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Abstract

Background/purpose. In the digital era, students are expected not only
to consume but also to produce meaningful and context-aware digital
content. However, variations in students’ writing styles and feature
usage are often overlooked in both instruction and assessment. This
study represents the first attempt to quantitatively examine how
different digital writing styles—Structural, Expressive, and Hybrid—
relate to students’ digital literacy performance in primary education. It
also investigates the potential item bias across gender and the
suitability of current assessment instruments.

Materials/methods. A total of 150 elementary school students
completed digital writing tasks and a literacy test. Three advanced
analytical techniques were employed: Principal Component Analysis
(PCA) to cluster writing styles, Differential Item Functioning (DIF) to
detect item bias by gender, and Rasch-based Wright Map modeling to
assess the match between student ability and item difficulty. Heatmap
visualization further explored feature usage across clusters.

Results. Three distinct writing style clusters were identified. The Hybrid
group demonstrated the highest literacy scores and balanced
structural-expressive feature use. DIF analysis found two items biased
by gender. The Wright Map showed limited coverage for high-
performing students. Heatmaps confirmed strategic differences in
digital feature usage aligned with writing identity.

Conclusion. Digital writing is a strategic expression of students' literacy
identities. Instruction and assessment must reflect this diversity
through fairness-aware item design, differentiated feedback, and
inclusive literacy models.
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1. Introduction

The transformation of communication in the digital age has given rise to fundamental changes
in the way humans access, produce, and share knowledge (Castagna et al., 2020; Hanelt et al., 2021).
In the context of education, this marks a shift in the meaning of literacy—from just conventional
reading and writing skills to more complex and dynamic competencies (Berge et al., 2016; Willinsky,
2017). Today's digital literacy requires students to be able to understand different types of
multimodal texts, evaluate the credibility of sources, and strategically structure messages in an ever-
changing digital space (Dahlstrom, 2022; Danielsson & Selander, 2016; Kustini et al., 2020;
Michalovich, 2023). They must not only be able to read fragmented information in the form of
hyperlinks, videos, and infographics, but also be able to create a cohesive and communicative
narrative in the midst of an abundance of information (Bakhtiary & Behzadi, 2023; E.Goldberg &
Scheiner, 2023; Tarkhova et al.,, 2020). Within this framework, digital literacy reflects not only
technical prowess, but also a form of cognitive and social agency—how individuals consciously shape
meaning, construct identities, and engage in an open and decentralized knowledge ecosystem (Jarvi
et al., 2018; Passey et al., 2018; Pera et al., 2016; Yang, 2024).

However, the conceptual development of digital literacy has not been fully followed by adequate
pedagogical approaches and evaluative practices in the realm of formal education (Adiprasetio, 2022;
Gobster & Rickenbach, 2004; Li et al., 2022; Marin & Castafieda, 2023; Nguyen & Habdk, 2024). Many
teaching strategies and assessment instruments still depart from the print literacy paradigm, so they
fail to capture the complexity of how students write and think in a digital environment. In fact, the
reality in the field shows that students display a variety of writing styles that are not uniform (Madani,
2016; Sparks et al., 2016; Timmis et al., 2016). Some students choose a structural style, prioritizing
order, standard format, and objective language—a hallmark of academic or professional writing
(Jayanti, 2019; Willinsky, 2017). While others write in an expressive style, more freer in form and
style, often using personal opinions, metaphors, or visual symbols to reinforce the message (Ippolito
et al.,, 2022). Between these two poles, there are students with hybrid styles, i.e., those who can
balance formal structure and narrative strength flexibly depending on the context and audience
(Haasler et al., 2020; Turnbull et al., 2023). This variety of styles is not just an aesthetic choice, but
reflects the literacy identity formed from the interaction between learning experiences, digital
culture, and perceptions of the role of the self in the communication process.

Unfortunately, the diversity of writing styles has not found much of a place in the assessment
system used in schools. The evaluation instruments used tend to be homogeneous, with a focus on
single answers and conventionally measurable standard structures. In practice, this approach not
only simplifies the complex digital writing process, but also has the potential to be biased, especially
when students' writing styles differ from the standards considered "ideal" (Drucker et al., 2016; Singh
et al., 2018). In addition, instruments that do not consider variables such as gender or social
background can lead to unfair disparities in assessment results. Although the literature on digital
literacy has evolved significantly in the past decade, studies that explicitly map the relationship
between digital writing style, use of text features, and students' digital literacy performance are still
relatively limited—especially at the secondary school level (Arono et al., 2022; Yamac et al., 2020).
Therefore, research efforts are needed to capture this complexity more systematically and
comprehensively.

