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Abstract:

Recent advancements in technology have increasingly facilitated the adoption of
different instructional methodologies in education. The Lightboard (LB), an innovative
pedagogical tool, comprises a specially illuminated glass surface upon which instructors
articulate written content during lessons. This allows for sustained visual engagement
with both the instructor and the instructional material. While empirical investigations
into face-to-face classroom application of the LB have predominantly emerged from the
United States, these studies, focusing on specific dimensions of the learning process,
suggest that the LB fosters cognitive development and sustains engagement among
typically developing learners. This study presents the inaugural findings from the Greek
educational context, assessing the efficacy of the LB in face-to-face instruction relative to
the traditional Whiteboard. The research, conducted with 30 elementary school students
enrolled in a non-profit educational program, examines learning experiences within the
domain of mathematics. Employing a mixed-methods research design, the study utilized
two data collection instruments: (a) cognitive assessments (pre-test, main test, and post-
test) tailored to the developmental stage of the participants, and (b) systematic teacher
observations to document extra-linguistic phenomena. The results underscore the
significant potential of the LB as a modern instructional tool, particularly given its ability
to achieve cognitive outcomes comparable to those of the traditional Whiteboard, which
has been a cornerstone of classroom teaching for centuries. This alignment with such a
well-established method highlights the LB's promise, while also encouraging further
exploration through larger-scale studies to fully understand and expand its educational
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impact. Moreover, the research explores students” perceptions of the teacher and the LB,
as juxtaposed with other educational technologies employed during instruction.
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1. Introduction

The post-pandemic era has emphasized the pivotal role of Information Technology (IT)
in contemporary education, establishing its integration into teaching practices as a
keystone of effective instruction (Negi et al., 2011). The COVID-19 pandemic accelerated
the transition toward digital and blended educational frameworks, amplifying the
demand for creative strategies that actively engage learners and foster meaningful
learning experiences. While traditional instructional tools such as the Whiteboard (see
Fig. 1 & 2) remain widely utilized due to their straightforward application for explaining
fundamental concepts, their effectiveness diminishes in large educational contexts like
auditoriums, where physical limitations compromise visibility and hinder interaction
(Skibinski et al., 2015; Beatty, 2019).
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Figure 1 & 2: Learning with the Whiteboard

To address these challenges, progressive education increasingly leverages
technology-enhanced methods to cater to diverse educational needs. Blended learning,
which merges in-person teaching with online components, has become an essential
approach for promoting both instructional adaptability and learner engagement (Hall &
Villareal, 2015). As educational environments evolve, instructors are turning to
innovative tools that not only capture students' attention but also facilitate active content
interaction. The Lightboard (LB), an illuminated glass panel that allows instructors to
write while maintaining eye contact with learners (see Fig. 3 & 4), exemplifies such
technological advancements, enabling dynamic, interactive, and visually engaging
lessons (Aslanidou & Heliades, 2024).
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Figure 3 & 4: Learning with the LB

In addition to its technical advantages, the LB aligns closely with the pedagogical
priorities of 21st-century education, particularly the cultivation of critical thinking,
communication, collaboration, and creativity —the “4Cs.” Achieving these competencies
requires an active and participatory approach to learning, supported by educators who
foster metacognitive, social, and communicative skills (Saavedra & Opfer, 2012).
Research indicates that visual aids enhance comprehension and analytical thinking by
helping students connect concepts (Paivio, 1990).

By enabling instructors to write and draw directly on a transparent surface while
maintaining eye contact with the audience, means that the LB could improve verbal and
non-verbal communication. The LB's flexibility in using drawings, and color-coding
allows educators and students to express ideas creatively. For example, instructors in art
classes can demonstrate techniques live, inspiring students to experiment and innovate.
This interactive approach can make lessons more engaging and ensure effective material
delivery. Also, other research has shown that tools that combine visual and verbal
interaction improve information retention and communication skills (Clark & Mayer,
2016).

