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ABSTRACT

The purpose of this study is to analyze the adaptation strategy of Islamic Religious
Education (PAI) learning for Generation Z by integrating a neuroscience approach
and the use of Generative Artificial Intelligence (AI). The background of the
problem is the gap between the unique characteristics of Generation Z (digital
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INTRODUCTION

The demographic transformation of higher education in Indonesia is currently facing an
unprecedented new reality. Data from the Central Statistics Agency (BPS) from the 2020
Population Census revealed that the composition of Indonesia's population is dominated by
Generation Z (born between 1997-2012) which covers 27.94% of the total population, surpassing
Millennials (25.87%), Generation X (21.88%), and other generations (BPS, 2026). This
phenomenon is reinforced by data from the 2025 Intercensal Population Survey (SUPAS), which
shows that Millennials and Generation Z groups make up the largest number of the total
population of Jakarta, with percentages of 24.82% and 24.12%, respectively (Kompas.com, 2026).
The implications of this demographic dominance for the world of education, especially Islamic
Religious Higher Education (PTKI), are significant because the students who currently fill
classrooms represent a generation that grew up with digital technology.

Generation Z, also known as iGen, GenZers, or Zoomers in international literature, (Pichler
et al., 2021; Shatto & Erwin, 2016, Wiedmer & Delta, 2015)has characteristics that are
fundamentally different from previous generations. They are the first generation to have never
experienced a world without the internet (Kathleen et al., 2017). As digital natives (Michael,
2019), Gen Z reportedly spends up to nine hours daily on digital media (Shorey et al., 2021),
using platforms like Snapchat, Instagram, TikTok, and YouTube for entertainment,
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communication, and information (Rue, 2018; Shatto & Erwin, 2016). These characteristics shape
cognitive patterns, social behaviors, and educational expectations that are very different from
the current generation of lecturers, who are largely from Generation X and Millennials (Muff &
Narbel, 2020; Silveira, 2021).

The most fundamental gap between Gen Z characteristics and the Islamic Religious
Education (PAI) learning methods still dominant in Islamic Higher Education Institutions
(PTKI) lies in three main aspects. First, attention span. Research(Hampton & Keys, 2016a)
documented that the average human attention span has contracted generationally, from 12
seconds in Millennials to about 8 seconds in Gen Z. This finding was confirmed by a study
(Sriram, 2023)in the British Journal of Multidisciplinary and Advanced Studies which showed
that intense social media use significantly impairs the ability to delay gratification and sustain
attention among adolescents. Meanwhile, conventional Islamic Education learning methods still
rely heavily on lengthy lectures, extensive text reading, and memorization that require
sustained concentration, a counterproductive mismatch.

Second, from the learning style preference perspective(Vizcaya-Moreno & Pérez-Canaveras,
2020a) that Gen Z students show a clear preference for learning environments integrated with
social media and technology-based instruction over traditional face-to-face teaching methods.
Research on Gen Z learning preferences also reveals that they have a strong inclination towards
multimedia content, short-form formats, and visual stimuli (Lai & Hong, 2015). One study
(Polakova & Klimova, 2019)confirms that Gen Z is the first generation whose digital literacy is
not just a learned skill but a fundamental epistemic framework.

Third, in terms of the need for feedback. Gen Z expects instant access to information and
rapid feedback (Serebro et al., 2024), often preferring dynamic digital content over traditional
pedagogical resources like textbooks (Kasneci et al., 2023). This characteristic contrasts with the
Islamic Religious Education (PAI) learning evaluation system, which is still periodic (mid-term
and final) with long time lags between completing assignments and receiving feedback. The
mismatch between Gen Z characteristics and existing Islamic Education learning methods is
exacerbated by the phenomenon of digital multitasking that has become a daily habit for
students. Cognitive Load Theory (CLT) formulated by (Sweller, 1988)in Cognitive Science
provides a neurocognitive framework for understanding the limitations of human learning
capacity under conditions of multitasking and information overload (Sweller,
1988)demonstrating that human working memory is very limited in capacity and duration, and
excessive cognitive load, especially extraneous load arising from poorly designed instructional
materials or environmental distractions, significantly impairs learning and knowledge transfer.
Research (Ophir et al., 2009)shows that chronic media multitaskers exhibit reduced cognitive
control and inferior performance on tasks requiring sustained attention.

In the context of Islamic Religious Education, the implications of these findings are
profound. The simultaneous presence of notifications, social media, and digital religious
content creates an environment with high extraneous load that can undermine the
contemplative processes and deep processing required by Quran memorization (tahfidz) and
mastery of Islamic jurisprudence (figh). The study (Mark et al., 2018)also found that interrupted
work leads to significant increases in time pressure and psychological stress, with each
interruption requiring an average of 23 minutes to regain full cognitive focus, a finding that
challenges the myth of productive multitasking in educational settings.

Amid these challenges, two innovative approaches have emerged as potential solutions:
educational neuroscience (neuropedagogy) and Generative Artificial Intelligence (GenAl).
Neuropedagogy systematically translates brain science findings into evidence -based
instructional design (Serebro et al., 2024). Meanwhile, the emergence of Generative Artificial
Intelligence (GenAl) as a transformative force in education represents one of the most
significant pedagogical disruptions of the 21st century. A pivotal moment occurred with the
release of ChatGPT by OpenAl in November 2022, which catalyzed the unprecedented
proliferation of GenAl tools across all education sectors (Kasneci et al., 2023; Sriram, 2023).
Research (Y. Wu, 2023)through meta-analysis confirmed that Al chatbots can improve student
learning outcomes under the right conditions (Xia et al., 2023) and also found that Al chatbot
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interactions mediate self-regulated learning by satisfying students' psychological needs for
autonomy, competence, and relatedness, a crucial finding for the context of Islamic education
where self-directed learning is highly valued.

