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1. INTRODUCTION

The integration of websites and mobile computing devices into the educational process has proven
to be highly beneficial for teachers, enabling them to significantly enhance student learning outcomes
(Solihati & Mulyono, 2018). This technological integration is particularly effective in the domain of
language acquisition, where digital tools provide diverse resources and interactive platforms that
support language learning. Through these innovative technologies, students can engage with content
in dynamic ways, receive immediate feedback, and participate in self-directed learning activities that
contribute to more effective and personalized educational experiences.
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The Internet, like a double-edged sword, has both positive and negative impacts. Its positive
aspects include easy access to search engines and a wide range of information, up-to-date information,
knowledge expansion, improved communication, increased curiosity, and assistance with various
professional tasks (Kurniasih et al., 2018). Many research findings indicate the positive impact of the
Internet on student learning outcomes, both through fully online and hybrid learning compared to
traditional methods. These benefits include advancements in learning assessment techniques, increased
student engagement with the learning process and materials, better understanding, strengthened sense
of community among students, and a reduction in instances of learning failure (Nguyen, 2015).

Learning can be defined in various ways depending on theoretical perspectives. However, a
practical and broad definition views learning as a process of behavioral change based on behavioral
values, a concept developed and promoted by Skinner (Barron et al., 2015). The learning process
involves planning, execution, and ultimately self-directed learning, which encompasses student
activities related to planning, cognitive processes, and affective processes necessary to complete
academic tasks. Effective learning activities require active student participation to achieve optimal
outcomes. Thus, students need to develop autonomy in their learning methods to enhance their abilities,
ranging from basic self-questioning to planning and evaluating their own learning outcomes (Maftoon
& Tasnimi, 2014). Over the past three decades, language classes have introduced new insights into
student-centered learning (Yildirim, 2021).

Reading media has evolved alongside advances in information and communication technology.
Consequently, the amount of material a person reads is no longer limited to books they purchase or
borrow from libraries; it also includes content accessed online. The Internet complements traditional
reading media through search engines equipped with information retrieval systems (Kurniasih et al.,
2018). Education makes a significant contribution to the development of society and civilization. One
important aspect of global social communication development is the use of English as a global language,
which is widely adopted as a second language or for international communication in many countries,
including those in Asia (Elas et al., 2019).

Alongside this shift, the role of teachers has also evolved to support the development of student
autonomy, making students more independent both inside and outside the classroom. The concept of
"student autonomy" in language education, as articulated by Benson, represents this new paradigm,
where teachers act as facilitators to help students become more self-reliant in their learning endeavors
(Yildirim, 2021). This change highlights the importance of fostering independent learning skills to
enhance overall educational outcomes and prepare students for effective participation in a globalized
world.

Many students face difficulties in expressing themselves in English, both in writing and speaking,
even in simple sentences (Syam, 2016). This is often due to a lack of confidence, fear of making mistakes,
and the perception that vocabulary learning is a monotonous activity (Susana, 2017). Additionally,
vocabulary instruction becomes problematic due to many teachers' lack of confidence and ineffective
teaching methods (Algahtani, 2015).

Teacher-centered English instruction, which follows the "imitating the teacher" model, often
results in less satisfactory outcomes and fails to engage students subjectively. This situation is
exacerbated if students do not receive intensive guidance, leading to learning fatigue and low self-
esteem. In Indonesia, many students still have low English proficiency. They often dislike reading texts
in English and frequently receive low grades. This issue is compounded by a lack of self-directed
learning and extracurricular activities, leading to teacher frustration (Sholeh, 2019).

This approach to self-directed learning not only enriches the learning experience but also enhances
students' enthusiasm for their learning journey (Balgikanli, 2010). By granting autonomy to students,
they become more engaged and motivated, which positively impacts the quality and effectiveness of
their education. At the higher education level, self-directed learning becomes increasingly crucial as
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students are expected to study independently to achieve their academic targets (Haddad, 2016). This
expectation reflects the need for greater autonomy in higher education, where students must manage
their own learning processes to achieve the desired academic success.

