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ABSTRAK

Kemampuan berpikir kronologis diperlukan agar siswa dapat
mengorganisasi urutan, periodisasi, dan hubungan temporal
dalam peristiwa sejarah. Penelitian ini bertujuan menganalisis
efektivitas infografis berbasis Canva terhadap kemampuan
berpikir kronologis siswa dalam pembelajaran sejarah.
Penelitian menggunakan pendekatan kuantitatif dengan
metode kuasi-eksperimen dan desain nonequivalent control
group pretest—posttest. Partisipan berjumlah 46 siswa kelas X
MA NW Kotaraja, terdiri atas 22 siswa kelompok eksperimen
dan 24 siswa kelompok kontrol. Kelompok eksperimen

belajar menggunakan infografis berbasis Canva, sedangkan
kelompok kontrol mengikuti pembelajaran reguler. Data
dikumpulkan menggunakan tes yang mengukur kemampuan
membandingkan periodisasi, menyusun struktur temporal
dalam narasi, dan menafsirkan linimasa, kemudian dianalisis
secara deskriptif melalui N-gain dan secara inferensial menggunakan independent-samples t-
test. Rata-rata kelompok eksperimen meningkat dari 37,86 menjadi 67,23 dengan N-gain 0,47,
sedangkan kelompok kontrol meningkat dari 45,54 menjadi 48,42 dengan N-gain 0,03.
Perbedaan N-gain kedua kelompok signifikan, t (44) = 7,062, p < 0,001, dengan selisih rata-
rata 44,14 poin persentase. Temuan ini menunjukkan bahwa penggunaan infografis berbasis
Canva berkaitan dengan peningkatan kemampuan berpikir kronologis yang lebih tinggi
daripada pembelajaran reguler. Secara pedagogis, infografis dapat digunakan untuk
mengeksternalisasi struktur waktu dan membantu siswa mengorganisasi informasi sejarah,
tetapi efektivitasnya bergantung pada akurasi isi, koherensi visual, dan aktivitas pemrosesan
yang menyertainya.

This is an open access article under the CC BY-SA license.
Copyright © 2026 by Author. Published by PT Citra Media
Publishing.

ABSTRACT

Chronological thinking skills enable students to organize sequences, periodization, and
temporal relationships in historical events. This study aimed to analyze the effectiveness of
Canva-based infographics in developing students’ chronological thinking skills in history
learning. A quantitative approach was employed using a quasi-experimental method and a
nonequivalent control group pretest-posttest design. The participants were 46 Grade 10
students at MA NW Kotaraja, comprising 22 students in the experimental group and 24 in the
control group. The experimental group learned through Canva-based infographics, whereas
the control group received regular instruction. Data were collected using a test that assessed
students' ability to compare periodizations, construct temporal structures in narratives, and
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Interpret timelines. The data were analyzed descriptively using normalized gain (N-gain) and
inferentially using an independent-samples t-test The experimental group’s mean score
increased from 37.86 to 67.23, with an N-gain of 0.47, whereas the control group's mean score
increased from 45.54 to 48.42, with an N-gain of 0.03. The difference in N-gain between the
groups was significant, t(44) = 7.062, p < .001, with a mean difference of 44.14 percentage
points. These findings indicate that the use of Canva-based infographics was associated with a
greater improvement in chronological thinking skills than regular instruction. Pedagogically,
infographics can externalize temporal structures and help students organize historical
information; however, their effectiveness depends on content accuracy, visual coherence, and
the processing activities that accompany their use.

INTRODUCTION

Digital transformation in education does not in itself produce more meaningful
learning. A second-order meta-analysis indicates that using digital technology merely as a
substitute for conventional media has no meaningful overall effect on learning outcomes; its
benefits are stronger when technology facilitates more constructive and interactive learning
activities supported by appropriate cognitive guidance (Sailer et al., 2024). Similarly, the
effectiveness of technology in supporting deep learning is shaped by how its use is
structured, the instructional guidance provided, and the types of learning activities involved,
rather than simply by the presence of digital devices (Wu, 2024). Applications, devices, and
visual learning materials therefore add value only when their representations serve specific
pedagogical functions and help students perform cognitive operations relevant to the
learning objectives. Visual or multiple representations do not invariably improve
understanding; their success depends on representational design, the functions they
perform, and the cognitive tasks students undertake when using them (Ainsworth, 2006).