Furthermore, LB can foster collaboration by allowing students to present their
ideas visually to peers during group discussions. This setup encourages peer-to-peer
learning and teamwork. Specifically, students can collaborate to solve problems or create
joint presentations, aligning with findings by Johnson & Johnson (2009), who
demonstrated that collaborative learning tools promote teamwork and deeper
understanding.

Given the context, the unique challenges posed by the pandemic have amplified
the necessity for teaching methods that nurture adaptability and innovation in students.
By incorporating advanced tools like the LB into their instructional repertoire, educators
not only enrich their teaching practices but they can also model an ethos of continuous
learning and adaptability, qualities that students are encouraged to adopt (Fullan &
Langworthy, 2014).

In Greece, where the education system emphasizes preparing students for global
citizenship, the LB holds significant potential as a tool to create engaging and impactful
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learning environments. Through the application of effective pedagogies and advanced
instructional technologies, Greek educators can help students acquire the skills needed
to thrive in an interconnected and rapidly evolving world (Papanastasiou et al., 2020).
Despite its adoption in various international contexts, particularly in the United States,
the use of the LB in Greek classrooms remains limited. This study investigates the
potential of this innovative teaching tool to enhance student participation and improve
learning outcomes in the Greek educational setting.

2. Literature Review

2.1 Framing Lightboard

The LB is a technology first conceptualized by Professor Michael Peshkin at
Northwestern University (Birdwell & Peshkin, 2015). Independently, professor Matt
Anderson at San Diego State University developed a similar device, naming it the
‘Learning Glass’, which was specifically designed to enhance in-person teaching by
allowing educators to maintain eye contact with students while writing on a transparent,
illuminated panel (Firouzian et al., 2016). This tool features a glass surface with LED
illumination along its edges, enabling instructors to write using specialized markers. A
strategically positioned camera captures the instructor’s work, with the video mirrored
to present a correctly oriented image to viewers. This configuration ensures that students
can simultaneously observe the educator and the instructional content, overcoming many
physical barriers associated with traditional Whiteboards. Beyond live classroom use, the
LB has also been employed in creating educational videos, offering a more interactive
and flexible learning modality (Skibinski et al., 2015).

From a pedagogical perspective, the LB can offer distinct advantages, particularly
its ability to sustain uninterrupted communication and a sense of immediacy with
learners. Unlike conventional boards, which require instructors to turn away from their
audience, the LB ensures that educators remain visible, fostering a stronger sense of
connection and engagement throughout the lesson (Firouzian et al., 2016). The
uninterrupted visual contact could support the use of diverse communication strategies
and visual aids that facilitate the understanding of abstract or complex topics.
Additionally, the tool has demonstrated a capacity to sustain student focus, mitigating
distractions often present in traditional classroom setups.

While some researchers have posited that the LB could potentially replace
traditional Al-driven PowerPoint presentations, particularly those that exceed students’
attention spans (Fung, 2017), this assertion remains speculative. Lubrick et al. (2019)
highlight the LB’s capacity to enhance engagement but emphasize the need for
longitudinal research to validate its efficacy across varied educational settings. Misirlis
and Munawar (2022) argue that the integration of hybrid learning tools has become a
necessity in contemporary education. As educators are increasingly required to
incorporate innovative methodologies into their practices, the LB emerges as a
transformative tool capable of transitioning passive classroom environments into more
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interactive and participatory learning spaces, thereby strengthening student-instructor
communication (Tosheva & Abdullaeva, 2022).

2.2 Prior Research on the cognitive benefits of the LB

Empirical research on the cognitive benefits of the LB reveals encouraging results,
particularly in terms of learning outcomes and student perceptions. A study conducted
by Firouzian et al. (2016) at San Diego State University (SDSU) involving 542 students
compared two instructional groups: one utilizing the LB and the other employing a
traditional projector. Both groups achieved similar academic outcomes, but students
taught with the LB reported significantly higher levels of engagement and a stronger
sense of instructor immediacy. These findings indicate that the LB can replicate the
interactive experience of face-to-face instruction even within online or hybrid learning
contexts without compromising the quality of education.