Promoting student autonomy in learning can be accomplished by engaging students in decisions
regarding their learning process. When students are involved in determining their own learning path,
it makes learning more focused and enhances motivation (Cotterall, 1995; Dickinson, 1995; Little, 2004).
This involvement provides them with a greater sense of ownership over their learning and its outcomes.
Moreover, involving students in decision-making can also improve overall learning outcomes. By
understanding and recognizing their language skill needs (Hubackova, 2016), students can focus on
areas that require improvement, which in tum encourages independent actions in various situations
(Benson, 2007) and enhances their learning effectiveness (Abadi & Baradaran, 2013).

The issue of student motivation to learn a foreign language is a frequent topic of debate among
educators, particularly as students increasingly acknowledge the critical importance of mastering
English language skills for their future career opportunities and personal development (Hubackova,
2016). Engaging students in the decision-making process of their educational journey not only provides
a clearer direction for their learning but also significantly enhances their motivation (Cotterall, 1995;
Dickinson, 1995; Little, 2004), ultimately leading to more effective and meaningful learning outcomes.
As noted by Benson (2007), fostering student autonomy plays a crucial role in developing students into
independent, lifelong learners and critical thinkers, thereby enabling them to become proactive and
engaged members of society.

Vocabulary learning is crucial in language teaching, particularly in contexts where English is
taught as a foreign language (Saengpakdeejit, 2014). For second language learners, vocabulary
knowledge is vital for academic success (Vela & Rushidi, 2016). Vocabulary acquisition is a cornerstone
of foreign language education (Alqahtani, 2015; Shi, 2017), encompassing disciplines such as English as
a second language (Saengpakdeejit, 2014)[38], and exerts a profound influence on academic
performance among second language learners (Vela & Rushidi, 2016). Mastery of vocabulary
significantly shapes overall language proficiency, affecting critical domains such as communication,
reading comprehension, and other linguistic competencies, which has been a persistent focus of
scholarly research (Waring & Nation, 2004). Effective vocabulary learning, integral to foreign language
instruction, is facilitated through a variety of methods, including extensive reading, interactive
classroom activities, and targeted exercises at language teaching centers (Alqahtani, 2015), thus
underscoring its essential role in enhancing linguistic and academic success."

The integration of computers and the Internet as learning resources empowers students to select
reading materials that pique their interest, thereby fostering self-directed learning (Budiyani & Sujarwo,
2019). The Internet offers a wealth of free and easily accessible educational opportunities, enabling
learners to engage with a variety of multimedia resources. According to Mayer (2017), multimedia
learning materials, which combine words and images relevant to the subject matter, enhance the
learning experience. These resources can encompass a range of formats, including narratives, texts,
statistics, maps, and diagrams. In the context of this study, students primarily utilize online short stories
as their learning materials. These digital narratives provide an engaging and accessible way for
students to practice their reading skills and apply their knowledge in a practical context. By using
online short stories, students benefit from a diverse range of content that supports their learning
objectives and encourages a more personalized and self-directed approach to education.

Despite the extensive use of internet-based resources in language learning, there is limited
empirical evidence on how these tools specifically enhance vocabulary acquisition when integrated
with self-directed learning strategies. This study aims to fill this gap by investigating the substantial
advantages of utilizing the Internet as a learning tool, focusing on its integration with self-directed
learning strategies to enhance vocabulary acquisition.
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2. METHODS

This study utilizes a quasi-experimental design, specifically a "non-randomized pretest-posttest
control group design," which involves selecting non-randomized sample groups and administering
pretests and posttests alongside a control group. The research is conducted with 110 eighth-grade
students from a junior high school in East Java, Indonesia, who are enrolled in English language
courses. These participants are divided into two distinct groups: an experimental group consisting of
58 students who engage with word wall media as part of their learning process, and a control group of
62 students who receive instruction through traditional teaching methods.

Participants are assigned to either the experimental or control group, though the assignment
process itself is non-random. Both groups undergo a pretest to evaluate their initial vocabulary
proficiency. This questionnaire focuses on three key aspects: Planning, Implementation, and
Evaluation. Following the intervention period involving word wall media, both groups complete a
posttest to gauge the impact of the learning methods on their vocabulary proficiency. The study aims
to provide insights into the effectiveness of word wall media in enhancing vocabulary acquisition
compared to traditional teaching methods. By analyzing the pretest and posttest results, the research
seeks to determine whether the use of word wall media significantly improves vocabulary learning
outcomes and fosters greater self-directed learning among students. The findings from this study are
expected to contribute valuable information to educational practices and support the development of
more effective language teaching strategies.