Departing from this gap, this study aims to map the profile of students' digital writing style and
examine its implications on their digital literacy achievements. With a visual quantitative approach
that combines PCA analysis for cluster identification, DIF tests to trace item alignment by gender,
Rasch mapping through the Wright Map to see the balance between the ability and difficulty level of
items, and heatmap visualization to analyze the intensity of use of digital features, this study seeks
to provide a comprehensive picture of the dynamics of digital literacy in students ' real practice(De
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Avala, 2018; Kennedy et al., 2020; Ukanda et al., 2024). These findings are expected not only to make
an empirical contribution to the development of assessment instruments and digital literacy
education policies but also to open up a space for pedagogical reflection for teachers to design
learning that is more contextual, equitable, and diversity-oriented learning for students' digital
writing strategies in an ever-changing era. In line with this goal, the research questions asked are as
follows:

1. What are the characteristics of students' digital writing style clusters in the context of basic
education?

2. Is there a difference in digital literacy achievement between these digital writing styles?
3. Do the digital literacy instruments used show gender bias (DIF)?

4. To what extent are the question items able to cover the entire range of students' abilities (via
the Wright Map)?

2. Literature review
2.1. Thematic Issues in Students’ Digital Literacy

A literature review on students' digital literacy shows three dominant themes. First, digital
literacy as a technical skill—which emphasizes students' ability to operate devices, browse the
internet, and use productivity applications (lordache et al., 2017; Marin & Castafieda, 2023; Nguyen
& Habdk, 2024; Spante et al.,, 2018; Yang, 2024). While important, this approach tends to be
reductionist because it ignores the cognitive and social aspects of literacy. The second theme
highlights the critical and multimodal dimensions of digital literacy, including the ability to evaluate
sources, read visual texts, and write in interactive and hypertextual contexts (Afnan, 2023; Costa,
2023; Stuart & Gurel, 2022; Kim et al., 2020; Mills, 2015; Wandasari et al., 2019). In this context,
students are required not only to understand the text but also to be able to construct a narrative that
is meaningful and socially relevant. The third, more recent theme emphasizes the importance of
communication styles and literacy identities in digital writing (Giri, 2006; Klein Buller & Buller, 1987;
Wiesinger & Beliveau, 2016). These studies underscore that digital writing is inseparable from the
way students express themselves, build social connections, and navigate digital platforms. However,
the connection between digital writing styles and students' literacy performance is still minimally
studied quantitatively, especially in the context of elementary school.

2.2. The Evolution of Digital Literacy Understanding

Digital literacy as a field of study has undergone a paradigmatic evolution in the last two decades.
In the early 2000s, digital literacy was understood within the framework of basic technology skills—
software mastery, online information search, and understanding of digital security (Leaning, 2019;
Yang, 2024). As social media and multimodal platforms evolve, the focus shifts to students' ability to
actively navigate information, think critically, and produce content (Beardsley et al., 2021; Cooke,
2017; Normile, 2025; Wechsler et al., 2018). In the last five years, a wave of more holistic research
has emerged, which combines cognitive, affective, and sociocultural perspectives in understanding
students' digital writing practices. Digital literacy is now seen as an identity process—in which
students form meaning, negotiate social positions, and develop communication strategies tailored to
audiences and digital mediums (Martinez-Bravo et al., 2022; Zubareva, 2020). However, most of
these studies are still qualitatively descriptive, with a lack of quantitative data-driven exploration of
students' writing styles and performance in the context of formal assessments.

