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Nanoscale Science and Technology (NST) is a rapidly evolving field with
profound implications for various industries and our everyday lives. However,
misconceptions among learners can hinder their ability to grasp the
fundamental concepts of NST, thereby impeding their potential contributions to
this advancing domain. Concept maps (CM) and conceptual change texts (CCT)
are graphical and written representations of knowledge that enable learners
to visualize relationships between concepts and assess the coherence of their
understanding. In this pursuit, we engage with the concept of rehabilitation for
misconceptions, viewing the learning process as a transformative journey akin to
cognitive rehabilitation. Through this CM-CCT constructivist approach, learners
are encouraged to engage in critical reflection, self-questioning, and peer
discussions, which facilitate the identification of misconceptions. Moreover,
CM-CCT provide a structured framework for presenting accurate information
about NST, offering a clear depiction of the hierarchical and interconnected
nature of nanoscale phenomena. The aim of this study was to evaluate the
effectiveness of CM-CCT in correcting the misconceptions of undergraduate
university students regarding nanotechnology and the taxonomy of nonmaterial.
Prior to the implementation of the CM-CCT, an assessment of pre-existing
knowledge of the students was performed through the structure of the
observed learning outcomes (SOLO) taxonomy. A quasi-experimental research
design was carried out. A total of 70 undergraduate university students, divided
into two intact groups, were cross-examined for the study. Further, before and
after the instructional tools, an achievement test based on nanotechnology and
classification of nonmaterial was conducted, covering all six cognitive domains
of the Bloom taxonomy of educational objectives. Data analysis revealed that
the instructional tools based on constructivist approach had a statistically
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significant impact on students for elimination of their misconceptions about
nanotechnology, nano science and classification of nonmaterial.

KEYWORDS

misconceptions, conceptual change text, nanotechnology, nhanomaterial,
constructivism, concept maps

Introduction

Acquiring a deep understanding of complex and controversial
scientific concepts like atomic structure, space-time curvature and
nanotechnology, require the reconstruction of intuitive notions to
create a more robust scientific conceptual framework (Arabeyyat et al.,
2022). The chemistry and physics education faces the challenge of
ensuring that students fully grasp the concepts of nanotechnology that
are being presented to them (Song and Long, 2022). Nanotechnology
has emerged as an important research area in recent years, with
applications in both traditional and advanced industries such as
microprocessors, food, and textiles (Rudolf et al., 2020; Nazar et al.,
2021; Najeeb et al., 2022). As a result, there is a growing demand for
nanotechnology education at the undergraduate university level to
equip students with the essential skills and knowledge needed to
succeed in this field (Bartolucci et al., 2022). Teaching nanotechnology
to undergraduate university students presents unique set of challenges
due to interdisciplinary nature and the distinctive behavior of
materials at the nanoscale (Quirola et al., 2018; Sakhnini and Blonder,
2018; Curreli and Rakich, 2020). Nevertheless, previous research
studies suggest that nanotechnology education increases students’
motivation (Yolcua and Dyehouse, 2018), their inclination to pursue
a scientific career (Rudolf et al., 2020) and encourages their curiosity
and their commitment in the field of science. Moreover, it helps to
improve students’ understanding of the nature of modern science
(Blonder and Mamlok-Naaman, 2019).

Several factors can influence the development of critical
conceptual understanding, such as the difficulty and complexity of the
subject matter (Nugroho, 2021), the type of instructional materials
used, and the level of student engagement (Madaiton et al., 2022),
additionally, considering individual beliefs and existing knowledge
(Dorsah and Okyer, 2020). These elements may contribute to the
formation of misconceptions, which are individual ideas (Blonder and
Mamlok-Naaman, 2019) views, and understandings that are
inconsistent with commonly accepted scientific meaning. Students
may hold into such misconceptions from their secondary education,
moreover, these cognitive frameworks and experiences can impede
their absorption of fresh ideas (Addido et al., 2022). People
comprehend the world by constructing interpretations that make
sense of their surroundings, drawing from their personal experiences
and preexisting knowledge (Slater et al., 2018).

The integration of nanotechnology into the chemistry and physics
curriculum has been accomplished via elective modules and a range
of engaging learning experiences (Mushtaq et al., 2017, 2018; Koolen
et al,, 2022). The incorporation of nanotechnology presents distinct
challenges due to the unique characteristics of nanoscale materials,
which manifest variations both at the molecular and macroscopic
levels, leading to the distinctive properties of nanomaterials.
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Nanoscience and technology (NST) encompass the manipulation of
materials, devices, and systems to unveil entirely novel properties and
functions, achieved by delving into their atomic, molecular, and
macromolecular structures. NST represents an interdisciplinary field
that amalgamates insights from chemistry, biology, physics, material
science, medicine, and engineering (Rap et al., 2020).

The conceptual transformation technique is one of the well-
known strategies and guidelines used to refute myths about scientific
issues. The prior understanding of an idea substantially influences
students’ capacity to understand it. As a result, when organizing
classroom activities and instructional strategies, it is critical to grasp
and comprehend the students’ conceptual frameworks (Gafoor and
Akhilesh, 2010). Teachers should consider their students’ past
knowledge in addition to how they present the topic. Thomas Khun’s
ground-breaking notion of a “paradigm shift” in the history and
philosophy of science in 1962 is credited with giving rise to conceptual
change. As the basis for creating precise and solid scientific
understandings, it involves a learning process that calls for the
alteration of preexisting ideas (Barnett et al., 2015). Understanding
concepts involves many different interpretations. Rather than
depending solely on rote memorization, it refers to students’ ability to
produce and integrate meaningful and practical interconnected ideas
and facts (Mills, 2016).

