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ÖZ 

Bu çalışma, öğrenen katılımlı fen eğitimini temel alarak, bilim merkezlerindeki atölye ve sergilerin kimya 
kavramlarının öğretimine nasıl entegre edilebileceğine dair bir örnek sunmayı amaçlamaktadır. Bu doğrultuda, 
Üsküdar Bilim Merkezi’nde yer alan Teknoloji Atölyesi ve Mavi Gezegen Sergisi aracılığıyla uygulanabilecek 
bir öğrenme etkinliği tasarlanmıştır. Etkinlik, öğrencilerin asitlik ve bazlık kavramlarını pH değerine bakarak 
anlamalarını ve asit yağmurlarına yönelik çevresel farkındalık geliştirmelerini hedeflemektedir. 5E öğretim 
modeli esas alınarak yapılandırılan bu etkinlik, asit ve baz kavramlarının anlaşılmasının yanı sıra, öğrencilerde 
yaygın olarak görülen asitlik kuvveti ve asit-baz tepkimelerine yönelik kavram yanılgılarını gidermeyi de 
amaçlamaktadır. Bu doğrultuda, teknoloji atölyesi “keşfet (explore)” basamağı kapsamında pH sensörü 
geliştirilerek pH testleri yapmak için; Mavi Gezegen sergisi ise “derinleştir (elaborate)” basamağında asit 
yağmurlarının oluşum ve etkilerinin tartışılması için bir bağlam sunmaktadır. 5E öğretim modelinin, ziyaret 
öncesi, sırası ve sonrası şeklinde sunulan yapıyla bütünleştirilmesi, kazanımların sağlanması ve kavram 
yanılgılarının giderilmesine yönelik ayrıntılı planlaması ile bu etkinlik, öğrencilere hem zihinsel hem de fiziksel 
olarak etkin bir öğrenme deneyimi sunmak isteyen öğretmenler için örnek bir uygulama olma niteliği 
taşımaktadır. 

Anahtar Kelimeler: Bilim merkezi; fen eğitimi; okul dışı öğrenme. 

 

ABSTRACT 

This study aims to provide an example for integrating workshops and exhibitions at science centers into teaching 
chemistry concepts by underlining learners’ engagement in science education. In this regard, a learning activity 
was designed to be practiced through a technology workshop and the Blue Planet exhibition of the Üsküdar 
Science Center. The activity focuses on enhancing students’ understanding of acidity and basicity based on pH 
values and environmental awareness about acid rain. Besides fostering understanding about acid and base 
concepts, the activity seeks to eliminate misconceptions about acid strength and acid-base reactions. The activity 
was structured around the 5E methodology. The technology workshop is utilized at the “explore” step for testing 
pH by developing a pH sensor, while the Blue Planet exhibition area, as a context for the “elaborate” step, is for 
discussion of the formation and effects of acid rain. With the amalgamation of the 5E methodology with the 
before, during, and after visit sections and detailed examinations of attainment of objectives and elimination of 
misconceptions, the activity offers an opportunity for teachers who are willing to provide a learning experience 
for their students to understand acid-base concepts both hands-on and minds-on. 

Keywords: Science center; science education; out-of-school learning. 
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INTRODUCTION 

As revolutions move forward, change in society becomes inevitable. The distinctive 

characteristics of today’s society are based on its access to enormous amounts of information, 

thanks to the technological revolutions (Vermunt, 2003). All the changes derived from 

integrating technological revolutions into social values and needs are referred to as Society 5.0.  

Deguchi et al. (2020) described Society 5.0 as an iterative cycle that starts with data collection, 

then continues with the analysis of data, and ends up reaching meaningful information from 

data that can be applied to the real world. To meet the requirements of Society 5.0, educational 

doctrine should transform to raise individuals who are endowed with critical, creative, logical, 

analytical thinking, and problem-solving abilities as well as collaborative and social skills 

(Agusta et al., 2022). Out-of-school environments provide a medium for acquiring these 

abilities and skills by allowing students to experience curriculum content and context through 

firsthand experiences (Berg et al., 2021; Sullivan et al., 2021). Learning that happens in out-of-

school environments is defined as out-of-school learning by Tal (2012). Moreover,  Yıldırım 

(2020) has contributed to the definition of out-of-school learning by pointing out the effect of 

out-of-school learning environments on learners’ attitudes, motivation, curiosity, and creativity, 

and describing out-of-school learning environments as settings where students can engage with 

curriculum subjects by discovering them through everyday activities.  

Out-of-school learning environments present a combination of the activities of informal and 

formal learning environments (Bakioglu et al., 2018). While the activity is sequenced 

beforehand in formal learning, it is not sequenced in informal learning (Folkestad, 2006). 

Therefore, out-of-school learning can be stated as planned learning activities outside of the 

formal learning environments as a subsidiary component of formal education by supporting 

learning experiences (Bilir, 2007; Bozdoğan & Kavcı, 2016).  Formal learning is planned by 

the organization, and informal learning is initiated by individuals themselves (Choi & Jacobs, 

2011). Formal learning environments are the contexts in which a structured learning framework 

is utilized by educators (Eraut, 2000). On the other hand, informal learning environments are 

the contexts in which independent learning occurs, directed by the learner (Hall, 2009). By 

defining the non-formal learning environment, Eshach (2007) brought another perspective to 

learning environments. According to him, although it has intersections with formal and 

informal learning, non-formal learning is structured learning that is more adaptable to 

organizations and situations.  
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Science centers, planetariums, museums, national parks, zoos, botanical gardens, aquariums, 

industrial organizations, and natural monuments are classified under the category of non-formal 

learning environments (Eshach, 2007).  

As one of the non-formal learning environments, science centers are defined as “Any institution 

providing access to the public to popularize science and using an exhibition as at least one of 

its tools could be included.” (Persson, 2000, p.10). Science centers contain interactive 

exhibitions that enable visitors to take part in active experimentation (Leister et al., 2015). The 

exhibitions in science centers are beyond the “hands-on”; in fact, they are “minds on” due to 

catalyzing the cognitive processes (Persson, 2000). Since learners comprehend scientific 

concepts and relate them to daily life better, planning and implementing instructional processes 

for the acquisition of scientific concepts throughout out-of-school learning environments like 

science centers is crucial (Gürsoy, 2020; Karademir & Erten, 2013).  

To procure the “minds on” experience for learning scientific concepts, Üsküdar Science Center 

from İstanbul-Türkiye was chosen as a non-formal learning environment for the present study.  

It was established by TÜBİTAK to increase scientific literacy in society, promoting scientific 

thinking and reinforcing the desire to learn and love science and technology. To actualize these 

purposes, it contains workshops, exhibitions, a planetarium, a library, a research center, and an 

entrepreneurship office. It is the most comprehensive science center in Türkiye in terms of 

content diversity and technical infrastructure (Bilim Üsküdar, 2025). Thanks to its facilities and 

infrastructure, Üsküdar Science Center, as a learning environment, provides lots of benefits for 

the acquisition of scientific concepts in the present study. 

