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Abstract. Web 2.0 tools consist of a series of internet-based applications that allow users to create and
share content interactively across many different disciplines. In chemistry education, Web 2.0 tools
are frequently used because they help concretize concepts that are difficult to grasp at the particle
level, provide an interactive learning environment, encourage students to collaborate, and, most
importantly, overcome time and space limitations by granting students access to resources from
anywhere, at any time. This study focused on pre-service chemistry teachers (PCTs) and aimed to
examine their knowledge and experiences with Web 2.0 tools. The study was conducted using a
qualitative approach with 62 PCTs during the spring term of the 2023-2024 academic year. Data were
collected through open-ended questions and interviews. The findings revealed that more than half of
the PCTs had heard of Web 2.0 tools, especially Kahoot, and that they were mostly introduced to these
tools through field education courses. When examining their views on the advantages and
disadvantages of using Web 2.0 tools, it was found that they suggested fewer disadvantages compared
to the advantages. The most commonly mentioned advantage was the tools' facilitation of learning,
while the most common disadvantage was the need for technological equipment. Additionally, it was
found that they referred to the potential for Web 2.0 tools to cause misconceptions in chemistry
education as a possible disadvantage. Itis recommended that future research focus on the knowledge
and experiences of PCTs, particularly in relation to Web 3.0, which offers artificial intelligence support,
and Web 4.0, which includes both artificial intelligence and augmented reality support, especially in
the context of chemistry teaching and learning.

Keywords: Web 2.0 tools, Pre-service chemistry teachers, Chemistry teaching.

Oz. Web 2.0 araclari, kullanicilarin etkilesimli bir sekilde icerik olusturmasina ve bu icerigi paylasmasina
olanak taniyan bir dizi internet tabanli uygulamadan olusmaktadir. Kimya egitiminde, Web 2.0 araglari;
tanecik boyutunda kavramasi giic olan konulari somutlastirmasi, interaktif bir 6grenme ortami
sunmasi, is birlikli calismaya firsat tanimasi, zaman ve mekandan bagimsiz olarak herhangi bir kaynaga
erisimi kolaylastirmasi sebebiyle siklikla kullaniimaktadir. Bu ¢alisma, kimya 6gretmen adaylarina (KOA)
odaklanarak, katilimcilarin Web 2.0 araclarina iliskin bilgi ve deneyimlerinin incelenmesini
amaglamaktadir. Calisma, 2023-2024 egitim-dgretim yil bahar ddneminde 62 KOA ile nitel bir yaklasim
benimsenerek ylratilmuastar. Veriler, agik uglu sorular ve goriismeler yoluyla toplanmistir. Veriler
analiz edildiginde, KOA'larin yarisindan fazlasinin Web 2.0 araglarini ve 6zellikle Kahoot'u daha énce
duydugu, bu araglardan ¢ogunlukla alan egitimi dersleri yoluyla haberdar olduklari belirlenmistir. Web
2.0 araclarini kullanmanin avantaj ve dezavantajlarina dair gorusleri incelendiginde 6nerdikleri
avantajlara kiyasla daha az sayida dezavantaj dnerisinde bulunduklari belirlenmistir. En yaygin avantaj
olarak bu araglarin 6grenmeyi kolaylastirici yoniine, en yaygin dezavantaj olarak da teknolojik donanim
gerektirmesine degindikleri belirlenmistir. Ek olarak kimya 6gretimi agisindan Web 2.0 araglarinin
yanlis kavramaya neden olabilecegi yonini olasi bir dezavantaj olarak dile getirdikleri saptanmistir.
Gelecekteki arastirmalarda, KOA'larin 6zellikle kimya 6gretimi ve 6greniminde yapay zeka destegi
sunan Web 3.0 ve yapay zekaya ek olarak artirilmis gerceklik destegi sunan Web 4.0 konusundaki bilgi
ve deneyimlerine odaklanilmasi 6nerilmektedir.

Anahtar Kelimeler: Web 2.0 araclari, Kimya 6gretmen adaylari, Kimya 6gretimi.
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Genisletilmis Ozet

Giris. 21. ylzyil becerilerinin gelistirilmesi, modern toplumun degisen ihtiyaglarini karsilamada 6nemli
bir rol oynamaktadir. is yerinde, okulda ve sosyal ortamlarda basarili olmak icin gereken cesitli
yetkinlikleri iceren bu beceriler, bireylere hem ¢agin sundugu firsatlari yakalamada hem de yine ¢agin

Sayfa | 840 getirdigi zorluklarin tistesinden gelmede yardimci olmaktadir (Opengin & Elmas, 2023). Bu dogrultuda
O0gretmenlerin Oncelikle teknoloji okuryazari olmalari, ardindan teknoloji entegrasyonu konusunda
yetkin olmalari beklenmektedir. Web 2.0 arag kullanimi, 6gretmenlerin teknolojik yetkinliklerinin sinif
icindeki yansimalarindan birisi olarak gosterilebilir. Web 2.0 araglari; 6grenci ve 6gretmenlerin
cevrimici olarak is birligi yapmasina, icerik alisverisinde bulunmasina olanak taniyarak ¢evrimigi
etkilesimlerini daha dinamik ve ilgi ¢ekici hale getiren internet tabanli program ve platformlar olarak
tanimlanabilir. Ayrica, sosyal ag olusturma ve kullanici tarafindan olusturulan igerikler tGizerinde ¢alisma
imkani sunarak proaktif bilgi paylasimina firsat tanirlar (Brodahl vd., 2011). Web 2.0 araglarinin 6zellikle
kimya egitiminde maddenin tanecikli yapisini somutlastirma gibi avantajlari olmasi nedeniyle mevcut
calismanin amaci, kimya 6gretmen adaylarinin (KOA) Web 2.0 araglarina yénelik genel anlamda bilgi
ve deneyimlerinin incelenmesi olarak belirlenmistir.

