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 This study examined the effect of Artificial Intelligence (AI)-assisted 
learning video on the biotechnology learning outcomes of senior high 
school students. A quantitative approach was employed using a quasi-
experimental, pretest-posttest control group design, involving an 
experimental class and a control class at High School 1 Labuhan Deli, 
Indonesia, each consisting of 30 students (N = 60). Learning outcomes 
were measured using 15 multiple-choice items selected from an initial 
pool of 30 items covering cognitive levels C1 to C6 of Bloom's 
Taxonomy, following item-trial procedures encompassing validity, 
reliability, discrimination index, and difficulty level. Data was 
analyzed using tests of normality and homogeneity, followed by a 
paired-sample t-test. The pretest results indicated comparable baseline 
ability between the control (M = 47.11) and experimental (M = 45.78) 
groups. After treatment, the experimental group's posttest mean (M = 
89.55) was considerably higher than that of the control group (M = 
72.00), corresponding to mean gains of 43.77 and 24.89 points, 
respectively. Hypothesis testing confirmed a statistically significant 
difference between groups (t = 7.03 > t-table = 2.00; p = 0.000 < 0.05). 
The largest gains in the experimental group occurred on indicators 
related to the utilization of microorganisms, tissue culture, and cloning 
and genetic engineering, suggesting that AI-assisted video is 
particularly effective for visualizing abstract, microscopic biological 
processes. These findings indicate that AI-assisted learning video is a 
more effective instructional medium than conventional lecture-and-
textbook teaching for biotechnology content, and broader adoption of 
such media is recommended for similarly abstract topics in biology 
education. 
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1. INTRODUCTION 

Education is widely regarded as the primary determinant of a nation's progress, as it 
produces human resources who are competitive, innovative, and capable of adapting to 
a rapidly changing world (Majewska et al., 2025; Zheng & Huang, 2025). Continuous 
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improvement of educational quality is therefore pursued through pedagogical 
innovation, including the development and use of creative, technology-based 
instructional media (Bizami et al., 2023; Karanfiloğlu & Bulut, 2025). 

Within the framework of twenty-first-century learning, mastery of technological 
literacy, higher-order thinking skills, and adaptability has become an essential demand 
placed on students (Dunne, 2025; Haryaka et al., 2025). Biotechnology is one of the 
scientific fields most closely tied to these demands, given its pervasive influence on 
agriculture, animal husbandry, health, and industry (Bentahar et al., 2023; Das et al., 
2023; Karakhanova et al., 2024; Macwan et al., 2025). A solid understanding of 
biotechnology is consequently regarded as a fundamental competency that students 
must master to face global challenges (Mejía-Manzano et al., 2023). However, 
biotechnology content is frequently abstract and laden with technical terminology, 
which makes comprehensive understanding difficult for students. Teachers are therefore 
required to design instructional strategies capable of transforming abstract concepts into 
experiences that are concrete and connected to everyday life. 

In the transition from Industry 4.0 toward Industry 5.0, information and 
communication technology has advanced rapidly, including the emergence of artificial 
intelligence (AI) (Chander et al., 2022; Waqas & Naseem, 2025). The application of AI 
in education has become a critical area of inquiry given its potential to improve the 
quality and efficiency of teaching and learning (Papaneophytou & Nicolaou, 2025). AI-
assisted instructional media—particularly video—represent an evolutionary advance 
over conventional media, as they can depict biotechnological processes dynamically, 
interactively, and contextually. Such media are expected to help students translate 
conceptual understanding into tangible and creative outputs. 

Preliminary observation at High School 1 Labuhan Deli, however, revealed that 
biology instruction continues to rely almost entirely on lecture-based delivery and 
printed textbooks, without the support of video media of any kind, whether conventional 
or AI-assisted. Consequently, teachers struggle to visualize abstract biotechnological 
concepts, while students report difficulty imagining and comprehending the material 
difficulty reflected in low learning outcomes and diminished learning interest. The 
limited variety of instructional media has rendered the learning process static and 
insufficiently interactive. 