The level of student Autonomous Learning or self-directed learning was assessed in both groups
through a pre-test. This assessment used a questionnaire based on Holec and adapted for English
language learning, which includes three main components of Autonomous Learning is 1) initiative; 2)
monitoring; and 3) evaluation. The vocabulary proficiency questionnaire employed in this study was
adapted from Nation's Vocabulary Size Test, incorporating specific terms from Chapter VII, titled "My
Uncle Is a Zoo Keeper." This adaptation adhered to guidelines for constructing vocabulary items
relevant to the first 10,000 words. The test comprised 70 items: 50 words were sourced from the website
www.victoria.ac.nz/lals/staff/paul-nation.aspx, while the remaining 20 items were derived from
Chapter VII of the 8th-grade English textbook. The assessment was conducted over a 45-minute period,
during which students answered questions based on their knowledge of the words, without requiring
a full comprehension of the question content. Throughout this period, students adhered to their regular
learning schedule, participating in a total of eight instructional sessions.

The experimental group received vocabulary instruction using word wall media appropriate to
the chapters in their English textbook. The teacher introduced the word wall media and created 10 core
vocabulary words on word wall cards. Students were assigned the task of adding relevant words to the
core vocabulary list and placing these additional words on the wall. This approach was based on the
chapters provided in the 8th-grade English textbook use.

3. FINDINGS AND DISCUSSION

3.1. The State of Student Autonomous Learning

The extent of student self-directed learning was evaluated using a questionnaire administered by
the teacher during the vocabulary instruction sessions incorporating the word wall method. This
assessment aimed to measure students' autonomy and engagement throughout the treatment.

Table 1. Level of Student Self-Directed Learning

Class N Mean Standard Deviation
Experiment 58 66.31 223
Control 62 6252 411
Total 110
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Table 1 illustrates that the experimental group, comprising 58 students, has an average
autonomous learning score of 66.31, with a standard deviation of 2.23. In comparison, the control group,
consisting of 62 students, recorded an average score of 62.52 and a standard deviation of 4.11.

Table 2. Distribution of Student Self-Directed Learning Levels
Class High AL Low AL Total

Experiment 31 27 58
Control 33 29 62
Total 64 56 110

Table 2 reveals that within the experimental group of 58 students, 31 demonstrated High
Autonomous Learning (AL), while 27 exhibited Low AL. Conversely, in the control group of 62
students, 33 students showed High AL, and 29 students displayed Low AL.

3.2. Pre-Test Vocabulary Proficiency Scores
A pre-test was administered to evaluate the vocabulary proficiency levels of both the experimental
and control groups. The detailed results of this pre-test are presented in Table 4 below:

Table 3. Pre-Test Vocabulary Proficiency Results

Class N Mean Standard Deviation
Experiment 58 46.086 2.873
Control 62 46.339 2210

Table 3 indicates that the average pre-test vocabulary proficiency scores were quite similar
between the two groups. The experimental group had an average score of 46.086, while the control
group had an average score of 46.339. This suggests that the vocabulary proficiency levels of the two
groups were comparable before the implementation of the word wall media intervention, allowing for
a fair assessment of the treatment's effectiveness.

3.3. Post-Test Vocabulary Proficiency Scores

The post-test results for vocabulary proficiency show that students in the experimental group, who
used the word wall media, achieved a higher average score compared to the control group and also
demonstrated improvement from their pre-test scores. The average score for the experimental group
was 64.83, while the control group had an average score of 61.48.

Table 4. Post-Test Vocabulary Proficiency Results
Class Criteria N Mean Standard Deviation
Experiment High AL 31 60.677 2.039
Low AL 27 54.704 2.181
Control High AL 33 47.579 2372
Low AL 29 46966 2.044

Table 4 demonstrates that students in the experimental group, who utilized the word wall media,
achieved higher vocabulary proficiency scores compared to those in the control group. Within the
experimental group, students with High Autonomous Learning (AL) had an average score of 60.68 with
a standard deviation of 2.04, while students with Low AL had an average score of 54.70 with a standard
deviation of 2.18. Conversely, in the control group, students with High AL recorded an average score
of 47.58 with a standard deviation of 2.37, and students with Low AL had an average score of 46.97
with a standard deviation of 2.04. These findings suggest that the use of word wall media significantly
enhances vocabulary proficiency, especially among students with higher levels of Autonomous
Learning.
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Discussion

Multimedia in education includes diverse formats, such as the integration of text and visuals, all
intended to enrich the learning experience (Mayer, 2017). This approach leverages various types of
media to present content in an engaging manner, utilizing both visual and textual elements to support
educational objectives. By integrating these multimedia resources, educators can create a more dynamic
and interactive learning environment.