Yontem. Calisma, “bir olayi, faaliyeti, siireci veya bir ya da daha fazla bireyi anlamayi iceren bir ‘durum’
veya sinirli bir sistemin derinlemesine anlasilmasini ortaya ¢ikaracak bir problem” (Creswell, 2002, s.
61) olarak tanimlanan durum calismasi modeli 1si§inda yurttilmustir. Bu dogrultuda, arastirmada
KOA’larin Web 2.0 araglari hakkinda ne élgiide bilgi ve deneyim sahibi olduklarini belirlemek icin
katilimcilarin goruslerine yer verilmistir. Katihmcilar, Tirkiye’'nin batisinda yer alan bir devlet
Universitesinin kimya egitimi ana bilim dalinda 6grenim goéren 62 KOA’dan olusmaktadir. Calismada
veriler, acik uglu sorularin ¢evrimici doldurulmasi ve gériismeler yoluyla toplanmistir. Elde edilen
verilerin analizinde betimsel analiz ve igerik analizi yontemleri kullaniimistir. Etik ilkelerin saglanmasi
amaciyla Balikesir Universitesi Fen ve Mihendislik Bilimleri Etik Kurulu'nun 16.09.2024 tarihli
toplantisinda E-19928322-100-425420 numarasi ile onay alinmis ve katihmcilara ait bilgilerin Gglncu
kisilerle paylasiimamasi adina gergek isimleri yerine takma isimler kullanilmistir.

Bulgular Calismadan elde edilen verilerin analizi sonucunda, ilk olarak KOA’larin genel anlamda Web
2.0 araglarindan haberdar olduklari belirlenmistir. Ogretmen adaylarindan Web 2.0 araglarina érnek
vermeleri istendiginde, en sik verilen 6rnegin Kahoot oldugu gorilmistir. Devaminda, Web 2.0
araglarina dair bilgi ve deneyime hangi kaynaklardan ulastiklari soruldugunda, ilk sirada lisans
derslerinin, ikinci sirada ise katildiklar galistay/projelerin katki sagladig1 belirlenmistir. Ayrica, bircok
lisans dersinde bu araglarin kullanildigl sonucuna ulasiimistir. Web 2.0 araglarinin kullaniminin avantaj
ve dezavantajlarina yonelik gorisleri sorgulandiginda ise farkli sonuglar ortaya ¢ikmistir. Avantajlar
konusunda bircok 6rnek verdikleri, durumu 6gretmen ve 6grenci acisindan ele aldiklan belirlenmistir.
Ogrenciler agisindan 6grenmeyi kolaylastirmasi ve bilgiye daha hizli erisim saglamasi ilk siralarda yer
alirken, 6gretmenler acisindan ders islemeyi kolaylastirmasi ve onbilgiyi 6lcmeyi kolaylastirmasi gibi
avantajlar 6ne c¢cikmistir. Dezavantajlari konusunda 6rnek vermekte zorlandiklari, hatta blytk bir
kisminin Web 2.0 araglarinin herhangi bir dezavantaji olmadigina inandiklari belirlenmistir. Ancak, az
sayida katiimci; Web 2.0 araglarinin 6gretmenler agisindan da teknolojik donanimin yetersiz olmasi
durumunda kullaniminin mimkin olmamasi, 6grencileri hazira alistirmasi, yanlis kavramalara sebep
olmasi ve gibi olumsuz etkilerden bahsetmistir.
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Tartisma ve Sonug. Baslangicta, katilimcilarin Web 2.0 araglarindan haberdar olup olmadiklarina ve
hangi araglar hakkinda bilgi sahibi olduklarina odaklaniimis ve genel olarak katilimcilarin bu konuda
bilgi sahibi olduklari belirlenmistir. Uglincii ve dérdiincii siniftaki KOA’larin daha fazla bilgi sahibi
olmalari, sinif diizeyi ilerledikge alinan ders tiirli ve sayisinin artisiyla, farkh 6gretim uygulamalarindan
haberdar olma olasiliklarinin da artisiyla iliskilendirilebilir. Ayrica, 6gretmen adaylarinin farkli proje ve
atélye calismalarina katilmalarinin, asinaliklarina olumlu katki sagladig diisiintlebilir. KOA’larin en sik
verdikleri Web 2.0 araci érneginin, élgme amaciyla kullanilan Kahoot oldugu gériilmistir. Olgme,
0gretimin zorlu bir boyutu olup etkin bigimde gergeklestiriimediginde, 6gretmen 6gretimin ne derece
basarili oldugunu gérememekle birlikte sonraki Ogretim sireglerini yonlendirmekte de yetersiz
kalabilir. Ote yandan, 6grencilerin klasik kagit-kalem 6lgme tekniklerini sikici bulmalari sebebiyle
ogretmenlerin farkl, eglenceli, erisilebilir ve etkilesimli 6zelliklere sahip sonug veya siire¢ odakl 6lgme
tekniklerine basvurmalari fark yaratabilir. Bu beklentileri karsilayabilecegi icin Kahoot'un daha popliler
bir secenek oldugu séylenebilir. Ayrica, bu galismada at6lye ¢alismalari, projeler ve lisans 6gretimi gibi
deneyimlerin Web 2.0 araclari konusunda katilimcilara katki sagladigi eklenebilir. Ogretmen egitimi
programlarinda Ogretmen adaylarina Web 2.0 araglariyla teknolojik agidan zengin deneyimler
sunulmasi ile 6gretmen adaylarinin bu teknolojileri profesyonel yasamlarina entegre etme
olasiliklarinin artabilecegi soylenebilir (Tinkler (2021). Bu noktada lisans diizeyinde hangi derslerin
O0gretmen adaylarina Web 2.0 araglarni konusunda katki sagladigi sorusu akla gelmektedir.
Katimcilarin, genel kiltir ve meslek bilgisi derslerine kiyasla alan egitimi derslerinde daha sik
kullanildigini ifade ettikleri sonucuna ulasiimistir. Web 2.0 araglarinin kullaniminin, 6grenciler ve
O0gretmenler icin bircok avantaji bulunmaktadir (ElImas ve Geban, 2012). Katimcilarin, Web 2.0
araglarinin 6grenci ve 6gretmenler agisindan avantajlari konusunda bilgili olduklari belirlenmistir. En
sik ifade edilen avantaj, alan yaziniyla uyumlu olarak, Web 2.0 araglarinin 6grenmeye katki saglamasidir
(Balci Comez vd., 2022; Faizi vd., 2015). Katihmcilara gére, 6grenciler igin bir diger avantaj da bilgiye
daha hizli erisim saglamasidir. Bu sonugla uyumlu olarak, Herrera-Viedma ve Lépez-Herrera (2010),
Web 2.0 araglarinin kullanicilarin ilgili ve ilgisiz icerigi ayirt etmelerine yardimci olmak igin filtreleme
sistemleri kullandigini ve strekli bilgi erisimi icin bireysellestirilmis destek sagladigini belirtmistir.
Ogretmenlerin, 6gretim siirecinde yaptiklar secimlerin dogrulugunun, alternatiflerin olumlu ve
olumsuz yonlerine hakim olmalariyla iliskili oldugu séylenebilir. Bu nedenle Web 2.0 araglarinin
dezavantajlari konusundaki gorisleri de irdelenmistir. Katilimcilarin cogu Web 2.0 araglari kullanimina
yonelik herhangi bir dezavantaj belirtmedigi, daha az bir kisminin ise 6grenci ve 6gretmenler agisindan
bazi dezavantajlari oldugunu belirttigi belirlenmistir. KOA’lara gore 6grenciler icin olasi
dezavantajlardan birisi, Web 2.0 araglarinin yanhs kavramalara sebep olma ihtimalidir. Kimya 6gretimi
mikro, makro ve sembolik dizeyler arasinda iliski kurularak gerceklestirilir (Gabel, 1993; Johnstone,
1991) ve 6grenme sirecinde Ogrenci bu U¢ seviye arasinda gecis yapamazsa yanlis kavramalar
olusabilir. Tanecik boyutunda sunulan gorsellere odaklanan Web 2.0 araclari, ilgili gecisin
gerceklestiriimesinde risk olusturabilmektedir. Ornegin; renkli gésterimlere yer verilen Phet Colorado,
Canva veya YouTube videolar dogru bicimde hazirlanmadiginda, atomlarin renkli oldugu yénindeki
yanlis kavramalar istemeden de olsa pekisebilir (Taber ve Garcia-Franco, 2010; Talanquer, 2009).
Calisma sonucunda katilimcilarin Web 2.0 araclari konusunda genel anlamda bilgi ve deneyime sahip
olduklari sdylenebilir. Ote yandan calismanin bir devlet tniversitesinde dgrenim goren KOA'lar ile
gerceklestirilmis olmasi sinirliliklar arasinda gosterilebilir. Gelecekteki arastirmalar icin, KOA’larin
ozellikle kimya 6gretimi ve 6greniminde yapay zeka destegi sunan Web 3.0 ve yapay zekaya ek olarak
artirillmis  gerceklik destegi sunan Web 4.0 hakkinda bilgi ve deneyimlerinin arastiriimasi
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onerilmektedir. Ek olarak mevcut ¢alismada oldugu gibi Web 2.0 araglarina yonelik ¢alismalarin da