Moreover, at Western Michigan University (WMU), researchers observed that the
LB enhanced students' comprehension of complex material by enabling real-time
visualization and clarification (Talanda-Fisher, 2020). Similarly, Georgia Southern
University integrated the LB into a flipped classroom model, comparing the performance
of students who used LB-supported lessons with those who relied on traditional
methods. The experimental group not only demonstrated improved academic
performance but also expressed strong support for LB videos on a Likert scale, citing
greater engagement, satisfaction, and understanding of the material (Rogers & Botnaru,
2019). Enhanced cognitive retention among LB users further underscores its value in
supporting long-term learning outcomes.

Further evidence reinforces these findings. At Northwestern University, students
reported positive experiences using the LB for final presentations, highlighting its ability
to create dynamic and engaging presentations (Birdwell & Peshkin, 2015). Similarly, at
Bond University, the incorporation of the LB into small-group learning environments
yielded notable academic benefits. A study involving 60 participants divided into groups
of six demonstrated a 17.87% improvement in academic performance among students
using the LB compared to those employing traditional methods (Schweiker & Levonis,
2020). It merits mentioning that students reported a stronger sense of connection with
instructors and increased participation, further validating the LB’s potential to foster
active learning environments.

In conclusion, the LB represents a compelling innovation for addressing the
limitations of both traditional and digital teaching approaches by facilitating real-time
interaction, enhancing student engagement, and supporting cognitive retention. LB
technology could align with the demands of 21st-century pedagogy. Thus, further
investigation is necessary to explore its applicability across various disciplines and
educational settings, particularly in hybrid and distance learning scenarios.
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3. Research Aims

Unlike university-level students, who have more developed cognitive and self-regulatory
abilities, primary school students are still in the process of developing essential skills such
as attention, problem-solving, and logical reasoning. The decision to focus on elementary
school education stems from the critical role that this stage plays in shaping foundational
skills and attitudes toward learning. Research indicates that early high-quality education
is crucial for cognitive development, as it establishes the groundwork for future academic
success and lifelong learning (Goswami & Bryant, 2007). As such, instructional
innovations like the LB could have a profound impact by fostering engagement,
enhancing comprehension, and addressing diverse learning needs during this formative
stage. Moreover, since younger learners often require more interactive and visually
engaging methods to sustain attention and interest (Matthews & Zimmerman, 2020),
tools like the LB hold unique potential in primary education.

Additionally, primary education plays a crucial role in laying the foundation for
lifelong learning (UNESCO, 2014), particularly in core subjects such as mathematics,
which fosters critical thinking, problem-solving, and logical reasoning. Mathematics
education at this stage is pivotal, as it equips young learners with essential skills required
for both academic success and everyday life (Aslanidou, 2019). However, teaching
mathematics effectively to primary school students often requires creative and engaging
approaches to overcome challenges such as limited attention spans or varying levels of
comprehension.

Furthermore, studying the use of the LB in Greece is particularly significant
because of the distinct educational and cultural context. While much of the existing
research on the LB has been conducted in the United States, Greece presents an
opportunity to explore its efficacy in a different educational framework, characterized by
Greek primary education emphasizes traditional methods and rigid curricula, making it
an ideal context to assess the transformative potential of innovative tools like the LB.
Also, the Greek educational system often face challenges in adopting and integrating new
technologies due to resource limitations, making it essential to evaluate whether cost-
effective solutions like the LB can address these barriers (Neofotistos & Karavakou, 2018).
The way students engage with teachers and technology in Greece may differ from the
U.S. due to cultural attitudes toward education, teacher-centered approaches, and
classroom dynamics. These differences warrant localized studies to determine the LB’s
adaptability and effectiveness in such contexts.