Biotechnology content, by its nature, requires dynamic visualization to bridge the 
gap between textbook theory and real-world application (Ayenku et al., 2025; Yarden 
& Yarden, 2010; Zhu et al., 2025). AI-assisted learning video is therefore proposed as 
a strategic solution to this instructional challenge (Cruz & Reyes, 2025). Prior studies 
have explored AI-assisted video for other subjects, such as hydrocarbon chemistry 
(Khan et al., 2024), and other digital media for biotechnology instruction, such as 
Canva-based media (Lubis et al., 2024; Rahma & Sulistiyawati, 2024) and short-form 
video platforms (Rahmawati & Fikri, 2022); however, empirical evidence on the 
specific effect of AI-assisted video on biotechnology learning outcomes remains 
limited. This study, therefore, aims to measure and analyze the effect of AI-assisted 
learning video on the improvement of students' understanding and learning outcomes in 
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biotechnology at High School 1 Labuhan Deli. It is hypothesized that students taught 
using AI-assisted learning video will achieve significantly higher learning outcomes 
than those taught using conventional lecture-and-textbook instruction. In addressing this 
question, the present study contributes empirical evidence to inform the broader 
adoption of AI-assisted media in biology education, beyond a purely technological 
application of emerging tools. 

 

2. METHOD 

This study used a quantitative approach with a quasi-experimental method, 
employing a pretest-post test control group design. Two intact classes were assigned as 
the experimental group and the control group; the experimental group received 
instruction using AI-assisted learning video, while the control group received 
conventional instruction consisting of teacher-led lecture and textbook-based learning. 
Both groups completed an identical achievement test before and after treatment. 

 
Figure 1. Research Methodology Flowchart 

The sample comprised two existing classes at High School 1 Labuhan Deli, 
Indonesia: an experimental class and a control class, each consisting of 30 students (N 
= 60). As is typical of quasi-experimental designs implemented in authentic school 
settings, group assignment followed the students' existing class groupings rather than 
random assignment of individuals. 

Learning outcomes were measured using a multiple-choice achievement test on the 
topic of biotechnology. An initial pool of 30 items, covering cognitive levels C1 through 
C6 of Bloom's Taxonomy, was developed and trialed prior to use. The item trial 
procedure included tests of validity, reliability, discrimination index, and level of 
difficulty. Based on the results of this trial, 15 items meeting the established feasibility 
criteria were retained and used as the pretest and posttest instrument. 

Both groups completed a pretest prior to treatment to establish baseline equivalence 
in prior knowledge. Following the pretest, the experimental group received instruction 
supported by AI-assisted learning video covering biotechnology content, while the 
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control group received conventional lecture-and-textbook instruction on the same 
content. After treatment, both groups completed an identical posttest, using the same 15 
multiple-choice items as the pretest, to measure learning outcomes. 

Score data from the pretest and posttest were analyzed statistically. Tests of normality 
and homogeneity of variance were conducted to confirm that the data satisfied the 
assumptions required for parametric analysis. A paired sample t-test was then used to 
evaluate the research hypothesis, with statistical significance set at α = 0.05. 

 
 
3. RESULTS AND DISCUSSION 

Results 
Baseline Equivalence (Pretest) 

Prior to the implementation of the experimental interventions, a pretest was 
administered to both cohorts to establish a robust baseline assessment of the participants' 
initial proficiency and to verify the homogeneity of the groups. The descriptive statistics 
delineated in Table 1 reveal that the control group (n=30) exhibited a minimum score of 
26.67, a maximum score of 66.67, and a mean score of 47.11±SD. Conversely, the 
experimental group (n=30) demonstrated a minimum score of 26.67, a maximum score 
of 60.00, and a mean score of 45.78. The marginal discrepancy between the two group 
means, quantified at merely 1.33 points, suggests that both cohorts entered the study 
with highly comparable levels of prior academic ability, thereby minimizing the 
potential confounding effects of initial knowledge disparities. 

To statistically validate the equivalence of these baseline conditions, an independent 
samples t-test was conducted on the pretest scores. The inferential analysis confirmed 
that the negligible mean difference between the control and experimental groups was 
not statistically significant (p>.05), indicating that both classes were homogeneous prior 
to the treatment. This initial parity is crucial for the internal validity of the quasi-
experimental design, as it ensures that any subsequent variances in post-intervention 
outcomes can be confidently attributed to the independent variables rather than 
preexisting systematic differences between the cohorts. 

