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Q.1 Describe the types of inquiry. Write characteristics

of inquiry.

Inquiry is a systematic process of asking questions,
exploring information, conducting research, and seeking
solutions to problems. It is not only a method of gaining
knowledge but also an approach that develops curiosity,
problem-solving skills, and critical thinking. Through
inquiry, learners and researchers do not rely only on what
is told to them, but they investigate, analyze, and construct

their own understanding of concepts and phenomena.



Inquiry is widely used in education, scientific research,
philosophy, and social sciences. In classrooms, it
encourages students to become active participants in their
learning, while in research, it serves as the backbone of
knowledge generation. The types of inquiry represent the
different ways in which questions are raised and
investigated, and each type has unique applications in

both learning and research.

Types of Inquiry

1. Structured Inquiry
Structured inquiry is the simplest type where the
teacher or researcher provides the problem, method,
and procedure. Learners follow these steps exactly to
reach the result. The purpose is to practice methods

and confirm knowledge. For example, a science



teacher may provide a complete set of instructions for
testing the effect of sunlight on plant growth. Students
simply perform the experiment and note the results.
This type is highly guided and used to build basic

skills of investigation.

2. Guided Inquiry
Guided inquiry provides learners with a problem or
qguestion but does not provide the method. The
learners themselves must design a way to find the
answer. This develops creativity, independence, and
problem-solving skills. For example, if the teacher
asks: “What factors affect the rate at which ice melts?”
students must think of their own method to test the

effects of temperature, surface, or air exposure.



Guided inquiry balances freedom with support.

3. Open Inquiry (Free Inquiry)

In open inquiry, both the problem and method are
decided by the learner. It is the most independent and
student-centered form of inquiry. It encourages
curiosity, self-direction, and high-level thinking. For
example, a student may decide to investigate the
effects of digital games on concentration levels
among teenagers and choose his/her own research
design. Open inquiry is mostly applied in higher
studies, research projects, and scientific

investigations.

4. Descriptive Inquiry

This type of inquiry involves observing and describing



phenomena without changing or manipulating them. It
focuses on answering “what” questions. For example,
studying how students behave in a library or
observing the feeding patterns of birds are descriptive
inquiries. It helps in collecting data that explains

existing conditions.

5. Comparative Inquiry
Comparative inquiry involves comparing two or more
groups, conditions, or variables to identify similarities
or differences. For example, comparing the learning
outcomes of students taught through traditional
teaching methods with those taught through digital
learning. It helps in making judgments about

effectiveness and differences in approaches.



6. Correlational Inquiry
This inquiry focuses on studying the relationship
between two variables without establishing cause and
effect. For example, studying whether there is a
connection between students’ sleeping hours and
their academic performance. Correlational inquiry
provides insights but cannot prove that one variable

causes changes in another.

/. Experimental Inquiry
Experimental inquiry is one of the most scientific
types where researchers manipulate an independent
variable to observe its effect on a dependent variable.
It helps in establishing cause-and-effect relationships.
For example, testing the effect of different fertilizers

on plant growth involves changing one factor and



recording the results. This type is widely used in

natural sciences, medicine, and psychology.

. Historical Inquiry

Historical inquiry involves studying past events,
documents, and evidence to answer questions about
history. For example, a researcher may investigate
how the Industrial Revolution influenced education
systems in Europe. It relies on primary and secondary

sources to construct explanations.

. Ethnographic Inquiry

Ethnographic inquiry studies cultural practices, social
behaviors, and group dynamics. Researchers
immerse themselves in communities to understand

their way of life. For example, studying classroom



interaction styles in rural schools. It is widely used in

anthropology, sociology, and education.

10. Philosophical Inquiry
Philosophical inquiry deals with abstract ideas and
concepts, raising questions about truth, values,
knowledge, and existence. For example, discussing
“What is justice?” or “What is the purpose of
education?” Such inquiry encourages deep reflection

and reasoning.

Characteristics of Inquiry

1. Question-Oriented — Inquiry always begins with a

meaningful question, curiosity, or problem that needs



investigation.

2. Active Process — Learners or researchers are
actively engaged in searching for information and

solutions instead of memorizing.