Theoretical and conceptual
framework of the study

The conventional approach to teaching chemistry and physics
relies heavily on one-way instruction and often encourages
memorization through rote learning. Consequently, in recent years,
science educators have increasingly embraced student-centered and
active learning methodologies (Sannathimmappa et al., 2022). Active-
learning methods prioritize the involvement of learners, fostering
their self-awareness regarding the learning process, ultimately
cultivating lifelong learning skills (Slieman and Camarata, 2019).
According to Cetin et al. (2015) an alternative approach to shifting
instruction from shifting from a teacher-centered to a student-
centered approach entails the adoption of a constructivist methodology.

According to Fatimah et al. (2022), the forerunners of
constructivist theory in the early 20th century were Piaget, Bruner,
and Vygotsky. They believed that knowledge and comprehension are
actively acquired through personal experiences and experimental
activities, rather than passively absorbed. Constructivism holds that
science and culture are constructed, and do not exist inherently, in
contrast to structuralism and positivism which view sociocultural
elements as an unquestionable reality (Becerra and Castorina, 2018).
This epistemological perspective, which is grounded in constructivism,
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posits that knowledge is a product of human construction (Candy,
1989; Yusdita et al., 2022; Nurhidayat et al., 2023). Constructivism
holds that individuals are capable of constructing knowledge through
their interactions with their environment (Amineh and Asl, 2015;
Ginting et al., 2019). It focuses on the process of how individuals
acquire knowledge rather than how teachers impart it (Sidabutar et al.,
2023). Knowledge is seen as subjective and relative, shaped by the
individual’s experiences and influenced by the socio-cultural
environment, resulting in constantly evolving understanding based on
interactions with the environment (Fatimah et al., 2022).

The constructivism learning paradigm emerged in response to the
scientific revolution in the industrial era 4.0 (Fatimah et al., 2022), and
it is characterized by several principles. Firstly, students personally and
socially construct knowledge. Secondly, knowledge is not passively
transferred from teachers to students, but is constructed through the
students’ reasoning activities. Thirdly, active student construction
leads to more complex and complete scientific concepts. Lastly, the
teacher serves as a facilitator, supporting the student construction
process (Huang, 2002; Murphy et al., 2005; Gordon, 2009; Fatimah
etal., 2022). To effectively implement constructivism, teachers ought
to possess specific traits, such as recognizing and valuing student
autonomy, emphasizing the use of primary data and hands-on
materials to improve cognitive abilities, and inspiring students to
analyze and create. Moreover, teachers should take the time to
comprehend their students’ perspectives before sharing their own
insights, facilitate discussions, and nurture inquiry habits by posing
open-ended questions (Kaufman, 2004; Koohang et al, 2014;
Beerenwinkel and von Arx, 2017; Fatimah et al., 2022).

The application of constructivism learning theory in education
involves utilizing five learning models for students: (1) Reasoning and
Problem Solving; (2) Problem-Based Instruction; (3) Conceptual
Learning; (4) Group Investigation; and (5) Inquiry Training (Fatimah
et al., 2022). The conceptual learning model posits that knowledge is
derived from interactions with the environment, and new knowledge
can emerge from educational interventions, potentially leading to
cognitive conflict (Fatimah et al., 2022). When cognitive conflict
arises, students face choices such as maintaining their original
intuition, revising it through assimilation, or changing their intuitive
view to accommodate new knowledge (Rahmatya et al., 2019; Sakti
etal, 2020; Fatimah et al., 2022). In this context, teaching is not about
transmitting knowledge but facilitating and mediating the negotiation
of meaning to foster conceptual change. The study in question uses the
conceptual learning model.

Constructivism places significant emphasis on students’ existing
conceptions and their individual experiences. Students construct their
formal knowledge by building upon their pre-existing ideas and
experiences within the educational setting. When new information or
experiences are introduced in the classroom, students undergo a
process of either rejecting or reshaping their existing cognitive
structures, based on the alignment with their background knowledge.
Ultimately, students’ own perceptions and novel ideas should
seamlessly integrate into their memory as valuable components.
Conversely, memorized facts or information that lack a connection to
students’ pre-existing experiences tends to be forgotten easily. Hence,
it is vital to connect new ideas or concepts to students’ prior
experiences. This strategy assists in the creation of meaningful
information within their current cognitive framework, promoting
lasting knowledge retention (Balci et al., 2006).
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The formation of a knowledge framework can be shaped by a
range of factors, which include, but are not restricted to, students’
existing knowledge, personal experiences, information organization
methods, perceptions, ideas, and their interactions with their
surroundings (Putri et al., 2022b). The teacher’s responsibility is to
guide students in cultivating new insights and connecting them with
their existing knowledge. They should organize information around
clusters of interconnected concepts and challenges to spark students’
interest in broader subjects. Initially, concepts should be introduced
comprehensively before dissecting them into their constituent
elements. Students should be encouraged to inquire, experiment, and
arrive at their own conclusions with appropriate guidance (Putri
etal., 2022a).

To foster meaningful learning of science concepts and promote a
transformation in understanding, it is imperative to employ efficient
strategies for addressing common misconceptions in science. One
particularly  successful approach for dispelling students’
misconceptions and improving their grasp of science concepts
involves utilizing the “conceptual change approach” and incorporating
concept mapping. A substantial body of research has been dedicated
to examining the effectiveness of instructional techniques associated
with the conceptual change approach in science, including the
utilization of CM-CCT, with the aim of rectifying students’ alternative
conceptions (Cetin et al., 2015).

Conceptual change texts represent a potent resource within the
realm of science education. Instruction grounded in conceptual
change texts has been shown to significantly enhance students’
academic performance in science (Gill et al., 2022). For instance,
instruction based on conceptual change texts led to a more profound
understanding of electrical concepts in comparison to traditional
didactic texts (Sungur et al., 2001). Conceptual change texts and
instruction incorporating concept mapping proved significantly more
effective in enhancing students’ understanding of the human
circulatory system in contrast to conventional teaching approaches
(Sungur et al., 2001).