However, the integration of Al in Islamic religious education faces unique ethical and
theological challenges. Another study, (Elmahjub, 2023) proposing a pluralist ethical
benchmarking framework for Al based on Islamic ethical traditions, is one of the first
systematic attempts to apply the magqasid al-shariah (the objectives of Sharia: protection of
religion, life, intellect, progeny, and property) to Al governance. Research on Al ethics from an
Islamic perspective (Masruroh & Anam, 2023)explicitly applies the maqasid al-shariah to Al
development, arguing that Al in an Islamic context must demonstrate ta'adul (justice), shura
(deliberation), and amanah (trustworthiness) at the algorithmic level. The phenomenon of Al
hallucination, generating plausible but factually incorrect, engineered, or misleading output,
poses a particularly acute risk in the domain of Islamic religious content, where accuracy,
source attribution, and authority of expertise and scholarship carry profound theological, legal,
and spiritual consequences (Michael, 2019). presented the Aftina system specifically developed
to enhance stability and prevent hallucinations in the Al-based Islamic fatwa generation process
using Large Language Models (LLMs) and Retrieval-Augmented Generation (RAG).

The novelty of this research lies in the simultaneous integration of neuroscience and
Generative Al within the Islamic Education (PAI) pedagogical framework for Generation Z,
something that has not been done by previous research. Previous studies still separate the study
of Al (focusing on technology) and neuroscience (focusing on cognitive psychology) in
education. In the context of PTKI Lampung, there has been no research that specifically
examines strategies for adapting to Gen Z's learning styles by integrating these two approaches.
In fact, Lampung Province, with its diverse PTKI (UIN Jurai Siwo, UIN Raden Intan, Unisla,
IAIM NU Metro, and other private PTKI) has unique sociocultural characteristics and access to
technology, thus requiring in-depth contextual studies.Based on these theoretical and empirical
gaps, this study aims to analyze the adaptation strategy for Islamic Religious Education
learning for Generation Z through the integration of neuroscience approaches and the use of
Generative Artificial Intelligence in three PTKI in Lampung Province.

LITERATURE REVIEW
Generation Z

Generation Z refers to individuals born between 1997 and 2012, a period that reflects
progress in socioeconomic stability and rapid developments in information technology
(Wiedmer & Delta, 2015; Xia et al., 2023). In Indonesia, there are approximately 68 million
members of Gen Z (Angelina & Astuti, 2024), while globally the number of Gen Z is estimated
to reach 2 billion people (Rue, 2018). Based on this definition, in 2023 the Gen Z group consists
of teenagers aged between 13 and 24 years, who in the Indonesian education system are at the
level from junior high school to early college graduates (Nurgiansah et al., 2020). BPS data from
the 2020 Population Census revealed that the majority of Indonesia's population is from
Generation Z, which covers 27.94% of the total population, followed by Millennials (25.87%),
Generation X (21.88%), Baby Boomers (11.56%), and Post-Generation Z (10.88%) (BPS, 2026).
This means that Gen Z is now the largest population group in Indonesia and plays a significant
role in driving the country's development, both now and in the future.

Characteristics of Generation Z

The characteristics of a generation are influenced by behavioral patterns and the
environment around them. Generation Z shows striking differences compared to other
generations, especially due to the more dominant influence of technology and information
(Taufikin et al., 2025). The characteristics of Generation Z include (Faizah & Sardi, 2026): (1)
having a good understanding of the use of technology and having high aspirations; (2) starting
to enter the world of higher education and the world of work; (3) being more willing to take
risks than the millennial generation; (4) needing more support; (5) communication is more often
done through digital platforms; (6) tending to have less developed social skills; (7) preferring to
work individually.
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In international literature, Gen Z is characterized by unparalleled diversity and digital
fluency, as they have never known a world without the internet (Chan & Lee, 2023). As digital
natives (Michael, 2019), they spend up to nine hours daily on digital media (Shorey et al., 2021),
using platforms like Snapchat, Instagram, TikTok, and YouTube for entertainment,
communication, and information. (Rue, 2018; R. Wu & Yu, 2024)They expect instant access to
information and quick feedback, (Kathleen et al., 2017)often preferring dynamic digital content
to traditional pedagogical resources like textbooks (Hampton & Keys, 2016Db).

Research (Hans et al., 2023; Raymond, 2024)and(§ramkové & Sirotiakova, 2021) provides a
more detailed picture that Generation Z tends to express themselves through unique
appearance, lifestyle, and interests, highly values collaboration, and is highly aware of social
issues. In general, they have a profile that is very natural with technology, values collaborative
consumption, and tends to be anxious about money and education.

Strauss-Howe Generation Theory

The Strauss-Howe generational theory argues that generational cohorts have distinct
attitudes, behaviors, and value systems that cyclically shape social and organizational change.
The theory identifies recurring generational archetypes (Baby Boomers, Gen X, Millennials, Gen
Z), each with distinct attitudes, work values, and responses to leadership and technology
(Strauss & Howe, 2015). These generational differences significantly shape how employees
perceive digital leadership and engage in knowledge-sharing practices (Hans et al., 2023).
Strauss-Howe's theory explains the transition of values and behaviors between generations
through a recurring cycle of four phases (Prophet, Wanderer, Hero, Artist) that influence
learning, work, and communication between generations (Strauss & Howe, 2015). The theory
has been applied in studies of the cross-generational workforce, such as how organizations
adapt when Baby Boomers and Generation Z work together.(Smith et al., 2018; Smith & Hill,
2019) and has informed the design of knowledge development policies that are in accordance
with the dynamics of each generation (Enciso, 2024).

Although the Strauss-Howe generational cycle formulation has been influential in
educational and sociological debates, it has also been criticized for its deterministic tendencies,
Western-centered sampling, and the risk of overgeneralization of intra-cohort variability
(Featherstone, 2005). other studies(Treve, 2024) In a journal abstract, he proposed a counter-
thesis that social cycles do exist, but their duration varies according to technological
developments, communication speeds, and system complexity, so that cycles in pre-modern
societies proceed more slowly, while in the modern era they have accelerated significantly.

Neuroscience in Education (Neuropedagogy)

Neuropedagogy, an interdisciplinary field at the intersection of neuroscience, cognitive
psychology, and educational practice, has emerged as one of the most dynamic frontiers in
contemporary pedagogy, systematically translating brain science findings into evidence-based
instructional design (Raymond, 2024). A study, (Deryansyah et al, 2023; Sramkova &
Sirotiakovd, 2021)published in Frontiers in Education, advocates for the systematic integration
of neuropedagogical principles in pre-service teacher education, arguing that when teachers
understand how the brain develops, learns, and consolidates memory, they become
significantly more effective agents of pedagogical transformation.