3. Critical Thinking — Inquiry demands evaluation,

reasoning, and judgment at every stage.

4. Evidence-Based — All conclusions are supported by
data, experiments, or observations rather than

assumptions.

5. Exploratory in Nature — Inquiry seeks new insights,

knowledge, or understanding of an issue.



. Problem-Solving Approach — It aims to solve
real-life or research-based problems through

systematic investigation.

.Process as Important as Product — The method
and process of reaching knowledge are as valuable

as the final answer.

.Open-Ended Results — Inquiry may have multiple

possible answers, not always one fixed solution.

. Self-Directed and Independent — Learners take
responsibility for their own learning and direction in

inquiry.



10. Collaborative — Inquiry often involves teamwork,

dialogue, and discussion to refine understanding.

11. Reflective Thinking — It encourages learners to
reflect on their learning process, decisions, and

results.

12. Dynamic and Flexible — Inquiry is not rigid; it
adapts based on new evidence or changes in

circumstances.

13. Applicable Across Fields — Inquiry is used in
science, education, philosophy, social sciences, and

professional practices.



14. Growth-Oriented — It develops skills like curiosity,

creativity, independence, and lifelong learning.

15. Constructive in Nature — Inquiry allows learners to
construct their own knowledge rather than simply

absorbing facts.

By combining these types and characteristics, inquiry
becomes an effective process of learning, research, and
problem-solving that not only generates knowledge but
also builds skills necessary for personal and professional

growth.



Q.2 How is teaching of the nature of science
important? Write the implications of the nature of

science for teaching and learning science.

The teaching of the nature of science (NOS) plays a very
central role in science education because science is not
only about learning facts, theories, and formulas but also
about understanding how these facts and theories are
generated, tested, revised, and applied in society. When
students are introduced to the nature of science, they gain
a deeper appreciation of how scientific knowledge is
constructed and why it is reliable, yet also open to
revision. This understanding empowers them to think
critically, solve complex problems, and become
scientifically literate citizens who can contribute

meaningfully to society.



One of the main reasons teaching NOS is important is that
it changes students’ perception of science. Many students
assume science is just a collection of unchangeable facts
written in textbooks. By studying NOS, they realize that
science is a dynamic and evolving process. For example,
earlier people believed the Earth was flat, but with new
evidence and research, the round shape of Earth was
established. This realization makes learners open-minded
and helps them to accept that knowledge grows and

changes as new evidence appears.

Another important aspect is that teaching NOS helps
students to see science as a human activity influenced by
culture, politics, economy, and society. For instance, the
discovery of penicillin was not just a scientific

breakthrough but also transformed healthcare globally and



was driven by the social need to fight infections. When
students understand this connection, they see the
relevance of science in daily life and appreciate how

scientific progress benefits society.

Teaching NOS also strengthens inquiry-based learning.
Instead of memorizing theories, students learn how to ask
scientific questions, make hypotheses, design
experiments, collect and analyze data, and draw
evidence-based conclusions. This process mirrors how
scientists work in the real world. For example, if students
are investigating the effect of sunlight on plant growth,
they will make predictions, collect data, and refine their
understanding just like professional scientists. This
hands-on engagement improves problem-solving skills

and develops curiosity.



Moreover, an understanding of NOS develops critical
thinking, which is essential in the modern world filled with
misinformation, fake news, and pseudoscience. If students
know that scientific claims must be supported by evidence,
they are less likely to fall for superstitions or unverified
claims. For example, during the COVID-19 pandemic,
understanding NOS helped people differentiate between
reliable scientific advice (such as vaccines reducing risk)

and false myths circulating on social media.

Another important benefit of teaching NOS is fostering
respect for diverse perspectives and creativity. Many
students believe science is rigid and mechanical, but in
reality, creativity and imagination are crucial to scientific
discoveries. For example, Albert Einstein used imagination

when he developed the theory of relativity. Teaching this



aspect of science motivates students to be innovative and

think outside the box.

