage with while completing
COR tasks, and their influence on learning and performance.

Area C focuses on cognitive and metacognitive processes underlying COR task performance, using
experimental designs and predictive analyses to model reasoning patterns.

An additional working group explicitly addresses Al use, exploring how students interact with Al
tools, the effects on performance, and the implications for COR development.
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Figure 1. Research structure with 3 areas and 9 projects.

CORE investigates several major research questions across its three main areas.

InArea A, we examine whether GEN- and DOM-COR skills develop interdependently over time, how
these skills relate to individual characteristics such as prior knowledge and intellectual abilities, and
how contextual factors, including course attendance and academic experiences, influence their de-
velopment. Additionally, CORE investigates the relationship between COR skills and overall student
learning outcomes.

In Area B, key questions include identifying the defining features of high- and low-quality sources,
such as comprehensibility, linguistic style, narrative patterns, and determining how these source
characteristics relate to the students COR skills. This work aims to explore the extent to which stu-
dents’ reasoning depends on the quality and characteristics of the information environment.

In Area C, cognitive laboratory studies with eye-tracking and think-alouds are used to uncover stu-
dents’ strategies while completing COR tasks. We also examine whether integrating process data
could reveal patterns in large-scale datasets that enable predictive insights into reasoning perfor-
mance and learning outcomes.

In response to the increasing integration of (generative) Al in higher education, an additional work-
ing group within CORE was established to investigate students’ interactions with Al tools and their
effects on learning. Research questions address how does students’ Al use, including both self-re-
ported experience with Al chatbots, such as ChatGPT, in their academic studies and observed be-
haviors in COR assessments, relate to their reasoning strategies, COR task performance (e.g. quality
of students’ written responses) and learning outcomes (e.g. exams passed, grades), and, thereby
providing early insights into the role of Al in shaping critical online reasoning.



CORE Working Paper 4 (2025)

3. Assessment Framework

CORE brings together nine projects, 55 researchers, and ten institutions, representing expertise
from 15 disciplines — including educational measurement, economic and medical education, com-
munication, information and computer sciences, and linguistics — and fosters close collaboration
across three interconnected research areas (see Figure 1). The CORE research infrastructure com-
bines large-scale competency assessments with fine-grained process data collection:

Area A focusses on the longitudinal assessment of students’ GEN- and DOM-COR skills across four
academic disciplines, using large-scale, computer-based testing.

Area B investigates the characteristics and quality of the online information sources selected and
used by students during COR tasks, employing a systematic combination of qualitative and quanti-
tative text-based approaches.

Area C examines students' cognitive and behavioral processes during COR task performance
through multimodal data collection methods, including log data, think-aloud protocols, and eye-
tracking.

COR skills are measured through authentic, computer-based performance assessments in live
online environments. Students are given unrestricted access to the Internet to search for and eval-
uate information and construct evidence-based arguments. COR tasks simulate realistic decision-
making scenarios, requiring students to independently navigate information, critically evaluate
sources, and provide justified conclusions. Students search the live Internet to gather and evaluate
information for tasks such as verifying a contested claim or making a domain-specific decision.

COR tasks are situated in both generic and domain-specific contexts and vary in complexity and
cognitive demand. For instance, a GEN-COR task may ask students to evaluate the claim “Radio
mast radiation is harmless to humans,” while a domain-specific task may ask economics students
to assess economic growth in relation to environmental sustainability, based on conflicting data.
DOM-COR tasks are designed to assess the above-mentioned COR facets across three reasoning
contexts (fundamental, practical, transdisciplinary) and three proficiency levels (basic, advanced,
proficient; Alexander, 2004) and are aligned with curricular content. COR tasks were developed and
validated through iterative) design cycles involving student feedback, expert reviews, and pilot test-
ing (Nagel et al., 2022).

Building on the COR framework, the COR assessment in summer 2025 now explicitly incorporates
Al-mediated reasoning. Students’ interactions with Al tools have been recorded through log files,
screen capture, and self-report questionnaires, allowing researchers to measure prompt construc-
tion, source triangulation, and critical evaluation of Al outputs (see Section 5). This approach situ-
ates COR in contemporary information landscapes where Al is increasingly present, ensuring eco-
logical validity while preserving rigorous measurement of reasoning skills.