Joseph Novak and his research team were pioneers in the
advancement of concept mapping as an assessment approach in the
early 1970s (Novak and Canas, 2008). This method is grounded in
Ausubel’s theory of meaningful learning from 1968, which suggests
that learners create knowledge by building upon their preexisting
knowledge. This concept implies that links can be formed between
prior knowledge and new information, and these connections can
be visually depicted using a graphical tool commonly known as a
CM. A concept map, therefore, connects concepts, with the
foundation being formed by prior knowledge and new concepts
expanding upon this foundation, not necessarily in a one-to-one
correspondence. In a concept map, various elements such as words,
objects, images, formulas, symbols, etc., are interconnected by lines,
often accompanied by labels denoting propositions (Soika and
Reiska, 2014).

A concept map comprises a set of propositions that elucidate the
relationships among various concepts. When created thoughtfully,
they have the capacity to visually represent meaningful connections
between one or more distinct concepts. Concept maps find extensive
utility in the educational context, where research indicates that this
approach combats rote memorization, facilitates the synthesis of
previously studied concepts, and captures concepts that evolve during
class discussions (Soika and Reiska, 2014), they can be advantageous
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for crafting presentations and similar tasks. Nevertheless, CM also
serve as a valuable assessment instrument, surpassing other
assessment methods in providing insight into a student’s cognitive
processes and their organization (Ghani et al., 2017). Educators have
harnessed the potential of concept mapping as a potent educational
tool to encourage active engagement, foster meaningful learning in
students, and as a means of dispelling misconceptions (Maryam et al.,
2021). Concept maps are visual tools in two dimensions, designed for
the organization and representation of knowledge (Slieman and
Camarata, 2019). Figure 1 represents the conceptual framework of
the study.

The conceptual frameworks that have been developed for this
study focused on the idea that CM-CCT can be used as an effective
tool for addressing misconceptions about nanotechnology and nano
science. The conceptual framework showed that the misconceptions
related to nanotechnology and nano science can be addressed by
CM-CCT. As CM visually represent these concepts and their
relationships, aiding in clarifying and organizing knowledge. Specific
words or phrases can be used to establish connections between
concepts, helping learners understand how these ideas relate to each
other. The propositional structure part of the concept maps can
be involved in breaking down complex ideas into propositions, which
are statements that express relationships between concepts. It allows
for a more detailed examination of the connections between concepts.
The hierarchical structures might show how concepts can be organized
hierarchically, illustrating the relationships from broad to specific
within the context of nanotechnology and nano science. Focus
questions are likely used to guide learners’ exploration of the concepts,
encouraging critical thinking and active engagement with the
material. Parking lot and cross links components may represent places
to temporarily store related concepts or connections, ensuring that no
important ideas are overlooked and allowing for later integration.

10.3389/feduc.2024.1339957

Through conceptual change texts problem presentation may
introduce a problem or challenge related to nanotechnology or nano
science. This can serve as a starting point for engaging students in the
learning process. After identifying the common misconceptions,
these will be addressed through effective teaching. Conceptual
elaboration may involve providing in-depth explanations and insights
into the correct concepts, helping students build a more accurate
understanding of the subject matter. Students’ opinion and
perspectives may be considered on the topic. This allows for an
interactive and learner-centered approach, fostering engagement and
a deeper understanding. Lastly, the effectiveness of the current
approach was assessed. Are students’ misconceptions being
corrected? Are they gaining a clearer understanding of
nanotechnology and nano science? Evaluation helps refine the
teaching methods.

In summary, the conceptual framework was designed to
incorporate CM-CCT as complementary tools for addressing
misconceptions in nanotechnology and nano science. CM visually
organize key concepts and their relationships, while conceptual
change texts guide students through a process of recognizing and
correcting misconceptions, promoting deeper understanding, and
encouraging student engagement and evaluation.

With the help of this kind of understanding, students can learn
things that they can apply outside of the four walls of the classroom
(Moser and Chen, 2016). From a broader standpoint (Vosniadou and
2012), with
transformational change in attitudes and values pertaining to a

Mason, connected conceptual knowledge a
particular notion, which might stir up powerful feelings, prejudices,
and personal views. In the end, this method of teaching has a
substantial impact on how well students understand a concept and
how well they can explain a specific phenomenon (Konicek-Moran

and Keeley, 2015). When students understand the significance of the

Problem
Presentation

Common
Misconception

FIGURE 1

: Addressing the
Conceptua . .
Conceptual Cha: o Mlsconceptlons Concept . Hierarchical
Elaboration Textg in Nanoscience Maps Structure
B, and Technology
Students’ ) .
Opinions Focus Question
Evaluation Cross-links Parking Lot

Schematic showing the application of CM-CCT hybrid model elements involved in addressing the misconceptions in nanoscience and technology.

Linking

poncealy Phrases

Propositional
Structure

/;_/

Frontiers in Education

04

frontiersin.org


https://doi.org/10.3389/feduc.2024.1339957
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Naeem Sarwar et al.

lesson and can apply it to real-world situations, learning becomes
effective and lasting.

To effectively address the specifics of nanotechnology and
eliminate misunderstandings, the CM and conceptual change texts
both as constructivist approach were used in this study. CM typically
consist of concepts, which are often enclosed within circles or various
types of boxes, interconnected by lines that link two or more of these
concepts (Novak and Canas, 2008). The link between two concepts is
denoted by the text displayed on the connecting line, often referred
to as linking words or phrases. CM, excel in promoting higher-order
thinking skills compared to many alternative instructional methods.
Crafting concept maps demands a deep comprehension of the
intricate relationships between various concepts, thereby enhancing
the acquisition of knowledge that goes beyond mere rote learning
or memorization.