Teaching NOS also has a moral and ethical dimension.
Science brings both opportunities and challenges. Nuclear
energy, for example, can provide electricity but can also be
used to make destructive weapons. When students
understand the ethical implications of scientific knowledge,
they develop a sense of responsibility and learn that
science must be used for the benefit of humanity and not

for harm.

In addition, teaching NOS helps students prepare for the
future workplace. Most modern careers, even outside pure
science fields, require analytical thinking, problem-solving,

collaboration, and adaptability. NOS equips students with



these transferable skills, making them competent

professionals and informed citizens.

Implications of the Nature of Science for Teaching and Learning Science

1. Promote Inquiry-Based Classrooms
Teachers should encourage students to ask
questions, make predictions, and carry out
investigations. This shifts the role of students from
passive receivers of information to active explorers of

knowledge.

2. Show That Science is Tentative
Teachers must highlight that scientific knowledge can
change with new evidence. Examples like the shift
from Newton’s physics to Einstein’s relativity should

be explained to demonstrate the evolving nature of



science.

3. Connect Science with Society and Daily Life
Lessons should show how science affects society
and how society influences science. Topics such as
climate change, renewable energy, and medical
research help students see science as relevant to

their lives.

4. Teach the Role of Evidence and Experimentation
Science education should emphasize that
conclusions must be based on evidence. Activities in
which students analyze data and test hypotheses will

reinforce the role of observation and experimentation.



5. Encourage Critical Thinking and Skepticism
Students should be taught to evaluate information,
identify sources of evidence, and challenge
unsupported claims. This prevents misconceptions

and encourages independent thinking.

6. Integrate the History and Philosophy of Science
Teachers should include historical examples of
discoveries, such as Galileo’s telescope or Darwin’s
theory of evolution. This helps students understand
the struggles, debates, and gradual acceptance of

new ideas.

7. Highlight Creativity and Imagination in Science
Teachers should explain that creativity is vital in

science. Classroom projects should allow students to



design models, create experiments, and innovate

solutions to real-world problems.

. Emphasize Ethics and Responsibility

Students should learn that science must be used
ethically. Classroom discussions should focus on
topics like biotechnology, artificial intelligence, and
environmental conservation to show the importance of

responsible use of scientific knowledge.

.Encourage Teamwork and Communication

Since modern science often requires collaboration,
teachers should use group projects and peer-to-peer
discussions. This helps students build communication

skills and learn to share knowledge effectively.



10. Correct Misconceptions About Science
Teachers should address common
misunderstandings such as “science provides
absolute truths” or “scientists never make mistakes.”
Clarifying these misconceptions builds a realistic

understanding of science.

Conclusion

In summary, teaching the nature of science is highly
important because it shapes students into critical thinkers,
problem solvers, and responsible citizens. It helps them
realize that science is not just memorization of facts but a
creative, tentative, and evidence-based human activity
connected to society and culture. The implications of NOS

for teaching highlight the need for inquiry-based learning,



emphasis on evidence, ethical responsibility, and
integration of science with real-life contexts. When
students understand NOS, they are better prepared to
face future challenges, make informed decisions, and

contribute positively to society.



Q.3 Select any one topic of general science and write
at least three goals, three aims and five objectives

keeping in view 21st century skills.

Selected Topic: Climate Change and Environmental

Protection

When we consider the teaching of science in the 21st
century, one of the most important and relevant topics is
climate change and environmental protection. It not only
helps students to understand scientific principles but also
prepares them to deal with global issues that directly affect
human life. In the context of modern education, goals,
aims, and objectives must be carefully designed so that
they do not only focus on knowledge acquisition but also
develop 21st-century skills such as problem-solving,

critical thinking, collaboration, creativity, and digital literacy.



Below is a detailed framework of goals, aims, and

objectives for teaching this topic.

Goals

Goals are broad statements of what education seeks to

achieve. They provide the overall direction for learning.

1. To enhance scientific literacy and awareness
about climate change
Students should understand what climate change is,
how it occurs, and why it is considered one of the
most critical challenges of the present century. By
achieving this goal, learners will be equipped to make

informed decisions in their personal and social lives.



