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Ozet: Bu calismada, bibliyometrik ve betimsel icerik analizleri kullanilarak kimya
editiminde probleme dayali ®renme (PDO) vyaklasiminin kullanimina yénelik
arastirmalardaki edilimlerin ve bu arastirmalarin karakteristik 6zelliklerinin ortaya
konmasi amaclanmistir. Bu amaca ulasmak icin Web of Science (WoS) veri tabanindan
erisilen 119 makaleye bibliyometrik analiz ve WoS veri tabaninda “Egitim & Egitim
Arastirmalan” kategorisine giren 30 makaleye de betimsel igerik analizi uygulanmistir.
Bibliyometrik analizle, ilgili makalelerdeki anahtar kelimeler, 6zet boélimlerindeki
kelimeler, atiflar ve ortak atiflar analiz edilmistir. Betimsel icerik analizi ile ise
makalelerdeki arastirma alanlarn, dediskenler, arastirma yontemleri, 6rneklemler, veri
toplama araglari, veri analiz yontemleri ve arastirma sonuglar incelenmistir.
Bibliyometrik analiz sonuglari, makalelerde en sik kullanilan anahtar kelimelerin problem
cbzme/karar verme, PDO, lisans egitimi, sorgulamaya dayali/kesfederek 6§renme,
laboratuvar egitimi ve isbirlikgi/isbirligine dayali 6grenme oldugunu goOstermistir.
Makalelerin 6zet bolimlerinde en sik kullanilan kelimelerin ise problem, 6grenciler,
o6grenme, calisma, ders, yaklasim, beceri ve kimya oldugu anlasilmistir. En cok atif alan
yazarlar Leman Tarhan, Santiago Sandi-Urena, Melanie M. Cooper ve Todd A. Gatlin
olmustur. “Journal of Chemical Education” ve “Chemistry Education Research and
Practice” en ¢ok makalenin yayimlandigi ve en ok atif alan dergilerdir. Betimsel icerik
analizi sonuclari, kimya egitiminde PDO uygulamalari icin temel é§renme ortamlarinin
Universite kimya laboratuvarlari ve kimya dersleri oldugunu gdéstermistir. Ilgili
makalelerde, lisans 6grencileri en sik tercih edilen 6rneklem olurken akademik basari,
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PDO lizerine goérisler ve tutum en sik incelenen degiskenler olmustur. Makalelerde nicel
ve nitel arastirma yodntemleri siklikla kullanilirken karma yoéntemin sinirli sayida
kullanildig tespit edilmistir. Ayrica veri toplama araci olarak mulakatlar, basari testleri ve
alternatif 6lcme araclarinin yaygin bir sekilde kullanildigi anlasiimistir.

Anahtar kelimeler: Betimsel icerik analizi, bibliyometrik analiz, kimya egitimi ve
problem dayali 6Grenme

GENIS OZET
Giris
Bu calismada, kimya egitimi arastirmalarinda probleme dayali 6grenme (PDO)
yaklasiminin kullanildigi makaleler bibliyometrik ve betimsel icerik analizlerinden olusan
iki asamali bir analize tabi tutulmustur. Arastirma bulgularinin kimya egitiminde PDO
Gzerine calisan arastirmacilara katki saglamasi beklenmektedir. Ayrica calismanin

gelecekte bu alanda calisacak arastirmacilar icin de vyararli bir kaynak olacagi

disunllmektedir. Calismanin arastirma sorulari asadida listelenmistir:
Bibliyometrik analiz ile cevaplanacak arastirma sorulari;

e Makalelerde sikga kullanilan anahtar kelimelerin dagilimi nedir?

e Makalelerin 6zetinde sikga kullanilan kelimelerin dagilimi nedir?

e Kimya egitiminde PDO ile ilgili makalelerde en ¢ok alinti yapilan (alinti ve ortak
alinti) yazarlar kimlerdir?

e Makalelerde en aktif (alinti ve ortak alinti) dergiler hangileridir?
Betimsel icerik analizi ile cevaplanacak arastirma sorulari;

e Makalelerin arastirma alanlar nelerdir?

e Makalelerde sikca incelenen dediskenler nelerdir?

e Makalelerde siklikla kullanilan arastirma yontemleri nelerdir?

e Makalelerde siklikla tercih edilen 6érneklemler ve 6rneklem biytklikleri nelerdir?
e Makalelerde siklikla kullanilan veri toplama araglan nelerdir?

e Makalelerde siklikla kullanilan veri analiz yéntemleri nelerdir?

e Makalelerde vurgulanan sonuglar nelerdir?

Yontem

Bu arastirmada veriler bibliyometrik haritalama ve betimsel icerik analiz teknikleri
kullanilarak analiz edilmistir. Arastirma, literatir taramasi, ilgili makalelerin segilmesi ve

analizi olmak Uzere U¢ ardisik adimi icermektedir.
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Literatiir taramasi, ilgili makalelerin secilmesi ve analizi

Calismada, 2020 yilina kadar hakemli dergilerde (ingilizce) yayimlanan kimya egitiminde
PDO ile ilgili makalelere WoS veri tabani lizerinden erisilmistir. WoS’da tarama yapilirken
gelismis tarama secgenedi tercih edilmistir. Anahtar kelime olarak konu alani bolimiine
“chemistry” ve “problem-based” veya “problem based” yazilmistir. Subat 2021'de yapilan
arama ile toplam 169 makaleye erisilmistir. Arastirmanin kapsami PDO’niin kimya egitimi
alanindaki uygulamalarn ile sinirlandinlmistir. Bu nedenle WoS’da “Education &
Educational Research” ve “Education & Scientific Disciplines” kategorileri secilmistir.
Sonucg olarak arastirma parametrelerine uygun 119 makaleye erisilmistir. Sonrasinda en
c¢ok kullanilan anahtar kelimelerin, 6zetlerdeki kelimelerin, en ¢ok atif yapilan yazarlarin
ve bu alandaki aktif dergilerin ag gorsellestirmesini ortaya cikarmak icin bu 119

makalenin VOSviewer programi aracidiyla bibliyometrik analizi yapilmistir.