Conceptual relationships are conveyed through propositions,
and these propositions, when they form a coherent statement
encompassing multiple concepts, are termed “semantic units.
Typically, these units are arranged hierarchically in CM, with
broader, more general concepts positioned at the top, and more
specific ones at the bottom. Strong propositions establish robust
connections between these two levels of concepts (Katagall et al.,
2015). Crosslinks can be established to provide responses to the
central “focus question (Novak and Canas, 2008). Concept maps
offer numerous benefits to learners. They enable a structured and
well-organized presentation of concepts, making it easier for
students to grasp challenging ideas. Concept maps also create
opportunities for students to establish relevant and pivotal
connections within the subject matter, stimulating their interest,
encouraging the generation of fresh insights, and fostering critical
thinking, creativity, problem-solving skills, and the integration of
theory into practical applications. Moreover, they facilitate
collaboration among students, help identify areas of learning gaps,
clarify misconceptions or uncertainties, and aid in establishing
connections between prior knowledge and newly introduced
concepts, ultimately promoting meaningful learning over mere rote
memorization (Maryam et al., 2021). Concept maps are typically
employed in the learning process through one of two methods:
either students are tasked with independently creating CM on a
given topic, or they are instructed to analyze CM provided by the
instructor, drawing connections between terms or phrases. Both of
these approaches have proven to be effective in improving students’
learning outcomes (Slieman and Camarata, 2019).

Our study aims to provide important insights into pedagogical
practices that support effective learning in the rapidly developing
field of nanoscale science and technology, where conceptual
comprehension is critical. We aimed to determine the precise effect
of the constructivist approach on the correction of misunderstandings
by contrasting the results of the experimental group, which received
the CM-CCT intervention, with those of the control group, which
received traditional teaching approaches. In addition, our study
sought to clarify, if this teaching approach may be applied to improve
students’ understanding of complex nanoscale ideas. Our study
sought to offer evidence-based recommendations for educators and
curriculum developers looking for creative ways to solve
misconceptions in the difficult field of nanoscale science
and technology.
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Research questions and methodology

To address the prevailing alternative conceptions of nanoscience,
we experimented through the concept maps and conceptual change
texts as constructivist approach of instruction. Concept maps
consisted of a number of stages and procedures. Teachers can help
students in these stages to correct their misconceptions about certain
topics. In detail, this research used different paradigms of teaching
techniques at each stage of the framework and interventions to assess
the instructional settings used in the lesson plans. Therefore, our
research aims to respond all of the following research questions:

> Identifying misconceptions of chemistry students about

nanotechnology, nanoscale, and classification of
nonmaterial through SOLO taxonomy.

> What is the effect of the CM-CCT on students
misconceptions about nanotechnology, nanoscale, and

classification of nanomaterial?

Research design

A non-equivalent control group design was used. The lesson
plans, on the other hand, were developed based on the constructivist
approach. The experimental group was taught using CM-CCT while
the control group was taught using the traditional instruction (TI)
model. The impact of the intervention on students’ knowledge of
nanotechnology, nanoscale, and classification of nanomaterial was
assessed using the pre-test/post-test.

The intervention was conducted at university level in the
University of Education, Lahore, Multan Campus, Pakistan. A total of
70 under graduate university students were asked questions about
their concepts of nanotechnology, nanoscience and nanoparticles. The
SOLO taxonomy was used to assess their knowledge. To assess the
students’ grasp of nanotechnology; a 25-point achievement test was
delivered. Item analysis was performed on the test to guarantee item
difficulty and discrimination (Hamamoto Filho et al., 2020).

The SOLO taxonomy

The students’ prior knowledge was evaluated using the “Structure
of the Observed Learning Outcome” (SOLO) taxonomy (Biggs and
Collis, 1989). The SOLO taxonomy is a framework for comprehending
and quantifying the complexities of learning outcomes. It gives a
framework for understanding how pupils progress from surface-level
to deep-level understanding of a topic. It consists of five levels of
comprehension that establish the taxonomy levels related to the
configuration and content of nanotechnology, as shown in Table 1.

According to Richards et al. (2012), SOLO taxonomy offers a
workable way to assess how well students advance from pre-structural
competence to productive proficiency, which involves using higher
levels of SOLO taxonomy. This shows the depth of learning that
students can achieve at higher SOLO model levels, especially at the last
level, extend abstract, which improves their ability to apply and
conceptualize knowledge. It offers a vital starting point for creating
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TABLE 1 SOLO taxonomy levels defining the configuration and content
of the nanotechnology.

SOLO level

Level symbol

Level of connecting
the nanoscale
science and
technology

No association with the
Pre-structural
concepts of nanotechnology

Uni-structural but does not explain its

I Specify only one connection

relationship

Connections to several topics
Multi-structural but does not explain their

relationships

Describe the relationship to
relational the concepts of

nanotechnology

Generalize and transform the

Extended abstract
concepts of nanotechnology

A\ %

curricula and lesson plans in the classroom that lead to profound,
pertinent, and useful results. Teachers typically utilize SOLO
Taxonomy to create experiences, learning objectives, and assessments
at various levels so they may access and manage their teaching
practices (Mahmood et al., 2020). According to Thompson et al.
(2007), the SOLO taxonomy offers a framework for evaluating the
caliber of responses from students as well as self-learning goals that
they must meet to reach specific learning levels. According to Hook
and Mills (2011), the SOLO taxonomy methodically aids in teachers’
and students’ comprehension of the learning process and learning
objectives. In order to determine question levels, evaluate students’
quality of answers, and create learning objectives, SOLO Taxonomy
has been widely applied in assessments (Groth, 2003; Teaching and
Educational Development Institute, 2015).