2. To promote environmental responsibility and
sustainable living
A key goal of teaching this topic is to create
environmentally responsible citizens. Students will
learn that human actions such as burning fossil fuels,
deforestation, and industrial pollution contribute to
climate change, and therefore they must adopt
sustainable practices like recycling, energy

conservation, and afforestation.

3. To develop critical and creative thinking for
solving real-world environmental issues
Since the 21st century emphasizes problem-solving,
this goal aims to prepare students to analyze data,
think logically, and come up with creative solutions

such as using renewable energy, water conservation



techniques, or eco-friendly technologies.

Aims

Aims are more specific than goals. They indicate what
learners should achieve within the scope of a teaching

program.

1. To connect scientific concepts with real-life
environmental issues
The aim here is to bridge the gap between textbook
knowledge and the real world. For example, while
learning about greenhouse gases, students will

connect this concept to air pollution in their own cities.



2. To develop 21st-century skills through science
education
Students will improve collaboration, communication,
digital literacy, and teamwork while working on
projects and presenting findings related to
environmental conservation. For example, they might
use online research tools to gather data or create

digital infographics to raise awareness.

3. To foster proactive citizenship and lifelong
learning
The aim is to encourage students to develop a sense
of responsibility not just during their school years but
throughout their lives. This could include personal
habits like reducing waste, community actions such

as tree planting, and even career choices in



environmental sciences.

Objectives

Objectives are precise, measurable, and short-term
outcomes of learning. They are directly linked to what
students will be able to do after a lesson or unit. Keeping
in mind the 21st-century framework, the following

objectives can be set for this topic:

1. Knowledge Objective
Students will be able to define climate change,
explain its natural and human-induced causes, and
describe its effects on the environment and human life

using scientific examples (e.g., global warming, rising



sea levels, changing rainfall patterns).

. Data Interpretation Objective

Students will analyze and interpret real
climate-related data (temperature changes, carbon
dioxide emissions, glacier melting statistics) to identify
patterns and trends. This helps them develop critical

thinking and quantitative reasoning skills.

. Collaboration and Project-Based Objective
Students will work in small groups to design and
implement simple eco-friendly projects such as a
recycling campaign, awareness posters, or
tree-planting drives. This activity will develop

leadership, teamwork, and problem-solving skills.



4. Communication and ICT Objective
Students will prepare digital presentations,
infographics, or short videos to communicate their
understanding of climate change and propose
solutions. This integrates science with ICT skills,
creativity, and communication abilities, which are

essential in the 21st century.

5. Decision-Making and Problem-Solving Objective
Students will evaluate different possible solutions to
environmental problems, such as the use of
renewable energy sources (solar, wind, hydro),
sustainable farming practices, or waste management
systems. They will justify their decisions with

evidence, thus practicing logical reasoning and



problem-solving skills.

Relevance to 21st-Century Skills

By teaching climate change and environmental protection
in this structured way, students not only learn scientific
concepts but also develop essential 21st-century

competencies. For example:

e Critical Thinking: Analyzing data about climate

change.

e Collaboration: Working on group projects for

environmental awareness.



e Creativity: Designing eco-friendly solutions and

digital content.

e Communication: Sharing their findings with peers

and community.

e Digital Literacy: Using technology for research, data

presentation, and awareness campaigns.

This integrated approach ensures that the topic is not just
taught as theoretical knowledge but as a tool for
empowering students to become environmentally
responsible, socially conscious, and skill-oriented citizens

of the modern world.



Q.4 Write how you can improve your science teaching,
keeping in view reflective practices for professional

development.

Improving science teaching is a continuous process that
requires teachers to critically evaluate their own practices,
identify strengths and weaknesses, and make necessary
adjustments to enhance student learning. Reflective
practices serve as an effective tool for professional
development because they allow teachers to think about
what works, what does not, and why. Science, being an
inquiry-based and evolving subject, demands teachers to
adopt modern strategies, learner-centered approaches,

and innovative methods. By engaging in reflective



practices, science teachers can create more meaningful

learning experiences for their students.