Aim of the Study 

Despite its facilities and infrastructural features, there are limited studies in the literature about 

the Üsküdar Science Center (Avcı et al., 2020; Öztürk & Şimşek, 2019). Therefore, the present 

study aims to provide an example of integrating workshops and exhibitions at Üsküdar Science 

Center into the teaching and learning of a chemistry topic by underlining learners’ engagement 

in science education. With this aim, the technology workshop and the Blue Planet exhibition of 

the Üsküdar Science Center were utilized to cover the concepts of acids and bases. Therefore, 

the present study aims to  answer the following research question: 

“How can the technology workshop and the Blue Planet exhibition at the Üsküdar Science 

Center be utilized effectively to teach concepts related to acids and bases by enhancing students’ 

learning experiences?” 
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Significance of the Study 

The present study aims to demonstrate how science centers, particularly Üsküdar Science 

Center, might be utilized as non-formal learning environments to enhance teaching and learning 

practices about scientific topics. Science centers offer an opportunity to develop an 

understanding of scientific principles from different areas, such as aerospace, technology, 

engineering, and natural sciences, by fostering individuals’ creativity and problem-solving 

skills (Özer & Güngör, 2017). Since the technology workshop and the Blue Planet exhibition 

about natural sciences are utilized in the present study to cover the concepts of acids and bases, 

performing the activity might increase learners’ aptitude and creativity during the identification 

of legitimate connections between the same topic under different disciplines (Burrack & 

McKenzie, 2005; Grant et al., 2013). Additionally, the activity in the present study might be 

beneficial in terms of enhancing learners’ disciplinary perspectives holistically with the 

application of multiple ways of knowing, that is, technology and natural science in the same 

subject of acids and bases (Golding, 2009). Moreover, there are limited studies on the activities 

that might be performed at out-of-school learning environments, specifically at science centers 

(Eren-Sisman & Koseoglu, 2019; Şen, 2023; Van Meeteren & Escalada, 2010; Yurtkulu et al., 

2017), and there are only a few studies on how to design these activities (Burghardt & Hecht, 

2020; Zawawi, 2019). Therefore, the present study might be an example of the activities that 

integrate workshops and exhibitions into the learning of scientific concepts in science centers 

and the first example of one that might be utilized in the Üsküdar Science Center. 
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LITERATURE REVIEW 

Studies About the Science Centers on an International Scale 

As a non-formal learning environment, science centers have a crucial importance for raising 

citizens who possess 21st-century skills (Berg et al., 2021). Many studies in the literature reveal 

the benefits of science centers in terms of the scientific literacy of individuals. For example, 

Liu (2009) stated that combining formal and informal science education is necessary to enhance 

the scope of scientific literacy. This view is supported by the study conducted by Falk and 

Needham (2011), who compared visitors and non-visitors in terms of their scientific literacies. 

The results of their study showed that the science center has a positive impact on the scientific 

literacy of those who visited it. The results of these studies can be used to promote the 

integration of science centers as non-formal learning environments into the K-12 education 

curriculum so that the number of scientifically literate citizens might increase. Different from 

the comparison of visitors’ scientific literacy, Rennie and Williams (2002) have investigated 

how science center staff and adult visitors’ understanding and ideas about science show 

distinctions in the context of an interactive science center. Analysis of the data revealed that 

visitors’ understanding of science is immature concerning staff, although they have indicated 

there is a positive change in science understanding. It can be said that experiences in science 

centers might arouse the science interest of adult visitors, which is an important step for 

increasing the scientific literacy of society, but there is a need to present aspects of the nature 

of science more explicitly to go beyond the “hands-on” experience in science centers. Overall, 

it can be said that science centers play a role in the enhancement of scientific literacy of visitors 

of all ages in terms of interest in science, yet understanding the nature of science requires a 

specific interest to encompass scientific literacy. 

In addition to the studies that focus on the role of science centers in increasing the scientific 

literacy level of society, some studies examine the relationship between science centers and 

science learning. The research about the investigation of the relationship between science 

centers and science learning is generally conducted by using exhibitions in the science centers 

as context (Allen, 2004; Botelho & Morais, 2006). For example, Pedretti (2004) examined the 

nature of learning by using the two exhibitions in the science centre about the utilization of 

scientific knowledge and the nature of science aspects. The results show that exhibitions in 

science centers have contributed to students’ science learning both intellectually and 

emotionally, thanks to the opportunity of dialogue and debate about them.  
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His study provides an in-depth understanding of the dynamics between the science center 

exhibitions and the nature of learning. Therefore, it paves the way for understanding the nature 

of science learning in the exhibition context. Yet, there is a need for an explanation of the 

integration of the exhibition activities by presenting the learning outcomes to increase the 

generalizability of the study. Similarly, Falk and Storksdieck (2005) found that visitor learning 

from the science center exhibitions is a multifaceted phenomenon, and manipulation of the 

contextual model of learning to gain an understanding of the factors that affect visitor learning 

is beneficial. They proposed the factors affecting visitor learning as interest, motivation, choice, 

and control, advanced organizers, prior knowledge, social interaction, orientation, architecture, 

and exhibition design. Together, these studies enlighten the cognitive dimension of the learning 

process in the science centers.  

Since learning consists of three main domains that are cognitive, affective, and psychomotor 

(Wilson, 2016), plenty of studies show the relationship between attitude and learning 

(Hacieminoglu, 2016; Koballa & Crawley, 1985; Narmadha & Chamundeswari, 2013). Some 

of these studies specialized in how visiting science centers affects individuals’ attitudes toward 

science. In their article, Finson and Enochs (1987) identified the difference between the 

students’ attitudes toward science-technology-society depending on whether they visit the 

science center or not. Although the other factors, such as the pedagogy of the teacher, prior 

knowledge about science-technology-society, and gender, were examined, there were no 

correlations between these factors and students’ attitudes other than visiting the science center. 

It can be said that the factors other than visiting the science center might also be investigated 

as mediators to understand their effects on attitude to obtain a broader perspective about the 

effect of visiting the science center on students’ attitudes toward science-technology-society. 

Additionally, attitudes toward science, technology, and society might be examined separately, 

specific to the themes of the exhibitions in the science center. Unlike Finson and Enochs (1987), 

Sasson (2014) found that students developed slightly positive attitudes toward science after they 

participated in the “Science Research Program” and “Preparation for Academia Program” of 

the science education center for youth. Although the scientific thinking skills of students are 

enhanced, there is no significant change in their attitudes toward science. This study 

investigates the attitudes of students toward science, but it has some limitations in the 

examination of attitudes, which are that the programs in the science center focus on cognitive 

development more than affective, and measuring change in attitude in a limited time by using 

only quantitative tools.  
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Assessment is an important part of students’ learning (Brown, 2005). Therefore, besides the 

studies that investigate the science center and learning relationship, assessment of learning in 

the science center is also one of the research topics in the literature. To illustrate, Barriault and 

Pearson (2010) suggested an assessment tool that relates learning to the engagement of exhibits 

in the science centers. In their study, they have proven the usefulness of the visitor engagement 

framework, the visitor engagement profiles, and the visitor engagement and exhibit assessment 

model to understand and enhance the learning outcomes and experiences in the science centers. 

Unfortunately, there are limited studies about the tools developed to assess learning in science 

centers, and there is a need for assessment tools developed based on the different learning 

theories.  

Given all that has been mentioned so far, although there is a gap in the assessment of learning, 

one may suppose that science centers are beneficial to enhancing science learning by providing 

educational context from real life via exhibitions, as well as increasing interest toward science 

and carrying the potential to serve as a way for raising scientifically literate individuals. In the 

next section, a reflection on the importance of science centers in education will be discussed in 

the Türkiye context. 

Studies About the Science Centers on a National Scale 

There are six science centers in Türkiye funded by TÜBİTAK: Kayseri, Konya, Kocaeli, Bursa, 

Elazığ, and Üsküdar. In addition, science centers established by municipalities are becoming 

increasingly common. Most studies conducted about these science centers focus on visits and 

workshops for K-12 students in Türkiye (Akin & Demı̇rdöğen, 2023). On the other hand, the 

relationship between the science centers and scientific literacy, science learning, and the 

assessment of learning in science centers is studied rarely.  