In history education, learning objectives extend beyond mastering isolated names,
dates, and facts. Historical reasoning requires students to organize information about the
past in order to describe, compare, and explain historical phenomena through source use,
contextualization, argumentation, and metahistorical concepts such as cause and
consequence, change, and continuity (van Drie & van Boxtel, 2008). Understanding historical
time also encompasses the ability to use temporal concepts, sequence events, place
phenomena on a timeline, recognize the characteristics of a period, and compare changes
across periods (Groot-Reuvekamp et al, 2014). Constructing historical explanations,
meanwhile, requires students to connect various conditions, actions, and events causally
rather than merely list facts in chronological order (Stoel et al,, 2015). Thus, the educational
value of a technology should be determined not primarily by the novelty of the application
but by its capacity to facilitate the cognitive activities and epistemic practices characteristic
of historical knowledge (Ainsworth, 2006; Sailer et al., 2024; van Drie & van Boxtel, 2008).

Chronological thinking is one of the foundational skills in historical thinking. A
chronological framework is a central organizing principle in history because it enables events
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and developments to be situated within a broader temporal context (van Drie & van Boxtel,
2008). Chronological thinking extends beyond recalling dates. It includes distinguishing
among the past, present, and future; recognizing temporal structures in historical narratives;
sequencing events; calculating calendar time; constructing and interpreting timelines;
explaining change and continuity; and comparing alternative models of periodization
(Lorenc & Mrozowski, 2013). Understanding historical time also involves mastering temporal
vocabulary, placing objects, individuals, situations, and events in the appropriate periods,
and comparing the characteristics of and changes across historical periods (Groot-
Reuvekamp et al., 2014).

On this basis, chronological thinking skills can be operationalized through activities
such as identifying and comparing models of periodization, recognizing the duration of a
development, constructing temporal structures in narratives, and creating and interpreting
historical data presented as timelines (Fardi, 2022; Lorenc & Mrozowski, 2013). Such
operationalization is important because chronology in history education is often reduced to
knowledge of dates and event sequences. In fact, chronology serves as a frame of reference
that helps students understand when an event occurred, what preceded and followed it, how
long a process lasted, and how different events and developments unfolded sequentially,
simultaneously, or in relation to one another (Fardi, 2022; van Drie & van Boxtel, 2008).
Without such a temporal framework, collections of events lose their context and become
difficult to use in understanding change, continuity, and causal relationships in history
(Lorenc & Mrozowski, 2013).

Awareness of historical time has both procedural and conceptual dimensions. Human
understanding of historical time does not develop entirely intuitively. Concepts such as
chronology, periodization, historical distance, long duration, change, continuity, and the
relationship among the past, present, and future need to be deliberately developed through
history education (Wilschut, 2019). This development requires temporal language, narratives,
timelines, dating systems, and representations of periodization that help students organize
and make sense of human experience over time (Fardi, 2022; Groot-Reuvekamp et al,, 2014).
In a broader sense, historical consciousness concerns how people understand the
relationship among the past, present, and future in order to situate themselves in time and
make meaning of historical experience (Popa, 2022).

Within a historical thinking framework, time, change, and continuity are components
of disciplinary practice that help students interpret developments in the past. Historical
thinking, however, is not limited to temporal skills. It also encompasses the use of evidence
from sources, analysis of cause and consequence, determination of historical significance,
historical perspective taking, and consideration of the ethical dimension of history (Seixas,
2015). Similarly, (van Drie & van Boxtel, 2008) describe historical reasoning as a complex
activity involving the formulation of historical questions, the wuse of sources,
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contextualization, argumentation, and the application of substantive and metahistorical
concepts.

Chronological thinking is therefore an essential foundation, but it does not constitute
the whole of historical thinking. Students may know the sequence of events or place events
on a timeline without necessarily being able to explain causal relationships, evaluate
evidence, construct arguments, or understand the perspectives of historical actors.
Accordingly, when a research instrument measures only temporal sequencing, periodization,
duration, and timeline interpretation, the findings should be framed as improvements in
chronological thinking or understanding of historical time, rather than in historical thinking
as a whole. This limitation of the claim is consistent with the principle of construct validity,
according to which interpretations of assessment results must be supported by evidence
appropriate to the construct and the actual scope of the skills measured (Kane, 2013).

Difficulties in organizing time were also evident in history learning at MA NW Kotaraja.
Based on preliminary observations and interviews conducted for this study, some students
had difficulty sequencing events, distinguishing between events that occurred close together
in time, identifying the stages of a development, and reading historical information
presented in timeline form. In the observed classes, history instruction still relied heavily on
teachers' oral explanations and textbooks as the primary representations of the material
(preliminary observation and interview data, January 12, 2026).

These findings do not imply that lectures and textbooks are invariably ineffective. A
more plausible issue is a mismatch between the skill to be developed-temporal
organization-and the form of representation that dominates instruction. The effectiveness
of a representation is determined not only by its format but also by the pedagogical function
it performs and the cognitive tasks students undertake when interacting with it (Ainsworth,
2006). The issue, therefore, is not simply the use of text, but the extent to which textual
structure helps students recognize and organize temporal relationships. A meta-analysis
indicates that instruction in text structure improves comprehension of expository texts,
particularly because it helps readers recognize the organizational relationships among the
ideas presented (Hebert et al., 2016).