Three fundamental studies have shaped the application of neuroscience to educational
practice with particular authority: (Mark et al., 2018; Ophir et al., 2019)in Teaching with the
Brain in Mind (ASCD) synthesizes decades of neuroscience research to argue that educators
must design their instructional strategies around how the brain actually learns. Jensen
identified that the brain's threat detection system (the amygdala) actively suppresses cortical
learning when students feel unsafe, humiliated, or bored, an insight with profound implications
for Islamic religion classes where punitive rote memorization practices can inadvertently trigger
threat responses that undermine retention. (Bush & Saltarelli, 2022)In How the Brain Learns,
Sousa offers a practical translation of cognitive neuroscience, articulating the brain's prime
learning period (the primacy-recency effect), the neurological basis for meaning-making rather
than mechanical memorization, and the role of sleep in memory consolidation. Sousa's primacy-
recency effect, that students remember information best from the beginning and end of a lesson,
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with the 'chaos in the middle' being neurologically most vulnerable, directly informs the design
of PAI lesson plans for Gen Z learners with compressed attention spans.

(Swire-Thompson et al., 2025)provides the most comprehensive academic synthesis in the
field, resulting in an integrated framework she calls Mind, Brain, and Education (MBE).
Tokuhama-Espinosa emphasizes that effective neuropedagogy must be culturally and
contextually sensitive, an important reminder that neuroscientific principles developed
primarily in secular Western laboratories require thoughtful adaptation when applied to an
Islamic educational ecosystem shaped by theological anthropology, spiritual epistemology, and
distinctive communal learning traditions.

Working Memory and Cognitive Load Theory

(Sippel et al., 2024)presented a working memory model that is one of the most empirically
robust and influential theories of short-term cognitive processing in education. Baddeley
revised and elaborated the initial model (Higgins et al., 2011), proposing a multi-component
architecture consisting of: a phonological loop (for verbal and auditory information), a
visuospatial sketchpad (for visual and spatial data), an episodic buffer (for integrating
information across domains), and a central executive (an attentional control system that
regulates all working memory operations).

This model has direct relevance to digital Islamic education: the phonological loop is
activated during Qur'an recitation and listening; the visuospatial sketchpad processes the
calligraphy and spatial layout of the mushaf pages; and the central executive, critically, is
overloaded when learners try to simultaneously manage social media notifications, read Arabic
text, and process teacher audio.

Cognitive Load Theory (CLT), formulated by (Sweller, 1988)in his 1988 foundational paper,
provides a fundamental neurocognitive framework for understanding the limitations of human
learning capacity. (Sweller, 1988)He demonstrated that human working memory is severely
limited in capacity and duration, and that excessive cognitive load, particularly extraneous load
arising from poorly designed instructional materials or environmental distractions, significantly
impairs learning and knowledge transfer. The theory distinguishes three categories of cognitive
load: intrinsic load (the inherent difficulty of a task), extraneous load (externally imposed
cognitive interference), and germane load (processing devoted to schema formation and long-
term memory consolidation).

Spaced Repetition and the Neuroscience of Quran Memorization

The neuroscience of memory consolidation provides strong empirical support for the
ancient practice of muraja'ah (repetition and review of the Qur'an), revealing a profound
convergence between traditional Islamic pedagogical methods and modern cognitive science.
Spaced repetition, the practice of reviewing material at increasing intervals, timed precisely
when natural forgetting begins to occur, has been established by decades of research as the
most effective strategy for long-term memory retention (Polakova & Klimova, 2019).

At the neurobiological level, spaced repetition works by triggering gene transcription and
protein synthesis in hippocampal neurons, creating structurally stable long-term potentiation
(LTP) that transforms fragile short-term memory traces into durable long-term engrams , a
process that cannot be achieved by single-session cramming (Vizcaya-Moreno & Pérez-
Cafiaveras, 2020).

Research (Raschke et al., 2022)demonstrates that the 'brain rhythm method' significantly
improves the quality of Quran memorization by utilizing multiple neural pathways
simultaneously. (Aristei & Gallo, 2022)It establishes that the hippocampus plays a central role in
the encoding and consolidation of Quranic verses, with consolidation occurring most strongly
during deep sleep, directly validating the Islamic tradition of nighttime recitation and review of
tahajjud as a neurologically optimized memory consolidation practice.

Neurotheology: Spiritual Experience from the Brain's Perspective

Neurotheology, a multidisciplinary field that connects neuroscience to religious and
spiritual phenomena, has grown into a substantial body of literature since his studies (Hall &
Shah, 2026)at Thomas Jefferson University. Newberg, who has published over 250 peer-
reviewed articles on brain function, brain imaging, and religious and mystical experiences,
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argues in his book Neurotheology: How Science Can Enlighten Us About Spirituality that religious
and spiritual experiences are not merely psychological epiphenomena but actual
neurobiological events that produce measurable changes in brain structure, function, and
connectivity.

Using neuroimaging (SPECT and fMRI) of meditating Buddhist monks, praying Franciscan
nuns, and chanting Sikh practitioners, (Raschke et al., 2022)documented that intense spiritual
states produce decreased activity in the parietal lobe, a region responsible for maintaining the
sense of self-or-other distinction, correlating with mystical experiences of unity, transcendence,
and the presence of the Divine later described in some practitioners across traditions as 'being
one with God'.

(Raschke et al., 2022)in Frontiers in Psychology established that sustained spiritual practice
produces neuroplastic changes including increased prefrontal cortex thickness (associated with
attention and emotional regulation) and decreased amygdala reactivity (associated with
decreased anxiety and increased compassion). For Islamic Religious Education, these findings
provide a neuroscientific basis for the traditional emphasis on dhikr, prayer, and Quranic
recitation as not merely ritual obligations but neurobiologically transformative practices that
reshape the brain's attentional and emotional architecture.

Generative Artificial Intelligence (GenAl) in Education

The emergence of Generative Artificial Intelligence (GenAl) as a transformative force in
education represents one of the most significant pedagogical disruptions of the 21st century. A
pivotal moment occurred with the release of ChatGPT by OpenAl in November 2022, catalyzing
an unprecedented proliferation of GenAl tools across all education sectors and sparking a
global research response of extraordinary scope and urgency (Kasneci et al., 2023).