farkh disiplinlerde ve farkl kademelerdeki katilimcilar ile gerceklestirilerek sonuglarin karsilastiriimasi
da 6nerilmektedir.
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Due to the evolving needs of modern society, 21%-century skills are essential in today's

complicated environment. These skills encompass a range of competencies that are essential for
success in daily life, the workplace, schools, and other settings, such as critical thinking, higher-order
thinking, technology literacy, etc. (Kocaman, 2022; Kuloglu & Karabekmez, 2022; Miterianifa et al.,
2021; Opengin & Elmas, 2023; Sundari et al., 2023).

According to the Framework for 21% Century (P21, 2019), “People in the 21° century live in a

technology and media-driven environment, marked by various characteristics, including: 1) access to
an abundance of information, 2) rapid changes in technology tools, and 3) the ability to collaborate
and make individual contributions on an unprecedented scale. Effective citizens and workers of the 21
century must be able to exhibit a range of functional and critical thinking skills related to information,
media, and technology”.

This quotation implies that in order to effectively incorporate technology into teaching and

increase the number of students who possess these skills, teachers in the 21 century should have a
high level of technological literacy. These competencies can be developed with the type of knowledge
that teachers should have and is called technological pedagogical content knowledge (TPACK).

Mishra and Koehler created the TPACK framework to outline the knowledge that teachers

Technological
Knowledge

Technological
Pedagogical
Content
Knowledge

Pedagogical
Knowledge

Content

Knowledge

Fig. 1. The first TPACK framework (Mishra and Koehler, 2006 p.
1025)

Conp S ==
"MeXtual Knowted9®

require to successfully integrate technology into practice (Mishra and Koehler, 2006). By incorporating
technology knowledge, TPACK expands upon Shulman's notion of pedagogical content knowledge
(PCK) by integrating technology knowledge into this model (Harris et al., 2009; Schmidt et al., 2009).
Inits original version, three main components made up the TPACK framework: content, pedagogy, and
technology. Four new components were subsequently added, demonstrating how the original three
components interact with one another (Koehler et al., 2015) (Figure 1). In 2019, this model underwent
changes and was redesigned. In its latest form, contextual knowledge has come to the forefront,
encompassing a teacher's understanding of technological and physical settings, as well as the norms
of their school, district, state, or country (Figure 2). Given that TPACK has a significant impact on
instructors' capacity to incorporate technology into their teaching (Wu, 2013), teacher education and
professional development programs must take this into account.

Technological

o

Fig. 2. Revised version of the TPACK framework
(Mishra, 2019 p. 2).
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Teachers' TPACK reflects in various ways on teaching experiences, one of which is the adoption
of Web 2.0 tools. The incorporation of Web 2.0 tools into educational contexts has transformed
teaching and learning by enabling collaborative writing, boosting social interaction, and increasing
student engagement, which are consistent with TPACK principles for successful technology integration
(Malecela & Hassan, 2019).

Sayfa | 844

In today's digital environment, Web 2.0 technologies are critical because they encourage
people to create, share, and interact online. Their integration enhances teaching methods, increases
student participation, and facilitates collaborative learning experiences in educational settings,
transforming traditional classrooms into dynamic and engaging environments. Web 2.0 tools are used
in the classroom to engage students in their learning, encourage peer interaction, enhance subject
understanding, and create opportunities for group learning (Alhassan, 2017; Brodahl et al., 2011;
Ozginar et al., 2020; Sahin-Topalcengiz & Yildirnm, 2020). They also improve experimentation and
lifelong learning (Banday, 2013), increase access to educational resources, and enhance
communication between educators and students (Padayachee & Moodley, 2022). Additionally, these
tools promote student enthusiasm, efficacy, and competency in technology integration (Kim & Jang,
2015) and enable teachers to incorporate modern assessment techniques (Arabaci & Akilli, 2021).

There are many Web 2.0 tools that are accessible, serve specific functions, and enhance user
interactions and experiences. Based on research from existing online archives, educational technology
literature, internet searches, and Web 2.0 review papers, Bower proposed a typology of Web 2.0
learning technologies in 2015 and created a schematic depiction. This typology was later updated by
Bower and Torrington (2020) after five years, evolving into a new framework called Free Web-based
Learning Technologies. The goal of this updated representation is to provide a more current model.