Students’ responses are scored by trained raters using validated rubrics (Nagel et al., 2022; Hartig
et al., 2025). Indicators include the number and quality of sources used, explicit reference to eval-
uation criteria, integration of multiple perspectives, and use of appropriate (disciplinary) argu-
ments. Interrater reliability consistently exceeds a=0.80, confirming the robustness of performance
scoring across tasks (Nagel et al., 2022; Hartig et al., 2025).
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In addition to product data (written responses), process data from log files, including search que-
ries, clickstreams, website navigation patterns, and time-on-task are analyzed to trace students’
online reasoning behaviors (Schmidt et al., 2020). Think-aloud protocols and eye-tracking data fur-
ther capture metacognitive regulation and strategic behaviors during task completion (Kunz et al.,
2024). Together with performance data, these multimodal measures provide a comprehensive view
of how students navigate both traditional and Al-enhanced online information environments.

4. Study Design

CORE employs a multi-cohort longitudinal design with a panel structure. Since 2023, undergraduate
students have been tracked from their first semester through three years of study to capture indi-
vidual growth trajectories and disciplinary differences in COR development.

The initial sample (t0: N=2,458; t1: N=2,869) was drawn from eight universities across four disci-
plines (see Figure 2). A stratified sampling procedure ensures balanced representation across disci-
plines and study progress. In each wave, approximately 470 students complete a three-hour assess-
ment consisting of both GEN- and DOM-COR tasks (for an overview on COR samples, see Tables 1,
2, 3). In addition, students complete self-reflection questionnaires following each COR task.

In addition to performance measures, the study collects background data, cognitive ability tests
(e.g., BEFKI, Schipolowski et al., 2015), reading comprehension skills, and domain-specific
knowledge measures (e.g. economic knowledge test: WiWiKom, Zlatkin-Troitschanskaia et al.,
2019). Sub-studies with eye-tracking and think-aloud protocols (N=88) provide detailed insights into
students’ attentional processes and reasoning strategies (Maur et al., 2025).

Assessments Start 15t sem. 2023 (t0*) Start 3 sem. 2024 (t1) Start 5t sem. 2025 (t2) End 6% sem. 2026 (t3) b .
across all domains GEN-, DOM-COR & GEN-, DOM-COR & GEN-, DOM-COR & GEN-, DOM-COR & %ﬂ‘; Medicine
Initial survey N=5000 covariates*** covariates covariates covariates Sociology Physics
Online assessments N=400 - N=400 > N=400 > N=400
Quasi-experimental studies** N=80 —+ N=80 — N=80 —t N=80

024 025 202 2
*Assessments with existing DOM- & GEN-COR tasks (see sec. 1) M Development of new COR tasks M Analyses
** Coglabs (CO7): Eye tracking & retrospective think alouds with stimulated recalls Pre-Test & validation of new tasks Joint analyses

***(1) learning characteristics, (2) web behavior and general media use, (3) process data, (4) learning opportunities, (5) learning outcomes in HE.

Figure 2. Longitudinal study design.

Measurement point

Assessments (completed) TO T1.1 T1.2
Full survey 2,458 2,098 871
COR assessment participants 473 471

ChatGPT - - 225
Eyetracking 88 74

Table 1. Participants across measurement points.
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Variable N Minimum  Maximum Mean Std. Deviation
Gender (1 = Female) 471 0 1 0.53 N/A

Age 471 15 57 20.17 3.025

High School GPA? 471 0.9 3.5 1.74 0.606

No prior university studies 471 0 1 0.80 N/A

No prior apprenticeship 471 0 1 0.85 N/A

Current Semester 471 1 1 1.00 0.000
Dom-COR (1 =EC) 471 0 1 0.57 N/A

a. German GPA grades: 1 = Very Good, 4 = Sufficient

Table 2. Sample descriptive statistics at t0 (winter 2023-24): socio-demographics.

Discipline N Percent
Total 471 100.00
Economics 173 36.73
Social Sciences 97 20.59
Medicine 137 29.09
Physics 64 13.59
DOM-COR Economics 270 57.32
DOM-COR Medicine 201 43.68
GEN-COR 471 100.00

Table 3. Sample descriptive statistics at t0: students’ disciplines and tasks.

The collected data captures students’ digital behaviors, including comprehensive log files, screen
recordings that capture sequences of information navigation, as well as detailed analyses of selected
sources, focusing on their type, structure, authorship, and citation practices, etc. (Scherer et al.,
2025). This rich, multimodal dataset enables researchers to reconstruct students’ research strate-

gies, trace their decision-making processes, and identify potential barriers to learning.