Bibliyometrik analizden sonra betimsel icerik analizi gercgeklestirmek amaciyla 119
makale arasindan WoS veri tabaninda “Education & Educational Research”
kategorisindeki makaleler betimsel icerik analizi igin ayirt edilmistir. Bu asamada,
“Education & Educational Research” kategorisinde ve SSCI indekste taranan toplam 47
makaleye erisilmistir. Tum makalelerin tam metinleri indirilmistir. Arastirmacilar
tarafindan makalelerin galismanin amacina uygunlugu kontrol edilmistir. Kimya
egitiminde PDO uygulamalarina odaklanmayan bazi makaleler calismanin kapsami disinda
tutulmustur. Dahil edilmeyen makalelerden bazilarinda dogrudan PDO uygulamalarina
odaklaniimadidi tespit edilmistir. Sonug olarak 17 makalenin kapsam disinda birakilmasi
sonrasi kimya egitiminde PDO kullanimi ile dogrudan iliskili olan 30 makale belirlenmistir.
Belirlenen makaleler betimsel icerik analize tabii tutulurken Sozbilir vd., (2012)
tarafindan gelistirilen “Makale Siniflandirma Formu” kullaniimistir. Ilgili form; makale
kinyesi, arastirma alani, dediskenler, arastirma yoOntemleri, 6rneklem gruplari, veri
toplama aracglan, veri analiz yo6ntemleri ve arastirmanin sonuglari bdlimlerini

icermektedir.

Sonug ve Tartisma

Bu calisma iki bdlimden olusmaktadir. Birinci bdlimde 119 makale ile bibliyometrik
analiz, ikinci bélimde ise 30 makale ile betimsel igerik analizi yapilmistir. Bibliyometrik ve
betimsel icerik analizlerinden 6nce ise makale sayisinin yillara goére dagilimi incelenmistir.
Kimya egitiminde PDO ile ilgili ilk makalenin 1992 yilinda yayimlandi§ tespit edilmistir.
Sonraki 15 yil icinde makale sayisinda cok az dedisiklik olmustur. 2007-2016 yillari
arasinda kimya egitiminde PDO kullanimina odaklanan makale sayisinda énemli bir artis
olmustur. Bununla birlikte, 2016'dan sonra, arastirmacilarin kimya egitiminde PDO

calismalarina olan ilgisi 6nemli 6lgide azalmistir.
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Bibliyometrik analiz bulgularina goére, probleme dayali égrenme, problem c¢ézme ve
tniversite 6grencileri makalelerde en sik kullanilan anahtar kelimeler olmustur. Ayrica
makale Ozetlerinde en sik kullanilan kelimelerin problem, égrenci ve 6§renme oldugu
goérilmustir. Ogrenci ve problem, PDO’de merkezi iki bilesen oldugundan bu beklenen bir
durumdur. Calismada ortaya cikan diger bir sonug ise Leman Tarhan’in (4 yayin, 71 atif)
kimya egitiminde PDO uygulamalari alaninda en {retken yazar oldugudur. Tarhan,
calismalarinda, PDO'niin lise égrencilerinin kimya kavramlarini é§renmesi Gzerindeki
etkilerine odaklanmistir. Ayrica incelenen makalelerin kaynakgalarinda en ¢ok atif yapilan
yazarlarin Barrows (30 atif), Belt (25 atif), Ram (22 atif), Hmelo-Silver (21 atif), Domin
(21 atif) ve Hofstein'in (20 atif) oldugu anlasiimistir. En ¢ok alinti yapilan dergiler ise
“Journal of Chemical Education” ve “Chemistry Education Research and Practice”

olmustur.

Betimsel icerik analizi ile ise oncelikle makalelerdeki 6grenme ortamlari incelenmistir.
Sonuclar, hem kimya laboratuvarinin hem de kimya dersinin PDO uygulamalarinda
sikhkla kullanildiini géstermistir. PDO’niin 2007'den sonra kimya derslerinde daha sik
kullanildigi géze carpmistir. Ayrica makalelerde, son yillarda PDO’niin kimya 6gretiminde,
STEM, ters yiz sinif modeli ve baglam temelli 6grenme gibi diger 6gretim yaklasimlari ile
entegre edildigi uygulamalarda rapor edilmistir. Betimsel icerik analizi kapsaminda
makalelerdeki dediskenler de incelenmistir. Buna gére, makalelerde, bagimh degdisken
olarak katilimcilarin akademik basarilarina, PDO uygulamalari hakkindaki gérislerine,
tutumlarina ve bazi becerilerine odaklaniimistir. Makalelerde en gok kullanilan arastirma
yontemleri ise nicel ve nitel yontemler olmustur. Karma yoéntem g¢ok az kullaniimigtir.
Arastirmacilar, PDO’niin etkilerini test ederken, PDO ile daha ¢ok geleneksel yaklagimlari
karsilagtirmislardir. Makalelerde 6rneklem olarak codgunlukla lisans 6drencileri tercih
edilmis, dlcme araclari olarak ise milakatlar, basar testleri, beceri testleri ve alternatif

6lcme araglari siklikla kullanilmigtir.

Oneriler

Bu calisma, kimya egitiminde PDO ile ilgili alan yazin calismalarinin mevcut durumuna
genel bir bakis ve alanin gelisim sireci hakkinda dnemli bilgiler sunmaktadir. Calismanin
sonuglarinin, PDO’niin kimya editimi arastirma alanindaki gelecekteki arastirmalar igin
yon gosterici olacagr dustnilmektedir. Bu nedenle, bu calismanin bulgulari isiginda

asadidaki 6nerilerde bulunulmustur:

Kimya egitiminde PDO uygulamalarinda egitimcilerin roliine odaklanan sinirli sayida
calisma bulunmaktadir. PDO uygulamalarinda egitimci rolii ve etkilerini ortaya cikaracak

calismalara ihtiyac oldugu dislintlmektedir.
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Farkh akademik basari dlizeyine sahip 6grencilerin kimya kavramlarini 6grenmesine ve
bazi becerileri (problem g¢ézme, elestirel dlisinme, grupla calisma gibi) gelistirmesinde
PDO etkisine iliskin calisma bulunmamaktadir. PDO’niin farkli akademik basari diizeyine

sahip 6grenciler Gizerindeki etkilerini ortaya koyacak galismalar gergeklestirilebilir.