Computers & Education and the British Journal of Educational Technology (BJET) have
published numerous empirical studies examining the impact of GenAl on learning outcomes,
student engagement, academic integrity, and instructor practices. A 2025 meta-analysis
published in the journal SAGE (Liu et al., 2025) reported mixed evidence , with some studies
finding increased engagement and improved performance, while others highlighted risks,
including overreliance, epistemic passivity, and variable effectiveness across disciplines.

(R. Wu & Yu, 2024)confirmed that Al chatbots can improve student learning outcomes under
the right conditions, although the effect size varies depending on the subject matter,
instructional integration, and students' prior knowledge. (Xia et al., 2023)that AI chatbot
interactions mediate self-regulated learning by satisfying students' psychological needs for
autonomy, competence, and relatedness.

Adaptive Learning Systems and Personal AI Feedback

Adaptive learning systems, as Al-based platforms that dynamically adjust content, pace,
difficulty, and feedback based on continuous analysis of individual learner data, have
represented one of the most promising generative applications of Al in education, with
particular potential for the diverse population of Islamic Religious Education learners.

(Y. Wu, 2023) at BJET confirmed that Al chatbots improve student learning outcomes as
evidenced by a meta-analysis across 36 studies (effect size g = 0.34), with the most significant
gains in contexts involving direct formative feedback, precisely the feedback modality most
lacking in large-group PAI instruction at PTKI.

The development of ‘Sahib Al-Quran’ (IJISRT, 2024), an Al-embedded smart device that
integrates spaced repetition for Qur’an memorization using Raspberry Pi processing, speech
recognition, and an automatic scheduling algorithm, exemplifies how adaptive learning
principles can be applied to one of the most demanding cognitive tasks of Islamic education
(hifz al-Qur’an), personalizing the review schedule according to each student’s forgetting curve
and dramatically improving long-term retention.

Al Ethics in Islamic Education

The ethical dimensions of integrating Artificial Intelligence into Islamic educational
practices represent a contested and rapidly evolving field that requires a synthesis of Islamic
jurisprudence, cognitive science, and the ethics of technology. (Elmahjub, 2023)proposes a
pluralist ethical benchmarking framework for Al grounded in the Islamic ethical tradition, one
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of the first systematic attempts to apply maqasid al-shariah (the objectives of sharia: protection
of religion, life, intellect, progeny, and property) to Al governance.

Research on Al ethics from an Islamic perspective (Sawal & Saifi, 2025)explicitly applies
magqasid al-shariah to Al development, arguing that Al in an Islamic context must demonstrate
ta'adul (fairness), shura (deliberation), and amanah (trustworthiness) at the algorithmic level.

The phenomenon of Al hallucinations poses a particularly acute risk in the domain of
Islamic religious content. (Andhika & Chessario, 2025)[1] presents the Aftina system,
specifically developed to enhance stability and prevent hallucinations in Al-based Islamic fatwa
generation using Large Language Models (LLMs) and Retrieval-Augmented Generation (RAG)
, a technical architecture that bases the model's output on a verified Islamic textual database
rather than purely probabilistic generation.

The Jordanian Ifta' Department (2023) officially observed that Al systems struggle to issue
fatwas because they are unable to perform ijtihad, which is a rigorous intellectual exercise that
requires contextual understanding of the questioner's situation, identification of relevant textual
sources, analogical reasoning (qiyas), and nuanced considerations based on maqasid that
cannot be reduced to pattern recognition (Putri et al., 2025).

Philosophical Foundations of Islamic Education: Al-Attas and Al-Ghazali

Any serious engagement with Al and neuropedagogy in Islamic Religious Education must
be grounded in the fundamental philosophical framework of classical Islamic educational
thought, lest technological innovation proceed without epistemological roots.

(Shorey et al., 2021)articulates the fundamental concept of ta'dib as the appropriate term for
Islamic education, encompassing the instilling of adab (politeness and wisdom) in humans
across all dimensions of existence; such as intellectual, moral, spiritual, and social. (Michael,
2019)argues that the ultimate goal of Islamic education is to produce insan kamil (perfect
human beings) who recognize their place in the order of existence and fulfill their
responsibilities before God, themselves, and creation; a teleological vision that is radically
different from secular competency-based education or the mere transmission of religious
information.

Al-Ghazali, the twelfth-century polymath and philosopher of education, emphasized in
Ihya' Ulum al-Din that education is essentially a process of tazkiyat al-nafs (purification of the
soul), a position that has been interpreted by contemporary researchers (Pichler et al., 2021;
Wiedmer & Delta, 2015) as converging with neuroscientific findings on the neurobiological
effects of spiritual practices on the prefrontal cortex, amygdala, and anterior cingulate cortex.
Al-Ghazali's emphasis that ta'dib al-zahir wa al-batin (physical and spiritual education
together) is at the heart of Islamic pedagogy anticipates contemporary neuroscientific emphasis
on embodied cognition ; that is, the finding that learning is not purely cerebral but involves the
whole body, its postures, movements, and sensory experiences (Aristei & Gallo, 2022).

METHOD

This study used a qualitative approach with a multi-site case study design (Estevani,
2025)at three Islamic Religious Colleges (PTKI) in Lampung Province, namely UIN Jurai Siwo,
IAIM NU Metro Lampung, and one private PTKI. Site selection was carried out purposively
based on variations in institution types (state and private) and technological infrastructure. The
research subjects included Islamic Religious Education lecturers (3-5 people/PTKI), Generation
Z students from the 2023-2025 intake (10-15 people/PTKI), and curriculum administrators (1
person/PTKI), selected using a purposive sampling technique.

Data collection used four techniques: (1) semi-structured in-depth interviews; (2)
participant observation in Islamic Religious Education classes; (3) documentation analysis (RPS,
teaching materials, written policies); and (4) focus group discussions (FGD) for simple neural
mapping that measures attention proxies, cognitive load, working memory capacity, and
learning style preferences based on VARK (Shorey et al., 2021). The instruments used included
interview guidelines, structured observation sheets (referring to the principles of brain-based
learning), and standardized FGD protocols.
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Data analysis used an interactive model (Shatto & Erwin, 2016) through three stages: data
condensation (transcription and thematic coding), data presentation (inter-site comparison
matrix and descriptive narrative), and conclusion drawing. Data validity was ensured through
triangulation of sources and techniques, member checking, and an audit trail. This research
adhered to ethical principles: informed consent, informant confidentiality, and the right to
withdraw

RESULT AND DISCUSSION
This study reveals four main findings in accordance with the problem formulation.