Among the studies about the science centers in Türkiye, Aydın-Ceran and Esen (2023) have 

investigated the experiences of the pre-service teachers at the science center. The results of the 

study showed that pre-service teachers declared the importance of science centers for increasing 

the scientific literacy level of society and proposed suggestions to enhance the contribution of 

science centers to society. It can be said that this study is important to understand the role of 

science centers in enhancing the scientific literacy of society from the perspective of pre-service 

teachers. Therefore, the integration of training about learning in science centers might also be 

demonstrated to realize the view of pre-service teachers about the scientific literacy of society 

more systematically. 
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The relationship between science centers and scientific literacy was also investigated by Komek 

et al. (2015). All the participants visited the Science Activities Units in Aydın Dogan Science 

and Art Center (Afyon), Science and Art Centers in Konya, Bayburt, and Elazığ, and were 

involved in the enrichment science activities in these centers. The data was collected with the 

scientific literacy scale (Keskin, 2008) and the enrichment scale developed by the researchers. 

The result of the study suggests that there is a positive correlation between scientific literacy 

and participation in enrichment activities of both groups of students, and the level of scientific 

literacy of gifted students is higher than that of non-gifted students.  It can be said that details 

about the enrichment activities might be highlighted so that an understanding of the aspects of 

these activities that contribute to a higher level of scientific literacy might be enhanced. 

Scientific literacy involves familiarity with scientific concepts as well as understanding the 

nature of science (Laugksch, 2000). As the aforementioned issues are taken into consideration, 

besides the studies that reveal the importance of science centers for developing scientific 

literacy, some studies discuss their role in science learning beyond the familiarization of 

scientific concepts. For example, Özer and Güngör (2017) found that activities in the science 

centers did not promote learning scientific concepts extensively. Students manipulated the 

various experimental setups in the science center (Bursa) first with their teacher and then on 

their own. According to the results of the study, although students declared that the activities in 

the science center are educational, they struggle with the identification of scientific concepts. 

Likewise, Can (2013) pointed out that the experiences of students related to the science center 

are limited to the manipulation of the setups instead of understanding the scientific principles 

behind their working mechanisms. Therefore, together, these studies highlight the discrepancy 

between the participants’ statements regarding the educational value of science activities and 

the knowledge they gain from these activities.  

On the contrary, Ayar (2016) set forward that students’ content knowledge about science 

develops when they visit the exhibits in the science centers. “Our World” interactive exhibition, 

which is about the planet Earth, natural and renewable resources, and the environmental 

diversity of the Anatolian region, was used as the context for the study. Their results suggest 

that although students’ scientific conceptual knowledge improved, time restrictions and the 

concourse of the visitors are constraints on the science learning of students at science centers. 

This study is important for revealing the structural factors, like guides, time, and design of the 

center, that affect science learning at science centers.  
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Besides scientific literacy and science learning, some studies relate the effect of science centers 

on the interest and attitude of individuals, which ensures another perspective of science learning 

in the science centers from the affective domain. A detailed examination of the effect of visiting 

science centers on students’ interest and academic achievement was performed by Bozdoğan 

and Yalçın (2009). The Feza Gürsey Science Center was chosen as the context for the study. 

During their visit, the participants were accompanied by a guide at first, and then they 

discovered the exhibitions and took part in the activities. Statistical analysis of the data 

disclosed that there is a significant increase in interest and academic achievement of students 

after visiting the science center. However, the relationship between interest and academic 

achievement could not be found. It can be said that the interest and scientific achievement of 

the participants, without focusing on specific exhibitions or workshops in the science center, 

and the lack of control over the motivation, which is seen as a potential factor that affects results, 

might be the limitations of this study. The view that a positive effect of science centers on 

interest is supported by Sener et al. (2015). They examined the change in the participants’ 

attitudes toward science and creative thinking skills after experiencing a science project that 

included a visit to a planetarium in the science center. The results revealed that students who 

experienced learning in different environments, like planetariums, showed positive attitudes 

toward and interest in science as well as high levels of creative thinking. It can be said that the 

project in the study contains multiple environments, although the effects of these environments 

are indicated superficially. The contribution of these environments to the attitudes of students 

might be investigated based on the attitudinal theories in depth, so that the effect of experiences 

in science centers on attitudes is explained better. Similarly, Şentürk and Özdemir (2014) have 

conducted a study about the effect of science centers on attitudes toward science. They have 

investigated students’ attitudes towards science based on the constructs of “self-concept in 

school science,” “practical work in school science,” “science outside of school,” “future 

participation in science,” and “the importance of science,” and overall attitudes towards science 

based on the gender, grade, and the level of science achievement. Analysis of the data shows 

that science centers carry the potential to enhance students’ attitudes toward science, 

independent of their gender, grade, or achievement. It can be said that the study is useful thanks 

to focus on different constructs of the attitude as well as the overall attitude. The limitation of 

the study is the lack of investigation of affective variables on the attitude of students toward 

science before, during, and after the visit to the science center. 
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Besides cognitivism and constructivism, enactivism propounds the theoretical foundation for 

game-based science learning (Li & Tsai, 2013). Therefore, some studies examine the 

integration of games in science centers to enhance science learning. To illustrate, Laçin-Şimşek 

et al. (2022) designed educational games for implementing exhibitions in the science center 

(Kocaeli) named “I’m Visiting the Science Center, Cracking the Password,” “Visit the Dynamic 

World Gallery, Crack the Secret,” “I’m Exploring the Science Center with Square Code,” and 

“I’m Discovering Colors”. The designed games were performed by 30 pre-service science 

teachers. The results show that performing educational games in the context of the science 

center increases the understanding of pre-service teachers about scientific concepts in the 

exhibitions. It can be said that this study is beneficial in terms of contributing to the 

improvement of learning in science centers by providing an educational tool. If the designed 

game is also performed by K-12 level students, it might broaden the vision of the learning 

practices in science centers. In addition to the games as educational tools to enhance learning 

in science centers, Büyükkol- Köse and Çetin (2024) investigated the effect of using QR code 

brochures for science center visits. The QR code brochure was designed by researchers 

according to the analysis, design, development, implementation, and evaluation (ADDIE) 

design model. The result of the study proposes that the utilization of QR code brochures 

increases students’ knowledge about the science center as well as their interest and curiosity. It 

can be said that the study provides a way to increase the effective usage of science centers in 

science learning, thanks to its guidance for the students. Moreover, digitalization is an important 

part of today’s world, so by embedding digital tools into learning in the science centers, this 

study leads the way for increasing motivation for science learning. 

Together, all of these studies indicate the importance of science centers for improving science 

learning. As a specific interest of this study, to enhance the science learning of students by using 

exhibits and workshops, an activity was designed to implement the Üsküdar Science Center. In 

the literature, two studies use the Üsküdar Science Center as context. One of them is related to 

the investigation of the behaviour of the families in science centers (Öztürk & Şimşek, 2019), 

and the other one lists the volunteering activities in which they take part at Bilim Üsküdar 

(Sarı,2024). Since limited studies exist in the literature, the present study might contribute to 

the literature about the mentioned science center.  
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METHOD 

Name of the Activity: The pH Detectives: Build, Test, Learn! 

Lesson: Science Education 

Topic: Acids and Bases 

Objectives:  

At the end of the activity, students will be able to  

• Make inferences about the acidity and basicity of substances using their pH values. 

Students are encouraged to make inferences through experiments related to the topic. 

• Propose solutions to prevent acid rain. 

The causes and consequences of acid rain are discussed. 

Interdisciplinary Collaboration: Technology and Design Course 

• At the end of the activity, students will be able to evaluate the applications of sensor 

technology in daily life. 

The focus is on how technologies such as pH sensors work in real-life applications. 

Out Of School Environment: Üsküdar Science Center (İstanbul-Turkey) 

Teaching Method: 5E Teaching Method 

Time: 4 class hours 

A. Before Visit  

Preparation of the teacher 

Nakhleh (1992) stated that the most probable reason for the difficulties in learning 

chemistry arose due to the lack of an appropriate insight into basic chemical concepts at the 

first introduction. Moreover, learning the concepts of acids and bases has crucial importance 

for the comprehension of biology and physics concepts, such as how blood behaves as a 

buffer or electricity, as well as chemistry concepts in the further years of their education. 