Journal of Turkish Chemical Society Section C: Chemistry Education (JOTCSC)
Tiirkiye Kimya Dernegi Dergisi Kisim C: Kimya Egitimi



138 Bibliometric and Descriptive Content Analyses for the Articles Related to Problem-Based Learning

Bibliometric and Descriptive Content Analyses for the
Articles Related to Problem-Based Learning in Chemistry
Education

Cemal TOSUN?, Erdal SENOCAK?, Yavuz TASKESENLIGIL?

! Bartin University, Faculty of Education, ctosun@bartin.edu.tr
https://orcid.org/0000-0002-1236-9548
2 Gaziosmanpasa University, Faculty of Education, erdalsenocak60@gmail.com
https://orcid.org/0000-0002-6649-3528
3 Atatiirk University, Faculty of Education, ytaskes@atauni.edu.tr
https://orcid.org/0000-0001-9166-3106

Received: 23.04.2021 Accepted: 02.08.2021

Doi: https://doi.org/10.37995/jotcsc.926720.

Abstract: The study aimed to reveal the research trends of articles related to PBL in
chemistry education and to provide insights into the characteristics of the research
activities through bibliometric and descriptive content analyses. For bibliometric analysis,
a total of 119 articles were accessed from the Web of Science (WoS), and for descriptive
content analysis, a total of 30 articles were eliminated from the “Education & Educational
Research” category of WoS. In bibliometric analysis, author keywords, words in the
abstracts, citation analyses, and co-citation analyses in the articles were analyzed to
reveal an overall picture in the related literature. Then, a descriptive content analysis
was performed to examine in detail the fields of research, variables, methods, sample
groups, data collection tools, data analysis methods, and the results highlighted in the
articles. The bibliometric analysis results showed that the most-used keywords were
problem-solving/decision making, problem-based learning, undergraduate, inquiry-
based/discovery learning, laboratory instruction, and collaborative/cooperative learning.
The most used words in the abstracts of the articles were a problem, students, learning,
study, course, approach, skill, and chemistry. The most cited authors were Leman
Tarhan, Santiago Sandi-Urena, Melanie M. Cooper, and Todd A. Gatlin. The top two
journals in the terms of the total number of articles and the most cited were “Journal of
Chemical Education” and “Chemistry Education Research and Practice”. The descriptive
content analysis results showed that undergraduate chemistry laboratories and chemistry
courses were the main learning environments for PBL settings in chemistry education.
Undergraduate students were the most frequently preferred sample. The most examined
variables in the articles were academic achievement, views about PBL and attitude.
Quantitative and qualitative studies were the main research focus, but there was a
limited number of mixed studies. Also, interviews, achievement tests, and alternative
assessment tools were widely used as data collection tools in the articles.

Keywords: Bibliometric analysis, chemistry education, descriptive content analysis, and
problem-based learning.
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INTRODUCTION

Problem-based learning (PBL) is a method of learning and teaching in which students
work collaboratively to find solutions to problems guided by a tutor. Students encounter
real-world problems, interact with each other, identify the desired learning objectives,
and test potential hypotheses. In PBL, ill-structured problems rooted in real-world
situations are used to motivate students to discover important concepts and their
interconnections. Within PBL, the instructor functions as a facilitator by guiding students
rather than directing them (Hmelo-Silver, 2004). Proponents of PBL claim that it helps
improve the quality of learning by developing students’ reflective, critical and
collaborative skills (Yew & Goh, 2016).

PBL was initially designed for health studies in the 1960s (Barrows & Tamblyn, 1980). As
well, it has moved beyond health studies into engineering, business, law, science
education, and other disciplines (Driessen & Van Der Vleuten, 2000; Polonco et al., 2004;
Soderberg & Price, 2003). Although PBL originally was designed for adult education, it
has then been implemented at all levels of education (Butler, 1999; Delisle, 1997). The
reason for the interest in PBL is its success in promoting students’ higher-order thinking
and a wide range of practical skills such as communication, teamwork, problem-solving
and self-directed learning (Hung & Loyens, 2012). The main components of a typical PBL

setting are listed below (Solomon, 2005):

e Learning in small groups,
e Changing the teacher’s role from expert to facilitator in learning,
e Taking responsibility for learning (self-directed learning),

e Activating prior knowledge,

Hung and Amida (2020) describe the characteristics of PBL as follows;

e Problem-Driven, Structured Learning: PBL organizes students’ learning process
through scientific problem-solving process stages.

e Self-Directed Learning: PBL aims to help students to become a self-directed learner
who is proactive in managing and achieving their learning goals.

e Contextualized Learning with Real-Life, Complex Problems: PBL uses real-life and
authentic problems to provide a contextualized learning environment for students.
Problems used in PBL lack sufficient information to develop a solution or have multiple
ways to be solved.

e Problem/Case-Structured Curriculum: In PBL, the content knowledge and skills to be
gained are organized around the problems.

e Small-Group Learning: In PBL, learning occurs in a small group setting during the

problem-solving process.
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As mentioned above, the role of the instructor in PBL is different from that of a traditional
teacher. Teachers encourage students to use questions and to take responsibility for
their learning instead of trying to give much information. They act as expert consultants
or a partner rather than a provider of information (Senocak, 2009; Ward & Lee, 2002).
Dolmans et al. (2002) described an ideal PBL instructor as both an expert in the subject

matter and an expert in facilitating student learning.

There are some efforts to review the published literature of PBL and its effects on
education. These studies have a wide range of relevance. For example, some studies
reviewed the PBL articles published at certain time intervals (Zakaria et al., 2019), in
different databases such as ERIC, EBSCO, or MEDLINE (Alharbi, 2017), or in different
disciplines such as medicine, maths, and educational leadership (Hallinger & Bridges,
2017). Also, a significant number of the literature review studies only focused on a brief
history of PBL and on the definition of the characteristics of the method (Butler, 1999;
Shankar, 2010; Ward & Lee, 2002). Although PBL is frequently used in various fields of
science education such as physics, chemistry, and biology, there is no literature review
using bibliometric mapping and descriptive content analysis techniques together to
examine the articles in these fields. To fill this gap, we aimed to conduct a literature
review related to the use of PBL in chemistry education. In this scope, first, the articles
published on the use of PBL in chemistry education up to 2020 in Web of Science (WoS)
were examined with bibliometric analysis that was conducted to map the research
characteristics. Then, PBL articles were examined through descriptive content analysis in
terms of some variables such as method trends, data collection tools, and data analysis
techniques. The variables in the bibliometric mapping were limited to the analysis

provided by the VOSviewer software.