2.3. Methodological Approach in Digital Literacy Studies
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Studies on students' digital literacy have used a variety of methodological approaches, ranging
from qualitative observation to instrument-based quantitative surveys. Many studies use content
analysis of students' digital texts to identify writing practices, but they tend not to involve complex
data structures (Changwong et al., 2018; Daniel et al., 2023; Krippendorff, 2018). In contrast, data-
driven approaches such as Natural Language Processing (NLP) and machine learning are beginning to
be used to map language styles and the utilization of text features (Anderson et al., 2018; Olivetti et
al., 2020), but it has not been widely applied at the secondary education level. On the other hand,
psychometric methods such as Rasch modelling and DIF analysis have been commonly used in the
development of assessment instruments but are rarely combined with mapping students' writing
strategies. This literature gap demonstrates the importance of a multi-method approach—combining
exploratory techniques such as PCA and data visualization (heatmaps, biplots) with measurement
models such as the Wright Map and item fairness analysis—to understand the relationship between
digital writing styles and literacy performance in a more systematic and representative manner.

Although the understanding of digital literacy continues to grow, there is still a gap in the
quantitative mapping of students' digital writing styles and its implications for their literacy
achievement, especially at the elementary school level. This research contributes to filling this gap by
combining a text-feature-based clustering approach, gender-based item bias analysis, and capability
mapping through the Rasch model. Thus, this study not only enriches the theoretical discourse of
digital literacy as a form of literacy identity, but also offers a more representative, equitable, and
contextual evaluation model for basic education in the digital age.

3. Methodology
3.1. Research Design

This study uses an exploratory quantitative approach with a multi-method design, which aims to
map the profile of students' digital writing style and test its relationship with digital literacy
performance. This approach was chosen because it allows the combination of data mapping
techniques, question item analysis, and visualization of feature intensity in digital writing in an
integrated manner. The analysis is carried out at the individual and item levels so as to support a
comprehensive evaluation in terms of both students and assessment instruments.

3.2. Participants and Instruments

Atotal of 150 elementary school students from three public schools in urban areas were involved
in the study. The sample selection was carried out purposively by considering diverse gender
representations and social backgrounds. Data were collected through two main instruments: (1) an
open topic-based digital writing task with an online platform, and (2) a digital literacy test developed
based on evaluative indicators from Nabhan & Habok (2025), covering critical reading skills,
information navigation, and multimodal text interpretation. All assignments are collected in the form
of feature-analyzable and systematically coded digital text.

Table 1. Participant Distribution by Gender and School

School Male Female Total
School A 13 12 25
School B 27 24 51
School C 37 37 74
Total 77 73 150
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Each stage of analysis is carried out sequentially and complements each other. PCA is used to
reduce the dimension of text features and group students based on dominant writing styles. DIF was
analyzed using the Mantel-Haenszel approach with a significance of p < 0.05 as the limit of item bias
detection by gender. The Wright Map is constructed through Rasch modeling to identify the fit
between the student's ability level and the difficulty of the question item. Meanwhile, heatmaps are
built to visually identify patterns of text feature intensity based on clusters. This layered approach
allows for stronger quantitative data triangulation and more comprehensive interpretation of results.

3.3. Data Analysis Procedure

The analysis is carried out in layers. First, feature extraction is carried out from students' digital
texts, including the length of the text (number of words), the frequency of use of
headings/subheadings, hyperlinks, personal opinions, and visuals/emojis. The feature data is then
analyzed using Principal Component Analysis (PCA) to identify naturally formed patterns and clusters
of writing styles in the data. Second, the Mantel-Haenszel log-odds ratio based on the Differential
Item Functioning (DIF) analysis was used to test whether there was gender bias in the response to
digital literacy questions. Third, Rasch modeling is used to generate an Item-Person Map (Wright
Map) to visualize the distribution of students' abilities and the difficulty of items in a logit scale
continuum. Finally, heatmap analysis was carried out to map the intensity of the use of digital text
features between writing style clusters, as a form of data triangulation and exploration of strategic
patterns that appear in students' writing.

3.4. Research Validity and Ethics

All instruments have gone through a content validation process by three experts in digital literacy
and education measurement. The internal reliability of the digital literacy test was achieved by
Cronbach's alpha of 0.84. All data collection procedures are carried out with the written consent of
the school and the student's parents. The identity of the participant is anonymized, and all data is
handled in accordance with the principles of data disclosure and confidentiality of personal
information.