When a complex series of events is presented primarily in lengthy paragraphs without
explicit temporal structuring, students must identify temporal markers, connect dispersed
information, sequence events, and independently construct a coherent mental
representation. Research on text comprehension indicates that less cohesive texts make it
more difficult for readers to integrate information into a mental model, particularly for
readers with more limited working-memory capacity (Schurer et al., 2020). This may increase
processing demands because new information must be maintained and processed within
working memory, which is limited in both capacity and duration (Sweller et al.,, 2019). By
contrast, an appropriate visual representation can provide an initial framework that helps
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readers organize information and construct a mental model while reading (Eitel et al., 2013).
In history education, timelines or chronological infographics may therefore externalize
sequences and temporal relationships that students would otherwise have to construct
independently from verbal descriptions.

Chronological infographics have the potential to bridge the gap between the demands
of temporal organization and the predominantly verbal presentation of historical content.
Instructionally, an infographic is a visual representation that integrates concise text with
graphic elements-such as symbols, images, color, space, and layout-to summarize complex
information and highlight relationships among elements (Dunlap & Lowenthal, 2016;
Traboco et al., 2022). Its learning benefits, however, do not arise merely from the presence
of visual elements, but from the alignment among the information displayed, its spatial
organization, and the cognitive processes students need to perform (Mccrudden & Rapp,
2015).

In history education, the relevant format is therefore not merely a decorative poster,
but a temporal visualization or timeline that uses year markers, period blocks, relational
arrows, comparisons of time spans, and event hierarchies. Research on learning historical
time suggests that timelines can serve as frameworks that help students understand
relationships among events, phenomena, and historical periods (Groot-Reuvekamp et al,
2014). Spatial organization makes several points and spans of time simultaneously available
within a single visual field, enabling comparison, while placing brief annotations close to the
elements they explain reduces the need for students to search for and combine separated
information (Eitel et al., 2013; Schroeder & Cenkci, 2018). Information dispersed across
several paragraphs can thus be represented as a more integrated temporal framework.

This explanation is consistent with the Cognitive Theory of Multimedia Learning
(CTML). The theory rests on three assumptions: people have distinct but interacting channels
for processing verbal/auditory and pictorial/visual information; each channel has limited
capacity; and learning requires active processing. Meaningful learning occurs when students
select relevant words and images, organize them into coherent verbal and visual
representations, and then integrate these representations with each other and with prior
knowledge stored in long-term memory (Mayer, 2024; Mayer & Moreno, 2010).

Consequently, adding images or visual elements does not automatically improve
learning. Decorative images and interesting but irrelevant information, often termed
seductive details, can divert attention from the core material and reduce learning outcomes
(Sundararajan & Adesope, 2020). Excessive or redundant text can likewise increase
processing demands, particularly when students must process narration and written text that
convey identical information (Adesope & Nesbit, 2012). Placing related text and images far
apart also forces students to search for and mentally connect the information, increasing the
risk of split attention (Schroeder & Cenkci, 2018).
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Conversely, infographics are more likely to support learning when their design
eliminates irrelevant information, positions text near the visual elements it explains, and uses
visual cues to emphasize important structures and relationships. Meta-analytic evidence
indicates that visual signaling-through color, connecting lines, labels, or typographic
emphasis, for example-can direct students' attention to correspondences between text and
images (Richter et al., 2016). Eye-tracking research also shows that color supports learning
when used functionally to help students locate and connect corresponding information
(Ozcelik et al, 2009). The instructional value of an infographic therefore lies not in the
quantity of its visual elements but in its capacity to direct cognitive processing toward
structures relevant to the learning objectives.

Meta-analytic evidence reinforces the importance of signaling in multimedia materials.
The signaling principle holds that students learn more effectively when verbal or visual cues
direct attention to important information, clarify the organization of the material, and
highlight relationships between verbal and visual representations (Alpizar et al., 2020;
Schneider et al., 2017). Signals may include consistent color, connecting lines, arrows, labels,
headings, typographic emphasis, contrast, and spatial grouping. Their purpose is not
decorative; rather, they support the selection of information, the organization of material,
and the integration of relationships among elements (Koning et al., 2009).

Meta-analytic evidence indicates that signaling has positive effects on retention and
transfer, although effect sizes vary according to the characteristics of the material and the
learners (Schneider et al., 2017). More specifically, a meta-analysis of text-picture relations
found small-to-moderate positive effects on comprehension and transfer, with benefits
tending to be more pronounced among learners with low prior knowledge (Richter et al.,
2016). Eye-tracking research further indicates that using color to code relationships can
accelerate the search for corresponding information and support retention and transfer
(Ozcelik et al., 2009).