Besides the academic concerns, learning the acid and base concepts is important for 

contributing to the environmental consciousness of students in terms of covering the 

reasons, results, and prevention of acid rain. Since concepts of acids and bases are 

significant as a basis for lots of concepts in science education, misconceptions about them 

should be considered and eliminated carefully. In the literature, there are lots of 

misconceptions about the concepts of acids and bases regarding pH value, acid and base 

definitions, buffer solutions, and ionic equilibria (Embisa et al., 2019; Mubarokah et al., 
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2018; Schmidt,1998). In addition to them, acid strength is another prominent misconception 

about the concepts of acids and bases (Kala et al., 2012; Tümay, 2016). Learners tend to 

think that experiments with acid-base indicators are useful for determining acid strength 

(Barke, 2015). Besides the acid strength, some studies showed that some misconceptions 

about concepts of acids and bases have emerged from the acid-base reactions. Griffiths 

(1994) revealed that learners might think that acid-base reactions are always concluded in 

neutral solutions.  

The teacher's crucial role in effectively conveying scientific knowledge depends on their 

understanding of important concepts, their awareness of students' prior knowledge, and their 

ability to identify potential misconceptions (Magnusson et al., 1999). Teachers covering the 

concepts of acids and bases should understand their importance and emphasize this to 

students, along with addressing common misconceptions and strategies to eliminate them. 

To be able to manage these, Üsküdar Science Center provides a great opportunity for 

teachers with the Blue Planet exhibition and technology workshop. To underline the 

importance of acid-base concepts for the environment, the Blue Planet exhibition helps 

students to develop an understanding of how acid rain occurs by interfering with the water 

cycle, while the technology workshop provides an opportunity for learners to gain first-

hand experience by using Arduino sets for constructing pH sensors, which will be used to 

conduct experiments to measure the pH of the acid and elimination of misconceptions about 

acid strength. Since the technology workshop of Üsküdar Science Center overlaps with the 

objectives of the acidity and basicity concepts and the technology design about sensor 

technology in daily life, while the Blue Planet exhibition serves the objective about acid 

rain, learning of acid and base concepts are experienced in a more holistic and multifaceted 

manner than the classroom environment, and this serves to come up scientifically literate 

individuals for society (Roberts, 2008).  

When planning to teach the concepts of acids and bases and to address common 

misconceptions, the teacher might consider organizing an activity that includes exhibitions 

and workshops at the Üsküdar Science Center. Before bringing the students to the center, 

the teacher should visit to determine whether the workshops and exhibitions align with the 

educational objectives related to acids and bases. If the objectives can be effectively covered 

at the science center, the teacher should contact the administrative staff to communicate the 

purpose and plans for the visit. Once necessary adjustments are made, the teacher should 

inform the school principal and parents about the upcoming visit and obtain any required 
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legal permissions. Additionally, the teacher should schedule an appointment with the 

science center administrative staff and arrange transportation. All aspects of the learning 

activity focusing on acids and bases should be conducted in collaboration with the science 

center staff. 

The readiness of the students for the learning activity about concepts of acids and bases 

should be examined by the teacher. Therefore, the questions for investigating the existence 

of misconceptions about acids and bases and prior knowledge about definitions and general 

properties of acids and bases should be prepared to ask students. An example of a concept 

cartoon for the definition and general properties of acids and bases is distributed (Figure 1) 

with the text provided below: 

“While the five students worked together, student four forgot to label the two tubes in front 

of her as acid or base. Other group members suggest ways to understand which test tube 

contains acid or base. If you were student four, which one of the suggestions would you 

listen to, please explain the reasons for not choosing others.” 

Figure 1 

Concept Cartoon for the Definition and General Properties of Acids and Bases  

 

 

 

 

 

 

 

 

 

                  1                                 2                       3                  4                                 5 

Note. The concept cartoon was generated by using ChatGPT as an image creator, and the 
statements in the speech bubbles were taken from the literature (Cyril, 2017). 

 Acids burn and melt 
everything so let’s pour 

them. 

 All acids have 
bubbles, so let's make 
an observation. 

 Bases are not harmful and 
slippery, so let’s touch it. 

 Let’s check it 
with Litmus 
paper.  
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After checking students' prior knowledge by using a concept cartoon to remind them of the 

general properties of acids and bases, the teacher should ask questions to create cognitive 

conflict to examine the existence of misconceptions about acid strength. 

Preparation of the student 

To remember what has been learned about acids and bases, and apply their content knowledge 

in the technology workshop, students should make a concept map with definitions, general 

properties, and examples of acids and bases, and submit it to their teachers before visiting the 

Üsküdar Science Center. In addition to the concept map, students should also write an essay of 

about 100 words about the importance of water for the future, to be able to prepare for the Blue 

Planet exhibition.  

To be able to keep up with the schedule and use free time effectively, students should bring the 

map of the science center, the rules that should be followed, and the schedule of the visit with 

them. 

All of the students should wear school uniforms and bring colourful pencils, worksheets, and 

draft papers. 

Schedule: 

1. Technology Workshop 

Time: 1 hour 

Follow the instructions in the activity paper and take notes on your draft paper. 

2. Blue Planet Exhibition area 

Time: 45 minutes 

Bring your essay about the importance of water for the future.  

Complete your worksheet and take notes on your draft paper. 

3. Free Time  

Time: 45 minutes 

Mark the places that you visit in the science center on your map.  

You are free to take field notes about the most interesting things that you have learned. 
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Engage: 

After the definition and general properties of acid and base concepts were discussed with a 

concept cartoon activity, the teacher also questioned the students’ knowledge of acid-base 

indicators. Therefore, the teacher asks:  

In the activity, you said that Litmus paper can be used to differentiate the substances in the test 

tubes. As you concluded, the general properties of acids and bases help us to differentiate them 

by using indicators that are substances prone to change color depending on the medium. Do 

you remember the other indicators?” 

Expected answer: Phenolphthalein, methyl orange, and pH paper. 

After students answer the question and make explanations about the color change of the 

indicator in acidic, basic, and neutral mediums, the teacher will show the pH scale that shows 

examples of daily life substances’ pH values and say: 

“Let’s look at the pH scale together. What can you say about the pH of lemon juice?” 

Expected answer: Yes, lemon juice is considerably acidic.  

“What do you think about the acid strength of it?” 

Expected answer: pH is used to determine whether a substance is an acid or a base. The pH 

value can change as the concentration of the substance changes. Therefore, we cannot say its 

acid strength without indicating its concentration. 

However, perceiving acid-base indicators to determine acid strength is a very common 

misconception among students (Barke, 2015), so there might be students who say that: 

“The pH shows the strength of the acids. If a substance has a low pH, it is a strong acid. When 

we look at the pH scale, lemon juice has a pH of around 2. That means lemon juice is a strong 

acid.” 

 After taking all possible answers, the teacher might ask the question to create cognitive conflict: 

“How do we drink lemon juice? Why does it not burn in our skin or organs if it is a strong acid? 

Let’s figure it out. Do you want to experiment with it? I know a place that might help us to 

answer the questions in our minds.” 

After creating curiosity about the science center, the teacher should introduce the Üsküdar 

Science Center by showing the center on the website. The teacher should show the technology 
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workshop and Blue Planet exhibition sections of the science center, specifically, and give brief 

descriptions of what should be done there. Additionally, the map of the science center, the rules 

that should be followed, and the schedule of the visit should be distributed to the students as a 

hard copy.   

B. Visit 

Upon arriving at the science center, the teacher and students review the rules and the schedule. 

They then proceed to the technology workshop.  