4. Results
4.1. Student Digital Writing Style Cluster (PCA Analysis)

The development of digital literacy among students is not only related to technical skills in using
digital devices, but also includes the way students compose, convey, and present ideas in a format
that is appropriate for the digital context. In this study, the Principal Component Analysis (PCA)
approach was used to map the patterns of digital writing styles that emerged from online-based essay
assignments carried out by the students. The PCA allows for the reduction of dimensions from a
number of writing features—such as text length, use of hyperlinks, writing structure, and expressive
elements—into two main components that describe the dominant characteristics of a student's
writing style. The results group students into three main clusters: Structural, Expressive, and Hybrid.
This cluster represents a spectrum of digital writing styles that develop naturally in today's secondary
education context. A biplot was constructed based on the two principal components to visualize the
distribution of writing style clusters derived from PCA. This figure highlights the spatial separation of
students according to their writing features.
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Figure 1. PCA Biplot of Digital Writing Style Clusters

The biplot illustrates that the three clusters—Structural, Expressive, and Hybrid—are clearly
distinguishable in multidimensional space, confirming that students exhibit consistent writing
behavior patterns that align with their cluster designation. Then, to provide a more detailed overview
of the characteristics of each group, Table 1 below presents a summary of descriptive statistics based
on the main features analyzed.

Table 1. Characteristics of Digital Writing Features Across Clusters

Avg. Word Hyperlink Use Use of Literacy
Cluster N Count (%) Structure (%) Score
0 0 (Mean)
Structure 48 255 92% 88% 78.2
Expressive 53 143 18% 34% 72.6
Hybrid 49 198 63% 75% 82.1

The results of the clustering showed that students' digital writing styles were divided quite clearly
based on linguistic and structural features. The Structural Cluster consists of students who write long,
neat, and follow a formal writing format. The high numbers on structures (88%) and hyperlinks (92%)
indicate a systematic approach. However, despite being technically good, their digital literacy score
(78.2) is still below the Hybrid group. In contrast, the Expressive group shows a more free and
personal style. They tend to write shorter (143 words on average), with low utilization of digital
structures and features. The low literacy score (72.6) can be attributed to the lack of technical skills
in conveying effective digital messages. Interestingly, the Hybrid cluster showed the best overall
performance. With a balanced use of features and moderate writing length, this group exhibits
adaptive abilities that combine the power of expressive and structural styles. The highest digital
literacy score (82.1) in this cluster shows that flexibility and understanding of context are strong
indicators of mature digital literacy skills.

These findings are in line with the theory of digital literacy put forward by Julien (2018) and
Sharma et al. (2016), which emphasize that digital literacy includes technical, cognitive, and social
skills to participate effectively in the digital environment. The Hybrid style demonstrates the student's
capacity to convey information with a clear structure, but also inserts personal expression—a
combination that reflects advanced digital literacy (Belshaw & Higgins, 2011). Practically, these
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results indicate that the digital literacy teaching model needs to consider the variation in students'
writing styles. Students with structural styles can be trained to be more expressive and
communicative, while students with expressive styles need guidance in the technical aspects and
organization of ideas. This approach allows for more personalized, adaptive learning, and has a direct
impact on improving students' digital literacy.

4.2. DIF (Differential Item Functioning) By Gender

In the context of measuring digital literacy, fairness between groups (fairness) is an important
dimension in the instrument validation process. One of the commonly used approaches to detect the
potential partiality of items against certain groups is Differential ltem Functioning (DIF) analysis. This
analysis evaluates whether an item shows a difference in the chances of correct answers between
two groups with equal skill levels—in this case, by gender. In this study, the Mantel-Haenszel log-
odds ratio approach was used to identify DIF in five digital writing literacy questions. A visualization
of the difference in item function is shown in Figure 2, which maps the tendency of each item to favor
a group of male or female students based on the log-odds value.

0.78

0.8} Favorable Group
. Male
B Female
0.6 Neutral

0.4
0.25

0.2+
0.03

0.2} -0.12

Log-Odds (Mantel-Haenszel)

. : . 085
Item 11 Iltern 12 Item 13 Iltem 14 Item 15

Itemn

Figure 2. Bar Chart of DIF Log-Odds for Writing Items (Male vs. Female)

Remarks: Positive scores indicate partiality towards male students; negative towards female
students. The dotted horizontal line at £0.64 marks the practical threshold of significance of the DIF
effect (Zumbo, 1999).

Summary of visual findings:

e |tem 12 showed a significant DIF in favor of male students (log-odds = 0.78).
e |tem 15 Significantly favored female students (log-odds = —0.85).

e |tem 11, 13, and 14 are in the neutral zone (between —0.64 and 0.64).