In history education, this principle can be applied to timelines by using consistent
colors to designate periods, lines to indicate continuity in a development, and arrows and
labels to distinguish temporal sequence from causal relationships. Spatial positioning and
coding systems should remain consistent from the beginning to the end of a timeline so that
students do not have to relearn the meaning of each marker. This application is consistent
with the use of timelines as frameworks for organizing historical time (Groot-Reuvekamp et
al., 2014). Signaling is therefore more substantive than merely making a display attractive
because it relates directly to how attention is directed, information is selected, and temporal
relationships are organized.

Canva is a visual design platform that provides a wide range of templates, images,
icons, graphic elements, typefaces, videos, animations, and drag-and-drop editing tools.
These features make it technically easier for teachers to produce presentations, posters,
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worksheets, and infographics without mastering professional design software (Canva, 2026).
This technical accessibility is important because producing effective infographics requires
deliberate decisions concerning layout, color, typography, context, and communicative
purpose (Traboco et al., 2022).

Nevertheless, Canva cannot be treated as a variable that produces learning by itself.
The same platform can be used to create concise, well-structured learning materials, but it
can also produce designs crowded with decoration, excessive text, and irrelevant visual
elements. Multimedia learning theory emphasizes that learning outcomes depend on
selecting, organizing, and integrating relevant information, rather than on the number of
visual features or the sophistication of the platform used (Mayer, 2024). This study therefore
positions Canva as a production tool, while the pedagogical treatment consists of presenting
historical information through concise, structured chronological infographics designed to
support temporal organization.

Distinguishing between the platform and the instructional design is necessary to avoid
technological determinism-the tendency to regard technology as the primary driver of
change and the direct cause of improved learning outcomes. The literature cautions that
educational technology research often overstates the influence of technological tools while
giving insufficient attention to methods, objectives, learner characteristics, and contexts of
use (Oliver, 2011). In the media-method debate, (Clark, 1983) argued that improvements
attributed to media often actually derive from instructional methods or the novelty of a
treatment. (Kozma, 1994) subsequently refined this position by explaining that media effects
must be understood through the interaction among the representational capabilities of the
medium, instructional methods, tasks, and learners' cognitive processes. Contemporary
perspectives similarly view technology, pedagogy, objectives, values, and context as
mutually constitutive; learning outcomes therefore cannot be inferred solely from the name
of the platform used (Fawns, 2022).

Previous research demonstrates the potential-although not entirely consistent-of
visual representations in history learning. Prangsma et al. compared three representational
construction activities: textual representations, visual-textual representations, and visual-
textual representations integrated into a timeline. Their final sample comprised 85 pre-
vocational secondary school students aged 12-13 who worked in pairs on four history tasks.
Students who constructed visual-textual representations integrated into a timeline achieved
higher immediate test scores than those who constructed textual representations alone,
particularly on items assessing the placement and sequencing of events in time (Prangsma
et al., 2008). These findings suggest that a timeline can serve not merely as an illustration
but as an external framework for organizing the phenomena, concepts, and temporal and
causal relationships that constitute a chronological-conceptual frame of reference. However,
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the difference did not persist on the retention test, meaning that the study provides stronger
support for short-term benefits than for durable learning.

Broader evidence comes from the Timewise intervention. In a quasi-experimental study
involving 788 Grade 2 and Grade 5 students and 16 teachers, timelines were used
consistently as a basis for connecting events, period characteristics, temporal sequences, and
change and continuity. The intervention group demonstrated a better understanding of
historical time than the comparison group (Groot-Reuvekamp et al., 2014; Wilson et al.,
2023). This study is important because it shows that the benefits of timelines arise not only
from their appearance but also from their consistent use in learning activities that explicitly
target an understanding of historical time.

In the Indonesian context, (Dara & Setiawati, 2017) reported that students who learned
with timeline media achieved higher chronological thinking outcomes than those who
learned with PowerPoint. These findings should nevertheless be treated as supporting
evidence because the study used a nonequivalent control group design and reported several
inconsistencies in its statistical analysis. A developmental study by (Ofianto et al., 2022)
likewise found that a Focusky-based digital timeline was judged feasible and practical and
was accompanied by improved chronological thinking skills; however, its developmental
design did not provide causal evidence as strong as that of a controlled experiment.

More closely aligned with the focus on digital infographics, (Susanto et al., 2025)
involved 48 Grade 11 vocational high school students in a posttest-only control group
design. The study reported a significant difference in chronological thinking skills between
students who learned through digital infographics and the comparison group, with higher
achievement in the experimental group. Although relevant, the absence of a baseline
measure and the lack of clarity concerning individual randomization limit confidence that
the final difference was attributable entirely to the infographics. Overall, previous studies
support the potential of timelines and digital infographics as tools for temporal organization,
but their benefits depend on representational design, student activity, consistency of use,
and the alignment of the instrument with the construct of chronological thinking.