Descriptive content analysis is considered one of the types of content analysis, and in
this type of analysis, studies on a particular topic are examined and general trends in the
studies are determined (Calik & Sozbilir, 2014). Descriptive content and bibliometric
analyses are combined to provide an overall picture of the related literature in the
present study. Bibliometric analysis is a statistical technique used to reveal an overall
picture of written documents. It has high utility and is convenient as the relevant data
are both quantitative and readily available (Pesta et al., 2018). The bibliometric analysis
provides an opportunity for researchers to reveal the history and current state of
research and indicate which trends are likely to emerge in the future (Vogel & Masal,
2015). It has gained the attention of researchers from different areas (Bhatt et al.,
2020), and it is frequently used to quantitatively analyze scientific publications (Chen et
al., 2016). Bibliometric analysis has been applied in many disciplines to evaluate

research trends (Mao et al., 2010).
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In the current study, through a two-tier analysis consisting of bibliometric and descriptive
content analyses, our findings are expected to provide a valuable contribution to
researchers studying PBL in chemistry education. In addition, the study is also thought to
be a useful resource for researchers in this field in the future. The research questions set

out in the present study are listed below:

Research questions to be answered by bibliometric analysis:

e What is the distribution of keywords frequently used in the articles?

e What is the distribution of the words frequently used in the abstract of articles?

e Who are the most cited (citation and co-citation) authors in the articles related to PBL
in chemistry education?

e What are the most active (citation and co-citation) journals in the articles?

Research questions to be answered by descriptive content analysis:

e What are the fields of research in the articles?

e What are the variables of articles frequently used in the articles?

e What are the research methods frequently used in the articles?

e What are the sample groups and sample sizes frequently preferred in the articles?
e What are the data collection tools frequently used in the articles?

e What are the data analysis methods frequently used in the articles?

¢ What are the results highlighted in the articles?

METHOD

Model of the Study
This study included three sequential steps, namely scanning, selecting, and analysis of

the articles.

Scanning, Selecting, and Analysis of Articles

The articles related to PBL in chemistry education published in the peer-reviewed
journals in the English language up to 2020 were accessed from the WoS database. A
combination of different strings of keywords (“Chemistry” and “problem-based” or
“problem based”) was used to search the relevant studies. The search, conducted in

February 2021, resulted in 169 articles.

The scope of the study is limited to the practices of PBL in chemistry education.
Therefore, we did an additional search to reach articles published in “Education &
Educational Research” and “Education & Scientific Disciplines” categories in WoS. As a
result, a total of 119 articles were accessed based on the research parameters. Then, a

bibliometric analysis was performed for the articles with a VOSviewer program to reveal
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the network visualization of the most used keywords, words in the abstracts, highly cited

authors and active journals in the field.

After the bibliometric analysis, we used another selection among the 119 articles for their
applicability to the descriptive content analysis. Articles in “Education & Educational
Research” category in WoS were distinguished for descriptive content analysis. A total of
47 articles were accessed in the “Education & Educational Research” category in the SSCI
index journals. Then, the full texts of all the articles were downloaded. We reviewed the
titles, abstracts, and the other sections of 47 articles to determine if they were related to
the study. After a detailed review, we excluded 17 articles that were not directly linked to
the scope of the study. Then, 30 articles were selected for the descriptive content
analysis to determine the research tendencies in the articles. All of the selected articles
for descriptive content analysis were summarized in the supplementary material (see

Appendix 1).

'Article Classification Form' developed by Sozbilir et al., (2012) was used for the
descriptive content analysis of the 30 articles. The form included the identity of the
article, the field of research, variables, research methods, sample groups, data collection
tools, data analysis methods, and the results highlighted in articles. Descriptive content
analysis was performed by two researchers. The researchers examined the data
separately during the analysis. The differences between the researchers' evaluations
were discussed, and a consensus was reached. Then, the descriptive content analysis
results were presented with descriptive statistics. As for the bibliometric analysis, the
VOSviewer software was used for network analysis. It is a tool for analyzing bibliometric
networks and forming maps based on network data (Van Eck & Waltman, 2010). It also
has the capacity to work with large datasets and provides a range of visualization. This
tool was used in the study to map the scope and structure of the research field. The

bibliometric and descriptive content analysis processes are summarized in Figure 1.

PBL in
chemistry

education

Descriptive
content
analysis (30
articles)

Bibliometric
analysis
(119

articles)

R ] Data Data Highlighted
thFeIeal(rjtiocfle“ Variables “ Methods ] Sgarrgl?’lje coIIectionH analysis results
tools methods
Words in i i
Cited Cited
Ea kA EES
Figure 1

Data Analysis Process for the Study
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FINDINGS
Bibliometric mapping findings

A total of 119 articles were analyzed to reveal the network between the author keywords,
words in the abstracts, citations, and co-citations in articles through VOSviewer. Before
presenting the bibliometric findings, the distribution of the number of articles by years is
displayed in Figure 2, in which the first article was published in 1992, and there was no
markedly increase in the number of articles until 2006. Since 2007, PBL research in
chemistry education has turned into a rapid development ratio. The publication number
in the field increased from 1 in 2006 to 12 in 2016. However, after 2016, the number of

articles decreased dramatically to 4.
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Figure 2

The Distribution of the Number of Articles with Bibliometric Analysis by Years

The Most Used Keywords in the Articles

“Co-occurrence” analysis was used and "“author keywords” were selected for the
keywords’ mapping used in articles. The keywords’ minimum repetition number was
selected as 5. The number of keywords has turned out to be 19 automatically. The map

formed is presented in Figure 3.