Lastly, non-formal teaching environments, which operate outside the traditional
classroom, offer flexible and innovative spaces for learning (Aslanidou, 2019). These
environments are especially valuable for experimenting with novel instructional
methods and technologies, as they provide a less structured yet impactful platform for
addressing diverse learner needs (Yang et al., 2021). By combining the LB with non-formal
teaching settings, there is an opportunity to reimagine mathematics education and
explore how technology can enrich learning experiences for young students.
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All things considered, this study seeks to assess the impact of LB technology on
the learning outcomes of primary education students in mathematics within a non-formal
teaching environment, as compared to a Whiteboard instruction. Specifically, it seeks to
determine whether the use of LB as a teaching tool results in improved, comparable, or
diminished learning outcomes when compared to traditional Whiteboard instruction.
Thus, the hypothesis is that the use of LB technology enhances the cognitive performance
of elementary school students in mathematics compared to Whiteboards.

4. Methods

4.1 Participants-Procedures

One key aspect of this research is that it represents one of the first studies focused on the
implementation of LB technology within the Greek educational context. The primary aim
is to develop an initial understanding of the educational environment and the effects of
the LB in this setting. The current study specifically targets primary school students,
marking the first phase in a series of investigations that will explore the applicability of
similar technologies across various educational levels. This strategic choice provides
valuable insights into how younger learners engage with innovative teaching tools,
laying the groundwork for future studies on LB integration in secondary and higher
education.

A mixed sampling approach was employed to select the sample. On the one hand,
convenience sampling allowed for ease of access to primary school students, particularly
through educational institutions affiliated with The Hellenic American MKO. However,
to ensure the sample was robust and aligned with the study's objectives, a structured
design was applied to the final selection. This included considering key parameters
representative of the wider population, such as homogeneity in terms of cognitive
development, particularly in mathematics. The selected sample consisted of primary
school students of typical cognitive development without identified learning difficulties
in mathematics. These students also shared the common characteristic of attending
supplemental evening courses based on American educational standards. All
participants were from the island of Zakynthos and exhibited similar socio-economic
backgrounds, which helped ensure a more controlled analysis of results.

In terms of sample size, a number of researchers recommend that a minimum of
30 participants is often sufficient for statistical analysis in educational research (Cohen et
al., 2000; Creswell, 2014). For this study, a total of 30 students were selected, comprising
12 boys and 18 girls. To further strengthen the research design, matching procedures
were used during the sample selection process to ensure comparable groups, and
students were randomly assigned to either the experimental or control group. This
ensured that any differences in learning outcomes could be more confidently attributed
to the use of the LB, thus allowing the use of both quantitative and qualitative methods
for a more comprehensive analysis (Cohen et al., 2000; Teddlie & Tashakkori, 2009). This
methodological approach, combining both quantitative and qualitative data, enables a
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more nuanced understanding of how LB technology impacts student learning outcomes.
It also facilitates the use of both analytical and inferential statistics, providing deeper
insights into specific participant groups and ensuring that the research results are both
valid and reliable.

4.2 Measure

This study's methodology was designed using established research protocols, tailored to
align with the participants' learning environment and objectives. (Michael et al., 2024). A
mixed-methods approach was utilized, combining quantitative and qualitative data to
provide a comprehensive analysis of the research question. Quantitative data were
analyzed using statistical methods, including t-tests, to assess differences between
experimental and control groups, while qualitative data were collected through
structured observations to capture student perceptions (Tankersley et al., 2008).

Student perceptions were gathered through paper-and-pencil questionnaires and
interviews administered during classes by researchers to schools in the spring of 2024.
Participants had the option to decline participation or discontinue the survey. Anonymity
and data confidentiality were maintained following the guidelines of the General Data
Protection Regulation (EU 2016/679 GDPR). Also, the confidentiality and protection of
the children's personal data was ensured, having obtained the approval of the Research
Ethics and Ethics Committee of the Ionian University and their guardians.

4.3 Data Collection

4.3.1 Tests

In order to address the research questions, it was necessary to establish a baseline of the
students' prior knowledge concerning the mathematical concepts that would be explored.
Identical surveys were administered both before and after the intervention to assess how
the introduction of the LB tool impacted students' conceptual understanding of
mathematics, as well as how they perceived the two instructional media used
(Whiteboard and LB). To answer the research question, each student received an overall
score based on their correct responses, and the scores obtained before the intervention,
immediately after the intervention, and fifteen days later were compared. Throughout
the research process, from the beginning to the post-test period, students did not engage
with the instructional content outside of the research context, ensuring that their
exposure was limited to the tools used.