Recent research on spatial representations in history education offers additional
support while also revealing their conceptual limitations. (Lucero et al., 2024) found that
students who collaboratively completed partially filled concept maps engaged more
extensively in causal explanation, argumentation, the use of historical and metahistorical
concepts, and the integration of ideas than students who collaboratively wrote summaries.
These findings indicate that spatial representations accompanied by a completion task can
provide a framework for identifying and discussing conceptual relationships that are less
readily visible in linear text. A concept map, however, is not equivalent to a timeline
infographic, so these results cannot be treated as direct evidence of the effectiveness of
temporal infographics. The benefits of visual representations also appear to be shaped by
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the accompanying activity. Meta-analytic evidence suggests that constructing concept maps
yields greater relative benefits than merely studying preconstructed maps, although both
forms of use can support learning (Schroeder & Cenkci, 2018). Students who only view an
infographic may therefore engage in less generative processing than those asked to
interpret, complete, explain, or construct one (Fiorella, 2023).

Three gaps underpin this study. First, many Canva-related studies assess motivation,
creativity, product feasibility, or general learning outcomes, whereas the relationship
between infographic design and specific cognitive operations in historical thinking remains
underexamined. Second, research directly assessing chronological thinking at the Islamic
senior secondary school level remains limited. Third, educational technology studies often
attribute changes in outcomes to the name of an application without explaining the
representational mechanisms that may be operating. This study shifts the focus from
whether Canva is engaging to a more disciplinary question: Is temporal visualization through
Canva-based infographics associated with the development of students' ability to organize
historical time?

This study aimed to analyze the effectiveness of Canva-based infographics in
developing Grade 10 students' chronological thinking skills in history learning. Effectiveness
was examined through changes in pretest-posttest scores, N-gain, and differences in final
outcomes between the experimental and control groups. Because the design involved pre-
existing classes, the analysis also paid particular attention to differences in baseline ability.
The working hypothesis was that students who learned through Canva-based infographics
would demonstrate greater development in chronological thinking skills than those who
received conventional instruction.

METHOD

This This study employed a quantitative approach using a quasi-experimental method
and a nonequivalent control group pretest-posttest design. This design was selected
because the participants came from administratively established classes, and the researchers
neither randomized individual students nor randomly allocated classes to the study
conditions. In quasi-experimental designs, groups are formed or selected on nonrandom
criteria, although the researcher still manipulates the independent variable to examine the
effect of an intervention on a particular outcome (Denny et al., 2023; Shadish et al., 2002).
Both groups completed a pretest before the intervention and a posttest after it. The
experimental group received history instruction using Canva-based infographics, whereas
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the control group received the regular history instruction typically provided by the teacher.
The design can be represented as follows:

Group Pretest Treatment Posttest

Experimental (OJN)) ) (0_2)

Control (0_3) (X_0) (0_4)
Notes:

O; and Og: initial measurement or pretest;

O, and Oy: final measurement or posttest;

X instruction using Canva-based infographics;
Xo: regular instruction in the control group.

The study was conducted at MA NW Kotaraja, East Lombok Regency, during the first
semester of the 2026/2027 academic year. The participants were 46 Grade 10 students: 22
students from Class X-1 in the experimental group and 24 students from Class X-2 in the
control group. The primary instrument was a chronological thinking skills test administered
before and after instruction. The test indicators included the ability to identify and compare
models of historical periodization, construct temporal structures in historical narratives, and
interpret historical data presented as timelines. Data collection involved mapping baseline
conditions, administering the pretest, implementing the instruction, observing the learning
process, and administering the posttest. The data were analyzed using an independent-
samples t-test (Lakens, 2013) with SPSS 25.0.

RESULT
Profile of Students' Chronological Thinking Skills

A descriptive analysis of the chronological thinking skills of Grade 10 students at MA
NW Kotaraja is presented in Table 1.

Table 1. Profile of students' chronological thinking skills

Group Mean  pretest Mean posttest Mean N-gain
score score

Experimental (n = 3786 (SD = 6723 (SD = 047

22) 5.514) 14.925)

Control (n=24) 4554 (SD = 4842 (SD = 0.03
9.203) 8.444)

Table 1 shows that the experimental group's mean pretest score was 37.86 (SD = 5.514),
whereas the control group was 45.54 (SD = 9.203). The control group's baseline mean was
therefore 7.68 points higher. After instruction, the experimental group's mean posttest score
reached 67.23 (SD = 14.925), whereas the control group reached 48.42 (SD = 8.444). The
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experimental group's mean increased by approximately 29.37 points from pretest to
posttest, while the control group's increased by approximately 2.88 points. The wider range
of posttest scores in the experimental group was also reflected in its larger standard
deviation. This indicates that students did not respond uniformly to the treatment; some
may have benefited more than others. The N-gain analysis showed a mean gain of 0.47 in
the experimental group and 0.03 in the control group. Under the classification used in this
study, the experimental group's gain was moderate, whereas the control group was low.