Journal of Turkish Chemical Society Section C: Chemistry Education (JOTCSC)
Tiirkiye Kimya Dernegi Dergisi Kisim C: Kimya Egitimi



144 Bibliometric and Descriptive Content Analyses for the Articles Related to Problem-Based Learning

organidighemistry

second-year @pdergraduate

NI Spestroscopy

collaborative/ggoperative lear
analyticalighemistry

upper—divisior\adergraduate

biochamistry

problem solvi‘%decision makin

hands-on learnipg/manipulative

first-year undegggaduate/gener
inquiry-based/discovery learni laboratory instruction :
problem-b@d learning

applicationsef chemistry

school/in! Jctory che < hysical chemistry
high school/int@ductory chem: e student—cen&ed\earmng physi hemistry

‘* VOSviewer

Figure 3
The Most Used Keywords in Articles

Four clusters appeared after the analysis. The most used keyword was “problem-
solving/decision making” (f=26). In addition, other frequently used keywords were
“problem-based learning” (f=22), “upper-division undergraduate” (f=17), “inquiry-
based/discovery learning” (f=17), ‘“laboratory instruction” (f=17), “first-year
undergraduate” (f=16) and “collaborative/cooperative learning” (f=14). These findings
show that the articles mostly focused on problem-solving, undergraduate education,
inquiry-based learning, cooperative learning, and laboratory environment. Also, the
distribution of the keywords used in the articles by years was determined. The
distribution of the keywords by years is mapped and presented in Figure 4. Articles
published in recent years (shown with yellow color), mainly focused on ™“organic
chemistry” (f=13), “analytical chemistry” (f=9), “upper-division undergraduate” (f=17),
“inquiry-based/discovery learning” (f=17), “collaborative/cooperative learning” (f=14),
and “student-centered learning” (f=12). According to these findings, it could be stated
that in recent years, the articles published on PBL in chemistry education have focused
on chemistry course topics such as organic chemistry, analytical chemistry rather than
laboratory instruction. These keywords can be indicators of fresh research interests of

researchers in the field of PBL in chemistry education.
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Figure 4

Distribution of the Most Used Keywords in Articles by Year

The Most Used Words in Abstracts

The WoS bibliographic database file has been uploaded to the VOSviewer for words'
mapping frequently used in article abstracts. Then “abstract field” and “binary counting”
were selected. The words’ minimum repetition number was selected as 10. The number
of words has turned out to be 41 automatically. The map formed is presented in Figure
5.
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The Most Used Words in Abstracts
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Three clusters appeared on the map after the analysis. Not surprisingly, the most
employed words in the abstracts were “problem” (f=105) and “student” (f=98) because
“problem” and “student” are central to the PBL method. In addition, other frequently
employed words in the abstracts were “learning” (f=56), “study” (f=54), “course”
(f=51), “approach” (f=45), “skill” (f=45), “chemistry” (f=43), “pbl” (f=37), “year”
(f=31), “group” (f=30) and “activity” (f=30). The distribution of the words used in the
abstract sections of the articles by years is given in Figure 6. As seen in Figure 6, the
articles published in recent years focused on interviews as data collection tools and

shown with yellow color.
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Figure 6
Distribution of the Most Used Words in Abstracts by Year
The Most Cited Authors

Determining the most cited authors in the articles was the third research question of
bibliometric analysis. Therefore, firstly, a map was formed for the most-cited authors by
selecting “citation analysis” and “authors” in the VOSviewer. The authors' minimum
article number was selected as 2. The authors” minimum citation number was selected as
20. The number of authors turned out to be 12. The map formed is presented in Figure
7. The analysis revealed that Leman Tarhan (71 citations, 4 articles) Santiago Sandi-
Urena (70 citations, 3 articles), Melanie M. Cooper (70 citations, 2 articles), Todd A.
Gatlin (70 citations, 2 articles), and Y. Taskesenligil (58 citations, 2 articles) were the
most-cited authors in the articles. The map in Figure 7 shows only authors who have
strong connection with each other. Therefore other most-cited authors such as Tarhan

and Taskesenligil are not displayed on the map.
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Figure 7
The Most Cited Authors (Citation Analysis)

Secondly, “co-citation” and “cited authors” were selected to determine the authors who
were most cited in the references of 119 articles. The authors’ minimum citation number
was selected as 15. The number of authors turned out to be 13. The map formed is
presented in Figure 8. Barrows (30 co-citations), Belt (25 co-citations), Ram (22 co-
citations), Hmelo-Silver (21 co-citations), Domin (21 co-citations), and Hofstein (20 co-
citations) were the most-cited authors in the articles related to PBL in chemistry
education. They are among the leading authors of PBL literature, and they produce highly

cited articles in the field.
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Figure 8
The Most Cited Authors (Co-Citation Analysis)
The Most Cited Journals (Citation and Co-Citation)

The fourth research question of bibliometric analysis was about determining the most
cited journals in articles related to PBL in chemistry education. In order to form a map for
these journals, “citation analysis” and “sources” were selected. The journals' minimum
article number was selected as 1. The journals’ minimum citation nhumber was selected
as 20, and the number of journals turned out to be 9. The map formed is presented in

Figure 9.
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Figure 9
The Most Cited Journals (Citation Analysis)

Journal of Chemical Education-JCE (590 citations, 49 articles), Chemistry Education
Research and Practice-CERP (475 citations, 25 articles), International Journal of Science
Education (201 citations, 2 articles), American Journal of Pharmaceutical Education (174
citations, 9 articles) and Research in Science Education (104 citations, 4 articles) were
the most cited journals in articles. In addition, “co-citation analysis” and “cited sources”
were selected with the VOSviewer. The journals’ minimum citation number was selected
as 30. The number of journals has turned out to be 12. The map formed is presented in
Figure 10. JCE (657 co-citations), CERP (129 co-citations), Journal of Research in Science
Teaching (109 co-citations), American Journal of Pharmaceutical Education (94 co-
citations), International Journal of Science Education (77 co-citations) and Science
Education (55 co-citations) were the most cited journals in the references of 119 articles.
As seen from Figures 9 and 10, JCE and CERP were the most productive and influential

journals in terms of both the number of citations and articles.
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Figure 10

The Most Cited Journals (Co-Citation Analysis)
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Descriptive Content Analysis Findings

In this section, 30 articles that were obtained from the "“Education & Educational
Research” category in the SSCI index and directly related to the use of PBL in chemistry
education were examined with descriptive content analysis in terms of some variables to

determine the research trends.