To support the visual interpretation, Table 2 presents a statistical summary of the log-odds value,
the significance of the p-value, and the statistically advantaged groups.
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Table 2. DIF Statistics of Writing Items by Gender

Item Log-Odds (MH) p-value Favorable Group
Item 11 0.25 0.117 Neutral
Item 12 0.78 0.011 Male

Item 13 -0.12 0.254 Neutral
ltem 14 0.03 0.873 Neutral
Item 15 -0.85 0.008 Female

This table reinforces the previous visualization by showing quantitatively that two question
items—Items 12 and 15—experienced statistically significant DIF (p < 0.05). Item 12, which asks
students to write arguments based on data and digital technology, tends to favor male students. This
can be attributed to a tendency to be exposed to higher technical terminology and systematic
thinking patterns in the group. A similar phenomenon was also found by Hargittai and Shafer (2006),
who reported that adolescent boys showed higher levels of confidence in the use of technology. In
contrast, Item 15—which demands reflection on social experiences in a digital context—favours
female students more. These findings are in line with the study of Spacks (2022), which identified
that female students are better able to express interpersonal and emotional responses in the form
of narrative writing.

However, this difference does not necessarily indicate that the instrument is biased overall. On
the contrary, these results indicate that the content of the context and the type of cognitive demands
in the question items can affect student performance based on social characteristics such as gender.
These findings confirm the importance of content validation in the preparation of digital literacy
instruments. To ensure a fair and inclusive instrument, question developers need to:

1. Involve a panel of cross-gender experts in the process of writing and reviewing questions;
2. Conduct systematic DIF tests during the instrument validation process;
3. Structure questions with a neutral context or include diverse socio-cultural representations.

This approach is in line with the principles of Universal Design for Learning (UDL), which
emphasizes accessibility, diversity of expression, and inclusion in the learning process. The analysis
of DIF in this study shows that although most items are neutral, there are several question items that
have the potential to benefit certain groups. This confirms that fairness validity must be an integral
part of digital literacy assessments — especially in the context of education that is increasingly
multicultural and equity-based.

4.3. Digital Reading Ability Mapping (Item-Person Map)

One of the basic principles in Item Response Theory (IRT)-based assessment is an understanding
of how well the items in an instrument measure the range of abilities possessed by test takers. To
review this, a visual tool known as the Item-Person Map or Wright Map is used. The Wright Map
presents two main elements on a single continuum line: the distribution of students' abilities and the
difficulty level of the item. The vertical axis depicts a logite scale that measures ability and difficulty
in equivalent units, thus allowing for a direct comparison between "people" and "question items". To
evaluate the alignment between student abilities and item difficulties, a Rasch-based Wright Map
was used. Figure 3 presents this distribution on a logit scale.
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Figure 3. Item-Person Map for Digital Reading Assessment
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Figure 3. Item-Person Map for Digital Reading Assessment

Caption: The dots on the left side represent the distribution of students based on digital reading
ability. The dots on the right side indicate the difficulty level of each item.

Figure 3 shows that the majority of students are in the mid-to-lower ability range, with the
highest concentrations ranging from -1.5 to +0.5. Most of the question items are grouped in a
relatively easy to moderate difficulty range, while only two items are located in a logit range above
+1.0 — indicating a higher level of difficulty. This condition shows that although the instrument has
covered variations in difficulty levels, there are still gaps in the area of high ability, which makes the
superior students not sufficiently challenged. In contrast, there was a significant overlap between
items and student distributions in the middle range, indicating that most of the questions did not
sufficiently differentiate abilities in a granular manner. In the framework of IRT, the optimal
instrument is one that has an even distribution of items and is proportional to the distribution of
participants' abilities. In this context, digital reading instruments show limitations in reaching the end
of the spectrum, both for the highest and lowest categories.

These findings have several practical implications:
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e First, for students with high abilities, this instrument has not been able to stimulate advanced
thinking skills such as evaluation of digital sources, interpretation of multimodal texts, or analysis of
ideas in a social context.

e Second, the development of future items needs to include question items with a more
complex structure and content, such as questions that require the interpretation of interactive
graphs, information credibility assessments, or critical literacy-based decision-making.