A tool must meet the following criteria to be included in the 2020 Typology of Free Web-based
Learning Technologies:
1. be freely available or at least offer a free version that may be utilized continuously
(rather than only a free trial)
2. be openly accessible using an ordinary web browser
allow for user-generated material
4. be educationally applicable (e.g., no marketing tools offered) (p. 3).

w
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Fig. 3. The free web-based learning technologies (Bower and Torrington, 2020 p.2)

In determining the most effective Web 2.0 tool, it is crucial to comprehend its advantages,
disadvantages, and challenges, which are outlined below:

Advantages

Enhanced interaction

Web 2.0 tools encourage reciprocal communication between students and teachers outside of
scheduled class times, boosting engagement and collaboration (Abeid, 2016).

Flexibility and diversity

Students can have flexible work schedules both inside and outside the classroom and utilize
Web 2.0 technologies to cater to a variety of learning styles (Yapici, 2022).

Increased engagement

Students find the use of Web 2.0 tools in the classroom exciting and entertaining, which leads
to richer content and better learning retention (Yapici, 2022).

Anatolia Journal of Educational Sciences, 16(1), 838-862.
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Rich content and collaboration

Web 2.0 tools improve peer interaction, content quality, and collaboration, resulting in a
deeper understanding of both social interaction and subject matter (Ozginar et al., 2020).

Promotion of lifelong learning
By integrating Web 2.0 and e-learning into current university curricula, instructors are
promoting a shift in higher education toward lifelong learning, where they serve as facilitators of

learning and assessors of proficiency, rather than merely dispensing materials (Ruiz et al., 2006).

Technology literacy

Utilizing a variety of Web 2.0 technologies helps students prepare for future employment and
fosters technology literacy (Punie & Cabrera, 2006).

Disadvantages
Internet connection issues

Connectivity problems can interfere with online activities, making it difficult for teaching and
learning to proceed smoothly (Sahin-Topalcengiz & Yildirim, 2020).

Lack of motivation and confidence

Engagement and performance may suffer if students or teachers feel overburdened or
reluctant to use these tools effectively (Sahin-Topalcengiz & Yildirim, 2020).

Reduced face-to-face interaction

The use of Web 2.0 tools may limit face-to-face engagement between students and teachers,
which is crucial for the learning process (Sahin-Topalcengiz & Yildirim, 2020).

Software installation and update issues

Some Web 2.0 tools may require users to install and regularly update software on their devices.
This can be time-consuming, especially in educational settings with multiple users and devices (Grundy
et al., 2007).

Complexity and learning curve

Web 2.0 tools can be difficult to navigate at first, requiring users to devote time to learning
how to use them effectively. The learning curve associated with mastering different tool interfaces can
be challenging for users, particularly those who are not tech-savvy (Tetskyi et al., 2021).

Sen, A.Z. (2025). Pre-service chemistry teachers' knowledge and experience with web 2.0 tools. Western
Anatolia Journal of Educational Sciences, 16(1), 838-862.
DOI. 10.51460/baebd.1560226



Sayfa | 847

DOKUZ EYLUL UNIVERSITESI
EGITIiM BIiLIMLERI ENSTITUSU

L% EYLlg, W-ERy
o* < \\/\ 3
Bati Anadolu Egitim Bilimleri Dergisi, (2025), 16 (1), 838-862. = % @ L/ /ﬁ:
Western Anatolia Journal of Educational Sciences, (2025), 16 (1), 838-862. \ W é ‘, g
Arastirma Makalesi / Research Paper ey /%_ o0z o
DEV
Challenges

Identifying appropriate tools

Teachers may find it difficult to choose the most effective Web 2.0 tools in educational settings
that best meet their learning goals and the needs of their students (Virkus & Bamigbola, 2011).

Implementation in teaching and learning

Teachers may face challenges in effectively incorporating Web 2.0 tools into instructional
practices and ensuring their smooth use by students (Virkus & Bamigbola, 2011).

Support for diverse learning styles

For teachers who want to create inclusive and effective learning environments, it is a challenge
to ensure that Web 2.0 tools support diverse learning and participation styles. Otherwise, students'
different learning preferences will not be addressed (Virkus & Bamigbola, 2011).

Development of necessary skills

Supporting both teachers and students in developing the skills required to use Web 2.0 tools
correctly can be challenging (Virkus & Bamigbola, 2011).

Digital exclusion

When utilizing Web 2.0 tools in the classroom, it is critical to address concerns about digital
exclusion. For teachers, ensuring sufficient access to technology and resolving issues with connectivity
and device availability are crucial (Virkus & Bamigbola, 2011).

Intellectual property rights

Navigating intellectual property rights concerns related to content created and shared through
Web 2.0 platforms can be difficult. When using these resources for instructional purposes, teachers
and students must manage issues of copyright and ownership (Virkus & Bamigbola, 2011).

When the literature was examined, it was found that recent studies have focused on the use
of Web 2.0 tools in the context of chemistry education. Uyulgan and Akkuzu Given (2022) investigated
the competencies of PCTs in using Web 2.0 tools, as well as their views on these tools in chemistry
teaching. The results showed that the PCTs were moderately competent in using Web 2.0 tools. They
also believed that most chemistry topics were difficult to comprehend due to their abstract nature and
that any topic could be taught more effectively using Web 2.0 tools, such as comics or animations, to
visualize the content. Ekici and Déner Aydogan (2023) examined the effects of inquiry-based activities
supported by Web 2.0 tools (Padlet and Quizizz) on students' attitudes toward chemistry in the "Acids,
Bases, and Salts" unit of the 10" grade chemistry curriculum. The study found no significant difference
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between the experimental and control groups. Gencer et al. (2023) conducted research to examine
Web 2.0 tools used by PCTs, the purposes for using these tools, and their justifications for preferring
them in their online teaching practices in a distance education environment. The findings indicated
that the most commonly used Web 2.0 tools were Perculus+ chat, Google Docs, and Quizizz.
Additionally, participants used these tools for various purposes, such as capturing students' attention,
gathering hypotheses, and designing experiments. The results also highlighted that participants
justified their preference for nearly all of the Web 2.0 tools they used based on their ease of use,
regardless of the specific purpose for which the tools were employed. Sadi Yilmaz and Yasar (2023)
investigated the effects of using Google Forms and gamification tools (Kahoot and Quizlet) in formative
assessment during the online teaching of the Chemistry Il course in the areas of solutions and chemical
kinetics during the COVID-19 pandemic. The study revealed that using Kahoot, Quizlet, and Google
Forms in online classes and during students' free time had positive effects, including more enjoyable
and productive lessons, support for professional teaching skills, reinforcement of prior knowledge, and
increased awareness of students' learning levels based on the feedback they received in a relaxed,
competitive setting. Additionally, qualitative data indicated that these tools were particularly effective
in verbal subjects. Seker and Yal¢in-Celik (2023) examined the effects of Web 2.0 tools using a quasi-
experimental design in the "Acids, Bases, and Salts" unit. In the experimental group, which used course
materials developed with Web 2.0 tools, and the control group, which used traditional teaching
methods, the academic achievement scores and attitudes of 10" grade chemistry students were
compared. The Acids and Bases Achievement Test (ABAT) and Chemistry Course Attitude Scale (CCAS)
were administered to the students as pre- and post-tests. The post-test scores (ABAT) showed a
statistically significant difference in favor of the experimental group, while there was no significant
difference in the chemistry attitude scores. These findings indicated that students' achievement in
chemistry was enhanced by activities created using Web 2.0 tools.