The Field of Research in Articles

The distribution of the fields of research in the articles by years is presented in Table 1.
As seen in Table 1, the articles focused on PBL settings in chemistry laboratories and
chemistry courses. Table 1 also shows that PBL settings were initially implemented in the
chemistry laboratory, later, the researchers started to use chemistry courses for PBL

applications.

Table 1

Research Fields of the Articles Related to PBL in Chemistry Education by Years

Research fields of the articles 2007-2013 2014-2020 Total

f f f %
Chemistry course 9 7 16 53.3
Chemistry laboratory 9 5 14 46.7

Variables in Articles

The dependent variables used in the articles are presented in Table 2. As seen in Table 2,
43.3% of the articles focused on academic achievement, and 40.0% of the articles
focused on the participants’ views of PBL. In addition, the attitudes of the samples were
determined in 26.6% of the articles. These findings revealed that the articles mostly
focused on participants’ academic achievement and views about PBL settings rather than

problem-solving and critical thinking skills.
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Table 2

Dependent Variables in Articles

Dependent variables

f % f %
Learning/academic achievement 13  43.3 Professional development 1 3.3
Views of PBL 12 40.0 Self-efficacy 1 3.3
Attitude 8 26.6 Misconceptions 1 3.3
Experience 3 10.0 Motivation 1 3.3
Scientific process skills 2 6.6 Interest 1 3.3
Perception 2 6.6 Higher level cognitive skills 1 3.3
Analytical thinking skills 1 3.3 Class discourse 1 3.3
Creative thinking skills 1 3.3 Persistence of knowledge 1 3.3
Self-regulated learning skills 1 3.3 Content knowledge 1 3.3
Self-evaluation proficiency 1 3.3 Transferable skills 1 3.3
Metacognitive development 1 3.3 Scientific understanding 1 3.3
Epistemological development 1 3.3 Anxiety 1 3.3
Technological pedagogical 1 3.3

science knowledge

Research Methods in Articles

As seen in Figure 11, the quantitative research method was preferred in 40.0% of the
articles. The qualitative research method was preferred in 40.0%, and the mixed
research method was preferred in 20.0%. Also, Table 3 shows in detail the frequency and

percentages of the research methods used in the articles.

Research methods

Mixed
20%

Quantitative
40%

\%

Qualitative
40%

Figure 11
Percentage Use of Research Designs in Articles

According to Table 3, the quasi-experimental desigh (33.3%) was the most frequently
preferred quantitative method in the articles. As for qualitative research methods, case
study (16.6%) and phenomenology (13.4%) were the most preferred designs. Among

mixed research methods, triangulation research was the most preferred.
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Table 3

Research Methods in Articles

Research f %

methods

Quantitative Quasi-experimental 10 33.3
Pre-experimental 6.7
Total 40.0

Qualitative Case study 16.6

Phenomenology

Action research 10.0
Total .
Mixed Triangulation 13.4
Embedded 3.3
Convergent (concurrent) 3.3
Total 20.0

W - -
QO ASWAUGN
'

o
o

Total

Sample Groups in Articles

The distribution of the sample groups in articles is detailed in Table 4. Undergraduate
students (76.6%) and high school students (13.4%) were most preferred as sample
groups in the articles. Middle school students (3.3%) and research assistants (6.7%)
were the least preferred groups. However, Table 4 shows that primary school students or

graduate students were not preferred in articles as sample groups.

Table 4

Frequency of Use of Sample Groups

Sample groups f %

Middle school (5-8" grade) students 1 3.3
High school (9-12'" grade) students 4 13.4
Undergraduate students 23 76.6
Research assistants 2 6.7
Total 30 100

Data Collection Tools in Articles

According to Figure 12, interviews and achievement tests were mostly used as data
collection tools in articles. Skill/ability tests, scales, and observations were among the
least used data collection tools in the articles. Interviews were mostly held to determine

the participants’ views of PBL settings in articles.
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Observations 3
Scale/lnventory 6
Skill/Ability test 6
Questionnaires 8
Alternative assessment.. 11
Achievement/Concept test 13

Interviews 20

Figure 12
Frequency Use of Data Collection Tools
Data Analysis Methods in Articles

The distribution of the data analysis methods in articles is detailed in Table 5.
Frequencies-percentages tables and means, standard deviations were widely used as
quantitative descriptive data analysis methods in articles. T-test and ANOVA/ANCOVA
were widely used as quantitative inferential data analysis methods in articles. The most
used qualitative data analysis methods were qualitative descriptive analysis and content

analysis.

Table 5

Trends of Data Analysis of Articles by Years

Data analysis methods Data analysis techniques f %

Quantitative descriptive analysis Frequencies and percentages-tables 17 56.6
Means, standard deviations 14 46.6
Graphs/figures 8 26.6

Quantitative inferential analysis  T-test 9 30.0
ANOVA/ANCOVA 8 26.6
Non-parametric tests 5 16.6
Correlations 1 3.3

Qualitative analysis Content analysis 10 33.3
Descriptive analysis 11 36.6
DISCUSSION

This study consisted of two parts. Bibliometric analysis with 119 articles in the first part
and descriptive content analysis with 30 articles in the second part were conducted.
Articles with bibliometric analysis were published in “"Education & Educational Research”
and “Education & Scientific Disciplines” categories in WoS. The articles analyzed for
descriptive content were gathered from the “Education & Educational Research” category
in WoS. Because PBL is a teaching approach, “Education & Educational Research” was

used as primary sources for the articles examined with descriptive content analysis.
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Before bibliometric and descriptive content analyses, the distribution of the number of
articles by years was examined. It was found that the first article on PBL in chemistry
education was published in 1992. In the article, the author described a problem-based
pharmacy course that organized information about physical chemistry around real
problems at the University of Toronto (Duncanhewitt, 1992). There were few changes in
terms of the number of articles in the next 15 years. On the other hand, there was a
significant increase in the number of articles focusing on the use of PBL in chemistry
education between the years 2007 and 2016. However, after 2016, the interest of

researchers in PBL studies in chemistry education dramatically decreased.