This design enables the investigation of both longitudinal skills development and cross-sectional
differences, while allowing detailed analysis of how Al-mediated information sources influence rea-
soning strategies. It also provides the foundation for examining individual differences in COR devel-
opment, disciplinary variation, and the role of Al use, ensuring that CORE remains responsive to the
rapidly evolving digital learning environment.
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5. Al-Related Design Adaptations and Conceptual Foundations

The rapid rise of generative Al technologies, especially large language models (LLMs) such as
ChatGPT and Google Gemini, has fundamentally altered the digital information ecosystem in which
students operate, requiring appropriate adjustments to the study design (Federiakin et al., 2024).
While CORE’s initial assessments were designed to evaluate students’ independent online reason-
ing without the assistance of Al (Nagel et al., 2022), initially, Al use was restricted during COR tasks
to preserve the validity of skill assessments. However, with Al tools becoming integrated into main-
stream search engines, productivity platforms, and academic workflows, and students increasingly
relying on Al-generated content for academic tasks, a reorientation of initial COR assessment ap-
proach is necessary. The ubiquity of Al-assisted information access requires a conceptual reframing
of COR as students no longer only evaluate static information from typically human-authored
sources but also interact with algorithmically curated and dynamically generated content. This shift
has profound implications for both the construct definition of COR and the methods used to assess
and promote it.

From a theoretical perspective, the integration of Al into learning environments intersects with es-
tablished digital literacy frameworks (e.g., Greene et al., 2014) that emphasize information literacy,
media literacy, and critical thinking as essential skills for navigating digital contexts (e.g., Pinski &
Benlian, 2024; Zhang & Magerko, 2025). However, Al introduces new demands beyond traditional
literacy competencies (Gonsalves, 2024). Building on frameworks such as the European Digital Com-
petence Framework (DigComp 2.2, Vuorikari et al., 2022) and the UNESCO Digital Literacy Global
Framework (Law et al., 2018), we conceptualize Al literacy as an Al-specific COR subskill being de-
fined as multidimensional extension of digital literacy that includes the ability to:

e Prompt construction: Ability to formulate effective and contextually appropriate prompts to
obtain relevant outputs;

o Al-output evaluation: Capacity to critically evaluate chatbot responses with respect to accu-
racy, reliability and potential biases;

e Source triangulation: Comparing Al outputs with diverse, independently verified sources;

e Al fundamentals: Understanding the limitations (e.g. probabilistic nature), training data bi-
ases, and ethical implications of Al models;

e Alintegration: Strategically integrating Al support into research, decision-making, and learn-
ing processes.

These Al-specific skills align closely with and expand upon the four facets of COR (strategic search,
critical evaluation, synthesis and argumentation, and metacognitive regulation; see Section 2),
while adding an explicit Al-mediated reasoning component.

To capture these emerging skills, since summer 2025, CORE has introduced Al-augmented assess-
ment conditions in which students are allowed or even required to use Al tools during COR task
completion. These quasi-experimental designs allow researchers to investigate how students adapt
their reasoning strategies when Al-generated information becomes part of their workflow. Al-be-
havior is detected through log data, screen capture, and self-reflection questionnaire.
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Preliminary analysis from a comparative study of students’ performance on COR tasks with and
without LLM access (N=225 participants from COR main sample) indicate that while Al access can
improve efficiency and reduce surface-level search effort, it does not automatically enhance rea-
soning quality as manifested in students written responses (Molerov et al., 2025). In fact, overreli-
ance on Al-outputs often appears to lead to reduced source diversity and weaker justification of
claims. These findings echo broader concerns about automation bias and the erosion of evaluative
reasoning in Al-assisted environments (e.g., Bashkirova & Krpan, 2024).

6. Major Findings and Outcomes
Analyses from the first two years of data collection (2023-24 and 2024-25) reveal key insights:

e Area A: Cross-sectional and longitudinal growth in students’ COR skills became evident, par-
ticularly in their ability to construct more nuanced, well-reasoned, evidence-based argu-
ments in domain-specific tasks (e.g., Zlatkin-Troitschanskaia et al., 2025).

e Area B: The data reveal persistent weaknesses in the evaluation of source credibility
(Scherer et al., 2025). Many students continue to rely on easily accessible but less reliable
or poorly contextualized sources, underscoring the need for explicit instruction in evidence
quality assessment (Schelle et al., 2025a). Notable domain-specific differences have
emerged: Medical students demonstrate a higher reliance on peer-reviewed literature and
professional research databases or highly specialized, domain-specific repositories, while
economics and social sciences students more frequently consult journalistic or open web
sources (Schelle et al., 2025b). These disciplinary patterns highlight the importance of tai-
loring instruction and assessment to domain-specific epistemic practices.

e Area C: Process data, including log file analyses, eye-tracking metrics, and think-aloud pro-
tocols, show that students often prioritize efficiency over systematic source evaluation and
cross-source validation, engaging in rapid information skimming rather than deep source
interrogation (Maur et al., 2025). Eye-tracking shows minimal attention to source credibility
markers. While these behaviors may reflect real-world digital practices, they also limit stu-
dents’ capacity for critical reasoning in high-stakes or ambiguous contexts.