To assess the students' cognitive level, we consulted the PISA 2009 framework,
and performance tests were utilized to measure achievement in the units taught.
Consequently, the data collection followed a similar methodology to that employed by
other researchers who measured the cognitive performance of children, with some
incorporating digital educational games during mathematics instruction (Fokidis &
Pachidis, 2017; PISA, 2010). Furthermore, the diagnostic tests for sixth-grade students
were designed in accordance with the recommendations of the Institute of Educational
Policy (IEP) regarding national diagnostic exams. Specifically: (a) the pre-test was used
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to assess students' prior knowledge and confirm a shared cognitive starting point; (b)
evaluation sheets were administered immediately following each session to capture the
immediate learning outcomes; and (c) a delayed post-test was administered
approximately fifteen days after the intervention to assess knowledge retention. The
aforementioned diagnostic tests, standardized for each age group, primarily consisted of
closed-type questions (true/false, multiple choice, fill-in-the-blank, table completion, and
problem-solving). The questions/exercises were similar and inspired by those found in
the school textbook.

4.3.2 Observation

By observing, the researchers gathered extra insights into students' comprehension of the
new material, and paid attention to students' body language during the research process
and later when the video recordings were transcribed. This served as a valuable
supplementary data collection tool, which, alongside pre-tests, main tests, and delayed
tests, helped uncover significant information about the topic under investigation and for
tuture studies on the topic (Cohen et al., 2000).

4.3.3 Internal Consistency & Reliability-Cronbach’s Alpha

According to DeVellis (2016), Cronbach’s Alpha helps to ensure that items in a test
consistently reflect the same underlying cognitive construct. Therefore, a crucial step in
test validation is to check whether the items or subtests have internal consistency and
coherence (Gliem & Gliem, 2003). Using PSPP, after entering the scores given by the
research subjects for each cognitive task, this consistency was measured. The thirty
children who took part in the research completed cognitive tests designed to measure
how they perceive and solve problems using two different tools during their class. The
analysis of the cognitive test showed a high correlation between the test items and strong
internal consistency, with a Cronbach’s Alpha value of 0.81, which is considered
acceptable for psychological and cognitive assessments (Nunnally & Bernstein, 1994).
Therefore, the cognitive test demonstrated sufficient internal coherence, allowing the use
of aggregated scores for further analysis.

4.4 Data Analysis
4.4.1 Statistical analysis
4.4.1.1 Baseline Equivalence
A pre-test was administered to establish the comparability of participants’ baseline
mathematics abilities prior to intervention. Analysis of the results revealed a high degree
of uniformity:

e Mode and Frequency: Both groups exhibited a mode of 10 with a frequency of 9.

e Median: Both groups achieved a median score of 10.

e Mean Scores: LB group: M=9.72, Whiteboard group: M=9.71

These findings confirmed the homogeneity of the two groups at baseline, thereby

enhancing the validity of subsequent comparative analyses. The study design,
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incorporating randomization and pre-test evaluations, ensured that observed outcomes
could be attributed to the instructional methods rather than pre-existing differences.

4.4.1.2 Immediate Post-Instruction Performance
Following the instructional intervention, participants completed a standardized
cognitive assessment to evaluate the effectiveness of the two teaching methods. The
results demonstrated minimal variation between groups:

e Mean Scores: LB group: M=9.70, Whiteboard group: M=9.69

e Mode and Median: Both groups maintained a mode of 10 and a median of 10.

To determine the statistical significance of the difference in mean scores, a t-

test was conducted:
o t-value: 0.042 (df =28),
e Critical t-value (one-tailed): 1.70,
o p-value: 0.48.

The computed t-value fell substantially below the critical threshold, and the p-
value exceeded the conventional significance level of 0.05. These results indicate that the
observed differences in cognitive performance between the two instructional methods
are not statistically significant.