The worldwide COVID-19 pandemic and the February 6 earthquakes in Tiirkiye forced the
educational system to shift to distance education, highlighting the importance of incorporating
technology, particularly Web 2.0 tools. While these tools are not entirely new, their use was less
widespread prior to these global and local events. After reviewing the literature, it was found that most
studies focused on PCTs' attitudes and academic performance at the end of Web 2.0-integrated
teaching. However, there remains a research gap regarding what PCTs know about the nature of Web
2.0tools. Therefore, the purpose of this study was to determine the level of knowledge and experience
that PCTs have with Web 2.0 tools. The research questions are as follows:

1. What do the PCTs know about Web 2.0 tools?
Through which sources have the PCTs learned about Web 2.0 tools?
In which courses are Web 2.0 tools used at the undergraduate level for the PCTs?
What do the PCTs think about the advantages of Web 2.0 tools?
What do the PCTs think about the disadvantages of Web 2.0 tools?

vk wnN
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Methodology
Research design

The case study model, described as "a problem to be studied that will reveal an in-depth
understanding of a 'case' or bounded system, involving an event, activity, process, or one or more
individuals," serves as the framework for this research (Creswell, 2002, p. 61). From this perspective,
the PCTs' understandings are utilized in the current study to examine their knowledge and experience
with Web 2.0 tools.

Sayfa | 849

Participants

One of the purposive sampling techniques, typical case sampling, was used to select the
participants (Patton, 2005). The goal of this technique is to produce results that can be generalized to
a broader context (Baltaci, 2018). Sixty-two PCTs participated in the study during the second semester
of the 2023-2024 academic year. They were enrolled in the first, second, third, and fourth years of a
chemistry teaching program in the western region of Tirkiye. The participants took courses in field
education, professional knowledge, and general cultural knowledge as part of the chemistry teaching
undergraduate program. In some of these courses, teaching staff integrate technology based on their
own initiative, while in others, technological tools are introduced as required by the course content.
The distribution of participants by grade level is shown in Table 1.

Table 1.
The distribution of participants according to grade level
Grade levels Frequency TOTAL

1t grade 17 62

2" grade 17

3 grade 13

4t grade 15

Data collection tools

An opinion form with open-ended questions, developed by the researcher and created using
Microsoft Forms, was one of the two methods used to collect data. Interviews were also conducted by
the researcher. The following are the questions in the opinion form:

1. Have you ever heard of Web 2.0 tools? (Research Question 1)

2. Which Web 2.0 tools are you familiar with? (Research Question 1)

3. How did you become aware of Web 2.0 tools? (Research Question 2)

4. In which courses are Web 2.0 tools used in your undergraduate degree? (Research
Question 3)

What do you see as the possible advantages of Web 2.0 tools? (Research Question 4)
6. What do you see as the possible disadvantages of Web 2.0 tools? (Research Question 5)

ol
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Data collection process

At the beginning of the data collection process, the researcher determined the participants'
available time, sent them the data collection instrument online, and stayed with them until it was
completed. The goal was to capture what the participants actually knew at that moment, without

Sayfa | 850 conducting additional research or engaging in discussions with one another. If any answers from the
PCTs were unclear or missing, individual interviews were conducted, specifically focusing on these
areas. These interviews lasted between 5 and 15 minutes.

Data analysis

The raw data were prepared prior to the descriptive and content analysis processes. An Excel
file, created using Microsoft Office, contained the responses to the questions on the opinion form.
Next, the interview data were transcribed verbatim, and the analysis was performed through
descriptive or content analysis. The key distinction between content analysis and descriptive analysis
lies in the existence or absence of predetermined themes and codes (Yildirrm & Simsek, 2011).
Descriptive analysis was used for the first and third research questions’ data, while content analysis
was used for the remaining data (RQ2, RQ4, and RQ5). Descriptive analysis was chosen for the first and
third questions because the potential responses were predictable (Yes/No, examples of Web 2.0 tools),
while the answers to the remaining questions were more difficult to predict, making content analysis
more suitable. Table 2 displays the classification of the research questions and opinion form questions
based on the method of analysis.

Table 2.
Classification of the research questions according to the type of analysis
Type of Research Question (RQ) Opinion Form Question (OFQ)
analysis
Descriptive  RQ1. What do the PCTs know about Web 2.0 OFQ1. Have you ever heard of Web 2.0 tools?
analysis tools? OFQ2. Which Web 2.0 tools are you familiar
with?
RQ3. In which courses are Web 2.0 tools used at OFQ4. In which courses do the Web 2.0 tools
the undergraduate level for the PCTs? are used in your undergradate degree?
Content RQ2. Through which sources have the PCTs OFQ3. How did you become aware of the
analysis learned about Web 2.0 tools? Web 2.0 tools?
RQ4. What do the PCTs think about the OFQ5. What do you see as the possible
advantages of Web 2.0 tools? advantages of Web 2.0 tools?
RQ5. What do the PCTs think about the OFQ6. What do you see as the possible
disadvantages of Web 2.0 tools? disadvantages of Web 2.0 tools?

Validity and reliability

To ensure validity and reliability both in the preparation of the data collection tools and in the
analysis of the findings, the author worked closely with colleagues for support. First, the author
prepared the open-ended questions after conducting a literature review, then consulted with field
experts (three experts in chemistry education and one in Turkish education), and the questions were
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finalized based on their feedback. After the data analysis process, the author shared the findings with
one of the experts, a professor in chemistry education. They reviewed the analysis process and results
together. In case of disagreement, they revisited the data, discussed it, and even re-interviewed the
PCTs. Ultimately, the Miles-Huberman (1994) inter-rater reliability coefficient was 90%. The
inconsistencies were resolved, and the findings were finalized.