The integration of Al into CORE’s assessment designs (see Section 5) has produced initial insights
into how students navigate an Al-rich information environment and indicates varying Al use pat-
terns (Molerov et al., 2025). Based on the preliminary results, we classify students’ Al use as stra-
tegic (integrated with evaluation) or overreliant (used uncritically as the sole information source).
These patterns are correlated with COR performance outcomes (Molerov et al., 2025). Strategic Al
users who critically interrogate Al-generated content and integrate it with multiple human-au-
thored sources, perform above average, demonstrating improved synthesis and argumentation in
their written COR responses. In contrast, students who overly rely on Al and treat Al responses as
authoritative often display weaker source diversity, less robust (accurate) justification, and greater
susceptibility to automation bias (Molerov et al., 2025). These preliminary findings align with
broader debates in Al literacy research, suggesting that Al’s educational value depends on students’
metacognitive regulation and their understanding of Al systems (e.g., Fan et al., 2025), and raising
important questions about how to scaffold Al integration in digital learning without undermining
critical thinking (Gonsalves, 2024).
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These early results highlight the need for a dual focus in higher education: strengthening traditional
information evaluation and online reasoning skills, while cultivating critical Al literacy as a skillset
that enables students to interpret, question, and strategically use Al-generated information. This
integrated approach positions Al not as a substitute for critical reasoning, but emphasizes its role as
a tool that requires informed and reflective engagement. Such an understanding can foster respon-
sible and thoughtful use of Al, both within and beyond the higher education context.

7. Conclusions and Implications for Future Work

The CORE research program offers the first large-scale, longitudinal analysis of Critical Online Rea-
soning (COR) in digital and Al-augmented information environments. Considering Al-mediated
learning contexts, the COR framework is being expanded to include Al literacy skills, encompassing
prompt formulation, critical analysis of Al outputs, triangulation with independent sources, and re-
flection on Al limitations and biases (see Section 5). This integration aligns COR with contemporary
digital literacy frameworks, such as DigComp 2.2 and UNESCQ’s Digital Literacy guidelines, situating
Al use as a critical component of reasoning competence. By extending established frameworks of
digital and information literacy to include Al-mediated reasoning, CORE advances a future-oriented
understanding of how students acquire, evaluate, and synthesize knowledge in higher education.

CORE makes a substantive contribution to the evolving field of digital learning and online reasoning
by addressing a critical gap in the literature: the longitudinal and interdisciplinary analysis of COR
in live digital learning contexts (Zlatkin-Troitschanskaia et al., 2021b). While prior studies have es-
tablished the importance of source evaluation, multiple-source integration, and civic reasoning in
digital environments (Goldman & Brand-Gruwel, 2018; List & Alexander, 2018; Wineburg et al.,
2016; 2022), few have systematically examined how these skills develop over time and interact with
domain-specific knowledge and Al-mediated practices.

The study highlights both promise and challenges in fostering students’ COR development. While
students generally show improvement over time, key gaps persist, particularly in evaluating source
quality and well-founded argumentation (see Section 6). Al-tools further complicate this picture by
introducing new affordances and risks (see Section 5).

The CORE research contributes to a growing body of evidence that digital literacy alone is insuffi-
cient (Osborne et al., 2022; Zlatkin-Troitschanskaia et al., 2021b). Students must learn to reason
critically in fluid, complex, and Al-mediated information spaces (Romero-Rodriguez, et al, 2023;
Gonsalves, 2023). By combining rigorous assessment design with longitudinal tracking, this project
offers scalable models for both COR evaluation and instructional support.

Theoretically, this study extends existing models such as the Internet-based Information Problem
Solving (Brand-Gruwel et al., 2009; Goldman & Brand-Gruwel, 2018) and Civic Online Reasoning
(Wineburg et al., 2016) by integrating domain-specificity and critical thinking (Alexander, 2004; List,
2021) with Al-related skills (Gonsalves, 2023). The inclusion of prompt engineering, Al-evaluation,
and triangulation reflects an updated conception of what it means to reason critically online in the
rapidly evolving Al-enhanced digital tools (Federiakin et al., 2024). In this way, CORE contributes to
digital literacy research by proposing a multidimensional model of Al-augmented COR that inte-
grates cognitive, metacognitive, disciplinary, and sociotechnical dimensions of reasoning. This
model emphasizes that digital literacy is no longer limited to searching and evaluating static web
content but must also address dynamically generated, algorithmically curated information streams.
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The cross-disciplinary perspective (covering four major disciplines) further advances theory-build-
ing by identifying both shared and domain-specific COR patterns, responding to calls in the litera-
ture for domain-sensitive digital reasoning frameworks (Alexander, 2004).