Effect of Canva-Based Infographics on Students' Chronological Thinking Skills

The test of the effect of Canva-based infographics on students' chronological thinking
skills is presented in Table 2.

Table 2. Results of the independent-samples t-test
t df Sig. (two-tailed) Mean difference
7.062 44 <.001 44.140

Table 2 shows a significant difference in mean N-gain between the experimental and
control groups, t (44) = 7.062, p < .001. The result indicates that students who learned
through Canva-based infographics demonstrated a significantly greater improvement in
chronological thinking skills than those in the control group. The mean difference further
shows that the experimental group's average N-gain was 44.140 percentage points higher
than that of the control group.

DISCUSSION

The findings indicate that Canva-based infographics can improve students'
chronological thinking skills. Chronological thinking is not limited to recalling dates; it
encompasses placing events within a temporal framework, establishing sequences,
recognizing patterns of duration and succession, and understanding periodization. A
chronological framework provides a basis for organizing historical knowledge and explaining
change and continuity across events (van Drie & van Boxtel, 2008). In linear narrative texts,
temporal information may appear in separate sections, requiring readers to identify
temporal markers, maintain access to earlier information, and integrate it into a mental
model of the event sequence. Research on text processing indicates that readers monitor
the consistency of temporal sequences and update their situation models when they
encounter temporal shifts; these processes can impose additional processing demands and
affect the accessibility of previously read information (Rinck, 2003; Speer & Zacks, 2005).

Timeline infographics can externalize some of these temporal relationships by
organizing information spatially. Consistent horizontal or vertical positions can encode
sequence; blocks or fields of color can distinguish periods or categories; and lines and arrows
can represent relationships, directions of development, or continuity. When a proportional
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chronological scale is used, the distance and length of visual elements can also represent
intervals and event durations (Brehmer et al, 2016; Tversky, 2011). Such external
representations do not replace students' historical reasoning. Rather, they provide cognitive
scaffolding and reduce the need to continually search for or retain temporal information in
working memory, allowing cognitive resources to be directed more fully toward organizing,
integrating, and interpreting historical patterns (Ainsworth, 2006; Mayer, 2024; Risko &
Gilbert, 2016). These benefits, however, depend on the clarity of the scale, consistency of the
visual coding, relevance of graphic elements, and students' ability to connect verbal and
visual representations.

The findings of this study partially align with those of (Prangsma et al., 2008). In their
study of 85 students aged 12-13, participants worked in pairs to construct textual
representations, visual-textual representations, or visual-textual representations integrated
into a timeline. The group that constructed visual-textual representations within a timeline
achieved higher posttest scores than the textual-representation group, particularly on items
assessing temporal relationships. However, this difference did not persist on the retention
test, and no significant difference was found between the timeline group and the visual-
textual group without a timeline. The study therefore provides limited support for the
proposition that integrating verbal and visual information within a temporal structure can
facilitate the formation of a chronological-conceptual framework, particularly in the short
term.

The similarity between that study and the present research lies in the use of verbal and
visual information organized within a temporal structure. The difference is that students in
(Prangsma et al, 2008) collaboratively constructed and integrated the representations,
whereas students in the present study primarily used teacher-provided infographics as
instructional media. This distinction is important because constructing a representation is a
generative activity that requires students to select relevant information, organize it into a
coherent structure, and integrate it with prior knowledge (Fiorella & Mayer, 2016). Within
the ICAP framework, generating or completing one's own representation is a constructive
activity, whereas merely observing a provided representation tends to involve a lower level
of engagement unless it is accompanied by an information-processing task (Chi & Wylie,
2014).

Nevertheless, student-generated representations are not necessarily more effective
than provided visuals. The benefits of generative activities are shaped by representational
quality, students' spatial ability, the complexity of the material, and the support provided
during construction (Fiorella & Zhang, 2018; Zhang & Fiorella, 2019). Eye-tracking research
suggests that drawing one's own representation can encourage rereading of important
information and more frequent shifts of attention between the text and the drawing space,
but the activity still requires guidance to avoid adding unproductive processing demands
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(Hellenbrand et al., 2019). Future research should therefore compare the effectiveness of
teacher-provided infographics with infographics that students construct, complete, or revise,
while controlling for design quality, prior knowledge, learning time, and the level of
scaffolding.