First, the dominant learning style profile of Generation Z students at PTKI Lampung. Based
on the results of a simple neural mapping FGD and classroom observations, it was found that
the majority of Gen Z students (65.63% of 96 respondents) have a multimodal learning style
preference (VARK) with a dominance of the visual-kinesthetic-digital modality. The
measurement results show that the average student focus duration only lasts 7-9 minutes before
a significant decrease in attention, with a response time to visual stimuli (2.3 seconds) much
faster than auditory-textual stimuli (5.8 seconds). The dual-task test revealed that digital
multitasking (for example, opening social media while attending lectures) increases extraneural
cognitive load by up to 43%, which has an impact on decreasing the ability to recall Islamic
Religious Education material.

Table 1. Distribution of Gen Z Students' Learning Styles Based on the VARK Instrument

(n=96)
Learning Modalities Frequency (n=96) Percentage (%) | Category
Visual-Kinesthetic- o .
Digital (Multimodal) 25 26.04% Very Dominant
Visual-Auditory- 0 .
Kinesthetic (Multimodal) 20 20.83% Dominant
Visual (Unimodal) 11 11.46% Currently
Kinesthetic (Unimodal) 7 7.29% Low
Auditory-Read/Write 0
(Multimodal) 18 18.75% Currently
Auditory (Unimodal) 9 9.38% Low
Read/Write (Unimodal) | 6 6.25% Low
Total Multimodal 63 65.63% -
Total Unimodal 33 34.37% -

Source: Results of FGD Neural Mapping and Class Observations (2024-2025)

Based on the table, it shows that of the 96 student respondents, 25 (26.04%)
simultaneously used Digital Visual Kinesthetic Modalities, categorized as a very dominant
learning style. A total of 20 students (20.83%) used a combination of Visual Auditory
Kinesthetic, which is included in the dominant category. Meanwhile, students with unimodal
learning styles only Visual or Kinesthetic each numbered 11.46% and 6.25%, while Auditory
Reading/Writing which is included in the multimodal category is 18.75%, while for auditory
only which is included in the unimodal category is 9.38, for unimodal read/write only 6.25%.
Overall , 63 of the 96 students (65.6%) are multimodal, and 33 students (34.3%) are unimodal.
These data indicate that a single or monotonous learning approach will not be effective for most
Genera students. This finding is reinforced by a student's statement:

"I understand the material better when it's presented in a video and concisely. If the lecturer only uses a
lecture method, 1 get bored and struggle to understand the material. I even check my phone. It's not that
I'm disrespectful or unwilling to listen, but I want a change of pace, not a lecture all the time."
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Apart from that, proxy measurements that show the average duration of student focus can be
seen from the following table:
Table 2. Attention and Cognitive Load Indicators of Gen Z Students in Islamic Education

Learning
Indicator Average value Information
Effective focus duration (minutes) 7.8 minutes Before? the decline of Gen z
attention

Visual stimulus response time .

2.3 seconds Faster than Gen z auditory
(seconds)
Audltory—textual stimulus response 5 8 seconds Later than Gen z
time (seconds)
Increase in cognitive load during o Gen z's extraneous cognitive

i o 43%

multitasking (%) load
Re.call S ingle Session material 72.4% Optimal conditions for Gen Z
(without interruption)
Recau .matenal with  digital 41.2% Significant decline of Gen z
multitasking

Source: Dual-Task Observation Proxy Measurement Results (FGD, 2024-2025)

Based on the table, it can be concluded that First, the average effective focus
duration is only 7.8 minutes, before attention loss occurs. Second, students' response
time to visual stimuli averages 2.3 seconds, significantly faster than the 5.8 seconds for
auditory-textual stimuli. Third, when students engage in digital multitasking such as
browsing social media during lectures, external cognitive load increases by 43%. The
impact is significant: material recall in optimal conditions reaches 72.4% but drops
drastically to 41.2 % with digital multitasking, a decrease of 31.2 percentage points.

A lecturer gave his opinion through an interview conducted:

" I once tried a pop test after a 45-minute lecture with no media variation. The results were surprising:
more than half the students couldn't remember the main points 1'd presented. Then I changed it up by
inserting a short video and a 10-minute group discussion, and the test results were much better."
Second, the integration of neuroscience and Generative Al into Islamic Religious Education
(PAI) learning strategies. Interviews and documentation analysis indicate that no Islamic
Higher Education Institution (PTKI) has systematically integrated neuroscience into Islamic
Religious Education (PAI) learning design. However, individual lecturers' initiatives implicitly
apply brain-based learning principles, such as: (a) breaking material into 10-15 minute segments
(micro-learning); (b) using a variety of media (videos, infographics, interactive quizzes); and (c)
providing short reflection breaks. Meanwhile, 82% of students utilize Generative Al (ChatGPT,
Gemini, and so on) for Quran translation and interpretation research assignments, but only 17%
verify the Al output using primary sources. Only 23% of lecturers use Al as a learning tool, with
the main obstacles being a lack of prompt engineering training and the absence of an Al ethics
policy at the institutional level.

A lecturer explains his pedagogical intuition in an in-depth interview:

"I don't know the theory yet, but from my experience, if we lecture for more than 10 minutes, students
start to get bored. Therefore, I divide the lecture into several smaller sessions interspersed with questions
and answers or ask them to write short reflections. That's my teaching method. It turns out that what
I've been teaching my students is called micro-learning."