Treatment

This treatment spanned a period of 16 weeks. One class was
designated as the experimental group, receiving instruction utilizing
conceptual change texts and concept mapping, while the other group
served as the control, undergoing traditional instruction. Both groups
were taught same contents by the authors to control for potential
teacher effects and biases, as well as to ensure consistent treatment.
The control group received teacher-directed instruction, involving
lectures and discussions to convey concepts, along with problem-
solving techniques. Prior to each lesson, students were required to
read the relevant topic from the course textbook. Concepts were
introduced and defined, followed by discussions prompted by
questions from the teacher. The majority of instructional time (70%—
80%) was dedicated to these explanations and ensuing discussions.
The remaining time was allocated for completing worksheets designed
as practice activities, which included both mathematical and
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conceptual questions, tables to fill in, and space for students to create
sketches and graphs. While students worked on these worksheets, the
teacher facilitated the process, addressing questions and providing
guidance as necessary. Worksheets were assessed and scored, with
students reviewing their work following the correction process.

In the experimental group, students actively interacted with both
conceptual change texts and concept mapping within a teacher-led
lecture. The instructional approach, centered on conceptual change
texts, operated under the assumption that students come into a new
topic with pre-existing notions, which form the basis for their
subsequent understanding. If these initial ideas are not addressed
within the instructional process, they may endure largely unchanged
and persist even after the instruction has concluded (Durmus and
Bayraktar, 2010). We should not automatically assume that
preconceptions are always scientifically incorrect; indeed, they can
sometimes act as “bridges” that help students transition to new
understanding. Whether or not these preconceptions are accurate, it
is essential to explicitly address them within the instructional process.
In this study, both preconceptions and misconceptions were directly
confronted within the conceptual change texts and during discussion
segments. Students were actively encouraged to acknowledge their
initial conceptions and openly share them with their peers in the class.

In the experimental group, students actively participated in both
conceptual change texts and concept mapping activities within a
lecture led by the instructors. Before the class, students were instructed
to read the conceptual change texts independently, and during the
class, they silently reviewed these texts with instructors available to
offer assistance if needed. Following this, students engaged in
discussions focused on the situations and statements presented in the
texts. The instructor highlighted common misconceptions through
questioning and provided the correct concepts, along with supporting
evidence to debunk typical misconceptions. Subsequently, both
students and researchers collectively examined the scenarios presented
in the conceptual change texts, emphasizing students’ misconceptions
and presenting scientifically accurate explanations. The results section
of this study includes examples and figures for reference.

Students were given the job of making their own CM to show the
relationships between these concepts after the conceptual change texts
were discussed. Students were given an introduction to concept
mapping techniques before starting the assignment. They learned
about the qualities of CM and received instructions on how to make
one. The students were given a list of important descriptors to use
during the concept mapping tasks. They had to complete a partially
filled map, create an idea map from scratch, and write an essay using
a concept map, among other assignments. Students were provided a
prepared structure with the necessary key descriptors and connecting
lines for the “object-only” map exercise. However, it was frequently up
to the students to decide which way the links pointed. In the “link-
only” map exercises, students were given pre-structured maps but only
the connecting lines and, in some cases, their directional arrows were
provided; the critical descriptors were absent. Some of the students
drawn concept maps are provided in Figure 2.

The word “proposition” refers to a claim that clarifies the
relationship between concepts. The essential descriptions were to
be incorporated by the students into their predetermined locations on
the map. The fill-in map’s format was chosen based on the conceptual
framework of the subject, with the main goal being to promote
meaningful comprehension and help students organize their
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knowledge rather than just identifying and clearing up misconceptions.
However, these maps also included some claims (propositions) that
may clarify and correct misunderstandings. In the essay-only map
activity, students were required to either write an essay based on a
concept map that was provided or develop a concept map based on an
essay that was provided. After that, the students took part in a variety
of activities, such as filling up a map, creating a concept map from
scratch, and writing an essay using a concept map as inspiration. The
three methods were applied to each student in the experimental group
in the same order. Each concept mapping approach was discussed
separately throughout the instructional workshops on concept
mapping. An illustration of the concept mapping application is shown
in Figure 2. Both groups conducted post-tests to gauge their
comprehension of the concepts in nano science and nano technology
after the treatment.

Results

To explore the impact of CM on students’ misconceptions about
nanotechnology, nanoscale, and classification of nanomaterials, the
data as-obtained were analyzed using a principal statistical data
analysis involving repeated measures, a paired-sample t-test, and an
independent-sample t-test. The paired-sample t-test was conducted to
find the difference between the mean scores before and after the same
group tested, and the independent-sample t-test was used to find the
mean score difference between two independent groups. These
statistics were used because the study variables were continuous,
observations/tests were independent, variables were normally
distributed with no outliers, and both groups were independent.
Cohen’s d value is a convenient way to calculate the effect size of
independent variable vs. a dependent variable. A “d” of 1 indicates that
both groups differ by one standard deviation, and a “d” of 2 indicates
that both groups differ by two standard deviations, and so on (Nima
et al., 2020).

The SOLO taxonomy provides an extremely valuable framework
for understanding and quantifying learning outcomes. Using the
SOLO taxonomy, teachers designed effective assessments and
instructional strategies that helped students develop a deep
understanding of the topics they were studying. The knowledge of
different students was evaluated through tasks, assignments, quizzes
and tests on content related to nanotechnology, nanoscale and
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classification of nanomaterials. We got some alarming results and
found that students have some serious, well-known misconceptions
about nanotechnology, nanoscale and nanomaterials. Details of their
misunderstandings are presented through a concept map. The
students said that the 3D nanomaterials have three dimensions in
nano-range and the 2D nanomaterials have two dimensions in nano-
range. Similarly, following this conceptual approach, students think
that 1D and 0D nanomaterials are those materials that, respectively,
have 1 and 0 dimension in nano-range. In their concepts, the larger
objects like stuff around us including books, chairs, trees and even
buildings are composed of 0D materials as their no (0) dimension is
in nano-range. These concepts are dead wrong in terms of the true
scientific understanding of nanotechnology and nanomaterials. These
misconceptions about the classification of nanomaterials have been
illustrated in Figure 3.