The teacher collaborates with the science center staff to conduct the workshop. The teacher 

explains how the activity will be carried out, while the science center staff guides the students 

through the process. The teacher organizes the students into groups and distributes the activity 

paper (see Appendix A). The role of the students in the group (such as note-taker, leader, 

timekeeper, etc.) might be determined by the teacher, and the roles can be reversed for the 

second part of the activity. 

Explore: 

At the beginning of the activity, the teacher reminds the students. 

“Do you remember what we discussed in the classroom? What was your assumption?” 

Expected answer: Since lemon juice has a low pH, it contains strong acids, but we can drink it. 

How can we drink it if it is a strong acid? 

Then the teacher said that: 

We have mentioned the pH of lemon juice. As well as the pH paper, we have digital tools to 

measure the value of pH. Science center staff will help you construct the pH sensor. After that, 

you can investigate the pH of lemon juice with the given instructions in your activity paper.” 

Following that, the science center staff begins to explain step-by-step how the pH sensor is 

constructed based on the guide of Kubínova and Slegr (2015). Throughout the development of 

the pH sensor, the teacher observes the students’ progress to ensure that the objective “At the 

end of the activity, students will be able to evaluate the applications of sensor technology in 

daily life” is achieved properly. 

After students built the pH sensor, they conducted the experiment in which the pH of different 

concentrations of lemon juice-water solutions was measured. The experiment aims to eliminate 
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the misconception about relating the value of pH to acid strength (Barke, 2015). Since students 

measured different pH values for different concentrations of the lemon juice, it was expected 

that students would conclude that pH is a quantitative measure of the hydronium ion activity in 

the solution, and since hydronium ion concentration changes with dilution, the lemon juice 

yields different pH values at different concentrations. Therefore, a single pH value does not by 

itself represent the strength of the acid. To check whether misconception about the pH and acid 

strength is eliminated, questions in the activity paper should be answered and discussed among 

the groups in the following order: 

After measuring the pH of 10 mL of lemon juice and 50 mL of water solution, groups should 

express their hypothesis by indicating their reasons while answering the question: 

“What will be the pH value of the solution when 30 mL of lemon juice is added to water? Please 

write down your hypothesis and explain it.” 

Following the measurement of the pH of 30 mL of lemon juice and 50 mL of water, the groups 

answer the following question: 

“What did you observe when 30 mL of lemon juice was added to water? How has the pH of the 

solution changed? Do you observe any change in the solution?” 

When the groups compare their hypothesis with their observations, they discuss the results 

together after answering the question, “Please compare your hypothesis with your observations, 

are they consistent with each other? If they are not, explain why it is not correct.” 

Following the measurement of the pH of 30 mL of lemon juice and 50 mL of water, the groups 

answer the following question: 

“What did you observe when 30 mL of lemon juice was added to water? How has the pH of the 

solution changed? Do you observe any change in the solution?” 

When the groups compare their hypothesis with their observations, they discuss the results 

together after answering the question, “Please compare your hypothesis with your observations, 

are they consistent with each other? If they are not, explain why it is not correct.” 

Explain:  

After the activity was conducted and the questions in the activity paper were discussed with the 

students, the teacher explained the function of pH and how acidity is determined by referring 

to the activity and the answers to the questions in the activity paper. 
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The teacher asks: 

“When you look at the pH values of the solutions that you have measured, what can you say 

about the lemon juice? Is it an acid, base, or neutral substance?” 

Expected answer: It is acid.  

The teacher states the name of the acid in the lemon juice by saying: “There is citric acid in 

lemon juice”. After that, the teacher asks:  

“Are the values of the pH for both solutions that you have prepared with the lemon juice and 

water the same?” 

Expected answer: No, when more lemon juice is added to the same amount of water, the pH 

decreases.  

Teacher asks: 

“What can you say about the citric acid in the lemon juice? Is it a strong or weak acid?” 

Expected answer: We have the same substance, that is, lemon juice with different pH values, so 

citric acid concentration should be taken into consideration to make inferences about the 

strength of the lemon juice.  

After that, the teacher explains that the pH is related to hydrogen ion concentration in the 

solution and underlines that it is useful to differentiate the nature of the substances as acid, base, 

or neutral, but it cannot explain the strength of the acid exclusively. The strength of the acid 

depends on the ionization percentage in the water.  That means the acid that has a higher 

ionization percentage is stronger than the one that has a lower. Then, the teacher can show the 

visuals about ionization of strong and weak acids at the same concentration  to explain the 

difference between strong and weak acids and ask questions to check whether the concept of 

acid strength is understood by students: 

“Is there any way to make the pH of weak and strong acids the same?” 

Expected answer: Although the dissociation percentage of the weak acid is lower than that of 

the strong acid, if the concentration is arranged like taking too concentrated a weak acid, it 

might be possible. 

At the end of the activity and these explanations, it was expected to meet the objective of “Make 

inferences about the acidity and basicity of substances using their pH values. Students are 
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encouraged to make inferences through experiments related to the topic,” and eliminate the 

misconception that acid-base indicators are useful for determining acid strength (Barke, 2015).  

Elaborate: 

At the end of the technology workshop, the teacher directs the students to the Blue Planet 

Exhibition area (Figure 2) with the help of the science center staff.  

 

Figure 2 

Blue Planet Exhibition In Üsküdar Science Center 

The students work with the same group members as 

assigned in the technology workshop. The science 

center staff explains the water cycle. During the visit 

to the exhibition area, students should complete the 

worksheet “The Journey of a Water Droplet” (see 

Appendix B). 

 

While students are visiting the “pollutants” section of the exhibition, the teacher reminds 

students of the essays that they wrote about the importance of water for the future and demands 

that students share their opinions with their group members about the importance of water and 

how pollution of water can be decreased.  

After the worksheet about the water cycle is completed and students have a discussion with 

their group members, the teacher wants to share the opinions of the groups with others about 

the importance of water and how pollution of water can be decreased. Then the teacher asks 

specifically, 

“What do you think about the groundwater pollution? What are the factors that cause 

groundwater pollution?” 

Expected answer: Industrial discharge, mining activities, agricultural activities,… 

“Agricultural activities are important for ecology; how do they cause groundwater pollution?” 
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Expected answer: Excessive use of nitrogen-based fertilizers can cause groundwater pollution 

since nitrate leaching occurs, in which the nitrate, a water-soluble chemical, moves from soil to 

groundwater or fresh water sources. 

Then, the teacher wants students to think about the effect of using excessive amounts of 

nitrogen-based fertilizers in agriculture by considering the water cycle. 

Expected answer: The excess nitrogen-based fertilizer that was not absorbed by plants remains 

in the soil, and when the rain falls, the nitrate is dissolved into the water. After that, whether the 

rain is drawn by the soil, nitrate percolates toward the groundwater, or is not drawn by the soil, 

nitrate flows to the lakes and rivers through runoff. Since the groundwater feeds the lakes and 

rivers and all cumulate into larger water bodies, nitrate is transported to the sea eventually. 

When the water evaporates from their surfaces as part of the water cycle, water vapor returns 

to the atmosphere, while dissolved nitrate remains in the water bodies. Therefore, evaporation 

of water via the water cycle causes an increase in the concentration of the remaining nitrate in 

the water bodies, and so the next water cycle mobilizes the more nitrate-containing fertilizer 

from the soil. 

With the guidance of the teacher, students combine their knowledge of the water cycle and 

groundwater pollutants. The teacher can ask questions like: 

“How does fertilizer affect the pH of soil?” 

“How does nitrate from the nitrogen-based fertilizer move among soil, water, and air?” 