Then there is data on the gap between students and lecturers regarding the use of generative Al
as in the following table:
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Table 3. Patterns of Generative Al Usage in Islamic Education Learning

_ Lecturers .
Aspect Students (n=96) (n=10) Information
Ever used GenAI? 82% (n=79) 23% (n=2) ChatGPT, Gemini, Copilot
Ve.r1fy Al “output to 17% (n=13) 100% (n=2) Low in students
primary sources
Using .AI for Quran 78% (n=75) 10% (n=1) High risk of hallucinations
translation
Using Al for interpretive 65% (n=62) 20% (n=2) Need validation from
search scholars
Worried  about Al o o /i Lecturers are more aware
religious hallucinations 34% (n=33) 67% (n=7) of risks
Have —attended AL 50 1219y 31% (n=3) Very limited
training

Source: Questionnaire and In-Depth Interviews (n=96 Students, n=10 Lecturers, 2024-2025)

The table reveals a striking gap between students and lecturers in GenAl utilization.
Eighty-two percent of students (79 out of 96) have used GenAl tools such as ChatGPT, Gemini,
and Copilot, compared to only 23 percent of lecturers (2 out of 10). This gap is even wider in
terms of verification: only 17 percent of students check the accuracy of Al output against
primary sources, while all Al-using lecturers (100 percent) do so. The use of Al for Quran
translation reached 78 percent among students, a practice with high potential for Al-induced
hallucinations of religious texts. More worryingly, only 12 percent of students and 31 percent of
lecturers have received formal Al training.

According to the table, only 23% are using generative Al This was conveyed by a lecturer in an
interview:

"We don't have any requlations regarding Al yet. But many students are already using it. Lecturers
don't know how to guide them, just like letting technology go without knowing its direction. Then, I
started learning about generative Al two months ago, but I was forced to because the technology has
become increasingly sophisticated and many students have become proficient and have mastered
ChatGPT."

Third, supporting and inhibiting factors for implementation. Supporting factors include:
student enthusiasm for technology (94%), availability of internet access on campus (83%), and
support for digitalization policies from the Ministry of Religious Affairs. Inhibiting factors
include: low Al literacy among lecturers (only 31% have attended training), limited
infrastructure at private PTKIs (Institutes for Islamic Education), lecturers' concerns about Al
hallucinations in religious content (67% of lecturers expressed concern), and the absence of
ethical protocols for the use of Al in Islamic Religious Education learning.

Table 4. Matrix of Supporting and Inhibiting Factors for the Implementation of Neuro Al in

PAI
Dimensions Factor Indicators/Evidence Data source
Students' 94% said they enjoyed
Supporters enthusiasm for | learning with digital | FGD & Questionnaire
technology media
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Campus internet 83% of students access
Supporters npus, campus internet > 4 | Observation & Interview
availability
hours/day
Ministry °f | National PAI MOOC .
Supporters Religion's . Document Analysis
2 . and e-learning program
digitalization policy
. Only 31% had ever
Inhibitor Low Al literacy participated in formal | Lecturer Interview
among lecturers o
Al training
Limited private Bandwidth < 10 Mbps,
Inhibitor PTKI infrastructure }ngequate computer | Field Observation
- 67% of lecturers are
Inhibitor Al hallucination worried that AI will | Lecturer Interview
concerns )
misquote arguments
. . 0% of PTKI have
Inhibitor Tlolleize is no Al ethics written Al ethics | Document Analysis
Poicy protocols

Source: Triangulation of Interviews, Observations, and Document Analysis (2024-2025)

Based on the table, it can be concluded that seven factors are listed in two dimensions:
drivers and inhibitors. From the driver side, student enthusiasm for technology is very high:
94% enjoy learning with digital media, and 83% access the campus internet for more than four
hours daily. The Ministry of Religious Affairs' digitalization policy through the MOOC
program and national Islamic Religious Education e-learning also provides institutional capital
that can be optimized. From the inhibitor side, the most critical finding is the low Al literacy
among lecturers, with only 31% having attended formal Al training. Furthermore, limited
infrastructure in private Islamic Higher Education Institutions (bandwidth below 10 Mbps) and
the absence of Al ethics policies at all institutions studied (0%) represent serious structural
barriers.

On the inhibiting side, the most critical finding was the low level of Al literacy among lecturers.
Only 31% of lecturers had ever participated in Al training. The curriculum manager stated in an
interview:

"We sent lecturers to participate in training. However, the training focused on general topics, not
specifically Islamic Religious Education (PAI). It focused on how to use Al to teach interpretation,
Islamic jurisprudence, or faith. There were no modules. We needed contextual guidance with religious
content."

Fourth, a formulated adaptation strategy model. Based on field findings and theoretical
synthesis, this study formulated a Neuro-Al Pedagogical Adaptation for Gen Z model
consisting of three main components:

(a) Neuroscience-informed design: learning duration of 10-15 minutes per segment, use of
spaced repetition for memorization, application of the primacy-recency effect in the lecture
structure;

(b) Al-assisted personalization: leveraging GenAl for instant feedback, VARK-based material
personalization, and content verification through RAG (Retrieval-Augmented Generation);

(c) Ethical-Islamic framework: integration of maqasid al-shariah in Al governance, emphasis on
the role of lecturers as the final religious authority, and strengthening critical Al literacy for
students.

282




Table 6. Components of the Neuro Al Pedagogical Adaptation Model for Gen Z (N AI PAG)

Model Components Pr1nc1ple.:s of The Role of GenAl The foundation  of
Neuroscience Islam
Duration 10-15 .
: Automated micro- .
. min/segment; . Tartil and tadabbur of
Neuroscience- . learning content \
. Primacy-Recency . ) the Qur'an; Rhythm-
Informed Design creation; Adaptive L
Effect; Spaced . based memorization
. review schedule
Repetition
VARK-based Figh  al-Awlawiyyat
. . RAG for source q. . .yy
Al-Assisted content  delivery; I (priority of learning);
. . . verification; VARK- ..
Personalization Reduction of . Personalization of
based instant feedback .
extraneous load worship
. - Regu'latlon of | Al as a tool, not a Magqasid al-Shariah:
Ethical-Islamic emotions and | replacement for \
.. L. trust, ta'adul, shura;
Framework motivation (limbic- | scholars; Transparency
. Isnad knowledge
prefrontal) of algorithms

Source: Synthesis of Field Findings and Theoretical Studies (2024-2025)

Based on the table, it can be concluded that:

The first component, Neuroscience-Informed Design, applies the principle of 10-15-minute
learning segments based on field findings that Gen Z students' effective focus duration is only
about 7.8 minutes before attention declines. Furthermore, this component leverages the
primacy-recency effect (information at the beginning and end of a session is more easily
remembered) and spaced repetition (distributed practice) to strengthen long-term memory.
GenAl's role in this component is to automatically generate microlearning content and create an
adaptive review schedule based on individual student needs. From an Islamic perspective, this
component aligns with the concepts of tartil and tadabbur of the Qur'an, which emphasize
gradual understanding and deep contemplation, as well as rhythm-based memorization that
prioritizes regular repetition.