Students believe that the nanoscale is a very small scale that
we can barely see with the naked eye. For example, there are small
grains of sand or very fine and small particles of wheat flour or much
smaller particles of soil that we can see with the naked eye. In their
concepts, such materials are 3D nanomaterials because all three
dimensions are very small (at nanoscale). Similarly, various students
think the very thinner human hairs and versatile fibers of similar
thickness/radius are composed of 2D materials as their 2 dimensions
are remarkably smaller (considered in nano-range). However, we also
found some students who did not have any misconception about such
materials and say that the materials which have 2 dimensions in
nanoscale, are 1 dimensional material like very thinner fibers whose
diameter is in nano-range.

When students were asked about the differences between
nanoparticles and quantum dots. A group of students believe that
there is no difference between quantum dots and nanoparticles. They
think all nanoparticles are quantum dots. However, the other group
of students thinks that the quantum dots are extraordinarily smaller
(as small as we can think of) than nanoparticles. In addition, they
believe that quantum dots are very rare and extremely difficult to
prepare. The found misconceptions about classification of nonmaterial
and the size of quantum dots are schematically illustrated in Figure 3.

Almost all students have the same misconceptions about the
topics. We then developed an achievement test. A pre-test and post-
test was carried out in both groups.

The table provides information about the means, standard
deviations, t-values, degrees of freedom (df), and significance levels
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(Sig.) for the pre-test and post-test scores of the experimental and
control groups. For the experimental group, the mean score on the
pre-test was 12.68 with a standard deviation of 0.989. The t-value of
—28.625 indicates a significant difference between the pre-test and
post-test scores. The degrees of freedom (df) are 34, and the value of
p (Sig.) is 0.000, suggesting a highly significant difference. The note
indicates that the significance level (p) is set at 0.05, and the sample
size (n) is 35. This means that a value of p below 0.05 is considered
statistically significant.
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For the experimental and control group, the pre-test mean score
was 12.68and 12.53 with a standard deviation of 0.989 and 0.959. The
t-value of 0.610 indicates a small difference between the pre-test scores
of experimental and control group. The degrees of freedom (df) are
68, and the value of p (Sig.) is 0.526, which suggests that the difference
is not statistically significant.

For the experimental and control group, the post-test mean score
was 20.33 and 12.57 with a standard deviation 1.341 and 0.940. The
t-value of 32.350 indicates a large and highly significant difference
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between the pre-test and post-test scores. The value of p (Sig.) is 0.000,
indicating a statistically significant improvement. The effect size
(Cohen’s d) is 7.5, which signifies a very large effect.

Information provided in the Tables 2, 3 is about comparison
regarding understanding of nano technology of experimental and
control groups before and after the test. The values showed that the
experimental group performed better in post-test scores. This
improved score of the experimental group in the post-test to resolve
the misconceptions related to nanotechnology, nanoscale and
classification of nonmaterial was predicted due to the intervention of
CM-CCT. The conclusions of Tables 2, 3 have also been presented in
Figure 4 to evidence the significance of CM-CCT as constructivist
approach at the glance.

The CM-CCT as constructivist tool is widely used in various
educational settings, particularly in science classrooms, where learners
often have misconceptions that need to be dispelled in order to
develop accurate scientific understanding. It is recognized that
changing misconceptions is a complex process that requires active
engagement, reflection and the reconstruction of learners’ mental
models. In such crucial situations, we planned to eliminate these
misunderstandings among the students and applied the CM-CCT as
constructivist tool. By applying this approach, we have imparted the
real knowledge and eliminated the students’ misconceptions about
nanotechnology, nanoscale and nonmaterial. In teaching
nanotechnology through conceptual change texts and CM, we have
also used a context-based approach as it is believed to be effective in
eliminating student alternative ideas and/or misunderstandings as it
helps students to relate scientific concepts to context in daily life
to connect.

By applying the concept maps and conceptual change texts as
constructivist tools, we made clear to the students that nanotechnology
is the study of certain materials or things at the nanoscale
(Inm=10-9m). To get an idea of how small the nanoscale is, let us
look at an example. We consider our Earth which is ~12,742km or
12,742,000 m in size (diameter). We also have a football with a size
(diameter) of22 cm. Now, we half the size of earth and half the size of
ball. We keep halving these two until the size of football becomes
22nm (reduced 10 million times). Interestingly, in this state, the size
of our giant Earth will become 1.2742 m, just about five times of the
football. This example illustrates how small a nanometer and thus the
nanoscale is. This concept is also depicted through a CM-CCT in
Figure 5.

This way we made the students realize that the nanoscale is so
much smaller! We corrected their misconception that the small
particles that have all three dimensions are insignificant at the
nanoscale are 0D materials, and not 3D materials. Likewise, the
materials that have one dimension and two dimensions insignificant
at nanoscale are, respectively, 1D and 2D materials, not 2D and 1D

10.3389/feduc.2024.1339957

material. Furthermore, materials where no dimension is insignificant
or nanoscale are not nanomaterial; they are bulk materials and
scientifically and technically there are not 3D nanomaterial. Moreover,
depending on the size of the materials, nanoparticles a few nm in size
(approximately 1-10 nm) are called quantum dots (these are typically
semiconductor materials), and the other particles larger than this and
smaller than 100 nm are considered as nanoparticles.

Reflections of students after interventions

To inspect the performance of CM-CCT, the interviews of
students were conducted to find out the experiences and learning after
the interventions. Following are the reflections of students about the
studied misconceptions.