Methodologically, CORE breaks new ground and demonstrates the value of combining large-scale
authentic, open-internet performance assessments with fine-grained process data (including log
files, screen recordings, eye-tracking, think-alouds). This multimodal approach enhances validity
and allows for triangulated insights into students’ reasoning strategies in real digital settings, cor-
roborating and extending findings from controlled lab studies (List et al., 2016; Stadtler et al., 2020)
to more ecologically valid, naturalistic learning settings. The use of open-ended tasks and real-time
web browsing environments addresses long-standing criticisms of over-reliance on self-reports or
closed tasks in digital literacy research (Zlatkin-Troitschanskaia et al., 2021b). The introduction of
Al-inclusive assessment conditions represents a pioneering step toward measuring how students
adapt their reasoning processes in hybrid human - machine information ecosystems (see Section
6).

Empirically, the project’s longitudinal design allows researchers to model developmental trajecto-
ries in COR across multiple years, enabling analysis of individual differences and instructional effects
over time — an aspect largely absent in previous cross-sectional studies (Zlatkin-Troitschanskaia et
al., 2021b). Furthermore, the integration of Al use behavior into performance data provides early
empirical evidence on how generative tools are shaping students’ reasoning processes, comple-
menting emerging work in this area (e.g., Yamamoto, 2024).

Practically, this work provides actionable insights for higher education and supports curriculum de-
velopment by identifying persistent bottlenecks in students’ reasoning processes. It offers vali-
dated, scalable models for COR scaffolding that can be embedded into higher education teaching
practices across disciplines. In this way, it responds to increasing demands for digital and Al-literacy
as core educational outcomes (Knoth et al., 2024; Osborne et al., 2022).

Taking together, CORE bridges theoretical, methodological, and practical perspectives of educa-
tional research on digital learning and critical reasoning. It contributes to a growing scholarly con-
sensus that fostering sophisticated online reasoning is not merely a digital literacy issue but central
to academic and civic life in the 21° century (Goldman & Brand-Gruwel, 2018; Wineburg et al.,
2016) By situating COR in the context of real-world student behavior, domain expertise, and tech-
nological transformation, this study lays foundational groundwork for future research and instruc-
tional practice.

Key implications include developing dynamic assessments that can adapt to students’ Al-tool use
and digital environments, and designing COR instruction across disciplines, with emphasis on critical
reasoning, source analysis, and Al-literacy. Moving forward, CORE research needs to further de-
velop a conceptual framework for Al-augmented critical online reasoning that integrates perspec-
tives from cognitive science, digital literacy, and human-Al-interaction research. This framework
should emphasize the interplay between human judgment and algorithmic mediation, positioning
students as active decision-makers rather than passive consumers of Al content. Consequently, fu-
ture iterations of COR assessments need to adopt dynamic, technology-responsive design princi-
ples, ensuring that tasks reflect the evolving realities of Al-driven learning environments.

The integration of Al carries also important implications for curriculum design and instructional
practice. Curricula need to evolve to explicitly integrate Al literacy, focusing not only on technical
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skills but also on epistemic awareness, ethical reasoning, and reflective judgment (Gonsalves,
2024). Instructional models should promote algorithmic transparency awareness, i.e. an under-
standing of how Al systems produce outputs and the potential biases they encode, and teach stu-
dents to evaluate Al-generated information with the same rigor as traditional sources. This aligns
with a shift in higher education toward critical Al literacy, which combines computational thinking
with ethical reasoning, reflective judgment, and civic engagement (Pinski & Benlian, 2024; Zhang &
Magerko, 2025; Knoth et al., 2024; Caulfield & Wineburg, 2023).

Against this background, future research in CORE needs to address three directions:

(1) Expanding its longitudinal models to examine how Al use shapes students’ developmental
trajectories in COR across disciplines and whether Al-supported reasoning leads to durable
learning gains.

(2) Conducting intervention studies that embed structured Al evaluation tasks and adaptive
feedback into coursework to explicitly teach students how to critically interrogate Al out-
puts, e.g., through structured evaluation rubrics, guided prompts, or metacognitive scaffold-

ing.