The Cognitive Theory of Multimedia Learning can help explain the findings of this
study. According to the theory, meaningful learning occurs when students select relevant
information, organize it into coherent mental representations, and integrate it with their
existing knowledge (Mayer, 2024). In historical infographics, text can explicitly state events,
concepts, and temporal relationships, while layout, lines, positioning, images, and symbols
can externalize those relationships spatially. When text is placed close to the visual element
to which it refers, students need not continually search for correspondences between the
two sources of information. This condition can reduce split attention and facilitate the
integration of verbal and visual information (Holsanova et al., 2009; Schroeder & Cenkci,
2018). A review of 29 systematic reviews encompassing 1,189 studies likewise found spatial
and temporal contiguity to be among the multimedia design principles with strong meta-
analytic support (Noetel et al., 2022).

This effect can be strengthened through signalling, or the use of cues that highlight
the organization or essential information in the material. In chronological infographics,
signals may include bold dates, meaningful colour changes, directional arrows, period labels,
connecting lines, or the placement of events in particular positions. A meta-analysis by
(Schneider et al., 2017), encompassing 103 studies and 12,201 participants, found that
signalling had positive effects on retention (g = 0.53) and transfer (g = 0.33), while also
increasing attention to relevant information. Visual cues are helpful, however, only when
their meaning is clear and their use is consistent. Colour, for example, should designate the
same categories, periods, or statuses rather than merely create aesthetic variation. Similarly,
size, position, and arrows should direct attention to relationships that form part of the
learning objective. When too many elements are emphasized, signalling becomes less
effective because students can no longer distinguish central from supplementary
information.

Multimedia principles do not, however, imply that more visual elements invariably
produce better learning. Template-based design platforms such as Canva make it easy to
add icons, illustrations, colours, shapes, animations, and decorative effects, but this
convenience can also increase the risk of seductive details-elements that attract attention
but are irrelevant to the learning objectives. A meta-analysis by (Sundararajan & Adesope,
2020) indicates that adding interesting but irrelevant details tends to reduce learning
outcomes. This finding is reinforced by a recent multilevel meta-analysis of 177 effect sizes
from 50 studies, which found a small negative overall effect on learning outcomes (g = -
0.16), including comprehension, recall, and transfer. This effect operated primarily by
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increasing extraneous cognitive load (Cheng et al., 2026). Visual appeal should therefore
support the communication of meaning rather than become an end in itself.

In this context, an effective historical infographic need not use a prescribed number of
colors, but it should apply a limited, legible, and consistent visual code; place labels near the
elements they explain; maintain sufficient contrast; and divide verbal information into units
aligned with the temporal structure. If a single infographic presents chronological sequence,
causal relationships, change, and comparison simultaneously, each type of relationship
should be distinguished through clear visual codes and a legend. This is important because
lines and arrows may be interpreted as indicating sequence, movement, temporal
relationships, or causality; using them without differentiation can therefore create ambiguity
(Tversky, 2011). In historical reasoning, an earlier event does not automatically cause the
event that follows; a causal relationship requires an explanation of the mechanisms,
conditions, and interconnections among factors (van Drie & van Boxtel, 2008). Timelines
should therefore encode temporal sequence, while causal relationships should be
represented by different line styles, arrows, colors, or labels and explained in a legend.

Within this framework, the improvement in chronological thinking observed in this
study may be interpreted as resulting from a presentation of temporal information that was
more integrated, directed, and easy to trace. Because this study did not directly measure
students' visual attention, information-integration processes, or cognitive load, however, this
mechanism should be treated as a theoretically plausible explanation rather than as an
empirically demonstrated mechanism within the present study.

One of the most direct contributions of infographics is that they provide an external
structure for organizing historical time. Within a single visual field, students can identify
temporal positions, sequences, transition points, durations, and simultaneous relationships
among conditions or events. This benefit should nevertheless be understood as a
representational affordance rather than an automatic consequence of infographic use. Its
effectiveness continues to depend on content accuracy, the legibility of temporal markers,
consistency of symbols, and the learning activities accompanying the visualization.
(Prangsma et al., 2008), for example, found that the collaborative construction of visual-
textual representations integrated with timelines produced better short-term understanding
than the construction of textual representations. Other research nevertheless indicates that
adding visuals does not always improve immediate or retention-test performance when the
represented relationships are insufficiently clear or do not support a single, unambiguous
interpretation.

In teaching periodization, visual blocks or bands can help students compare divisions
based on political, economic, social, and cultural change. Periodization, however, should not
be presented as a natural division inherent in the past. Period boundaries result from
historians' selection of turning points and criteria of change considered significant. Because
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change in different domains can proceed at different rates, a political period boundary does
not necessarily coincide with a boundary of economic or cultural change. The notion of plural
and layered historical temporalities also reveals the limitations of periodization that is
excessively linear and homogeneous (Jordheim, 2012). Infographics can therefore use
parallel bands, overlapping boundaries, or color gradients to show that periodization is
interpretive and may vary according to the focus of analysis. The criteria used to define each
period should also be stated explicitly.