Ethical principles

Due to ethical principles, approval was obtained from Balikesir University Science and
Engineering Ethics Committee at the meeting dated 16.09.2024 with the number E-19928322-100-
425420. Additionally, the participants' names were replaced with pseudonyms (PCT1, PCT2, PCT3, ...).
The researcher initially stated that the data would be kept confidential and explained the context of
the study. Participants were informed that their participation was voluntary, and they could leave the
study at any time.

Findings
In this section, findings will be presented subsequently.
Findings regarding the PCTs’ knowledge about the Web 2.0 tools
The findings of the first research question, regarding the PCTs' opinions on whether they have

heard of Web 2.0 tools before and the examples they provided, are shown in Tables 3 and 4,
categorized by grade level.

Table 3.
The distribution of PCTs’ opinions on having heard of Web 2.0 tools before according to their grade level
Answer 1% grade 2" grade 3" grade 4t grade
f % f % f % f %
Yes 10 16,12 4 6,45 13 20,97 15 24,20
No 7 11,29 13 20,97 O 0 0 0

It can be seen in Table 3 that more than half of the PCTs in the first, third, and fourth years
have heard of Web 2.0 tools, in contrast to the second-year PCTs. Additionally, all of the third- and
fourth-year PCTs are more familiar with Web 2.0 tools
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The distribution of examples given by the PCTs regarding Web 2.0 tools according to their grade level in the
light of The 2020 Typology of Free Web-based Learning Technologies (Bower and Torrington, 2020)

Type ofthe Web  Sub-typeof the Example Of the 1% grade 2"grade 3™grade 4" grade
2.0 tools Web 2.0 tools Web 2.0 tools f % f % f % f %
Sayfa | 852 Assesment tools - Kahoot 3 4,83 3 4,83 7 11,29 13 20,97
Quiziz 1 1,61 1 1,61 1 161 7 11,29
Quizlet - - 2 3,22 - - 2 3,22
Wordwall - - - - - - 3 4,83
Learningapps - - - - - - 3 483
Socrative - - 2 3,22 - - 1 1,61
Baamboozle - - - - - - 1 1,61
Data analysis Conducting Google Forms - - - - - - 8 12,90
tools surveys Mentimeter - - - - 2 3,22 1 1,61
Text based tools Note-taking and Canva 1 1,61 - - 3 4,83 10 16,12
document Thinglink - - - - - - 1 161
creation
Video tools Video sharing Youtube 4 6,45 - - 3 4,83 - -
Multimodal Digital Padlet - - 3 4,83 2 3,22 2 3,22
production tools pinboards
Presentations Prezi - - - - - 4 6,45
Powerpoint - - - 2 3,22 1 1,61
Digital storytelling Animated Phet Colorado 1 1,61 - - 3 4,83 10 16,10
tools videos Powtoon - - - - - 1 1,61
Voki - - 1 1,61 - - - -
Online book Storybird - - - - - - 4 6,45
creation Storyjumper - - - - - - 1 161
Image based tools Word clouds Word Cloud 4 6,45 - - 3 483 - -
Wordart 5 8,06 - - 1 161 - -
Mindmapping Mindmeister - - 3 4,83 2 322 2 3,22
Website creation ~ Wikis Wikipedia 5 8,06 - - 1 1,61 1 1,61

tools

As seenin Table 4, the most frequently mentioned example of Web 2.0 tools (Kahoot) fall under
the category of assessment tools. Additionally, the PCTs provided different examples for various
categories, such as data analysis tools, text-based tools, video tools, multimodal production tools,
digital storytelling tools, image-based tools, and website creation tools. The quotations from the PCTs
regarding this research question are as follows:

PCT47 (Assessment tools/Kahoot-1% grade): ... | know Kahoot...

PCT18 (Assessment tools/Kahoot, Data analysis tools/Conducting surveys-Google forms, Text
based tools/Note taking and document creation-Canva, Digital storytelling tools/Animated videos-Phet
Colorado-4t" grade): ... In a TUBITAK project, we got information about Kahoot, Google Forms, Canva,
and Phet. These examples came to my mind at first...
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Findings regarding the sources from which PCTs obtained knowledge about Web 2.0 tools

The findings of the second research question, related to the sources from which the PCTs
obtained knowledge about Web 2.0 tools according to their grade level, are shown in Table 5.

Table 5.
The distribution of sources from which participants obtained knowledge about Web 2.0 tools
according to their grade level

Sources 1t grade 2" grade 3" grade 4" grade

f % f % f % f %
Undergraduate degree courses 5 8,06 3 4,83 9 14,51 13 20,97
Workshops/projects - - - - - - 4 6,45
Individual research 3 4,83 - - - - - -
Social media 1 1,61 - - - - -
Games - - - 1 1,61 - -

Upon examining Table 5, it can be seen that undergraduate degree courses are the primary
source of knowledge for PCTs regarding Web 2.0 tools. The second most common source is workshops
in which they participated. Additionally, the PCTs cited individual research, social media, and games as
other sources of knowledge about Web 2.0 tools. The quotations from the PCTs regarding this research
question are as follows:

PCT20 (Undergraduate degree courses-4™ grade): ...We learnt during the courses here ...

PCT25 (Workshops/projects-4" grade): ... | participated in a TUBITAK project last summer
which was about these tools...

PCT39 (Social media-1** grade): ... | saw Kahoot on social media, “Who wants to be a
millionaire” is just a Kahoot do you know?

Findings regarding the courses inwhich the Web 2.0 tools were used according to the PCTs

The findings of the third research question, related to the courses in which Web 2.0 tools were
used according to the PCTs, are shown in Table 6.

Table 6.
The distribution of the courses in which the PCTs stated that the Web 2.0 tools were used by grade
level

Course Types Courses 1tgrade 2"grade  3"grade 4t grade
f % f % f % f %

Field education Material design in chemistry - - - - 1 1,61 4 6,45

courses Physical chemistry - - - - 1 1,61 4 6,45
Chemistry teaching - - - - - - 2 3,22
Development of alternative - 1 1,61 - - 1 1,61
measurement techniques
General mathematics 1 1,61 - - 1 1,61 - -
Chemistry in everyday life - - - - 1 161
General chemistry - 1 1,61 - - - -
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General physics 1 161 - - - - - -
Laboratory safety 1 1,61 - - - - - R
Professional Micro teaching - - - - - - 2 322
knowledge courses
General cultural Internet practices in science - - - - - - 1 161
Sayfa | 854 _courses Information technologies 1 1,61 - - - -

Table 6 shows that field education courses are the most frequently mentioned, followed by
professional knowledge and general cultural courses in terms of Web 2.0 tool usage. Among the field
education courses, material design in chemistry and physical chemistry courses are the most
prominent. The quotations from the PCTs regarding this research question are as follows:

PCT59 (Field Education Courses/Physical Chemistry-3™ grade): ...Physicochemistry is a very
challenging course, but the instructor used Web 2.0 tools in this course.

