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Abstract

Digital technology has become an important part of school education, changing how
students access, process and revise academic content. However, its effect on memory retention is
not uniformly positive or negative. This paper examines the relationship between digital learning
and students’ ability to retain and retrieve information over time. The study follows a secondary-
data-based analytical design and draws on peer-reviewed studies, systematic reviews, meta-
analyses and reports from recognised educational organisations. Cognitive load theory, multimedia
learning theory and research on retrieval practice provide the main conceptual framework. The
evidence suggests that digital learning can strengthen retention when it encourages active recall,
spaced practice, timely feedback and meaningful interaction with learning material. Well-designed
combinations of text, images and audio may also improve understanding and encoding. At the
same time, digital environments can reduce learning quality when students face excessive
multimedia, screen-based distraction, fragmented attention or superficial reading. Research
comparing digital and traditional learning also shows that printed reading and handwriting remain
useful in some contexts, particularly where sustained comprehension and conceptual
understanding are required. The paper concludes that technology itself does not determine memory
outcomes. Its educational value depends on instructional design, learner age, teacher guidance, the
nature of the task and students’ ability to maintain attention. A balanced approach combining
purposeful digital tools with established teaching practices is therefore more appropriate than
complete dependence on either digital or traditional methods.
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Introduction

Digital technology is now deeply embedded in school education. Tablets, computers, smart boards,
educational applications, digital textbooks, online quizzes and video lessons are increasingly used
to support teaching and learning. This transformation became more visible during the COVID-19
period, but the movement towards technology-supported education began much earlier and
continues to shape classroom practice.
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Although digital learning is often associated with flexibility, accessibility and student engagement,
its influence on long-term learning deserves closer examination. A student may perform well
immediately after using a digital activity yet fail to recall the same information after several days
or weeks. Therefore, educational effectiveness should not be judged only by immediate
performance. Memory retention is central because meaningful learning requires students to
preserve knowledge and retrieve it when needed later.

In this paper, memory retention refers to the capacity to maintain learned information over time
and recall or apply it in a later context. This includes factual knowledge, conceptual understanding
and relationships among ideas. Retention depends on several cognitive processes, including
attention, encoding, organisation, rehearsal and retrieval.

Digital learning can support these processes, but it can also interfere with them. For example, a
digital platform may provide repeated low-stakes quizzes that encourage retrieval, while another
application may overwhelm students with animations, notifications and unrelated visual features.
Similarly, reading a digital textbook is cognitively different from using an interactive simulation
or spaced revision application. Treating all digital learning as a single educational experience
therefore creates an overly simplified picture.

Research on retrieval practice illustrates why the design of a digital activity matters. Roediger and
Karpicke (2006) showed that actively recalling information can lead to stronger long-term
retention than repeated study. This principle is particularly relevant to digital education because
online platforms can provide frequent opportunities for self-testing, corrective feedback and
repeated retrieval.

At the same time, other studies warn against assuming that digital media are automatically superior.
Research on screen reading has often reported modest advantages for printed texts. Digital devices
may also encourage multitasking and distraction, while unnecessary visual complexity can
increase cognitive load. Such findings indicate that technology can strengthen or weaken learning
depending on how it is integrated into teaching.

Another concern is that many studies of educational technology focus on achievement, motivation
or engagement rather than directly measuring delayed memory. Immediate test scores are useful,
but they do not necessarily indicate durable learning. Likewise, much research on digital
distraction has been conducted with university students rather than school-age learners.

The present study therefore seeks to examine how digital learning influences memory retention
among school students. It has four objectives: to analyse the cognitive mechanisms linking digital
learning with memory, to assess the role of retrieval practice and spaced learning, to examine the
possible negative effects of screen reading and distraction, and to identify the conditions under
which technology is most likely to support durable learning.

The paper addresses four related questions. Does digital learning improve long-term memory
among school students? Which forms of digital activity are most beneficial for retention? Under
what conditions can digital technology interfere with memory? How should digital and traditional
methods be combined in school education?
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The central argument is that digital learning has no single or automatic effect on memory. Its
contribution depends largely on instructional design and the cognitive activities that students
perform while using technology.

Literature Review

Research on digital education increasingly emphasises that technology should be evaluated
according to the learning processes it supports rather than the device being used. Digital tools can
encourage active engagement, provide feedback and present information in multiple forms, but
they can also introduce cognitive overload and distraction.

The cognitive theory of multimedia learning offers an important explanation for these differences.
Mayer (2024) argues that students process verbal and visual information through partly separate
channels, both of which have limited capacity. Effective learning occurs when students select
relevant information, organise it and integrate it with prior knowledge. Digital multimedia can
therefore assist learning when images, narration and text complement one another.