When the students were asked about the misconception in
nanotechnology, following response was notable:

“I was inspired but confused about the nanotechnology before the
interventions. However, now I understand well about it through
CM-CCT. These helped me fruitfully to know more about nanoscale
study in nanotechnology” P5.

Following response of a student was received about the
misconception in nanoscale:

“I thought the small scale like millimeter or sub-millimeter will
be equivalent to nanoscale. However, I was totally wrong and my
misconception was eliminated when I was taught using CM-CCT
approaches that it is the scale of billionth of a meter” P6.

Following response was also markable:

“In my understanding, the small objects like small particles and
wheat flour grains would be the nanoparticles. However, I was
misunderstanding the nanomaterials. Our teaching through
CM-CCT helped me a lot to clearly understand the scale of
nanomaterials. Actually, the individual nanoparticles are invisible
to human eye and these are of the scale of millionth of a
millimeter” P12.

Discussion

The SOLO Taxonomy, developed by Biggs and Collis, serves as
a valuable framework for analyzing the depth of understanding and
cognitive complexity exhibited in students’ responses. In the context

TABLE 2 Comparison of achievement test on the basis of pre-test and post-test mean scores.

Groups Mean SD t-value Df Sig. (2-tailed)
Experimental group pre-test 12.68 0.989 —28.625 34 0
Experimental group post-test 20.32 1.341

Control group pre-test 12.53 0.959 —1.000 34 0.313
Control group post-test 12.57 0.940

p=0.05and n =35.
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TABLE 3 Comparison of independent groups on the basis of pre-test and post-test scores for achievement test.

Groups M SD t-value df Sig. (2-tailed) = Cohen'sd
Experimental group pre-test 12.68 0.989 0.610 68 0.526
Control group pre-test 12.53 0.959
Experimental group post-test 20.32 1.341 32.350 68 0 7.5
Control group post-test 12.57 0.940
p=0.05and n=35.
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FIGURE 4
Comparison of student-ratio with misconceptions at pre- and post-test stages, and impact of CM-CCT as constructivist approach on elimination of
misconceptions.

of our study, the taxonomy was employed as a systematic tool to
categorize and assess the identified misconceptions related to
nanoscale science and technology. The primary purpose of utilizing
the SOLO Taxonomy was to go beyond a mere identification of
misconceptions and delve into the nuanced levels of cognitive
engagement exhibited by students. The taxonomy classifies
responses into different levels of understanding, ranging from a
surface level of knowledge to a deep conceptualization. By doing so,
it allowed us to not only identify misconceptions but also to discern
the depth and nature of these misconceptions within the
cognitive framework.

Based on the findings from the analyses, it can be deduced that
the incorporation of concept mapping instruction alongside
conceptual change texts led to a notably enhanced grasp of scientific
concepts and a reduction in alternative conceptions when compared
to the more conventional instructional approach. These conceptual
change texts were crafted with the aim of encouraging students to
reflect on both their existing knowledge and scientific concepts,
fostering the essential conditions for conceptual change as per the
following (Putri et al., 2022a), To elucidate the reasons behind the
inaccuracy of commonly held beliefs and offer accurate explanations
of concepts, the approach involved triggering students prior
knowledge and dispelling any misconceptions. In contrast, traditional
instruction neglected the consideration of these misconceptions. The
conceptual change texts, designed with the awareness of these
misconceptions, aimed to employ methods of conceptual
transformation. This approach facilitated the acquisition of new
understandings by fostering the exchange, differentiation, and
integration of existing concepts with new conceptions. When students
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read and discussed the text in class, it led to shifts in their
ontological categories.

Concept maps were used to show the knowledge gaps for pupils
who were unable to make the right connections. Unique learning
environments were constructed using the conceptual transformation
approach. In these settings, misconceptions about nanoscience were
identified, students’ misconceptions were sparked by straightforward
qualitative examples, descriptive evidence was provided in the text to
refute common misconceptions, the situation was explained
scientifically, and students were given the chance to practice giving the
right answers through questions. Therefore, it can be concluded that
students receiving traditional science training are less likely to learn
scientific concepts because persistent misconceptions exist inside their
conceptual framework.

Concept maps can reveal complex understanding and
misconceptions in science education, help make ideas transparent,
and illustrate conceptual change at both gross and specific levels,
while highlighting personal relevance and activating prior
knowledge for further learning (Kinchin, 2000). According to
Edmondson and Smith (1996) the necessity of assisting students in
amalgamating their knowledge and emphasized the utility of CM in
rendering explicit conceptual connections, pinpointing errors and
omissions, and exposing misconceptions. Concept mapping is
recommended as an assessment or research method in science
education due to its unique ability to visualize the structure of
students’ conceptual achievements, according to three case studies
that examined approaches to conceptual acquisition in science
education (Soika and Reiska, 2014). According to Kaya (2008) the
results of an investigation into the viability and validity of using CM
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as authentic assessment tools in a student-centered approach to
describe the changes in prospective science teachers (PSTs)
conceptual understanding during general chemistry laboratory
investigations showed positive views of their assessment practices in
the laboratory course, providing pedagogical implications for the
preparation of science teachers.

The current study showed how the newly developed instructional
paradigm known as conceptual change texts and CM as
constructivist tool helped students understand and accurately
conceptualize scientific ideas. The experimental group’s degree of
student comprehension of nanotechnology increased significantly.
The purpose of concept map and conceptual change texts as
constructivist tool was to give teachers and students another
alternative when it came to lesson planning, which was similar to
Kocakiilah and Kural (2016) recommendation of a new teaching
model called Teaching Model for Hot Conceptual Change
(TMHCC), which comprises eight phases of learning syntaxes to
encourage conceptual change.