Words can be presented in several formats, such as narrative or printed forms, and can be
delivered either digitally or manually. In the context of this lesson, students access short stories directly
from the Internet. They have the autonomy to choose the stories they wish to read, but they must first
obtain approval from their teacher. This process ensures that the selected materials align with
educational goals and are appropriate for the students' comprehension levels.

Students are encouraged to propose stories to the teacher, who reviews and selects those deemed
suitable and beneficial for their understanding. This method of selection helps to ensure that the
reading materials are not only engaging but also relevant to the students' learning needs. Short stories,
in particular, are believed to enhance students’ interest in reading and stimulate their curiosity about
new and unfamiliar words, thereby fostering a deeper engagement with the language.

Online learning leverages communication and information technology, primarily through web
and internet platforms. It has become increasingly popular and serves as an alternative learning method
that can reduce costs (Zulfikar et al., 2019). The shift to online learning has brought significant changes
in recent decades, enhancing higher-order thinking skills, problem-solving abilities, and overall
learning effectiveness. Many educators are integrating websites as part of the teaching and learning
process (Romero Martinez et al., 2020).

Reading, as a crucial component of literacy, is closely related to learning activities. It stimulates
students to think critically and work towards learning goals through text comprehension and language
skill development. Reading can be conducted through various platforms, including books, and now, it
can be easily done online by accessing information-rich websites through search engines (Abdel Razeq,
2014).In this study, the online learning resource consists of short stories available on the Internet. This
material is easily accessible and understandable for most eighth-grade students in junior high school.
They are guided to read and discuss appropriate short stories.

Self-directed learning, often referred to as Autonomous Learning, is defined as "the ability of
learners to control their own learning". This concept encompasses a range of responsibilities and
activities that learners undertake to manage their educational experiences independently. It involves
setting personal learning goals, selecting appropriate materials, and choosing the methods and
techniques best suited to their learning style. Additionally, self-directed learners monitor their progress
by managing aspects such as pace, time, and learning environment, and evaluate their outcomes to
gauge effectiveness (Xu, 2009).

In self-directed learning, students are granted significant autonomy, allowing them to determine
what they learn, when they learn it, and how they approach their studies based on their individual
needs, interests, and abilities (Sz&cs, 2017). This level of freedom enables learners to tailor their
educational experiences to better fit their personal learning preferences and goals. By exercising this
autonomy, students not only enhance their engagement and motivation but also develop essential skills
for lifelong learning and self-regulation. This approach fosters a more personalized and proactive
learning experience, ultimately leading to greater academic and personal growth.

As noted by Little (2004), all genuinely effective learning stems from self-directed factors,'
highlighting the intrinsic connection between autonomy and student motivation (Fatawi et al., 2020).
This is because a high level of autonomy is essential for students to develop the psychological capacity
necessary for exploring and enhancing their own learning abilities and performance in language
acquisition (Boyadzhieva, 2016).
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Self-directed learning is fundamentally an attribute of students rather than a mere component of
the learning process itself. It reflects a student's ability to independently manage and direct their
educational journey. This attribute manifests in two principal ways: firstly, students are tasked with
organizing their own learning process, which includes selecting relevant study materials, devising
effective study methods, and conducting assessments of their own progress (Dickinson, 1995).
Secondly, self-directed learners assume full responsibility for their own educational experiences,
demonstrating autonomy in how they approach their learning.

Researchers consistently highlight that self-directed learners possess a clear understanding of their
learning objectives and exhibit a proactive stance toward their education. These learners are
characterized by their ability to take ownership of their learning journey, engage in practice voluntarily,
and employ suitable learning strategies. Furthermore, they are diligent in regularly reviewing and
assessing their progress to ensure continuous improvement (Cotterall, 1995; Dickinson, 1995). This
holistic approach not only enhances their learning efficiency but also fosters a deeper engagement with
the material, leading to more effective and meaningful learning outcomes.