(3) Developing next-generation adaptive assessment designs that dynamically adapt task diffi-
culty and modality based on students’ reasoning behavior, creating a more authentic, per-
sonalized testing experience. This includes leveraging multimodal analytics to provide indi-
vidualized profiles of students’ reasoning strengths and weaknesses.

By embedding Al into both the theoretical and methodological core of its research program, CORE
will provide a future-ready framework for digital competence in higher education that reflects the
complex interplay between human reasoning and Al systems. As generative Al reshapes profes-
sional and academic practice, higher education must prepare learners not only to consume infor-
mation critically but also to question algorithmic authority, integrate diverse sources, and maintain
intellectual agency. This approach will ensure that Critical Online Reasoning (COR) remains a rele-
vant and robust construct, equipping students not only to navigate the current digital landscape
but also to thrive in an era where Al will increasingly shape knowledge production, decision-making,
and academic practice. Consequently, CORE’s research agenda will continue to evolve alongside
emerging technologies, ensuring that critical reasoning remains a central pillar of higher education
in the age of Al.

8. CORE+: Advancing Critical Online Reasoning in Al-Driven Higher Education and
Early Career Phases

8.1 From CORE Research Phase 1 to CORE+: Insights and Emerging Challenges

In its 1%t funding phase, the CORE research unit established a robust theoretical and methodological
foundation for investigating Critical Online Reasoning (COR), defined as the ability to search, evalu-
ate, and integrate information from diverse online sources in authentic academic settings (Molerov
et al., 2020). Unlike traditional approaches to information literacy, which typically separate infor-
mation search from evaluation and use, CORE adopted an integrative perspective, capturing all
three components simultaneously and in authentic task settings (Nagel et al., 2022; Kunz et al.,
2024). This comprehensive approach allowed for the identification of reasoning strategies in real-
world contexts, rather than relying solely on artificial test settings.
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The methodological design of CORE is distinguished by its multimodal data collection (Schmidt et
al., 2020). Students solved complex reasoning tasks that required them to gather and synthesize
online information, while their behavior was continuously recorded. The resulting rich dataset in-
cluded log files, screen recordings, and navigation sequences that documented every search query,
time allocation, and source selection. This behaviorial data was complemented by eye-tracking to
capture students’ visual attention and think-aloud protocols to gain insights into their cognitive
strategies (Kunz et al., 2024). Additionally, each source students selected and used was systemati-
cally analyzed for its type (e.g., news article, academic paper, blog), authorship, structure, accuracy,
etc. (Scherer et al., 2025). This approach enabled researchers to reconstruct not only students’ final
task performance (written responses) but also the entire information processing and decision-mak-
ing process underlying their reasoning strategies they took to arrive at them (Schmidt et al., 2020;
Maur et al., 2025).

These investigations revealed several key findings. COR emerged as a multidimensional construct
consisting of generic (GEN) reasoning skills, which can be transferred across disciplines (Schelle et
al., 2025a, b), and domain-specific (DOM) skills that are closely tied to disciplinary knowledge (Zlat-
kin-Troitschanskaia et al., 2025). Longitudinal and cross-sectional studies demonstrated that these
skills develop at different rates depending on disciplinary context, thus highlighting striking differ-
ences in students’ reasoning approaches across disciplines (see Section 6). For instance, medical
students often demonstrated strengths in evaluating evidence quality, likely drawing on their train-
ing in evidence-based medicine to prioritize peer-reviewed studies or institutional guidelines
(Schelle et al., 2025, Touzos et al. 2024). In contrast, economics students were often efficient
searchers who quickly identified relevant (e.g.) statistical evidence, but they frequently over-relied
on surface-level credibility cues, such as website design or brand familiarity, without systematically
verifying the reliability of the content (Maur et al., 2025). Economic students displayed a stronger
tendency to use narrative-driven resources, and often underestimated the need for cross-verifying
claims with empirical studies, while social science students were more likely to consult a wide vari-
ety of perspectives (Schelle et al., 2025). Across disciplines, CORE research uncovered persistent
challenges in evaluating online content. Many students struggled to critically assess the credibility
of information, frequently relying on heuristics such as author name recognition or institutional
affiliation rather than systematically comparing multiple sources (Maur et al., 2025).

Analyses of expert performance offered a useful benchmark (Nagel et al., 2025). Domain experts,
such as experienced economics educators, demonstrated a more strategic and systematic approach
to reasoning tasks. They were quicker to triangulate evidence across multiple sources, showed
greater scepticism toward seemingly authoritative content, and frequently evaluated the origins of
data before using it, leading to more robust conclusions. The comparisons between novices and
domain experts underscored the developmental nature of COR skills and the gap between novice
and expert reasoning, suggesting that such skills can and should be systematically trained (Nagel et
al., 2024; 2025).