The second component, Al-Assisted Personalization, focuses on tailoring content delivery based
on students' learning style preferences. The neuroscience principles used are VARK-based
content delivery (adapting material to Visual, Auditory, Kinesthetic, and Digital learning styles)
and reducing extraneous cognitive load caused by digital multitasking. GenAl plays a role
through the Retrieval-Augmented Generation (RAG) mechanism to verify religious sources
from trusted databases and provide instant feedback tailored to each student's learning style.
The Islamic foundation of this component is the concept of figh al-awlawiyyat (priority
jurisprudence), which prioritizes adapting learning methods to the conditions and needs of
students without compromising the essence of Islamic knowledge, as well as personalizing
religious practices that can be assisted by Al according to individual contexts.

The third component, the Ethical-Islamic Framework, serves as an ethical framework governing
the use of Al to ensure alignment with Islamic values. The neuroscience principles applied are
the regulation of emotions and motivation through a balance between the limbic system
(emotional control) and the prefrontal cortex (cognitive control), thus preventing students from
becoming addicted to gadgets and digital multitasking. GenAl's role within this framework is
as a tool, not a replacement for academics, and requires algorithmic transparency so that
students and lecturers can understand the data sources and mechanisms of Al The Islamic
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foundation of this component is maqasid al-shariah, operationalized through three principles:
amanah (algorithmic accountability and clear resources), ta'adul (fairness in technology access
and content representation), and shura (stakeholder involvement in Al policy formulation).
Furthermore, this component also adopts the concept of isnad (the chain of knowledge
transmission), which requires that any religious information generated by Al be traced to
primary authorities such as the Quran, hadith, or credible scientific texts.

DISCUSSION

Research on the multimodal learning style profile of Gen Z at PTKI Lampung aligns with
research (Vizcaya-Moreno & Pérez-Cahaveras, 2020a)that found a strong preference for Gen Z
for technology-integrated learning environments. However, this finding enriches the VARK
theory (Fleming & Mills, 1992)by showing that multimodal dominance among Indonesian Gen
Z reaches 78.6%, higher than previous findings in Western contexts (around 65%). Generation Z
has a strong preference for a technology-enabled learning environment (Chardonnens, 2025).
This difference can be explained by the high penetration of social media (TikTok, Instagram
Reels) among Indonesian youth, which forms a pattern of consuming short, visual, and
simultaneous content. The finding of a 7-9 minute focus span confirms reports (Hampton &
Keys, 2016a)of Gen Z's attention span contracting to 8 seconds, but this study shows that in the
context of meaningful Islamic Religious Education learning, focus duration can be extended to 9
minutes if accompanied by emotional engagement and stimulus variation.

The finding of an increase in extraneous cognitive load due to digital multitasking (43%)
provides empirical evidence for Cognitive Load Theory (Sweller, 1988)in the context of religious
education. This figure is higher than the findings (Ophir et al., 2009)for general tasks (around
30%), indicating that contemplative Islamic Religious Education materials are more vulnerable
to digital distractions. This kind of focus breakdown causes attentional depletion that is difficult
to recover from (Smith & Hill, 2019). Thus, the neurobiological response of the brain that is
attracted to digital distractions becomes a structural challenge (Firth et al., 2019). The
implication is that Islamic Religious Education lecturers need to design learning environments
by eliminating digital distractors and implementing structured mono-tasking (Hirshberg et al.,
2025).

In addition, (Junaidin & Firdaus, 2025)it proves that the use of digital media such as Canva
and podcasts in Islamic Religious Education learning significantly strengthens digital literacy
and active multimodal student engagement. Embodied learning -based pedagogical strategies
such as role-playing and collaborative projects are highly successful with the digital generation
because they align with their preferences for teamwork and peer interaction.(Muff & Narbel,
2020) Their systematic literature review identified that the main problem with the use of
technology in Islamic education lies in the low digital literacy of educators (Mashuri et al.,
2024). Although multimodality improves task-switching skills , it actually decreases due to
continuous digital exposure. (Silveira, 2021).

Research on the low level of systematic integration of neuroscience in PTKI Lampung
confirms the findings of studies (Janah & Supena, 2021)that the implementation of
neuropedagogy in Indonesia is still in its early stages. However, good practices were found
among individual lecturers who intuitively apply brain-based learning principles, (Jensen, 2008;
Sousa et al., 2017)such as micro-learning and media variations. This suggests that the transfer of
neuroscience principles to classroom practice can occur without formal training, but its
effectiveness will increase significantly with explicit pedagogical design. Islamic Religious
Education learning supported by pedagogical technology will significantly improve (Caine &
Caine, 2010), in line with the integration of TPACK with educational neuroscience to explicitly
increase the effectiveness of pedagogical design (Uden & Sulaiman, 2025).

The findings regarding the intuitive practices of PTKI Lampung lecturers are twofold. They
align with (Cui & Zhang, 2021)the conclusion that reflective teachers can develop brain-based
learning strategies without formal training because the underlying principles are natural.
Furthermore, (Agnes, 2020)they assert that pedagogical technology remains effective even if its
users lack a deep understanding of neuroscience; and (Howard-Jones, 2014)they state that
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microlearning and media variations are intrinsically aligned with the brain's attention and
memory mechanisms. Conversely, (Newton & Miah, 2017)they warn that without formal
training, educators are vulnerable to neuromyths, such as the myth of the VAK learning style;
(Ecker & Beck, 2019)they find that most claims of brain-based learning in the classroom lack the
ecological validity of laboratory research; and (Pathollah & Wassalwa, 2022)they add that the
infrastructure of Islamic higher education institutions in Southeast Asia does not yet support
the systematic integration of neuroscience. The main conclusion is that intuitive transfer is
possible, but without explicit design, its effectiveness is not guaranteed and risks
misunderstanding.