In bibliometric analysis, firstly, our focus was on which keywords were most often
employed by the authors of articles. The results showed that “problem-based learning”,
“problem-solving”, “university students” were the three most frequently used keywords.
The distribution of the keywords by years was also examined. It was seen that keywords

4 A\

such as “problem-based learning”, “group”, and “practice” were used frequently in the
first years, but then the keywords such as “experimental design”, “interview”, “control
group” and “effect” were used more frequently. This result indicated that recent articles
mainly focused on testing the effectiveness of PBL on students' learning. Most of the
experimental studies (12 articles) were carried out in Turkey. Secondly, we examined the
most frequently used words in the abstracts of the articles. The findings showed that
"problem", "student" and "learning" were the most frequently used words in the
abstracts. This was not a surprise because student and problem were two central
concepts in PBL (Hmelo-Silver & Barrows, 2006). When the distribution of the words in

I8\ ”o\w

the abstracts was examined by years, it was revealed that “interview”, “effect”, “context”
and “activity” were used highly in recent articles. This finding showed that researchers
focused on the opinions of the participants along with testing the effectiveness of PBL in
recent years (e.g.: Gunter & Kiling-Alpat, 2017; Mataka & Kowalske, 2015). Thirdly, the
most productive and highly cited authors were examined. Leman Tarhan (4 publications,
71 citations) was found as the most productive author in the field. She focused especially
on the effects of PBL on high school students' chemistry learning. Meanwhile, Santiago
Sandi-Urena (3 publications, 70 citations), Melanie M. Cooper (2 publications, 70
citations), and Todd A. Gatlin (2 publications, 70 citations) were the most cited authors.
In addition, a co-citation analysis was performed. The results showed that Barrows (30
co-citations), Belt (25 co-citations), Ram (22 co-citations), Hmelo-Silver (21 co-
citations), Domin (21 co-citations), and Hofstein (20 co-citations) were the most cited
authors in these articles (119 articles). Lastly, the most cited journals were examined.
JCE and CERP were determined as both the most productive and the most cited journals.
These results showed that these journals are the most active and preferred journals in
the field.
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Regarding descriptive content analysis, firstly, the learning environments in the articles
were examined. The results showed that both chemistry laboratory and chemistry
courses were used as learning environments in PBL settings. Researchers found those
PBL laboratory settings, improved students’ engagements, chemistry laboratory
practices, skills such as communication and research (Donnel, et al., 2007; Laredo,
2013; Smith, 2012). Students also expressed their satisfaction with PBL laboratory
practices (Zoller & Puskin, 2007). PBL settings were used more frequently in chemistry
courses after 2007. In addition, in recent years, some attempts appeared, combining PBL
and other teaching approaches in chemistry teaching such as STEM, flipped classroom,
and context-based learning (e.g: Baran & Sozbilir, 2018; Chonkaew et al., 2016; Eichler
& Peeples, 2016). Secondly, the variables in the articles were examined. The articles
focused on participants’ academic achievements, views of PBL, attitudes, and some skills
as dependent variables. The results showed that researchers aimed to investigate the
effects of PBL on students’ academic achievements, their views about PBL, attitudes, and
some skills (such as scientific process skills, analytical thinking skills, and creative
thinking skills). Furthermore, some researchers tested the effects of PBL on several
dependent variables with experimental studies. Thirdly, the research methods used in the
articles were examined under three headings: quantitative, qualitative, and mixed. The
results showed that the most used research methods in the articles were quantitative
and qualitative. It was also revealed that the quasi-experimental design was the most
frequently used in articles. This result showed that the researchers in the field
investigated the effects of PBL on the participants while comparing PBL and the
traditional approach. Fourthly, the samples in the articles were examined. The findings
showed that undergraduate students were mostly preferred (76.6%) as a sample of PBL
research on chemistry education. Similar findings emerged in the bibliometric analysis.
Undergraduates were one of the most frequently repeated words in the keywords of the
articles. Researchers revealed that PBL had very positive effects on undergraduate
students (Baran & Sozbilir, 2018; Overton & Randles, 2015; Tatar & Oktay, 2011).
However, high school students were used as samples in four articles, research assistants
in two articles, and middle school students in only one article. Finally, the data collection
tools and data analysis techniques used in the articles were examined. Interviews,
achievement tests, skill tests, and alternative assessment tools emerged as the most
frequently used tools. Also, quantitative descriptive analysis and qualitative descriptive

analysis were frequently preferred as data analysis techniques in articles.

IMPLICATIONS

This study provides an overview of and an effective understanding of the current status

of the literature on PBL in chemistry education and offers interesting insights into the
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development of the field. We believe that the results of this study are important for the
future developments of PBL in the chemistry education research field. Therefore, the

following suggestions in the light of the results of this study have been put forward:

Limited studies were focusing on the role of teachers on PBL in chemistry education.
New studies may be conducted to gain better insights into the role of the teacher and
student learning in PBL settings. In addition, there were a few studies on K-12 students’

chemistry learnings in PBL. Therefore, new studies are needed in this field.

In PBL literature, studies are showing that PBL is an effective teaching and learning
approach, particularly when it is evaluated for long-term retention of knowledge (Dolder
& Alston, 2012; Li & Tsai, 2017; Yew & Goh, 2016). However, there are limited studies
on the long-term effects of PBL on participants’ chemistry learnings. We believe that

new studies are needed in this field.

There is no study in the literature on the PBL effect on learning the chemistry concepts
and developing the skills (such as problem-solving, critical thinking, working with a
group) of students with different achievement levels. Therefore, there is a need for
more related studies.

Many studies are comparing the effects of PBL with those of traditional teaching
methods, but limited studies are comparing the effects of PBL with those of other
student-centered teaching methods. In future studies, PBL and other student-centered
approaches could be applied to compare their effects on students’ chemistry learning or

skills.