Historical time consciousness differs from the understanding of everyday time, which
is formed primarily through direct experience (Wilschut, 2019). Spans of decades or
centuries, historical distance, the simultaneity of events in different places, long-term
change, and alternative possible trajectories require modes of thinking that are not always
intuitive. Within this framework, using infographics as a bridge between spatial organization
and concepts of historical time is a plausible pedagogical interpretation. Positions, paths,
layers, and visual distances can help externalize temporal relationships that are difficult to
observe in linear text. Timeline design must, however, distinguish chronological scale from
sequential scale. On a proportional chronological scale, visual distance can represent the
length of a time interval. On a sequential scale, by contrast, distance indicates order only
and need not correspond to duration. Scale, representation, and layout are central
dimensions in timeline design (Brehmer et al., 2016). If one-year and one-hundred-year
spans are assigned equal distances without explanation, the visualization may lead to
erroneous interpretations of duration. Teachers should therefore indicate whether a timeline
is drawn 'to scale' or 'not to scale.' If the scale is compressed or interrupted, this change
should also be marked visually.

This discussion must also distinguish chronology from causality. Temporal proximity or
sequence indicates only that a causal relationship may be temporally possible; neither
demonstrates that the earlier event caused the subsequent one. A timeline can help test the
temporal plausibility of an explanation-for example, by ruling out a factor that emerged only
after the outcome-but causal explanation still requires evidence of how a factor produced
or enabled change. Historical causal reasoning must also consider actors' actions and
intentions, structural conditions, context, triggers, unintended consequences, and alternative
possible developments (Seixas, 2015; Stoel et al,, 2015; van Drie & van Boxtel, 2008). Lines
or arrows in an infographic should therefore not be used simultaneously to mean 'occurred
after' and 'was caused by' without clear visual differentiation and explanation.

Cause and consequence constitute one of the central concepts in historical thinking,
alongside the use of evidence, change and continuity, historical perspectives, significance,
and the ethical dimension (Seixas, 2015). (van Drie & van Boxtel, 2008) meanwhile, describe
historical reasoning as an activity encompassing the formulation of questions, the use of
sources, contextualization, argumentation, and the application of substantive and
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metahistorical concepts. Both frameworks indicate that the ability to establish chronological
sequence is an essential foundation, but does not yet constitute complete historical
reasoning.

The findings of (Lucero et al., 2024) provide more specific support for the importance
of generative activity. In a study involving 20 secondary school students, collaboratively
completing semi-structured concept maps led to greater engagement in causal explanation
and argumentation than collaboratively writing summaries. These findings do not directly
demonstrate the effectiveness of Canva infographics because the representation, number of
participants, and type of activity differed. They do suggest, however, that infographics may
be more productive when students do not merely view a finished product but also complete,
revise, compare, or construct the relationships within it. Future research could therefore
compare teacher-provided infographics with infographics constructed or completed by
students.

Distinguishing chronology from causality is important to prevent fluency in reading a
visual from being equated with depth of understanding. Students may be able to reproduce
an event sequence without explaining why change occurred, assessing the strength of
evidence, comparing causal factors, or recognizing interpretive uncertainty. External
representations can support learning, but their benefits are not always realized because
students must still understand the function of each representation and translate
relationships among representations (Ainsworth, 2006). Consistent with this point,
(Prangsma et al., 2008) found that combining text and visuals did not in itself improve
history-learning outcomes.

Chronological infographics are therefore best positioned as orientation maps and
scaffolding tools rather than as complete historical explanations. Once students have
mastered the temporal structure, instruction should proceed to source analysis, comparison
of interpretations, discussion, and argumentative tasks. A document-based approach, for
example, requires students to use background knowledge to examine and reconcile multiple
sources rather than merely accept a single preassembled narrative (Reisman, 2012). Follow-
up questions can address the reasons for change, the evidence supporting a relationship,
differences between long-term factors and immediate triggers, the relative weight of each
cause, and the ways in which historical actors' perspectives shaped their actions. In such a
sequence, infographics serve as an entry point to more complex historical reasoning.

CONCLUSION

The use of Canva-based infographics was associated with greater development of
chronological thinking skills among Grade 10 students at MA NW Kotaraja. The experimental
group's mean score increased from 37.86 to 67.23, with an N-gain of 0.47, whereas the
control group's mean score changed from 45.54 to 48.42, with an N-gain of 0.03. The
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between-group difference in N-gain was significant at p < .001, and the Cohen's d estimate
calculated from the summary statistics indicated a large standardized difference.

The pedagogical value of the intervention lies primarily in temporal visualization: time
markers, hierarchy, period grouping, and reading paths help students organize sequences
and interpret timelines. Canva is a tool that facilitates production rather than an automatic
cause of learning. Effectiveness is determined by historical accuracy, visual coherence,
signaling principles, and activities that require students to process the representation
actively.
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