By collaborating with their teachers to draw inferences, it is anticipated that students will grasp 

the causes and consequences of acid rain. Following this exploration, the teacher will prompt 

students to discuss ways to prevent acid rain, thereby addressing the second objective related 

to the concept of acid rain. It was expected that students would think about the strength of the 

acid since they should diminish the strength of acid rain. As Griffiths (1994) stated, there is a 

misconception that acid-base reactions are always concluded in neutral solutions. Therefore, 

some of the students might say, “We can pour the base into the soil to neutralize it.”  To eliminate 

this misconception, the teacher reminded the students of the activity that they performed about 

the strength of the solution and pH value to guide them in thinking about the strength of the 

acid in the soil. Then the teacher asks a question to create cognitive conflict, like,  

“When you have a stomach-ache, you take antacid pills, but your stomach is still an acidic 

medium. How can you ensure the acidity of the soil is decreased?” 
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Expected answer: It depends on the dissociation of the fertilizer into ions, or, in other words, its 

strength. Therefore, the bases of different strengths can be mixed with fertilizer; however, it 

does not guarantee the neutralization of the soil. 

Overall, the teacher emphasizes that the strength of the acid is related to the ionization 

percentage and depends on the strength of the acid and base; their reactions do not always end 

up with neutral products. 

At the end of the visit to the Blue Planet Exhibition, the teacher announces the student's free 

time by reminding them of the rules. The teacher distributes the cards to students so that they 

can write the interesting information that they have learned while going around the science 

center. 

C. After Visit 

When the teacher and the students arrive at their classroom, the teacher asks the students how 

they feel about the activities that they performed in the science center and demands that they 

share the most interesting information they have learned while going around. Then, the teacher 

wants the students to summarize what they have learned during the activities in the technology 

workshop and the Blue Planet exhibition as a group.  

Evaluation: 

After that, the teacher assigns a homework that is about designing an experiment about testing 

hypotheses about the value of pH and acid strength by using a simulation (e.g., PhET Interactive 

Simulations, n.d.). Thanks to the homework, the teacher has an opportunity to evaluate whether 

or not students possess misconceptions about pH as an indicator of acid strength (Barke, 2015).  

Expected Conclusion: Concentration does not relate to the strength. Strong acids that have a 

higher ionization percentage might be less concentrated than weak acids. 

The time given for the homework is one week; late submissions will not be accepted. At the 

end of the deadline, the students should submit their report that includes the following sections: 

- Name, surname, ID 

- Hypothesis 

- Data collection procedure  

- Results (the values and visuals should be presented) 

- Conclusion 
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To be able to assess students’ understanding of the concepts of pH and acid strength by 

homework, the adaptable rubric is presented below: 

 
Criteria 

Competent 
(1) 

Fairly competent 
(2) 

Highly  
competent 

(3) 

Sophisticated (4) 

Hypothesis The hypothesis is 
clear. 

The hypothesis is 
clear and testable. 

The hypothesis is 
clear, testable, 
and relevant to 
the research 
question. 
 

The hypothesis is 
clear, testable, 
falsifiable, and 
relevant to the 
research question. 

Data collection 
procedure 

The procedure is 
explained step by 
step. 
 

The procedure is 
easy to follow, 
and all necessary 
equipment & 
materials are 
listed. 
 

The procedure is 
stepwise, detailed, 
and measures 
what it is intended 
to measure. 
 

The procedure is 
followable, 
comprehensive, 
valid, and 
explicitly aligned 
with the 
hypothesis. 
 

Results Results are 
displayed in 
logical order. 

Results are 
logically ordered 
to serve the 
hypothesis. 
 

Results are in 
logical order, 
relevant to the 
hypothesis, and 
represented with 
suitable units and 
symbols. 
 

Results are 
ordered logically, 
relevant to the 
hypothesis, and 
represented  
with symbols and 
units and  
supported with 
tables, graphs, 
and /or figures. 
 

Conclusion Key findings are 
featured. 

Key findings are 
connected to the 
acid-base content. 

Key findings are 
connected to the 
acid-base 
concepts with 
acceptance or 
rejection of the 
hypothesis. 

Key findings, 
content of the 
acid-base, and 
hypothesis are in 
coherence with 
each other. 
 

 

For rating the scale of the rubric, the teacher should examine how much each criterion meets 

the demands based on its aspects. For the hypothesis, it should be clear, testable, relevant, and 

falsifiable. The data collection procedure should be clearly explained, comprehensive, valid, 

and aligned with the hypothesis. Results should be presented in logical order, with relevant 

results of the hypothesis, clear visuals, and proper notation of the values. Conclusion should be 

put forward by emphasizing key findings, relating these findings to the knowledge that they 

have learned about concepts of acid and base, integrating the results into the hypothesis, and 

coherence among the hypothesis, findings, and knowledge of acid-base chemistry. 

For each aspect indicated for the criterion is one point. If the students documented the report 

based on all aspects of the criterion, they get four points. For example, the students who write 
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a data collection procedure step by step (clear) and the procedure serves to measure what it is 

intended to measure (valid) get three points out of four. On the other hand, the student who also 

emphasizes how the data collection procedure aligns with testing the hypothesis, in addition to 

this, gets four points. 

Submission of the homework for the experiment report is evaluated based on the rubric, and 

feedback is given to the students. The teacher can make additional lessons for the students who 

could not meet the objectives about the acidity and basicity of substances, depending on pH 

values and misconceptions about the pH and acid strength. 
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APPENDICES 

 

A. Activity Paper: The pH Detectives: Build, Test, Learn!  

Group members:                                                                                                                         Date: 
PART A: Building a pH Sensor 

Materials: Arduino board (Duemilanove), Sparky's Widget Mini I2C pH interface, LED display, PC 

Procedure:  

1. The pH interface has four pins: GND, VCC, SDA, and SCL. Connect these pins to GND, +5, Analog-4, and Analog-

5 ports of Arduino.   

 

 

 

 

 

 

 

 

 

 

2. Connect the LED display to the Arduino port by soldering four leads. Connect pins (+) and (-) to +5V and GND, 

respectively. Then connect D to Analog-4 and C to Analog-5. 

 

 

3. After completing the wiring, you can upload the code marked „LEDpH.ino“ to the  Arduino card.  

      

 

 

 

                                                                                                      
                                                                                                                                                                   

 

                                                                                                                                                         

 

                                                                                                                                                                (Kubínova & Slegr, 2015) 

 

 

 

LED display Arduino ports 

- GND (black cable) 

+ 5V (red cable) 

SDA A4 (yellow cable) 

SCL A5 (green cable) 

pH amplifier Arduino ports 

- GND (black cable) 

+ 5V (red cable) 

SDA A4 (yellow cable) 

SCL A5 (green cable) 



İNFORMAL ORTAMLARDA ARAŞTIRMALAR DERGİSİ 

-141- 

PART B: Testing pH 

Materials: Four beakers, glass rod, measuring cylinder, pH probe, and pH sensor 

Substances: Lemon juice and water 

Procedure:  

1. Prepare two solutions of lemon juice and water by adding 10 mL of lemon juice to 50 mL of water and 30 mL 

of lemon juice to 50 mL of water. 

2. Connect the pH probe to the pH amplifier of the pH sensor.  

3.  Dip the pH probe into the solutions and take note of the pH of the solutions. 

Note: With the help of the science center staff, the pH probe should be rinsed with distilled water and dried between 

the pH measurements of the solutions. 

 

 

 

 

Beaker 1: 10 mL of lemon juice juice+50 mL of water      Beaker 2: 30 mL of lemon juice juice+50 mL of 

water 

          pH:                                                                              pH: 

 

 

 

Ø What will be the pH value of the solution when 30 mL of lemon juice is added to water? Please write 

down your hypothesis and explain it. 

 

 

Ø What did you observe when 30 mL of lemon juice was added to water? How has the pH of the solution 

changed? Do you observe any change in the solution?  