In most of the articles analyzed in this study, the research samples were made up of
undergraduate students, and in future studies, researchers could include other groups of

samples in their samples.
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Appendix 1 Brief points of the articles examined by descriptive content analysis

Authors & Year

Highlights

Rodriguez-Becerra et al.,
(2020)

Ayyildiz & Tarhan (2018)

Baran & Sozbilir (2018)

Gulnter & Kiling-Alpat (2017)

Chopra, et al., (2017)

Glnter et al., (2017)

Chonkaew et al., (2016)

Current & Kowalske (2016)

Mataka & Kowalske (2015)

Overton & Randles (2015)

Tarhan & Ayyildiz (2015)

Yoon et al., (2014)

Tosun & Taskesenligil
(2013)

Chemistry teacher candidates gained technological
scientific knowledge through practice. Learning with real-
world problems using educational calculation methods
supported chemistry and pedagogy training of pre-service
teachers

PBL significantly improved high school students' academic
achievement of a chemistry unit, enthalpy changes in
systems, and their decision-making skills.

Context-PBL led a statistically significant increase in the
undergraduate students’ achievement in thermodynamics
and their interest in chemistry. It also had an effect on
the retention of knowledge.

Implementation of PBL significantly developed
undergraduate students' academic knowledge of
electrochemistry concepts. Interviews revealed that
participants had positive images about PBL settings.

The experience of undergraduate students exposed
consecutively to two different environments (verification-
based and problem-based) in a General Chemistry
Laboratory program was investigated.

A PBL centered chemistry laboratory course for
undergraduate students developed participants' level of
understanding of green chemistry and sustainability
concepts. Further, students expressed positive
statements about taking an active role in their learning.
The effect of STEM activities based on PBL on the
analytical thinking abilities and attitudes towards science
learning of grade-11 students were investigated in the
study of stoichiometry. The activities developed analytical
thinking abilities and attitudes towards science learning.
The effect of instructional method on chemistry teaching
assistants’ laboratory discourse was investigated.

The influence of PBL on students’ self-efficacy beliefs in
chemistry was investigated in a PBL chemistry laboratory
at a university. PBL significantly increased students’ self-
efficacy beliefs and allowed them to take more
responsibility for their own learning.

A dynamic problem-based learning approach was used to
teach sustainable development to chemistry
undergraduates. It motivated students to learn about
sustainability and developed a series of transferable skills
such as problem solving, communication and group
working.

Undergraduate students expressed that PBL motivated
them to learn, take an active role in their learning, and
improve their social skills such as working collaboratively.
The efficacy of PBL in an analytical chemistry laboratory
was examined. PBL was found to be an effective teaching
and learning method for enhancing chemistry students’
creative thinking ability, self-regulated learning skills and
self-evaluation.

PBL is found effective in improving undergraduate
students’ learning of solution concepts in General
Chemistry Course and scientific process skills. In addition,
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Tarhan & Acar-Sesen
(2013)

Smith (2012)

Aydodgdu (2012)

Sandi-Urena et al., (2011a)

Sandi-Urena, et al., (2011b)

Tatar & Oktay (2011)

Williams et al., (2010)

Overton & Bradley (2010)

Wong & Day (2009)

Sadir et al., (2009)

Kelly & Finlayson (2009)

Tarhan et al., (2008)

PBL had positive impacts on students’ various skills such
as group working, self-directed learning and problem
solving.

PBL significantly improved high school students’
understanding of the ionization of water and acid and
base strength concepts. Students had positive beliefs
about PBL.

PBL integrated a laboratory instruction to deepen the
undergraduate students’ understanding of the laboratory
techniques. The students found the PBL activities more
interesting and better for making them think.
Furthermore, they were found favorably in developing the
students’ skills such as communication and research.

PBL improved undergraduate students' academic
achievement in electrolysis and battery subjects of
chemistry laboratory. Also, students' attitudes towards
chemistry are developed.

Students’ experience in a general chemistry PBL
laboratory was examined. They increased metacognitive
strategies and problem solving skills through challenging
with ill-structured chemistry problems.

The effect of PBL chemistry laboratory on the teaching
assistants' epistemological and metacognitive
development was investigated. The laboratory context
promoted their metacognitive and epistemological
development.

PBL method had a positive effect on undergraduate
students’ academic achievement of the first law of
thermodynamics and science process skills.

PBL integrated into the introductory inorganic/physical
chemistry module by giving to the students the
responsibility of planning, researching and constructing
solutions to a series of problems. Students improved their
transferable skills such as communication, interpersonal
and organizational skills.

Problem-based learning activities were developed to raise
chemistry graduates who are equipped to cope with the
challenges of the global economy. The activities
contributed to the language and cultural awareness of
students with a chemistry context.

The effects of PBL and lecture-based learning (LBL) on
secondary students’ science achievement were examined.
PBL was at least as effective as LBL in gaining the
knowledge required to achieve the learning objectives.
Also the PBL students showed a significant improvement
in comprehension and application of knowledge over an
extended time.

PBL improved undergraduate students' academic
achievement in the metallic activity subject of chemistry
laboratory.

A PBL laboratory-based module was developed and
implemented for first year undergraduate chemistry. PBL
developed the students’ practical and transferable skills,
as well as their content knowledge and scientific
understanding.

PBL is found as an effective teaching method for high
school students’ achievement related to the subject of
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Senocak et al., (2007)

Domin (2007)

Donnel et al., (2007)

Kelly & Finlayson (2007)

Zoller & Puskin (2007)

intermolecular forces and social skills

PBL had a significant effect on undergraduate students’
academic achievements of gases concepts in the
chemistry course and slightly improved students'
attitudes towards chemistry.

The effects of PBL chemistry laboratory were compared
with the traditional manner laboratory at a two year
college. Half of participants expressed that the PBL
environment helped them better understand course
concepts. Meanwhile the same number found them to be
equally effective.

PBL was used as an alternative to the traditional recipe-
style laboratory in order to enhance undergraduates’
chemistry laboratory practices. PBL increased students'
engagements and improved their morale. Researchers
also observed that the students were better prepared for
their individual research project in next year’s courses.
The experience of a group of students enrolled in a PBL
chemistry laboratory module was examined. Most of the
students expressed that learning and enjoyment in the
PBL laboratory were better than in the traditional
laboratory.

A PBL oriented laboratory activity was designed for a
freshman organic chemistry course. The activity
contributed to the students’ higher-order cognitive skills.
Students also expressed their gratifying for laboratory
practices.
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