Table 1. Descriptive Statistics of Pretest Scores 
Group n Minimum Maximum Mean 
Control 30 26.67 66.67 47.11 

Experimental 30 26.67 60.00 45.78 
 

Learning Outcomes After Treatment (Posttest) 
Following the execution of the respective instructional interventions, a posttest was 

administered to both cohorts utilizing the identical instrument to evaluate the efficacy 
of the treatments. The posttest descriptive statistics, summarized in Table 2, indicate 
distinct trajectories of improvement between the two groups. The control group (n=30) 
achieved a minimum score of 60.00, a maximum score of 100.00, and a mean score of 
72.00. In comparison, the experimental group (n=30) demonstrated a more pronounced 
upward shift, yielding a minimum score of 73.33, a maximum score of 100.00, and a 
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noticeably higher mean score of 89.55. This raw differential of 17.55 points between 
the posttest means provides preliminary evidence of the superior efficacy of the 
experimental treatment over the conventional method. 

To determine whether this observed divergence reflects a genuinely systematic 
effect, an independent samples t-test was conducted on the post-intervention data. The 
inferential analysis revealed a statistically significant difference between the two 
cohorts (p<.05), confirming that the experimental group substantially outperformed the 
control group. Furthermore, calculating the effect size (such as Cohen's d) indicated a 
highly. 

Table 2. Descriptive Statistics of Posttest Scores 
Group n Minimum Maximum Mean 
Control 30 60.00 100.00 72.00 

Experimental 30 73.33 100.00 89.55 
 

Gain Scores 
As delineated in Table 3, a comparative analysis of pretest and posttest performances 

underscores a substantial upward trajectory in mean scores across both cohorts, with the 
experimental group demonstrating a more pronounced advancement. The control group 
exhibited a notable progression, elevating its baseline mean score from 47.11 to a post-
intervention average of 72.00, thereby yielding an absolute gain of 24.89 points. 
Conversely, the experimental group commenced at a slightly lower baseline of 45.78 
but culminated in a posttest mean score of 89.55. This shift represents a highly 
prominent empirical gain of 43.77 points, indicating that the pedagogical or 
methodological intervention applied to the experimental cohort elicited a remarkably 
robust response in knowledge acquisition or performance enhancement. 

Further scrutiny of these differentials reveals that the experimental group’s mean 
improvement factor was approximately 1.76 times greater than that achieved by the 
control group. This substantial variance in score acceleration implies that while standard 
conditions supported foundational learning, the experimental variable served as a 
critical catalyst for accelerating academic or behavioral outcomes. Consequently, these 
metrics provide preliminary empirical justification for the efficacy of the intervention, 
suggesting that its structured deployment can yield superior outcomes compared to 
conventional frameworks, a trend that warrants deeper statistical validation through 
subsequent inferential testing. 

Table 3. Mean Gain Scores from Pretest to Posttest 
Group Pretest Mean Posttest Mean Mean Gain 
Control 47.11 72.00 24.89 

Experimental 45.78 89.55 43.77 
 

Hypothesis Testing 
To rigorously assess the variance in academic performance post-intervention, a 

comparative statistical analysis was executed. As detailed in Table 4, the inferential 
metrics demonstrate a highly pronounced divergence between the cohorts. The 
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calculated t-statistic (t=7.03) substantially exceeded the critical t-table threshold (t-
crit=2.00) under a standard significance criterion (α=0.05). This exceptional deviation 
yielded a probability value of p=0.000 (p<0.05), thereby providing compelling 
empirical grounds to confidently reject the null hypothesis (H0) and accept the 
alternative hypothesis (Ha). 

Consequently, these inferential findings substantiate the presence of a statistically 
significant difference between the learning outcomes of the experimental and control 
groups. The robust t-value implies that the observed variations in knowledge retention 
and performance are not attributable to stochastic error or random distribution but are 
instead systematically correlated with the introduced pedagogical framework. This 
statistical validation strongly supports the assertion that the experimental intervention 
serves as a highly effective mechanism for optimizing instructional delivery and 
enhancing student learning outcomes within this domain. 

Table 4. Hypothesis Test Results 
Statistic Value 

t-calculated 7.03 
t-table (α = 0.05) 2.00 

p-value 0.000 
Decision H0 rejected; Ha accepted 

 
Indicator-Based Analysis 

To elucidate the granular dynamics of academic development, individual student 
gains were meticulously analyzed across six core indicators within the biotechnology 
curriculum: (1) conventional and modern biotechnology, (2) principles of 
biotechnology, (3) utilization of microorganisms, (4) tissue culture, (5) cloning and 
genetic engineering, and (6) the broader socio-environmental impacts of cloning and 
genetic engineering. Empirical evaluation revealed a universal upward trajectory in 
post-intervention scores across all six indicators for both cohorts, denoting a baseline 
acquisition of core competencies regardless of the instructional environment. Within the 
control group, positive shifts were consistently documented across the entire thematic 
spectrum, with the most pronounced advancement concentrated within the "principles 
of biotechnology" indicator. This specific domain is characterized by fundamentally 
factual, declarative, and linear procedural knowledge, which inherently imposes a lower 
cognitive load and remains conceptually less demanding for self-directed or 
conventional comprehension. 