However, additional multimedia does not necessarily produce better learning. Decorative
animations, unnecessary audio and irrelevant visual features may compete for attention and
increase processing demands. The quality and relevance of multimedia are therefore more
important than the amount of multimedia present.

Cognitive load theory provides a related framework. Sweller (2020) argues that working memory
has limited capacity and that instructional materials should minimise unnecessary mental effort.
Digital learning environments may increase cognitive load when students have to manage complex
navigation, multiple windows, confusing interfaces or irrelevant information while trying to
understand academic content.

Retrieval-practice research offers a more positive perspective. Roediger and Karpicke (2006)
established that recalling information can strengthen later memory more effectively than simply
studying the same material repeatedly. Agarwal, Nunes and Blunt (2021) extended this finding
through a systematic review of classroom research. Their review of 50 experiments involving
5,374 learners showed that retrieval practice frequently produced meaningful learning benefits
across different school subjects and educational levels.

Spacing is another important factor in long-term retention. Carpenter, Pan and Butler (2022) show
that distributing learning over time and repeatedly retrieving information are among the most
reliable strategies for strengthening memory. Digital systems can support both processes by
automatically scheduling revision and adapting practice according to students’ previous responses.

In contrast, research on reading medium has identified some disadvantages associated with screens.
Delgado et al. (2018), in a meta-analysis of 54 studies involving more than 170,000 participants,
reported a modest advantage for paper-based reading, particularly for informational texts and
under time pressure. Clinton (2019) reached a similar conclusion, finding somewhat stronger
comprehension for printed material.

Research involving younger children has produced comparable results. Furenes, Kucirkova and
Bus (2021) found that children often understood printed stories better than equivalent digital
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versions when the only difference was the reading medium. However, digital books could
outperform print when their interactive features directly supported the content.

The role of handwriting also remains relevant. Horbury and Edmonds (2021) found no major
difference between handwriting and typing for factual recall among children aged 10-11, but
handwritten notes were associated with better conceptual understanding after a delay. Although
the study was small, it indicates that replacing all traditional learning methods with digital
alternatives may not be educationally desirable.

Overall, previous research suggests that the effect of digital learning is conditional. Technology
can support memory when it promotes active retrieval, focused processing and meaningful
interaction. It can undermine learning when it encourages passive exposure, excessive cognitive
load or fragmented attention.

Research Methodology

This paper uses a descriptive and analytical secondary-data-based research design. No primary
survey, questionnaire, interview, classroom observation or experiment was conducted for this
study.

The analysis draws on peer-reviewed journal articles, systematic reviews, meta-analyses and
reports produced by recognised educational institutions. Preference was given to research
involving school-age learners and classroom contexts. Studies involving broader learner
populations were included only where they contributed to well-established cognitive principles
relevant to school education.

The study focuses on four major analytical dimensions: memory retention and delayed recall,
comprehension and conceptual learning, cognitive load, and attention. Immediate academic
performance is treated separately from long-term memory because short-term success does not
necessarily indicate durable retention.

The theoretical framework combines cognitive load theory and multimedia learning theory with
evidence from retrieval practice and spacing research.

The methodology has several limitations. Studies differ in age group, subject area, technology type,
retention interval and outcome measures. Many studies evaluate immediate achievement rather
than memory after a meaningful delay. The current literature also contains more evidence on
university students than schoolchildren in some areas, particularly digital distraction. Therefore,
the paper does not attempt to calculate a new pooled effect size. Its purpose is to identify and
interpret consistent patterns in existing evidence.

Analysis and Discussion
Digital Learning and the Encoding of Information

Long-term memory begins with effective encoding. Students are unlikely to remember material if
they do not attend to it or organise it meaningfully during learning.
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Digital resources can support encoding by combining verbal explanations with relevant visuals. In
subjects such as science and geography, an animation, diagram or simulation can make
relationships easier to understand than verbal description alone. Such representations may allow
students to construct richer mental models.

However, this benefit depends on instructional design. Mayer (2024) emphasises that multimedia
is effective when each element contributes directly to learning. Too much information may divide
attention and reduce understanding. A presentation filled with unnecessary movement, background
music and decorative images may appear attractive while making it harder for students to focus on
essential content.

Evidence involving young readers supports this principle. Furenes et al. (2021) found that digital
books did not consistently produce better comprehension than printed books. Digital
enhancements became beneficial mainly when they were closely related to the meaning of the

story.

Hori et al. (2025) similarly found stronger grammar learning among young students using an
interactive digital application than among students using a digital textbook. Since both groups
learned digitally, the result suggests that the quality of interaction, rather than the use of technology
itself, contributed to the difference.