Research showing high student use of GenAl (82%) but low verification (17%) confirms
concerns (Chan & Lee, 2023)about the risks of over-reliance and epistemic passivity in Al-based
learning. In the Islamic Religious Education context, these risks are more serious because
religious authority and source accuracy are theological issues, not merely academic ones. The
finding of lecturers' concerns about Al hallucinations (67%) aligns with reports (Muhammad et
al., 2025)that LLMs are prone to producing misattributed or fabricated religious content.
Therefore, the implementation of RAG (Retrieval-Augmented Generation) systems such as the
Aftina system is an urgent need for Al-based Islamic education (Aftina, 2025). Many students
use chatGPT during discussions, resulting in a decline in critical, analytical, and reflective
thinking skills (Patilima, 2025).

The high adoption of GenAl by students (82%) indicates a positive adoption of the
technology, (Slomowitz et al., 2025)finding that GenAl users demonstrated faster information
synthesis, while (Barbour, 2025)arguing that the low verification rate (17%) does not reflect
student weaknesses but a lack of critical Al literacy in the curriculum. Conversely, (Swire-
Thompson et al., 2025)identifying a truth bias towards Al suggests humans are more likely to
trust Al output than human sources, and (Wafa et al., 2025)demonstrating that Islamic studies
students have a harder time detecting Al-generated hadith than fabricated general historical
facts. The main conclusion: the main problem is not GenAl or the low verification rate, but
rather a truth bias reinforced by discussion designs that do not allow for collective verification.

Prior to the Al ethics policy in PTK]I, it confirmed the Ministry of Religious Affairs' report
(2023) that only 17.4% of madrasas had Al-supporting infrastructure and less than 10% had
digital ethics protocols. This study reinforces the urgency of implementing the maqasid al-
shariah framework (Elmahjub, 2023)in Al governance in PTKI, with the principles of amanah
(algorithmic reliability), ta'adul (fair access and representation), and shura (stakeholder
involvement in policy). The Al competency framework for PTKI includes 5 dimensions, namely:
Human-Centered Thinking, Al Ethics, Al Technique, Domain-Specific Al System Design, and
Al Integration in Learning (Albantani et al., 2026). However, Islamic values derived from Al are
still declarative and have not been formally institutionalized in the organizational structure of
PTKI (Burhanuddin et al., 2026). Ethics in Islam introduces the spiritual dimension of amanah
accountability as a divine trust that is not found in Al (Waseem & Rahim, 2025). At the level of
educational implementation, several universities require clear attribution and limit the use of Al
(Rohadi & Utami, 2025). PTKI students have high ethical understanding but low critical
attitudes so that strengthening literacy based on hifz al-din and hifz al-aql is needed (Sari et al.,
2025).

The Neuro-Al Pedagogical Adaptation Model for Gen Z formulated in this study integrates
three domains that have previously been running independently: educational neuroscience
(Jensen, 2008; Sousa et al., 2017; Tokuhama-Espinosa & Willis, 2011), Generative Al (Kasneci et
al., 2023b; Y. Wu, 2023), and Islamic educational philosophy (Al-Attas, 1978). This model differs
from previous research (Aziz et al., 2024; Rusydiana et al., 2023)that only focused on one of the
domains. The novelty of this model lies in: (1) the unification of the working memory principle
(Baddeley, 2003)with an Al-based spaced repetition algorithm; (2) the personalization of VARK
through Al without ignoring the essence of contemplative Islamic education learning; (3) the
integration of maqasid al-shariah as an ethical framework for the use of AL

This model excels because it aligns neurologically with the natural cognitive characteristics
of Generation (Wijaya et al., 2024)Z. It suggests that Generation Z has a working memory
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capacity that is more adaptive to parallel information processing, and (Hagqiqi et al., 2025)that
early Al adopters have more efficient neural pathways for switching between fast and slow
processing. However, this model ignores the important finding of (Angraeni et al,
2026)subconscious cognitive dissonance: students feel cognitively satisfied with Al-generated
answers but emotionally and spiritually feel something is “missing” in understanding sacred
texts, as detected through increased cortisol levels. More seriously, (Putra et al., 2026)it proves
that Al-based personalized religious content triples doctrinal doubts after two years due to the
loss of the authority of the sanad. The main conclusion: this model aligns with Generation Z
cognition but fails to address psycho-spiritual dissonance and the replacement of the sanad
function, so the true innovation needed is a collective verification mechanism in the Al
ecosystem, not simply a technical integration of the three domains.

This study has limitations. First, the neural mapping measurements used behavioral
proxies, not fMRI/EEG, so the findings on brain activation are inferential. Second, the
generalizability of the findings is limited to the context of PTKI in Lampung. Third, this study
did not quantitatively test the effectiveness of the formulated model. Further research is
recommended to:

(1) develop a prototype of a neuro-Al-based PAI learning platform;
(2) conduct controlled trials to measure the effectiveness of the model;
(3) expanding research locations to PTKI in other provinces.

Theoretically, this research enriches the study of neuropedagogy in the context of Islamic
education by demonstrating the convergence between the principles of brain-based learning
and the concepts of ta'dib (Al-Attas) and tazkiyat al-nafs (Al-Ghazali). Practically, the
formulated model can serve as a guide for Islamic Education lecturers and the Ministry of
Religious Affairs in designing adaptive learning for Generation Z in the digital era.

CONCLUSION

The study found that most Gen Z students at three Islamic universities in Lampung have a
multimodal learning style meaning they learn best through a combination of visuals, physical
movement, and digital tools but their effective focus time is only about 7.8 minutes, and their
ability to retain information decreases by 41.2% when they multitask with digital devices, which
highlights a major mismatch between the way these students learn and the traditional teaching
methods still used in Islamic Religious Education. Currently, universities have not
systematically integrated neuroscience and Generative Al into their teaching, as only 23% of
lecturers use Al tools while 82% of students have, but among these students, only 17% are
willing to verify Al-generated content against primary religious sources highlighting a serious
gap in Al literacy, particularly for religious topics where Al is prone to generating
misinformation. To address this, the study proposes a new teaching model called Neuro-Al
Pedagogical Adaptation for Generation Z (N-AI PAG), which combines three key elements:
neuroscience-based lesson design using short 10- to 15-minute microlearning sessions, spaced
repetition, and the primacy-recency effect; Al-based personalization that provides instant
feedback based on individual learning styles and verifies content through a retrieval system;
and an Islamic ethical framework grounded in the maqasid al-shariah with principles such as
trust, justice, and consultation all while affirming that Al should only serve as an aid, and never
as a substitute for traditional Islamic scholarly authority.
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