Word wall media serves as an educational tool that features a display of frequently used or
categorized words prominently placed on classroom walls to enhance visibility and facilitate learning
(Sartika, 2017). These words are presented in large, clear letters to ensure they are easily visible from
any point in the classroom (Cronsberry, 2004). Typically, word wall media involves a systematic
process consisting of five stages and incorporates approximately 110 to 120 words (Jasmin & Schiesl,
2009).

Utilizing word wall media enables students to define, spell, and refine their spelling abilities
through both written and oral activities (Cronsberry, 2004). This method helps students relate new
vocabulary to words they have already encountered, reinforcing their understanding and retention
(Suhartono et al., 2019). According to Harmon et al. (2009), the implementation of a word wall
progresses through five distinct stages: (a) selecting words, (b) introducing words, (c) connecting
words, (d) employing words in diverse contexts, and (e) sharing the meanings of words [53]. In primary
classrooms, a typical practice involves adding about five high-frequency words to the word wall each
week, ultimately accumulating a total of 110 to 120 words (Jasmin & Schiesl, 2009).

Word walls are instrumental in teaching word analysis and vocabulary development within the
subject matter. They emphasize mastering high-frequency words that are prevalent in general reading,
as noted by Cooper & Kiger. Additionally, Hall & Cunningham (1999) observe that word wall activities
often include engaging practices with visually stimulating elements and active high-frequency words,
which significantly enhance long-term retention and practical application of vocabulary (Jasmin &
Schiesl, 2009). These activities also promote vocabulary acquisition by enabling students to define, spell,
and correct their spelling through both written and spoken exercises (Cronsberry, 2004).

Vocabulary constitutes the fundamental bedrock of language, intricately linking the four core
skills: speaking, listening, reading, and writing. As Krashen (1989) emphasizes, mastery of vocabulary
is pivotal for achieving language fluency, often proving more critical than grammatical proficiency in
the language acquisition process (Tuan, 2011). Nation (2017) delineates two essential components for
effective vocabulary learning: the extent of repetition and the depth of cognitive processing involved.
Other influential factors include variations in student motivation and the differing levels of difficulty
of words encountered by students. Without addressing both the quantity of exposure and the quality
of mental engagement, successful vocabulary acquisition is unlikely to occur.

The process of acquiring new words necessitates a profound engagement characterized by
knowledge, awareness, interest, and motivation (Harmon et al., 2009). Additionally, it is influenced by
the learning environment, applied strategies, and overall language awareness (Asgari & Bin Mustapha,
2010). Depth of knowledge pertains to students' comprehension of lexical items, as articulated by Qian
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(2002), while breadth of knowledge refers to the sheer number of words a learner is familiar with
(yzonder, 2016).

This study presents several distinctive elements that differentiate it from similar research on
vocabulary acquisition. One significant difference is the use of the word wall media, which traditionally
involves writing only a single word (Cronsberry, 2004). However, in this study, the approach includes
several activities: 1) discovery of online reading materials: Students use the Internet to find reading
materials before writing words on the word wall; 2) Creating Simple Sentences: Based on the materials,
students create simple sentences and record at least five new nouns and five new verbs in their
workbooks; and 3) Writing and Placing Words: Students write words on cards, place them on the word
wall, and construct simple sentences with the meanings of the words noted at the bottom (Sukandi &
Merina, 2017).

Writing the meanings of sentences in a foreign language at the bottom helps students remember
new words more effectively by linking them to unique and engaging contexts (Susana, 2017), compared
to memorizing isolated words. Another unique aspect of this study is the enhancement of student self-
directed learning during the vocabulary acquisition process (Jasmin & Schiesl, 2009).

The questionnaire used in this study reflects various dimensions of self-directed learning:
Questions 1 to 5 assess how students perceive the importance of learning and their expected
experiences. Questions 6 to 13 evaluate their self-direction in the learning process, and Questions 14 to
16 examine how students evaluate their learning outcomes. During word wall activities, students
monitor the number of new words they memorize by composing simple sentences in their workbook,
which they can review daily and use to form new sentences with the vocabulary they have learned.

The third unique element is the inclusion of internet-based short stories, which are selected by
students based on their interests but under teacher supervision. This approach stimulates vocabulary
acquisition by engaging students in reading that they find enjoyable, thereby enhancing their
motivation and curiosity. Such involvement is expected to encourage higher levels of self-directed
learning, as students strive to understand and remember new words encountered in the stories.