 

 

Ø Please compare your hypothesis with your observations. Are they consistent with each other? If they are 

not, explain why it is not correct. 
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B. Worksheet: The Journey of a Water Droplet  

Group members:                                                                                         Date: 

 

 

1. Please define each term. 
TERM DEFINITION 

Precipitation  
Evaporation  

Accumulation  
Condensation  
Transpiration  

 

 

 

2. Please draw the water cycle depending on the observations in the exhibition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



İNFORMAL ORTAMLARDA ARAŞTIRMALAR DERGİSİ 

-143- 

REFERENCES 

PhET Interactive Simulations. (n.d.). Acid-base solutions [HTML5 simulation]. University of Colorado Boulder. 
https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions_all.html 

Agusta, A. R., Suriansyah, A., Pratiwi, D. A., Noorhapizah, N., & Hussin, S. (2022). Increasing society 5.0 skills elementary 
school students by gawi manuntung learning model. In EDULEARN22 Proceedings (pp. 7824-7834). IATED. 

Akin, F. N., & Demı̇rdöğen, B. (2023). Eğitim Alanında Bilim Merkezleri Konusunda Gerçekleştirilen Araştırmaların İçerik 
Analizi. Trakya Journal of Education, 13(2), 1314–1341.  

Allen, S. (2004). Designs for learning: Studying science museum exhibits that do more than entertain. Science education, 
88(S1), S17-S33. 

Avcı, S., Özcan, B., & Aladağ, Z. (2020). Bütünleşik Vza Ve Linmap İle Tübitak Destekli Bilim Merkezlerinin 
Değerlendirilmesi. Eskişehir Osmangazi Üniversitesi Mühendislik ve Mimarlık Fakültesi Dergisi, 28(3), 252-262. 

Ayar, M. C. (2016). Examining the Effect of Our World Exhibit on Student Visitors: A Science Center Case. Science Education 
International, 27(3), 419-436. 

Aydın-Ceran, S., & Esen, S. (2023). A Day at the Science Center: Examining the Experience of the Pre-Service Elementary 
Teachers on the Practices at the Science Center. Journal of Theoretical Educational Science, 16(3), 727-748. 

Bakioglu, B., Karamustafaoglu, O., Karamustafaoglu, S., & Yapici, S. (2018). The effects of out-of-school learning settings 
science activities on 5th graders’ academic achievement. European Journal of Educational Research, 7(3), 451-464. 

Barke, H. (2015). Learners ideas, misconceptions, and Challenge. Chemistry Education, 395–420.  

Barriault, C., & Pearson, D. (2010). Assessing exhibits for learning in science centers: A practical tool. Visitor Studies, 13(1), 
90-106. 

Berg, T. B., Achiam, M., Poulsen, K. M., Sanderhoff, L. B., & Tøttrup, A. P. (2021, May). The role and value of out-of-school 
environments in science education for 21st century skills. In Frontiers in Education (Vol. 6, p. 674541). Frontiers Media 
SA. 

Brown, S. (2005). Assessment for learning. Learning and teaching in higher education, (1), 81-89. 

Bilim Üsküdar. (2025). https://www.uskudar.bel.tr/tr/main/pages/bilim-uskudar/438  

Bilir, M. (2007). Non-formal education implementations in Turkey: Issues and latest challenges. International Journal of 
Lifelong Education, 26(6), 621-633. 

Bozdoğan, A. E. & Kavcı, A. (2016). The effects of out of class teaching activities to secondary school students’ academic 
achievement in science course. Gazi Journal of Educational Science, 2(1), 13-30.  

Bozdoğan, A. E., & Yalçın, N. (2009). Determining the influence of a science exhibition center training program on elementary 
pupils’ interest and achievement in science. Eurasia Journal of Mathematics, Science and Technology Education, 5(1), 
27-34. 

Botelho, A., & Morais, A. M. (2006). Students–exhibits interaction at a science center. Journal of Research in Science Teaching, 
43(10), 987-1018. 

Burghardt, M. D., & Hecht, D. (2020). Designing informal vs formal education activities—what we have learned. International 
Journal of Designs for Learning, 11(2), 39-45. 

Burrack, F., & McKenzie, T. (2005). Enhanced student learning through cross-disciplinary projects. Music educators journal, 
91(5), 45-50. 

Büyükkol Köse, E., Çetin, G. (2024). Using QR codes in the science and technology center. Journal of Educational Technology 
& Online Learning, 7(2), 177-193 

Can, M. (2013). Investigating Elementary School Students' Behaviors at a Science Center. Egitim Ve Bilim-Education and 
Science, 38(168). 

Choi, W., & Jacobs, R. L. (2011). Influences of formal learning, personal learning orientation, and supportive learning 
environment on informal learning. Human Resource Development Quarterly, 22(3), 239-257. 

Cyril, N. (2017). Students’misconception in Acid Base Chemistry, 1–16.  

Deguchi, A., Hirai, C., Matsuoka, H., Nakano, T., Oshima, K., Tai, M., & Tani, S. (2020). What is society 5.0? Society 5.0, 1–
23.  

Golding, C. (2009). Integrating the disciplines: Successful interdisciplinary. Centre for the Study of Higher Education. The 
University of Melbourne. 

https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions_all.html


Yılmazoğlu / An Activity Design on Acids and Bases at the Üsküdar Science Center 

-144- 

Grant, D., Malloy, A., & Hollowell, G. (2013, July). Enhancing students’ interest in science and technology through cross-
disciplinary collaboration and active learning techniques. In Proceedings of the Informing Science and Information 
Technology Education Conference (pp. 101-112). Informing Science Institute. 

Embisa, A. A., Subandi, S., & Fajaroh, F. (2019). Misconception of high school students on Acid-Base topics and effectiveness 
of Argument-Driven inquiry learning model as an effort to improve misconception. DOAJ (DOAJ: Directory of Open Access 
Journals).  

Eraut, M. (2000) ‘Non-formal learning, implicit learning and tacit knowledge in professional work’, in Coffield, F. (ed.) The 
Necessity of Informal Learning, Bristol: The Policy Press. 

Eren-Sisman, E. N., & Koseoglu, F. (2019). Designing a magic flask: a new activity for teaching nature of science in both 
formal and informal learning environments. Science Activities, 56(3), 108-118. 

Eshach, H. (2007). Bridging in-school and out-of-school learning: Formal, non-formal, and informal education. Journal of 
science education and technology, 16, 171-190. 

Falk, J. H., & Needham, M. D. (2011). Measuring the impact of a science center on its community. Journal of Research in 
Science Teaching, 48(1), 1-12. 

Falk, J., & Storksdieck, M. (2005). Using the contextual model of learning to understand visitor learning from a science center 
exhibition. Science education, 89(5), 744-778. 

Finson, K. D., & Enochs, L. G. (1987). Student attitudes toward science‐technology‐society resulting from visitation to a 
science‐technology museum. Journal of Research in Science teaching, 24(7), 593-609. 

Folkestad, G. (2006). Formal and informal learning situations or practices vs formal and informal ways of learning. British 
journal of music education, 23(2), 135-145. 

Griffiths, A. K. (1994). A critical analysis and synthesis of research on students’ chemistry misconceptions. In Schmidt, H.-J. 
(Ed.), Proceedings of the 1994 International Symposium on Problem Solving and Misconceptions in Chemistry and 
Physics (pp. 70-99). The International Council of Association for Science Education Publications 

Gürsoy, G. (2020). The significance of science centers in science education. Academic Studies In, 95. 

Hacieminoglu, E. (2016). Elementary School Students' Attitude toward Science and Related Variables. International Journal 
of Environmental and Science Education, 11(2), 35-52. 

Hall, R. (2009). Towards a fusion of formal and informal learning environments: The impact of the read/write web. Electronic 
Journal of E-learning, 7(1), 29-40. 