The preliminary findings across different cohorts from the 1%t phase indicate that COR is predictive
of academic outcomes. Students with higher reasoning scores tended to perform better in written
assignments or examinations (Molerov et al., 2025). For instance, in economics, students with
higher COR skills were more adept at interpreting complex policy data and engaging in evidence-
based argumentation, skills directly transferable to professional roles in consultancy and policymak-
ing (Nagel et al., 2025).
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However, the rapid integration of generative Al tools into the information landscape fundamentally
changes the skills required to reason effectively online (Gonsalves, 2024). Systems like ChatGPT,
Bard, or domain-specific Al assistants no longer merely provide links to information but produce
polished, synthesized responses that obscure their underlying sources and may contain subtle in-
accuracies. This shift challenges students’ ability to trace evidence, assess quality, and understand
potential algorithmic biases. Al also introduces new literacy demands: students must learn to craft
effective prompts, critically evaluate the epistemic status of Al-generated outputs, and critically
reflect on probabilistic text generation, and how algorithmic systems influence their understanding.
This rapid evolution of the digital information environment necessitates a conceptual expansion of
COR theory, adjustments to its measurement, and the development of targeted interventions that
address reasoning in Al-mediated environments (see Section 5).

These shifts highlight the urgency of CORE+: a 2" phase of research aimed at developing a compre-
hensive framework for reasoning in Al-augmented learning and professional contexts.

8.2 From CORE to CORE+: An Expanded Research Agenda

Building on the achievements of the 1st phase, CORE+ will adopt a forward-looking perspective that
situates critical reasoning within a rapidly evolving digital ecosystem. The rise of Al has created both
opportunities and challenges for this research. Traditional search-based reasoning is increasingly
replaced by zero-click or one-click search formats, where Al tools generate responses that appear
polished and authoritative, yet lack transparent attribution. This shift undermines many of the cues
students relied upon for source evaluation and requires an expansion of reasoning skills to include
prompt literacy, Al tool comparison, and a heightened awareness of the limitations of automated
content generation (see Section 5). CORE+ will respond to these developments with several inno-
vations, and to investigate how Al reshapes traditional reasoning tasks.

The transition from CORE to CORE+ can be summarized as a systematic progression in three key-
ways (see Table 4):

1. Theoretical advancement: The project will refine the COR framework to explicitly account
for reasoning processes in Al-mediated environments, integrating concepts from Al literacy,
critical thinking, and epistemic cognition (see Section 5), resulting in an Al-integrated COR
model.

2. Technological integration: The next-generation assessments will include Al-supported scor-
ing and feedback systems, capturing data from both human - Al interactions (e.g., prompts
and responses) and traditional process measures.

3. Longitudinal expansion: While the 15 phase focused on undergraduate students, CORE+ ex-
tends its longitudinal tracking into graduate education and early professional practice. For
instance, medical students will be followed into their clinical internships (practical year (PJ)),
while teacher education students will be observed during their practical training (Referen-
dariat). This extension will reveal how reasoning skills transfer from university to profes-
sional environments.
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CORE Phase 1
(2023-2027)

Al-Driven Contextual Chal-
lenges

CORE+ Innovations
(2027-2031)

Validated COR framework
(GEN/DOM differentiation;
three reasoning contexts)

Al reshapes reasoning contexts
(e.g., zero-click results, opacity
of source provenance)

A revised, Al-integrated COR
model including Al literacy and
epistemic evaluation

Open-Internet assessments
across four disciplines

Existing COR assessments lack
validity for Al-assisted reason-

ing

Adaptive assessments with Al-
supported scoring, feedback
and dynamic difficulty

Multimodal behavioral and
cognitive process data (logs,
eye-tracking, think-alouds)

New data types to capture Al
interaction dynamics: prompts,
generated text etc.

Integration of Al-interaction
data: prompts, Al system out-
puts

Novice-expert comparisons
highlight reasoning gaps

Limited understanding of Al in-
fluence on reasoning strategy

Systematic analysis of Al-medi-
ated reasoning strategies

Field and lab interventions in
development

Need for scalable training for
critical Al literacy

Domain-specific interventions
with explainable Al (XAl);

Focus on fundamental higher
education (undergraduate
phase)

Growing demand for cross-sec-
tor Al competence

Expanded longitudinal panel
from student stages into early
professional practice

Table 4. Condensed overview of transition from CORE to CORE+.