Integrating internet-based short stories with word wall activities and the task of crafting simple
sentences offers a dynamic and effective strategy for vocabulary acquisition. This approach, rooted in
the principles of self-directed learning, not only makes learning more engaging but also empowers
students to take charge of their educational journey. According to the findings of (Abdel Razeq, 2014),
this method significantly enhances student comprehension by allowing them to actively shape their
learning experiences, thereby fostering deeper understanding and long-term retention of new
vocabulary.

Research by Sholeh (2019) revealed that students who possess self-regulation or self-directed
learning skills exhibit superior reading abilities compared to their peers lacking these skills. The efficacy
of self-directed learning is heavily influenced by students' experiences throughout their learning
journey. According to Fawait (2020), these experiences play a crucial role in shaping the effectiveness
of self-directed learning, highlighting the importance of fostering these skills to enhance overall
academic performance.

In the study by Mayer (2017), it was observed that students in the experimental group
outperformed those in the control group. The use of the word wall, characterized by its engaging and
colorful design, significantly enhanced student interaction and maintained active involvement in the
learning process, effectively preventing boredom. The study concluded that the word wall is
particularly effective for teaching the simple present tense and recommended that English teachers
explore additional innovative methods for teaching this grammatical structure. Furthermore, research
by fentiirk (2016) indicates a strong positive correlation between high levels of self-regulation and a
larger vocabulary size, underscoring the importance of fostering self-directed learning skills to enhance
language proficiency.
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In the study by Syam (2016), it was observed that students in the experimental group
outperformed those in the control group. The use of the word wall, characterized by its engaging and
colorful design, significantly enhanced student interaction and maintained active involvement in the
learning process, effectively preventing boredom. The study concluded that the word wall is
particularly effective for teaching the simple present tense and recommended that English teachers
explore additional innovative methods for teaching this grammatical structure. Furthermore, research
by fentiirk (2016) indicates a strong positive correlation between high levels of self-regulation and a
larger vocabulary size, underscoring the importance of fostering self-directed learning skills to enhance
language proficiency.

Writing new vocabulary in students' workbooks positively impacts vocabulary acquisition. This
aligns with the research by Vela & Rushidi (2016), which investigated the effects of using notebooks on
vocabulary mastery, highlighting the role of learning autonomy over a four-week period. Research by
Anindyajati (2017) reported a significant improvement in vocabulary mastery among children with
hearing impairments. Sartika's (2017) study found that the word wall media is crucial in assisting
students with writing descriptive texts, with over 50% positive feedback on its use. Additionally, the
findings of this study align with the research conducted by Gong (2018), which demonstrated that
internet usage significantly benefits English learning outcomes for both secondary and primary
students, particularly in rural areas. Yan's study underscores the pivotal role of digital resources in
overcoming educational barriers and enhancing language acquisition, highlighting how access to
internet-based tools can substantially improve the quality of English education for students in less
accessible regions.

4. CONCLUSION

The Internet has proven to be a powerful tool in supporting vocabulary acquisition, particularly
when combined with word wall media. It not only facilitates access to a vast array of new vocabulary
through online short story sites but also enhances students' self-directed learning by providing a
convenient and cost-effective learning resource. However, to maximize the benefits of these digital tools,
it is essential that students utilize them under the careful guidance and supervision of their teachers.
This study highlights that employing word wall media and related activities significantly improves
vocabulary skills among eighth-grade junior high school students. The integration of self-directed
learning strategies has emerged as a crucial factor in achieving superior outcomes for English language
learners. By leveraging the Internet, which offers free and diverse educational materials, students with
high levels of self-directed learning are particularly well-positioned to benefit and excel. Self-directed
learning is integral to advancing student outcomes and fulfilling the expectations set by schools and
educators. It emphasizes that learning should be an active, student-centered process rather than a
passive one. Teachers are encouraged to use self-directed learning checklists to pinpoint and address
areas where students may need additional support. The Internet, in conjunction with self-directed
learning principles, serves as an indispensable resource for enhancing student achievement and
reaching educational objectives effectively. The limitation of this research is that the virtual resources
are still too general, therefore, the suggestion for further research is to estimate the virtual resources
used, for example, YouTube.
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