Kala, N., Yaman, F., & Ayas, A. (2012). The effectiveness of predict–observe–explain technique in probing students’ 
understanding about acid–base chemistry: A case for the concepts of pH, pOH, and strength. International Journal of 
Science and Mathematics Education, 11(3), 555–574. https://doi.org/10.1007/s10763-012-9354-z  

Karademir, E., & Erten, S. (2013). Determining the factors that affect the objectives of pre-service science teachers to perform 
outdoor science activities. International Journal of Education in Mathematics, Science and Technology, 1(4), 270-293. 

Koballa Jr, T. R., & Crawley, F. E. (1985). The influence of attitude on science teaching and learning. School Science and 
mathematics, 85(3), 222-232. 

Komek, E., Yagız, D., & Kurt, M. (2015). Analysis according to certain variables of scientific literacy among gifted students 
that participate in scientific activities at science and art centers. Journal for the Education of Gifted Young Scientists, 
3(1), 1-12. 

Kubínová, Š., & Šlégr, J. (2015). Chemduino: Adapting Arduino for low-cost chemical measurements in lecture and 
Laboratory. Journal of Chemical Education, 92(10), 1751–1753.  

Laçin-Şimşek, C., Öztuna-Kaplan, A., & Sever, T. (2022). Educational games in science center: Experiences of pre-service 
science teachers. SAGE Open, 12(2), 21582440221104779. 

Laugksch, R. C. (2000). Scientific Literacy: A Conceptual Overview. 

Leister, W., Tjøstheim, I., Schulz, T., & Joryd, G. (2015). Towards Assessing Visitor Engagement in Science Centres and 
Museums. PESARO , 21–27. 

Liu, X. (2009). Beyond science Literacy: science and the public. International Journal of Environmental and Science Education, 
4(3), 301-311. 

Li, M. C., & Tsai, C. C. (2013). Game-based learning in science education: A review of relevant research. Journal of Science 
Education and Technology, 22, 877-898. 

Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, sources, and development of Pedagogical Content Knowledge for 
Science Teaching. PCK and Science Education, 95–132.  

Mavı̇ Gezegen Sergı̇sı̇. (n.d.). https://bilimuskudar.org/tr/bilim/pages/mavi-gezegen-sergisi/796  



İNFORMAL ORTAMLARDA ARAŞTIRMALAR DERGİSİ 

-145- 

Mubarokah, F. D., Mulyani, S., & Indriyanti, N. Y. (2018). Identifying students’ misconceptions of Acid-Base concepts using 
a Three-Tier Diagnostic Test: a case of Indonesia and Thailand. Journal of Turkish Science Education, 15, 51–58.  

Nakhleh, M. B. (1992). Why some students don’t Learn Chemistry: Chemical Misconceptions. Journal of Chemical Education, 
69(3), 191.  

Narmadha, U., & Chamundeswari, S. (2013). Attitude towards learning of science and academic achievement in science among 
students at the secondary level. Journal of Sociological Research, 4(2), 114. 

Özer, D. Z., & Güngör, S. N. (2017). Analysis of middle school students’ Views and ımpressions about a science center. Journal 
of Turkish Science Education, 14(4), 108-125. 

Öztürk, M., & Şimşek, C. L. (2019). Bilim merkezinde ailelerin davranışlarının ve düzeneklere yönelik ilgilerinin incelenmesi: 
Bilim Üsküdar örneği. İnformal Ortamlarda Araştırmalar Dergisi, 4(1), 1-21. 

Pedretti, E. G. (2004). Perspectives on learning through research on critical issues‐based science center exhibitions. Science 
Education, 88(S1), S34-S47. 

Persson, P. E. (2000). Community impact of science centers: Is there any?. Curator: The Museum Journal, 43(1), 9-17. 

Rennie, L. J., & Williams, G. F. (2002). Science centers and scientific literacy: Promoting a relationship with science. Science 
education, 86(5), 706-726. 

Roberts, D. A. (2008). Scientific literacy/science literacy. In S. K. Abell & N. G. Lederman (Eds.), Handbook of research on 
science education (pp. 729–780). Routledge. 

Sarı, E. (2024). Bilim merkezlerinde yapılan gönüllülük faaliyetleri - Bilim: Üsküdar örneği. In Conferința internațională 
științifico-practică în onoarea a 33-a aniversării a Universității de Stat Comrat (pp. 153–154). 

Sasson, I. (2014). The role of informal science centers in science education: attitudes, skills, and self-efficacy. JOTSE: Journal 
of Technology and Science Education, 4(3), 167-179. 

Schmidt, H. (1997). Students’ misconceptions?Looking for a pattern. Science Education, 81(2), 123–135.  

Sullivan, K., Bray, A., & Tangney, B. (2021). Developing twenty-first-century skills in out-of-school education: the Bridge21 
Transition Year programme. Technology, Pedagogy and Education, 30(4), 525-541. 

Sener, N., Türk, C., & Tas, E. (2015). Improving Science Attitude and Creative Thinking through Science Education Project: 
A Design, Implementation and Assessment. Journal of Education and Training Studies, 3(4), 57-67. 

Şen, A. İ. (2023). Okul Dışı Öğrenme Ortamları. Pegem Akademi.  

Şentürk, E., & Özdemir, Ö. F. (2014). The effect of science centres on students' attitudes towards science. International Journal 
of Science Education, Part B, 4(1), 1-24. 

Tal, T. (2012). Out-of-school: Learning experiences, teaching and students’ learning. In B. J. Fraser, K. Tobin, & C. J. 
McRobbie (Eds.), Second international handbook of science education (pp. 1109–1122). Dordrecht: Springer 
Netherlands. 

Tümay, H. (2016). Emergence, learning difficulties, and misconceptions in chemistry undergraduate students’ 
conceptualizations of acid strength. Science & Education, 25(1–2), 21–46. https://doi.org/10.1007/s11191-015-9799-x  

Teknolojı̇ ATÖLYESİ. (n.d.-b). https://bilimuskudar.org/tr/bilim/pages/teknoloji-atolyesi/801  

TÜBİTAK. (n.d.). Bilim Merkezleri. Retrieved January 13, 2025, from https://bilimmerkezleri.tubitak.gov.tr 

Üsküdar Bilim Merkezi. (n.d.). Mavi Gezegen Sergisi sergi alanı [Photograph]. Üsküdar Bilim Merkezi. 
https://bilimuskudar.org/tr/bilim/pages/mavi-gezegen-sergisi/796 

Van Meeteren, B. D., & Escalada, L. T. (2010). Science and literacy centers. Science and Children, 47(7), 74. 

Vermunt, J. D. (2003). The power of learning environments and the quality of student learning. Powerful learning 
environments: Unravelling basic components and dimensions, 109-124. 

Wilson, L. O. (2016). The three domains of learning: cognitive, affective, and psychomotor/kinesthetic. The Second Principle. 

Yıldırım, H. İ. (2020). The effect of using out-of-school learning environments in science teaching on motivation for learning 
science. Participatory Educational Research, 7 (1), 143-161. 

Yurtkulu, A., Akkuş, A. N. Ş., & Şimşek, C. L. (2017). Feza Gürsey Bilim Merkezi etkinlik örneği: fısıltı tabakları. İnformal 
Ortamlarda Araştırmalar Dergisi, 2(2), 70-76. 

Zawawi, B. F. (2019). Designing and Evaluating the Effects of a Technology-mediated Learning Environment that Integrates 
Formal and Informal Learning Activities to Advance Students’ Knowledge and Skills of Instructional Design: A 
Design-based Research Study (Doctoral dissertation, George Mason University). 

 

https://bilimmerkezleri.tubitak.gov.tr/
https://bilimuskudar.org/tr/bilim/pages/mavi-gezegen-sergisi/796