4.4.1.3 Retention Analysis
The post-tests” findings indicated consistent performance across both groups:

e Mean Scores: LB group: M=9.58, Whiteboard group: M=9.57

e Mode: LB group: 10 (frequency = 7), Whiteboard group: 10 (frequency = 6)

e Median: LB group: 9.60, Whiteboard group: 9.50
As with the main-test analysis, a t-test was performed to evaluate the significance of these
differences:

e t-value: 0.084 (df = 28)

e Critical t-value (one-tailed): 1.70

o p-value: 0.46

These results indicate that the minor observed differences in retention are not

statistically significant. The similarity in mean scores and other metrics suggests that both
instructional methods are equally effective in supporting the long-term retention of
mathematical concepts.

4.4.2 Qualitative Feedback

In addition to quantitative measures, qualitative data were gathered through and
classroom observations, providing insight into participants' experiences with each
teaching method. Feedback from the LB group highlighted enhanced engagement, with
students frequently citing the interactive and dynamic nature of the tool as a key benefit.
It is noteworthy that consistent eye contact with the instructor was identified as a factor
contributing to a sense of connection and focus. In contrast, feedback from the
Whiteboard group emphasized the clarity of the method for understanding the material,
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though some students expressed a desire for greater visual enhancement, such as the use
of color.

More precisely, students reported that using the LB during problem-solving
activities maintained their attention and encouraged collaborative engagement with
peers, creating a conducive learning environment. Students in the Whiteboard groups
noted that the instructor frequently turned away to write, which limited direct interaction
and occasionally disrupted their engagement with the lesson.

These qualitative insights align with prior literature suggesting that interactive
and visual tools can significantly influence student engagement and motivation (Wang
& Antonenko, 2017). While the quantitative analysis demonstrated no significant
performance differences, the qualitative feedback suggests potential areas for
enhancement, particularly in the domain of engagement.

4.4.3 Validity & Reliability

The study’s validity is supported by Cronbach’s Alpha analysis, ensuring internal
consistency, while the novelty of concepts for participants bolstered internal validity by
eliminating prior cognitive biases. Reliability is affirmed through the instruments” prior
use in similar studies, validating their effectiveness in measuring intended constructs
(Cohen et al., 2000). External validity, reflecting the generalizability of results, was
addressed through robust sampling and comprehensive coverage of examined variables.
Specifically, content validity was achieved by defining and measuring attitudes toward
the teacher across immediacy, perception, and intimacy dimensions, with instructions
provided in participants’ native language to ensure clarity (Hughes, 2003).

Despite these strengths, limitations such as a small, homogenous sample restrict
generalizability. Self-reported measures also introduce potential biases. Future research
should address these by including diverse, larger samples and employing longitudinal
designs to explore the sustained impacts of instructional methods. Prior research
(Firouzian et al., 2016) aligns with these outcomes, further substantiating reliability. The
study’s methodology, standardized protocols, and consistent results across comparable
environments ensure replicability, supporting its reliability and adherence to
experimental standards (Cohen et al., 2000).

5. Results and Discussion

This study tested the hypothesis that LB technology enhances cognitive
performance compared to the traditional Whiteboard. The results revealed no
statistically significant difference in cognitive performance and retention of mathematical
concepts between the LB and Whiteboard groups. These findings support that both tools
are equally effective in facilitating cognitive outcomes. While the LB group appeared to
show slightly higher engagement and marginally improved post-test medians, these
differences were not substantial enough to suggest a definitive advantage, indicating that
the two tools may offer similar levels of effectiveness.
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Our findings that the LB slightly outperforms the Whiteboard in engagement align
with Skibinski et al.'s (2015) research, which demonstrated the effectiveness of dynamic
tools in fostering student focus. Similarly, Beatty (2019) emphasized the role of visual aids
in promoting participation. By extending these insights, the current study highlights the
LB's capacity to enhance engagement beyond cognitive outcomes, suggesting its
potential to support diverse learning objectives. Both tools effectively supported
comprehension and engagement through structured, real-time demonstrations and clear
visual presentation. Minimal variance in test scores further underscores their comparable
efficacy. The use of consistent curricula and teaching methods across groups minimized
external influences, ensuring a fair assessment of the tools” impacts on learning. This
consistency aligns with prior research emphasizing the importance of reliability in
instructional design (Firouzian et al., 2016).