In addition, the distribution of students' abilities that tend to be concentrated in the lower range
also reflects the digital literacy learning gap in the classroom. This indicates the need for a more
adaptive and differential learning strategy so that each student gets a challenge that matches his or
her cognitive potential.

Overall, the Wright Map provides a visual mapping that is very useful for evaluating the extent
to which the instrument is able to assess a wide range of students' ability levels. In this study, there
is a gap between the scope of instruments and the diversity of students' abilities, which demands
further development both in terms of question design and pedagogical approaches. Strengthening
the instrument at the extreme points of the logit scale is essential for digital literacy assessments to
function not only as a measuring tool, but also as a diagnostic tool for more targeted learning
interventions.

4.4. Digital Literacy Strategy Pattern (Heatmap Analysis)

Digital literacy not only includes understanding the content of the text, but also touches on
strategic aspects in the process of compiling and conveying messages through digital media. In this
context, students' writing strategies in the digital environment can be reflected in the use of typical
features of digital text, such as headings/subheadings, hyperlinks, personal opinions, and visual
elements such as emojis. To systematically review this aspect, an analysis of the frequency of use of
these four main features in student writing from each writing style cluster was conducted. The results
are visualized in heatmap form, as shown in Figure 4.

Figure 4. Heatmap of Digital Writing Feature Use by Writing Style Cluster
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Figure 4. Heatmap of Digital Writing Feature Use by Writing Style Cluster

Description: Darker colors indicate a higher frequency of feature usage in that group.
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As a complement, Table 3 presents the frequency value in the form of a percentage so that it
can be compared quantitatively.

Table 3. Frequency of Digital Text Features by Writing Style Cluster (%)

Fitur Teks Structure Expressive Hybrid
Headings/Subheadings 92% 18% 70%
Hyperlink 94% 12% 65%
Personal Opinion 45% 88% 66%
Visual/Emoji 5% 63% 35%

Figure 4 and Table 3 show the pattern of feature usage that differs greatly between writing style
clusters. Students in the Structural cluster were very dominant in the use of headings and hyperlinks
(above 90% each), but almost no use of visual elements (5%) and personal opinions (45%). It shows
a preference for a formal, informative, and technical approach, in accordance with academic or
professional writing conventions. In contrast, Expressive groups tend to avoid technical structures
and features, and use more narrative and emotional expression. The high use of personal opinions
(88%) and emojis (63%) reflects a preference for communicative and personal writing styles.
However, this approach risks ignoring aspects of digital formality and structure that are important in
an academic or professional context.

The Hybrid group again showed balance. They still use headings (70%) and hyperlinks (65%) to
support readability and credibility, but also insert personal and visual opinions to reinforce the appeal
of the message. It reflects a high level of communication adaptability according to the purpose,
audience, and context of the writing. These findings emphasize that digital literacy competence is not
only a matter of technical mastery but also of contextual communication strategies. Students' writing
styles appear to be a reflection of their literacy identity, which in turn will affect the effectiveness of
message delivery in various digital contexts. From a pedagogical perspective, teachers and curriculum
developers can leverage these findings to:

1. Compiling feature-based digital writing rubrics, not just conventional content or structures;

2. Provide more personalized feedback, for example highlighting the strength of students'
expressive styles but also encouraging the use of more formal structures;

3. Design adaptive digital writing training, such as themed assignments, blended style
challenges, or revision practices based on each student's style profile.

This heatmap analysis reinforces previous findings that students with Hybrid styles not only excel
in digital literacy scores, but also have high flexibility in the utilization of digital text features. This
means that the ideal digital literacy competency is not only seen from the number of features used,
but also from how appropriate and strategic its use is in the context of diverse digital communication.

The finding that hybrid writers demonstrated the highest digital literacy performance aligns with
previous studies emphasizing the importance of adaptability in digital communication (Julien, 2018;
Sharma et al., 2016). These students' ability to balance structural coherence with expressive content
reflects what Belshaw and Higgins (2011) define as "digitally mature writers"—those capable of
navigating multiple communicative demands effectively. In addition, the DIF results confirming
gender-based item bias echo earlier work by Hargittai & Shafer (2006), highlighting how social factors
shape students’ digital confidence and performance. Similarly, the observed gap in assessment
coverage in the Wright Map is consistent with critiques by Timmis et al. (2016) regarding traditional
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assessments’ inability to capture upper-range digital competencies. By integrating these insights, the
current study extends the literature by offering an empirical framework that connects writing style,
assessment fairness, and multimodal communication strategies in a single model applicable to
primary education.