The implication is clear: digital technology improves encoding when it directs attention towards
important relationships and encourages meaningful interaction. Simply presenting the same
information on a screen does not necessarily strengthen memory.

Retrieval Practice and Spaced Learning

Retrieval practice is one of the strongest evidence-based approaches to long-term retention.
Students often revise by rereading textbooks or notes, but repeated exposure can create a
misleading sense of familiarity.

Active recall is more demanding because students must generate information without seeing the
answer. This process strengthens later accessibility of knowledge. Roediger and Karpicke (2006)
demonstrated that retrieval can produce better delayed retention than repeated study.

Agarwal et al. (2021) found similar benefits across classroom research, indicating that retrieval
practice is applicable beyond controlled laboratory settings.

Digital technologies are particularly useful for organising retrieval activities. Online quizzes,
flashcards and learning applications can present questions repeatedly, record incorrect answers and
provide immediate feedback. Students can therefore practice recalling information without
requiring formal classroom testing each time.

Spacing strengthens this process further. Carpenter et al. (2022) show that information is retained
more effectively when practice is distributed across time. Digital platforms can schedule
previously learned material to reappear after several days or weeks, helping students revisit
knowledge after some forgetting has occurred.
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Gamified systems can also contribute to retrieval. Ozdemir (2025) reported positive effects of
Kahoot!-based learning on achievement and retention. However, the value of gamification should
not be attributed solely to points, competition or novelty. Its educational importance is greater
when gaming features motivate students to recall information actively and respond to feedback.

Thus, digital learning is most beneficial for memory when students are required to retrieve
information rather than merely look at it repeatedly.

Screen Reading and Deep Comprehension

Screen reading presents a more complicated picture. Digital texts offer practical benefits such as
portability, search functions and immediate access, but these advantages do not necessarily
produce stronger comprehension.

Delgado et al. (2018) found a small but consistent advantage for reading from paper, particularly
for informational material. Clinton (2019) reported similar findings.

One explanation is that printed pages provide stable physical and spatial cues. Readers can see
where information appears on a page and move easily between sections. Digital texts often require
scrolling, which can make the structure of a text less visually stable.

Students may also approach screens differently. Many digital environments encourage rapid
scanning and browsing. These habits may transfer to academic reading, resulting in less careful
engagement with long and complex material.

This does not mean that all digital reading is inferior. The effect varies with the type of text, device,
reader and learning task. Nevertheless, where sustained reading and close comprehension are
required, there is little evidence to support the complete abandonment of printed materials.

Handwriting also remains relevant. Horbury and Edmonds (2021) found better delayed conceptual
understanding among handwritten note-takers than typed note-takers, although factual recall was
similar. Handwriting may encourage students to select, summarise and reorganise information
rather than reproduce it quickly.

Schools should therefore avoid replacing every traditional learning activity with a digital
equivalent. Screens may be highly suitable for retrieval, simulations and multimedia explanation,
while paper and handwriting may still be useful for close reading and deeper conceptual processing.

Cognitive Load in Digital Environments

Digital learning may fail when technology creates more cognitive demand than the subject matter
itself.

Working memory has limited capacity. According to Sweller (2020), effective instruction should
reduce unnecessary processing so that students can concentrate on information directly related to
the learning objective.
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Poorly designed digital environments can violate this principle. Students may have to navigate
menus, switch between tabs, interpret symbols and manage several forms of information
simultaneously. Each of these tasks consumes cognitive resources.

The issue becomes more important for younger learners, who may have less developed attentional
control and self-regulation. Children may be attracted to visually striking features even when those
features are not educationally relevant.

Digital materials should therefore be designed with simplicity in mind. Text should be clear,
multimedia should serve a specific purpose, and navigation should require minimal mental effort.
The objective should be to reduce unnecessary cognitive activity so that students can focus on the
academic material.

Digital Distraction and Attention

Attention plays a central role in memory because information that receives limited attention is
unlikely to be encoded deeply.

Digital devices can create a particular form of distraction because the same device may provide
both educational content and access to entertainment, messaging and social interaction. Students
can move rapidly between academic and non-academic activities.

PISA 2022 data indicate that digital distraction is common in classrooms. Across OECD countries,
a significant proportion of students reported being distracted by device use during mathematics
lessons. Students reporting frequent distraction also tended to achieve lower scores.

The relationship is correlational, so it would be inappropriate to claim that device use alone caused
lower academic performance. Nevertheless, the evidence suggests that attention management is an
important part of effective digital learning.