1. Understanding Reflective Practices in Science Teaching

Reflective practice means consciously analyzing teaching
methods, classroom interactions, student engagement,
and outcomes of science lessons. For example, after
teaching a lesson on “Electric Circuits,” a teacher might
reflect: Were students able to grasp the concept of current
and voltage? Did the practical activity help them
understand the theory? What could be improved next
time? Such reflections help identify gaps and guide

improvements.

2. Self-Evaluation and Identifying Gaps



A science teacher can improve their teaching by
evaluating their own strengths and weaknesses. For
instance, a teacher may realize that while their content
knowledge is strong, students struggle with experiments
because the instructions were not clear. Reflecting on this
issue will encourage the teacher to simplify steps, provide
visual aids, or conduct demonstrations before allowing

students to experiment independently.

3. Student Feedback as a Reflection Tool

Collecting feedback from students is a powerful way to
reflect on science teaching. Students can share what
activities were engaging, which explanations were
confusing, and what methods helped them learn better.

For example, if students mention that group experiments



made concepts clearer than lectures, the teacher can

incorporate more collaborative activities in future lessons.

4. Using Peer Observation and Collaboration

Science teachers can invite colleagues to observe their
lessons and provide constructive feedback. Similarly, by
observing others, teachers can reflect on new strategies to
adopt. For instance, if a colleague uses digital simulations
to explain chemical reactions effectively, a reflective

teacher may integrate similar tools into their own practice.

5. Integrating Technology through Reflection

Reflective practices highlight the importance of updating

teaching methods with modern tools. A teacher reflecting



on why students are not interested in traditional lectures
may conclude that using interactive apps, videos, or
simulations could enhance engagement. For example,
using virtual labs for physics or digital models for
astronomy can make abstract concepts more concrete

and exciting.

6. Linking Science Lessons to Real-Life Applications

Reflection helps teachers realize whether their lessons are
connected to students’ everyday lives. For instance, while
teaching about pollution, a reflective teacher may think:
Did I connect this concept to the air quality problems in
Pakistan’s cities? By making lessons relevant, teachers

ensure better student understanding and motivation.



7. Continuous Professional Development through Reflection

Reflective practices also encourage teachers to pursue
training programs, workshops, and online courses to
improve science teaching skills. For example, after
reflecting on difficulties in teaching inquiry-based science,
a teacher may enroll in a professional development course

on “STEM Education” to learn better strategies.

8. Developing Critical and Inquiry-Based Pedagogy

Science teaching improves when reflection leads to
adopting inquiry-based approaches rather than rote
learning. A teacher reflecting on poor student performance
in understanding “photosynthesis” may decide to use a
hands-on activity like placing plants in light and dark

conditions and recording their growth. This shift from



lecture-based to experiment-based learning ensures

deeper understanding.

9. Maintaining Reflective Journals

Keeping a reflective teaching journal is an effective way to
track progress. After each lesson, teachers can note what
worked well, what challenges occurred, and what
adjustments should be made next time. Over time, such
journals provide valuable insights into personal growth and

improvement in science teaching.

10. Encouraging Lifelong Learning and Adaptability

Through reflective practices, science teachers realize that

teaching is not static. Since science itself is dynamic,



teaching methods must evolve. Reflection builds
adaptability, encouraging teachers to continuously seek
new strategies, update their knowledge, and align their

teaching with 21st-century sKkills.

Conclusion

Improving science teaching through reflective practices
ensures that the classroom becomes a place of curiosity,
discovery, and critical thinking. By evaluating their own
teaching, seeking feedback, collaborating with peers,
integrating technology, and linking science with real-life
applications, teachers can make science more meaningful
and engaging. Reflective practices not only enhance

professional development but also ensure that students



gain the scientific literacy, problem-solving skills, and

creativity required for success in the modern world.



Q.5. Is rote memorization still important for science
learning? Justify your answer with the help of specific

examples.

Introduction

The role of rote memorization in science education has
been debated for decades. With the rise of modern
teaching methods, such as inquiry-based learning,
project-based learning, and critical thinking approaches,
rote memorization is often viewed as outdated. However,
the reality is more complex. Science is a unique discipline
that requires both factual knowledge and conceptual
understanding. While rote memorization alone cannot lead
to scientific literacy, it still plays a significant role in helping

students build a strong foundation. The key lies in how



memorization is balanced with meaningful learning

experiences.