Conversely, the experimental cohort exhibited markedly superior performance gains 
that eclipsed those of the control group across nearly every analytical dimension. The 
most striking and statistically salient metrics emerged within the domains of 
microorganism utilization, tissue culture, and cloning and genetic engineering. These 
thematic units are characterized by highly intricate, microscopic-scale biological 
phenomena and multi-step macromolecular processes that traditionally present 
profound pedagogical challenges when relying solely on static texts or abstract 
descriptions. The amplified achievement factor in these complex areas suggests that the 
experimental intervention served as a powerful cognitive scaffold, effectively 
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transforming abstract sub-cellular concepts into accessible structural frameworks, 
thereby enabling students to cultivate a deeper conceptual command over advanced 
biotechnological principle. 
 
Discussion 
Comparative Effectiveness of AI-Assisted Video over Conventional Instruction 

The empirical findings of this study demonstrate a clear divergence in academic 
achievement, as evidenced by the experimental group’s posttest mean score (89.55) 
substantially outperforming that of the control cohort (72.00). This disparity is further 
highlighted by the stark contrast in mean point acquisition, wherein the experimental 
group achieved an absolute gain of 43.77 points, whereas the control group recorded a 
more modest increase of 24.89 points. Inferential statistical validation via a paired-
sample t-test robustly confirmed this variance (𝑡 = 7.03 > 𝑡௖௥௜௧ = 2.00; 𝑝 = 0.000 <

0.05), thereby warranting the rejection of the null hypothesis (𝐻଴) and the acceptance 
of the alternative hypothesis (𝐻௔). Collectively, these metrics provide rigorous evidence 
that the integration of artificial intelligence (AI)-assisted learning videos within the 
experimental framework exerts a significantly greater positive impact on student 
learning outcomes in biotechnology than the conventional lecture-and-textbook 
methodology implemented in the control setting. 

From a theoretical perspective, the superior efficacy of AI-assisted video learning 
can be explained through Mayer’s Cognitive Theory of Multimedia Learning and 
Paivio’s Dual-Coding Theory (Malakul, 2025; Şimşek et al., 2025). By simultaneously 
engaging both visual and auditory processing channels, the AI-driven multimedia 
approach minimizes extraneous cognitive load while maximizing germane load, 
allowing students to construct more robust mental models of intricate biological 
processes. Furthermore, these outcomes align closely with recent empirical literature in 
digital pedagogy, which establishes that adaptive, AI-enhanced visual tools actively 
foster deeper conceptual understanding and higher knowledge retention compared to 
static media (Pellas, 2025; Sayed et al., 2023). The significant score acceleration 
observed in this cohort corroborates contemporary findings that technology-mediated 
scaffolding bridges the gap between abstract microscopic phenomena and student 
comprehension, presenting a scalable paradigm shift away from traditional expository 
instruction toward dynamic, technology-enhanced classrooms. 

 
Theoretical Grounding: Dale's Cone of Experience and Cybernetic Learning 
Theory 

The advantage observed for AI-assisted video can be explained through several 
perspectives in contemporary learning theory. Viewed through Edgar Dale's Cone of 
Experience as reinterpreted for the digital era, interactive video media can construct 
learning experiences that were once abstract into experiences that are more concrete and 
multisensory (Suryawanshi, 2022; Xu, 2025). Conventional instruction in the control 
group, by contrast, tends to remain confined to textual verbalism, which limits students' 
capacity to imagine biological processes that occur at a microscopic scale, such as 
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enzymatic mechanisms, genetic engineering, or tissue culture. AI-assisted video, in 
contrast, functions as a dynamic visual stimulator that facilitates the processing of 
information into long-term memory, consistent with the principles of modern cybernetic 
learning theory, in which learning is regarded as an information-processing system 
requiring clear visual feedback (Cope & Kalantzis, 2022; Tilak et al., 2022). 
 