Martin et al. (2025) similarly identified digital distraction as a source of multitasking, missed
instructional information and superficial processing. However, most of the studies reviewed were
conducted in higher education, showing the need for more direct research with school students.

From a cognitive perspective, repeated switching between academic content and unrelated
activities interrupts the processing of information. Students may have to reconstruct what they
were thinking each time their attention returns to the task.

Schools therefore need to distinguish between purposeful use of digital devices and unrestricted
access. Classroom policies that reduce notifications, unnecessary applications and multitasking
may help preserve attention and improve the educational value of technology.

Combining Digital and Traditional Learning

The available evidence suggests that the most useful question is not whether digital learning is
better than traditional learning. The more relevant question is which method is best suited to a
particular learning task.

Different tools have different strengths.
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Learning practice Likely effect on retention Educational implication

Retrieval quizzes Positive Encourages active recall

Spaced digital revision Positive Helps reduce forgetting

Relevant multimedia Positive when well designed | Supports meaningful
understanding

Interactive  learning  with | Generally positive Encourages active

feedback participation

Simple transfer of print to | Limited advantage Medium alone does not

screen improve learning

Excessive multimedia Potentially negative Increases cognitive load

Notifications and multitasking | Negative Divides attention

Complete replacement of | Not clearly justified Traditional note-taking may

handwriting support deeper processing

This evidence supports a blended approach. Digital tools should be used when they provide a clear
educational advantage, such as adaptive practice, simulations, visualisation, immediate feedback
or spaced retrieval.

Traditional methods should remain where they continue to serve useful cognitive purposes. Printed
texts can support sustained reading, handwriting can encourage selective processing, and teacher-
led discussion can help students explain and reorganise knowledge.

Teachers therefore remain central to successful digital learning. Technology cannot independently
determine which information students should attend to or how different activities should be
sequenced. Teachers decide when a digital tool is appropriate, how long students should use it and
how it should connect with classroom explanation, discussion and assessment.

This interpretation is also consistent with UNESCO’s broader position that technology should
support educational goals rather than become an objective in itself. Digital transformation is
valuable when it improves learning, not merely when it increases the number of devices available
in schools.

Conclusion

Digital learning has become an important part of contemporary school education, but its influence
on memory retention is neither automatically positive nor inherently harmful. The evidence
examined in this paper shows that its educational impact depends primarily on the way technology
is designed and used.

Digital environments can strengthen memory when they incorporate well-established learning
principles. Retrieval practice requires students to bring knowledge back to mind rather than simply
reread it. Spaced revision allows information to be revisited over longer intervals. Immediate
feedback can help correct misunderstandings, while carefully selected multimedia can make
complex information easier to organise and understand.

SHODHSABHA www.shodhsabha.com 18
© [2026] The Author(s) | Published by PhD Kro | CC BY 4.0



SHODH SABHA: JOURNAL OF MULTIDISCIPLINARY RESEARCH
Peer-Reviewed | Open-Access | Quarterly Journal
| Volume [1], Issue [1] | [July-September, 2026]

At the same time, digital learning also creates potential difficulties. Screen-based reading may
encourage less sustained processing in some contexts. Excessive visual and audio content can
increase cognitive load. Multitasking and notifications may divide attention and interfere with the
encoding of information. The presence of technology in itself therefore offers no guarantee of
stronger learning.

The research questions raised in this study can consequently be answered in conditional terms.
Digital learning can improve retention when it encourages active retrieval, focused attention and
repeated engagement with important knowledge. It is less effective when it promotes passive
exposure, superficial browsing or unnecessary distraction.

A balanced educational model is therefore preferable. Digital platforms can be used for quizzes,
simulations, adaptive learning, spaced revision and feedback, while printed texts, handwriting,
teacher explanation and classroom discussion should continue where they provide clear learning
benefits.

The analysis also reveals weaknesses in the existing evidence. Many studies focus on immediate
achievement rather than memory after a meaningful delay. Research involving school-age learners
remains less extensive than research involving university students in some areas, especially digital
distraction. More longitudinal and age-specific studies are needed.

Future research should distinguish between different forms of digital activity rather than placing
them under the broad category of screen use. Researchers should also employ delayed assessments
lasting several days or weeks and examine whether the benefits of digital learning remain over
longer periods.

Ultimately, the effectiveness of digital education depends less on how much technology students
use than on what they are asked to do with it. When digital tools encourage students to retrieve,
organise, connect and revisit knowledge, they can strengthen memory. When they fragment
attention or increase unnecessary mental effort, they can weaken learning. The educational goal
should therefore be purposeful integration of technology rather than digitisation for its own sake.
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