PCT24 (Professional Knowledge Courses/ Micro Teaching-4™" grade): ... | learnt how to prepare
and use Web 2.0 tools in material design course.
PCT27 (General Cultural Courses/Internet Practices in Science-4™" grade): ... | heard the Web

2.0 tools in the internet practices in science course, an elective course.
Findings regarding to the considerations of PCTs’ about the advantages of Web 2.0 tools

The findings of the fourth research question, related to the PCTs' considerations about the
advantages of Web 2.0 tools, are shown in Table 7.

Table 7.
The distribution of the PCTs’ considerations on the advantages of Web 2.0 tools according to their
grade level
Target Advantages 1tgrade 2"9grade 3"grade 4* grade
Group f % f % f % f %
Students Enables learning 7 11,29 3 483 4 6,45 6 9,67
Provides faster access to information 6 9,67 1 1,61 - - - -
Teachers Facilitates teaching due to practicality 1 161 - - - - 3 4,383
Provides measurement - - 1 - 1 1,61
Students Provides modernization 1 161 2 3,22 - - 2 3,22
and Provides intertwining with technology 1 161 2 3,22 1 1,61 - -
teachers  Contributes to visuality 1 1,61 1 1,61 1 1,61 1 1,61
Provides more economical teaching - - - - 1 1,61 2 3,22
Increases teacher-student interaction - - - - - - 1 1,61

Table 7 shows that the PCTs are knowledgeable about the advantages of Web 2.0 tools in terms
of students, teachers, and both. Furthermore, it was found that they believe there are various
advantages for each group. The quotations from the PCTs regarding this research question are as
follows:

PCT46 (Students/Enables learning/1* grade): ... | think the best contribution is enabling
learning. They (Web 2.0 tools) are colorful, interactive, exciting, and dynamic. So, we can have fun
when using it, them...
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PCT26 (Students/Facilitates teaching due to practicality/4™" grade): ... Web 2.0 tools ease the
teacher's burden. For instance, assessment can be done easily with Kahoot. The teacher prepares the
guestions online, eliminating the need to print them, read them, and manually mark the answers, as
is done in traditional teaching. All process carries on at that moment, at the end students can see the
correct/wrong answers, their score in the class. It is so practical then.

Sayfa | 855 PCT5 (Students and teachers/Provides intertwining with technology/2™ grade): ... Both
students and teachers are faced with the challenge of being intertwined with technology, regardless
of whether they are technologically literate or not...

Findings regarding to the considerations of PCTs’ about the disadvantages of Web 2.0 tools

The findings of the fifth research question, related to the PCTs' considerations about the
disadvantages of Web 2.0 tools, are shown in Table 8.

Table 8.
The distribution of the PCTs’ considerations on the disadvantages of the Web 2.0 tools according to
their grade level

Target Disadvantage 1%t grade 2" grade 3" grade 4t grade
Group f % f % f % f %
No one | don't think there is a disadvantage 6 9,67 6 9,67 4 6,45 3 4,83
| don’t know 4 6,45 7 11,29 1 1,61 1 1,61
Teachers Technological equipment may be - - 1 161 4 645 6 9,67
insufficient
Time may be limited - - - - 3 4,83 3 4,83
Students Students can get used to the ready-made 5 8,06 1 1,61 1 1,61 1 1,61
Students' readiness may be insufficient - - 1 - - - -
Student control may be challenging - - - - - - 1 161
May cause misconceptions 1 1,61 - - - - - -

Table 8 shows that most of the PCTs have no knowledge of the disadvantages of Web 2.0 tools.
Furthermore, it was found that fewer of them provided specific examples of disadvantages for teachers
and students. The quotations from the PCTs regarding this research question are as follows:

PCT21 (No one/l don't think there is a disadvantage/4™ grade): ..How can it has any
disadvantage? If it has then why is it so popular?...

PCT9 (No one/l don't think there is a disadvantage/2™ grade): ...Such a funny thing has a
negative side?...

PCT30 (Teachers/Technological equipment may be insufficient/4™" grade): ...We see that in real
classrooms, the internet connection is weak, students do not have mobile phones. Then what can a
teacher do in these insufficient contexts?

PCT48 (Teachers/Time may be limited/3™ grade): ...Preparing a Web 2.0 tool is a time-
consuming activity and utilizing it can prolong. So, | think that Web 2.0 tools can challenge a teacher
in terms of time...

PCT22 (Students/Students can get used to the ready-made/4™" grade): ... Students can laze, can
enjoy ready-made exams, quizzes even the experiment equipment. Because everything comes ready
in front of the student.
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Discussion, Conclusion and Suggestions

The purpose of this study was to uncover the PCTs' current knowledge and experiences with
Web 2.0 tools. The research was organized, and data were gathered through open-ended questions
and interviews.
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The initial focus was on the PCTs' current knowledge, specifically their understanding of Web
2.0 tools and the examples they were familiar with. The results indicated that the PCTs in the first,
third, and fourth years have heard of Web 2.0 tools, in contrast to the second-year PCTs. Additionally,
all of the third- and fourth-year PCTs are more familiar with Web 2.0 tools. This result might be
attributed to the course materials, the preferences of the course instructors, or the PCTs' experiences
from other sources. On the other hand, in the last two years of the program, there are more teaching-
oriented courses, such as chemistry teaching and micro-teaching, which may have enhanced the PCTs'
understanding of Web 2.0 tools.