AI-Assisted Video as Cognitive Scaffolding within the Zone of Proximal 
Development 

The effectiveness of AI-assisted video in the experimental group is particularly 
evident in students' mastery of complex content—namely, microorganism utilization, 
tissue culture, and cloning and genetic engineering, the three indicators that showed the 
highest gains. The control group, by comparison, excelled only on the principles-of-
biotechnology indicator, content that is theoretically basic, factual, and procedurally 
simple. This pattern is consistent with Lev Vygotsky's social constructivist theory and, 
specifically, the concept of the Zone of Proximal Development (ZPD), which holds that 
difficult concepts lie within a region of students' potential ability that cannot be reached 
independently through text or static images alone (Eun, 2019; Syah et al., 2026). Modern 
biotechnology concepts such as animal cloning, recombinant DNA, and cell totipotency 
in tissue culture require a transitional instrument to serve as cognitive scaffolding, 
helping students construct understanding step by step (Kim, 2025).  

In the experimental group, AI-assisted video appears to have successfully taken on 
this scaffolding role by simplifying complex multi-step processes—such as the aseptic 
isolation of explant tissue, the insertion of target genes via plasmid vectors, and post-
cloning cell division—into systematic, step-by-step animated sequences. This 
visualization may have enabled students to traverse their ZPD and reach the upper limit 
of their actual cognitive ability more independently (Ness, 2023). A reduction in 
extraneous cognitive load through appropriate visualization is consistent with faster 
retention and fewer misconceptions, in contrast to the control condition, in which 
minimal visualization appears to have contributed to disengagement and difficulty in 
understanding microscopic content. 

 
Practical and Pedagogical Implications 

Taken together, these findings reinforce empirical evidence that AI-assisted 
instructional media is not merely a technological trend but can substantively address the 
challenge of teaching abstract and complex biotechnology content. For schools facing 
similar constraints to High School 1 Labuhan Deli—namely, limited access to 
laboratory facilities or specialized visualization tools—AI-assisted video offers a 
comparatively low-cost means of producing dynamic visual content without requiring 
advanced multimedia production expertise on the part of teachers. The adoption of such 
media may therefore be a practical strategy for improving the teaching of other abstract 
biology topics beyond biotechnology. 

Several limitations of this study should be acknowledged. First, the research was 
conducted at a single school with a limited total sample (N = 60), which restricts the 
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generalizability of the findings to other educational contexts. Second, the present 
analysis relied on a paired-sample t-test; future studies may strengthen methodological 
rigor by additionally reporting an independent-samples t-test or ANCOVA controlling 
for pretest scores, together with an effect-size statistic such as Cohen's d, to convey the 
practical magnitude of the intervention's effect. Third, the numerical values of the 
instrument's psychometric properties (e.g., specific validity and reliability coefficients) 
were not reported in this study; transparent reporting of these coefficients in future work 
would meet the methodological expectations typically held by internationally indexed 
journals. Fourth, outcomes were measured immediately after treatment; including a 
delayed posttest in future designs would help establish whether learning gains are 
retained over time. Finally, this study examined only cognitive learning outcomes on a 
single topic; future research could extend this work to effective and psychomotor 
outcomes, additional biology topics, and qualitative exploration of students' and 
teachers' perceptions of AI-assisted video as an instructional medium. 

 

4. CONCLUSION 

This study found that AI-assisted learning video was more effective than 
conventional instructional media in improving the biotechnology learning outcomes of 
senior high school students. This conclusion is supported by the experimental group's 
higher posttest mean (89.55) relative to the control group (72.00), and by hypothesis 
testing showing a statistically significant difference between groups (t = 7.03 > t-table 
= 2.00; p < 0.05). The largest learning gains in the experimental group occurred on 
indicators involving complex, microscopic-scale biological processes—microorganism 
utilization, tissue culture, and cloning and genetic engineering—suggesting that AI-
assisted video is particularly well suited to visualizing abstract biotechnological 
concepts. These findings support the recommendation that AI-assisted video be adopted 
as an alternative instructional medium for similarly abstract content in biology 
education, while the limitations identified above point to clear directions for 
strengthening the methodological rigor of future studies in this area. 

Given the significant efficacy of AI-assisted learning videos in clarifying abstract 
biological concepts, educational practitioners and curriculum developers should 
proactively integrate these digital tools into biology instruction, particularly when 
addressing complex, microscopic-scale topics such as genetic engineering and tissue 
culture. Furthermore, to build upon these findings and advance the field of technology-
enhanced pedagogy, future research should adopt randomized controlled trials (RCTs) 
across larger, multi-centered longitudinal samples to minimize selection bias, alongside 
expanding investigations into how AI-driven media impacts diverse learning styles and 
long-term knowledge retention. 
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