The acquisition of 21st century abilities has been regarded as being
facilitated by conceptual shift as a viable teaching strategy (Djudin,
2021) According to Strike and Posner (1982), relying on Posner as the
main proponent of conceptual change theory, explained that for
conceptual change to occur, four conditions must be met: (1)
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dissatisfaction with the (initial) conception that is owned; (2) the new
concept is easier to understand; (3) the new concept is more plausible;
and (4) the new concept is felt to be useful (fruitful). All of these
conceptual change criteria have been taken into account by CM and
conceptual change texts as constructivist tool, as shown in the various
levels of instruction and in the students’ improved comprehension and
altered concepts. CM-CCT specifically emphasized the significance of
identifying the contributions that students make to the classroom. To
encourage conceptual understanding, it is essential to acknowledge
students’ past knowledge (Dorsah and Okyer, 2020). Additionally, it
is crucial to keep in mind that in order for students to completely
grasp the lesson, the activities must be successful in piquing their
interest and making them want to engage in the discussion rather than
just listen to the teacher (Slater and Gelderman, 2017).

The findings of the showed greater satisfaction with the fact that
the CM-CCT as constructivist tool featured differentiated educational
activities (Bakouli and Jimoyiannis, 2014). The reflection step may
also be one of the both’s key features for encouraging conceptual
change. The similar claim about the benefits of a constructivist
approach in teaching science topics was made by Antonio and
Prudente (2021).

The goal of employing instructional materials is for students to
integrate the knowledge offered to them. As a result, CM-CCT
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presented students with a tool that allowed them to fully comprehend
the concept of nanotechnology while also having fun. This study,
however, does not claim that conceptual change growth occurred in a
linear fashion in accordance with the stages of the instructional tools.
Individual students’ conceptual change occurs at any level of their
learning, and it may proceed gradually or more slowly than predicted
given that the period of instruction is restricted (Hoppe and Gafner,
2023). According to Djudin (2021) the same disclaimer about the
emergence of conceptual change in learners, stating that even when
conceptual change occurs, individuals do not entirely forsake their
earlier notions. The fact that this study was able to confirm that
CM-CCT as constructivist approach can improve conceptual
knowledge and conceptual transformation among students is critical.

Conclusion

In order to thoroughly assess the efficacy of Concept Map (CM)
and Conceptual Change Texts (CCT) as an instructional tools in
resolving misconceptions among undergraduate university students
about nanoscale science and technology concepts, we used a variety
of approaches in this study. First, we applied the Structure of Observed
Learning Outcomes (SOLO) Taxonomy to create a baseline knowledge
of students’ misconceptions. We were able to recognize and classify
misconceptions prior to the intervention, which also gave us a clear
picture of the scope and of the conceptual difficulties that the students
were facing. A crucial aspect of our research involved the intervention
design, which involved applying conceptual change texts and concept
maps to the experimental group. This design ensures a targeted and
concentrated instructional approach by precisely addressing the
misunderstandings found by the SOLO Taxonomy.

In our evaluation, quantitative analysis was essential. To compare
the pre- and post-test results between the experimental and control
groups, we used independent sample t-tests. We were able to ascertain
the significance of the observed differences and conduct a thorough
evaluation of the intervention’s efficacy. As a standardized measure of
the effect size, we computed Cohen’s d values to quantify the practical
relevance of the observed changes. This metric improved our capacity
to understand the practical implications of our findings by offering a
useful indicator of the extent of change brought about by the
intervention. We used qualitative information from students’
interviews in addition to quantitative measurements. Students in the
experimental group were able to consider how the intervention
affected their conceptual knowledge. The inclusion of a qualitative
component enhanced the overall interpretation of the study outcomes
by providing additional context and depth to our findings. We sought
to ensure a comprehensive and reliable assessment of the concept’s
efficacy by combining these various sources of evidence—using the
SOLO Taxonomy to identify baselines, putting in place a targeted
intervention, carrying out meticulous statistical analyses, calculating
effect sizes, and obtaining qualitative reflections through interviews.
We believe that taking a diverse strategy to teaching nanoscale science
and technology ideas to undergraduate university students strengthens
the validity and reliability of our conclusion that both concept maps
and conceptual change texts are useful teaching tools. Our study offers
insightful information to educators and researchers in the field,
highlighting the significance of using a thorough methodology to
assess the effectiveness of educational interventions.
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Recommendations for future research
Here are some recommendations for future research:

> Longitudinal studies may be conducted to examine the
long-term effects of implementing the CM-CCT as
constructivist tool in teaching nanoscale science and
technology concepts to students. This would help determine
whether the conceptual changes achieved by the CM-CCT
as constructivist tool are sustainable over time.
Generalizability may be investigated of the CM-CCT as
constructivist tool across different age groups and
educational settings. Its effectiveness may be assessed in
teaching nanoscale science and technology concepts to
students in diverse populations and cultural contexts.
may be training programs for science teachers to explore
the effective implementation of the constructivist tools.
Examine how science teachers’ knowledge, attitudes and
instructional practices affect the outcomes of using these
instructional tools to students.
A mixed-methods research design may be employed that
combines qualitative and quantitative measures to provide
a comprehensive understanding of the effectiveness and
implementation of the above stated instructional tools.
This could include collecting both quantitative data on
learning outcomes and qualitative data on students’
experiences, perceptions and attitudes toward the
instructional approach.
Investigation may be done to the integration of
technology tools and digital resources into the
instructional tools to improve engagement and learning
outcomes of students. Discovery may be done for the
potential of multimedia materials, simulations, and
virtual labs to support conceptual changes in nanoscale
science and technology education.
Considering these research reccommendations may provide
additional insights into the effectiveness, generalizability,
and instructional strategies associated with the CM-CCT as
constructivist approach in teaching nanoscale science and
technology concepts to students. These insights can help
refine and improve STEM educational practices for students
with diverse learning needs.
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