The PCTs' responses to Web 2.0 tools were initially linked to assessment purpose, which is one
of the more challenging components of teaching. The most common response from the PCTs when
asked which Web 2.0 tools they had heard of was Kahoot, which enables teachers to build quizzes
based on course material. This popularity may be related to its features, such as its game-show-like
nature (Wang, 2015). By using Kahoot, teachers can incorporate gamification elements like audio and
a scoreboard with a points system into informal assessments (Licorish et al., 2015). Teachers should
seek various formative or summative assessment methods that include unique, humorous, accessible,
and interactive features via Web 2.0 tools, especially given students' disinterest in traditional paper
and pencil assessment methods. Therefore, teachers should be knowledgeable about these tools
because students' needs may shape teachers' assessment choices. Kahoot offers several advantages
that can enhance student learning through its dynamic and engaging features. It fosters social
interaction among students (Antoniou et al., 2016; Sweetser & Wyeth, 2005; Wang, 2017), reduces
student anxiety by using nicknames (Lee et al., 2019; Turan & Meral, 2018), and presents a challenge
with uncertain outcomes that promotes enjoyment, motivation, and focus (Chaiyo & Nokham, 2017;
Wang, 2015). It also uses music, sound, and animated images to maintain student interest (Baydas &
Cicek, 2019; Bicen & Kocakoyun, 2018; Bryant et al., 2018). Along with Kahoot, the PCTs also
mentioned PhET Colorado, a Web 2.0 platform that provides simulations tailored to chemistry, physics,
and biology. PhET simulations are valuable tools for chemistry teaching due to their internet-free
access (Zulkifli et al., 2022), enhancement of conceptual understanding (Azzubairiyah et al., 2022),
replacement of traditional laboratory experiences (Wirda et al., 2023), provision of opportunities when
physical lab access is limited (Sari et al., 2021), and improvement of students' attitudes toward
chemistry learning (Salame & Makki, 2021). In light of these advantages, it can be said that if the PCTs
incorporate PhET into their future teaching, they can contribute to students' learning experiences.

It became apparent that undergraduate courses and workshops/projects also contributed to
the PCTs' knowledge of Web 2.0 tools. Providing preservice teachers with technologically rich
experiences in teacher education programs can help them integrate these technologies into their
future classroom settings. According to Tunkler (2021), such experiences can form the foundation of
their future professional practice. Additionally, Web 2.0 tools in higher education are effective at

Sen, A.Z. (2025). Pre-service chemistry teachers' knowledge and experience with web 2.0 tools. Western
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bringing individuals and materials together, promoting interaction, encouraging teamwork and active
engagement, and fostering critical thinking. However, for Web 2.0 tools and processes to become
embedded in mainstream teacher preparation programs, they must be perceived as adding significant
value to instructional processes (Peterson-Ahmed et al., 2018).

The question of which courses contributed to the PCTs' knowledge of Web 2.0 tools also
emerged. According to the PCTs, field education courses made greater use of Web 2.0 tools than
general cultural and professional knowledge courses. Instructors in field education classes can use
these resources not only to teach content but also to explain what Web 2.0 tools are, how to use them,
and when they are most effective for teaching chemistry. However, in the remaining courses (general
pedagogical and general cultural courses), instructors may provide more general information about
Web 2.0 tools. This can be seen as beneficial as it allows PCTs to integrate what they have learned in
these courses with each other. As previously mentioned, the more a preservice teacher learns about
new technologies, the more intentionally, regularly, and voluntarily she can use them in her future
professional life.

To the extent that a teacher is knowledgeable about Web 2.0 tools, she can make more
conscious choices regarding their pros and cons. The use of Web 2.0 tools offers many advantages for
both students and teachers (ElImas & Geban, 2012). The findings revealed that the PCTs are
knowledgeable about the advantages of Web 2.0 tools in terms of their impact on students, teachers,
and both. The most frequently expressed advantage was the contribution of Web 2.0 tools to learning,
which aligns with the literature (Balci Comez et al., 2022; Faizi et al., 2015). Another advantage for
students, according to the PCTs, is faster access to information. In line with this result, Herrera-Viedma
and Lépez-Herrera (2010) noted that Web 2.0 tools use filtering and recommender systems to help
users discern between relevant and irrelevant content, offering individualized support for continuous
information access. Additionally, users can obtain up-to-date information without having to visit the
website. This reduces information overload while also making websites easier to navigate
(Harinarayana & Raju, 2010). The practicality of Web 2.0 tools helps both teachers and students by
making them easy to use and access. A teacher should not be challenged by the tool itself when aiming
to perform effective teaching. The simpler a tool is, the more smoothly it can be integrated into
teaching. Web 2.0 tools have the potential to bring about modernization for both teachers and
students, and in turn, both groups can enhance their digital literacy. In an ideal classroom, the teacher
and students should be able to communicate with one another with ease. According to the
participants, Web 2.0 tools make this possible. In terms of cost and time, Web 2.0 tools are also
advantageous for both teachers and students. One of the key factors for the effective use of Web 2.0
tools is their free and open accessibility (Ergun, 2019). In other words, anyone using these technologies
is freed from constraints related to schedule, location, or payment. Furthermore, as long as the
internet connection is uninterrupted, anyone can access information at any time and from any place.
The limitations imposed by class schedules—both during the week and on weekends—vanish as a
result. Yilmaz et al. (2021) claimed that Web-based education has several advantages, including the
ability to learn at one's chosen time and place, access course materials based on motivation and
learning speed, quickly and easily obtain information, and benefit from a rich learning environment
with text, graphics, and video resources. The ability of teachers to make effective educational choices
also depends on their understanding of the negative aspects of any issue. While the majority of
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participants felt that Web 2.0 tools had no significant disadvantages, a smaller portion pointed out
some drawbacks for both teachers and students. One of the main obstacles for students is the
possibility of creating misconceptions, particularly in the context of chemistry. In chemistry, three
levels—micro, macro, and symbolic—are crucial (Gabel, 1993; Johnstone, 1991). Any inability to shift
between these levels can lead to misconceptions. In the current research, Web 2.0 tools that
emphasize particle-scale representations could potentially contribute to misconceptions. For example,
videos on YouTube, Canva, and PhET often use colored representations that could lead to widespread
misconceptions, such as the idea that atoms have color (Talanquer, 2009; Taber & Garcia-Franco,
2010). Time constraints and technological limitations may also present disadvantages for teachers.
Regardless of how competent the teacher is, if the necessary tools (e.g., computer, mobile phone,
internet connection, projector) are insufficient, the teaching process can be hindered.

Finally, the current research showed that the PCTs gained knowledge and experience about
Web 2.0 tools from various sources, including their undergraduate chemistry teaching program. As
mentioned earlier, preservice teachers need to be competent in this area as future educators. This
competency will allow them to determine which tools are most effective in different circumstances
and to critically evaluate and compare the tools. The course content should encourage them to
develop these skills. On the other hand, the fact that the study was conducted with PCTs studying at a
state university can be considered a limitation

For future research, it is well known that Web 2.0 tools are not the final step in technological
advancement. As technology continues to develop, it is recommended to investigate their knowledge
and experience regarding Web 3.0 technologies, which provide artificial intelligence support, and Web
4.0 technologies, which provide augmented reality support in addition to artificial intelligence.
Additionally, as in the current study, it is suggested that studies on Web 2.0 tools be conducted with
participants from different disciplines and levels, and that the results be compared.
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