Overall, the results of this study highlight that students' digital writing styles are not merely
surface-level preferences, but reflect deeper cognitive and communicative competencies. The
dominance of the Hybrid cluster underscores the value of flexible, audience-aware, and feature-rich
communication strategies in achieving high digital literacy performance. These insights support a
move away from one-size-fits-all assessments and toward differentiated, identity-sensitive literacy
instruction. From a practical standpoint, educators are encouraged to recognize and build upon
students' natural writing tendencies—whether structural, expressive, or hybrid—through tailored
feedback, inclusive assessment instruments, and multimodal writing tasks. Developing students’
awareness of their digital literacy identity can foster more meaningful engagement with digital texts
and strengthen their readiness for communication in varied real-world contexts. These findings have
important implications for educational outcomes. The differences in digital writing styles and feature
usage are not merely stylistic; they correlate with students’ ability to communicate, interpret
information, and demonstrate critical thinking in digital environments—skills that are increasingly
recognized as essential components of 21st-century education. As such, recognizing and supporting
diverse writing profiles can lead to more equitable and effective literacy instruction and assessment
practices that directly impact students’ academic success and digital readiness.

6. Conclusion

This research highlights the importance of understanding students' digital literacy as a complex
form of competence, not only including understanding the content of the text but also the strategic
ability to write, choose digital features, and convey messages effectively in an online context. Through
a quantitative-visual approach based on PCA, DIF, Wright Map, and heatmap analysis, it was found
that students adopted three main digital writing styles—Structural, Expressive, and Hybrid—each of
which had a tendency to use features, appropriate difficulty levels, and different literacy outcomes.
The Hybrid cluster has consistently shown excellence in terms of flexibility and effectiveness of digital
communication, while recording the highest literacy scores. On the other hand, the DIF analysis
revealed the potential for gender inequality in response to some items, while the Wright Map showed
that most items did not adequately reach students with extreme abilities, particularly in the high
category. Analysis of text features through heatmaps also showed that students' writing styles are
not just technical variations, but rather reflect their evolving literacy identities in the digital
ecosystem.

These findings have important implications for the world of education, especially in designing
digital literacy learning that is more contextual, equitable, and adaptive. Writing style mapping can
be used as a basis for providing personal feedback, compiling more relevant rubrics, and developing
assessment instruments that are sensitive to diversity of abilities and social backgrounds. In the midst
of the accelerating flow of digital transformation, digital literacy competencies are not enough to be
approached with a single standard; rather, they require an understanding of the diversity of
communication strategies used by students in various contexts. Thus, this article asserts that writing
skills in the digital space are a form of strategic literacy that reflects not only technical mastery, but
also a way of thinking, communicating, and participating critically in an interconnected world.

7. Limitations

This study is subject to several limitations. First, the sample was limited to 150 elementary school
students from urban public schools in Indonesia, which may affect the generalizability of findings to
other educational levels or contexts. Second, the digital writing tasks were conducted using a single
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online platform with a predefined interface, which may have constrained students' creative
expression or familiarity with tools. Only open-ended informational texts were used as writing
prompts, potentially limiting the variety of genre-specific strategies. Additionally, students' prior
experience with digital tools or typing skills was not systematically controlled, which might have
influenced both the length and complexity of their writing. Future research should explore a broader
sample across diverse schools and include comparative analysis across digital platforms and writing
genres to validate and expand the present findings.

8. Suggestion

Based on the findings of this study, it is suggested that the development of digital literacy
learning and assessment in schools be carried out more adaptively, taking into account the diverse
profiles of students' writing styles. Teachers need to be encouraged to integrate data-driven
approaches such as clustering of writing styles and analysis of text features in reflection and feedback
practices. In addition, instrument developers should pay attention to the aspect of fairness validity
and ensure that the question items cover a balanced spectrum of difficulty, so as to be able to
measure students' abilities representatively. Further research is recommended to explore the
relationship between digital writing styles and other literacy dimensions, such as visual, collaborative,
or digital ethics literacy, as well as to expand the study context to different levels and educational
regions to enrich the generalization of findings.
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