Qualitative feedback provides additional insights. Students described the LB as
engaging and highlighted its ability to maintain teacher-student eye contact, a factor
known to enhance motivation and concentration (Wang & Antonenko, 2017). The LB’s
digital and transparent features fostered a sense of immersion, with students likening the
experience to “being in the iPad but in front of us.” Conversely, the Whiteboard’s familiarity
remained a strength, though some students noted disengagement when the teacher
turned away while writing. Both tools received suggestions for improvement, such as
incorporating more colors, and highlighting the universal importance of visually
enriched materials (Mayer, 2004).

The slight engagement advantage observed with the LB suggests its potential as
an effective tool in classrooms, prioritizing interaction and teacher-student connection.
This aligns with Wilson and Korn’s (2007) findings that tools facilitating eye contact
contribute to a supportive learning environment. However, the results also affirm the
Whiteboard’s continued relevance as a reliable, effective teaching tool.

In conclusion, while both the LB and Whiteboard support cognitive performance
and retention effectively, the LB’s interactive features present promising opportunities
for enhancing engagement (McCorkle & Whitener, 2020). Further investigation into their
long-term impacts and use in varied educational contexts could inform more
comprehensive instructional strategies.

6. Recommendations

Future research should investigate the LB’s role in complementing other instructional
technologies to maximize its potential benefits. Longitudinal studies and diverse sample
populations will further elucidate the LB’s long-term impact and adaptability, ensuring
its effective integration into evolving pedagogical frameworks.

A key limitation of this study is the relatively small and homogenous sample,
which restricts generalizability. Additionally, the 15-day interval between the main test
and post-test may not fully capture long-term retention (Bell & Kozlowski, 2008). Future
research with different age groups, across different subjects, different educational
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contexts and extended follow-up periods could provide deeper insights into the tools’
broader applicability and sustained impacts. It is also recommended that future
evaluations of the LB not only highlight its advantages, but also examine potential
challenges associated with its use. This includes addressing technical issues that may
arise during operation, the costs of maintenance and equipment, and the learning curve
for educators who may lack prior training. Considering these barriers would provide a
more comprehensive understanding of the LB's feasibility and its practical implications
for broader implementation.

Lastly, further research should examine students' attitudes toward instructors
utilizing the LB and their perceptions of the tool itself. Exploring these attitudes in greater
depth and across varied contexts will provide critical insights into the dynamics of
teacher-student interactions and the extent to which the LB influences students'
engagement, motivation, and overall learning experience. Replicating such studies with
diverse populations and longitudinal designs could validate and enrich our
understanding of these attitudinal factors.

7. Conclusion

This study demonstrates the LB as an effective instructional tool, achieving cognitive
outcomes comparable to the widely used Whiteboard. This equivalence is particularly
significant given the Whiteboard’s longstanding reputation as a reliable educational aid.
The LB not only matches the cognitive support provided by the Whiteboard but also
offers unique advantages, such as fostering engagement and maintaining consistent
teacher-student eye contact, which may enhance classroom dynamics and student
motivation. Although differences in cognitive outcomes between the two methods were
statistically insignificant, the LB’s slight edge in engagement suggests its potential value
in interactive and high-participation learning environments. This conclusion aligns with
previous research, such as that of Firouzian et al. (2016) and Skibinski et al. (2015).

All things considered, both tools demonstrated their efficacy in delivering
structured, visually clear instruction and facilitating comprehension and retention of
mathematical concepts. The LB, however, represents an innovative option for modern
classrooms, blending traditional reliability with engaging design elements. By
integrating the LB into a broader ecosystem of educational tools, such as interactive
Whiteboards, virtual platforms, and augmented reality (AR), educators could also create
a multimodal approach that supports diverse aspects of the learning process, including
visual engagement, collaboration, and individualized learning.
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