Importance of Rote Memorization in Science

Rote memorization continues to be important for science
learning because many areas of science require accurate
recall of information. Students often need to remember
definitions, scientific terms, formulas, and symbols before
they can move toward higher-order applications. For

example:

e In Chemistry, students must memorize atomic
numbers, valencies, and the periodic table to perform

chemical reactions.



e In Physics, formulas such as (F = ma), (V = IR), and
equations of motion must be memorized to solve

problems effectively.

e In Biology, processes like photosynthesis,
respiration, and mitosis include specific terms and

sequences that must be recalled accurately.

Without memorization, students would constantly struggle
with the basics and would be unable to progress toward

deeper analysis.

Automaticity and Quick Recall

One of the strongest arguments for rote memorization is

that it allows automatic recall of information. Automaticity



means that once facts are memorized, students can
retrieve them quickly without using much mental energy.
This frees up cognitive space for problem-solving and

analysis. For instance:

e A student who has memorized multiplication tables
can solve physics problems involving speed and

distance much faster.

e In chemistry, a student who remembers the molecular
weights of common elements can balance equations

efficiently.

e In biology, memorizing the names of organelles allows

learners to focus on understanding their functions



rather than wasting time recalling terminology.

Thus, memorization supports efficiency in learning and

problem-solving.

Limitations of Rote Memorization

While memorization is useful, it has serious limitations
when relied upon exclusively. Memorized facts without

understanding can lead to shallow learning. For example:

e A student may memorize the definition of "osmosis"
but fail to apply it in real-life situations, such as

explaining why plants wilt when not watered.



e A learner may recall the steps of the water cycle but
struggle to explain how human activity influences

rainfall patterns.

e A student may memorize Newton’s laws of motion but
fail to connect them to real-world scenarios, such as

driving a car or launching a rocket.

This shows that rote memorization without comprehension
can create short-term results but fails to develop true

scientific literacy.

Balancing Memorization with Conceptual Understanding

The most effective science teaching approach combines

memorization with conceptual learning. Students should



be guided to first memorize essential facts and then use
those facts in inquiry-based activities, experiments, and

problem-solving exercises. Examples include:

e After memorizing Ohm’s law ((V = IR)), students
should perform experiments with resistors to measure

current and voltage.

e After memorizing the periodic table, students should
analyze periodic trends and predict chemical

reactivity.

e After memorizing the equation of photosynthesis,
students should design simple experiments with

plants to observe the impact of light and carbon



dioxide.

This ensures that memorized information becomes

meaningful and connected to real-world applications.

Modern Perspective on Memorization in the 21st Century

In the 21st century, education emphasizes skills such as
critical thinking, creativity, problem-solving, and
collaboration. While rote memorization is often criticized, it
still supports these skills by giving students a factual base
to work from. A student cannot think critically about a
science problem without having key facts at their disposal.
Similarly, creativity in designing experiments also depends

on knowing scientific laws and principles. Thus,



memorization is not the final goal but a stepping-stone

toward advanced skKills.

Examples from Classroom Practice

1. Physics Example: Students who memorize
kinematic equations can apply them in real-life
contexts like calculating the speed of a car or

predicting the trajectory of a ball.

2. Chemistry Example: Memorization of valencies
helps students balance equations quickly, which is

essential for understanding reaction mechanisms.

3. Biology Example: Memorizing the human digestive

system allows learners to later analyze how diet and



lifestyle affect health.

These examples show that rote memorization builds the

foundation for inquiry and application.

Conclusion

Rote memorization remains important in science learning,
though its role has shifted in the modern classroom. It
provides the factual foundation necessary for deeper
understanding, quick recall, and efficient problem-solving.
However, it should not dominate the learning process.
Instead, memorization should be balanced with conceptual
learning, experiments, inquiry, and real-world application.
Science education in the 21st century requires both

knowledge recall and higher-order thinking skills, and



rote memorization, when used effectively, continues to be

a valuable tool in achieving this balance.
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