8.3 Research Questions and Hypotheses

Considering the findings and insights from the 1t research phase, CORE+ seeks to answer a set of
interrelated research questions that reflect the evolving demands:

(1) Concerning the adaptation of COR theory: how should the COR construct be reconceptual-
ized to capture reasoning in Al-mediated information ecosystem/learning environment?

(2) Addressing the skills required for reflective and critical Al use, including both transferable
reasoning strategies and domain-specific expertise: Which cognitive, metacognitive, and
ethical skills are needed to critically engage with Al-generated content?

(3) Investigating how these skills can be measured reliably and validly, particularly in contexts
where Al systems partially mediate information search and synthesis?

(4) Exploring, how do reasoning strategies evolve from undergraduate education into profes-
sional roles, and how do they differ between disciplines?

(5) ldentifying and evaluating instructional intervention designs that can effectively foster critical
reasoning skills in a hybrid information environment of human- and Al-generated content
and transfer them into professional practice.

These questions will be operationalized through superordinate hypotheses distributed across the
research unit’s three areas:

1. Valid measurement of COR in Al-supported settings: COR is a multidimensional construct
with empirically distinct facets that remain valid in Al contexts.

2. Development of COR and its predictors: COR skills develop systematically over time, with
domain-specific acceleration patterns during graduate study and professional training.
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3. Impact of COR on learning and professional success: strong COR skills predict not only aca-
demic achievement but also success in professional contexts.

4. Al-supported information landscapes and reasoning: Al-mediated tasks reveal new forms of
reasoning and introduce risks (e.g. of over-trust), requiring updated evaluation strategies.

5. Reasoning strategies across domains: Graduate students and trainees/early professionals
display distinct domain-specific reasoning strategies that can inform tailored interventions.

6. Effectiveness of targeted interventions: Interventions that explicitly train COR in Al contexts
lead to measurable improvements in reasoning strategies and task performance.

8.4 Research Design and Methodological Innovations in CORE+

The 2" research phase aims to deepen the integration of theory development, field assessments,
and experimental studies. CORE+ will expand the longitudinal multi-cohort student panel study es-
tablished in the 1%t phase, which will follow participants from early undergraduate study through
graduate programs and into professional placements, incorporating Al use into the task environ-
ment. This design enables researchers to examine the sustainability and transferability of COR skills
across educational and professional transitions.

Al-adapted COR assessments will capture interactions with Al tools in authentic settings, i.e. rea-
soning scenarios with the option to consult Al tools, allowing researchers to capture prompts, Al-
generated responses, and subsequent decisions. This approach integrates traditional process
measures such as screen recordings with Al interaction data. These rich datasets will allow research-
ers to model how students adapt to Al-supported environments and to identify strategies associ-
ated with high-quality reasoning in hybrid information spaces. For instance, in a redesigned eco-
nomics task, students will evaluate government spending proposals using a combination of official
statistics and Al-generated policy briefs. By tracing which sources students consult, how they eval-
uate Al outputs, and how they synthesize evidence into an argument, researchers can pinpoint rea-
soning bottlenecks unique to Al-supported environments.

Complementary laboratory studies will serve as testbeds for new interventions, such as embedding
“explainable Al” features that highlight uncertainty or source origins. These interventions will be
designed to make reasoning processes transparent, encourage metacognitive reflection, and
strengthen students’ capacity to critically evaluate Al outputs. Pilot studies will explore both do-
main-general modules, which teach transferable reasoning principles, and domain-specific varia-
tions tailored to disciplinary needs. For instance, such studies will test whether transparency tools
improve reasoning quality and support epistemic awareness in Al-meditated contexts.

8.5 Contribution and Broader Impact

CORE+ aims to provide an updated, empirically validated model of online reasoning in Al-driven
environments. This model will advance theoretical understanding of how critical reasoning devel-
ops, how it interacts with Al, and which personal and contextual factors shape its growth. Beyond
theoretical contributions, by systematically documenting how reasoning evolves across disciplines
and professional transitions, CORE+ aims to produce diagnostic tools for assessing reasoning skills
and to design evidence-based instructional interventions for universities and professional training
programs that strengthen students’ ability to navigate digital information ecosystems responsibly.
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By extending its research focus beyond undergraduate study into early professional phases, CORE+
positions itself at the intersection of higher education research, digital literacy, and workforce read-
iness. The findings will inform policymakers, curriculum designers, and educational technologists,
offering practical insights into how higher education can prepare students and graduates for a
knowledge society increasingly shaped by Al systems, algorithmic content curation, and evolving
standards of academic and professional integrity. In this way, CORE+ will help universities prepare
students not only to succeed academically but also to navigate future professional roles responsibly
and critically.
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