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Abstract
The ultimate aim of teaching of science is to foster scientific and critical thinking
among students that they could be able to understand the process of science and they
can solve scientific problems. Such kinds of disposition are fostered in students when
they are taught employing students centered teaching methodologies. IBT is one of
them which developed the above-mentioned dispositions in students. However, the
IBT is not reflected in our classroom practices. This study is conducted to explore the
feasibility of IBT in science class of a government school in Karachi Pakistan. Findings
of this study reveals that during intervention inquiry was initiated from cookbook
approach and at the end of nine lessons students were able to reach somewhere
between structured and guided inquiry. Findings of this study suggest that in order
to improve culture of inquiry in the classroom, students’ questioning skills needed to
be improved.

Keywords: Inquiry-Based Teaching, Middle School, Karachi, Classroom Engagement, Student-

Centered Learning

Background of the study

In Pakistan, science is taught as a compulsory subject from class I to class VIII. While at
secondary and higher secondary level, science is taught as a discipline, which is comprised of
three subjects i.e. physics, chemistry and biology. Science curriculum for all levels is
developed in the curriculum wing and the four provinces implement this curriculum through
their respective textbook boards (Ahmad et al,, 2023, 2024; Altaf et al. 2023; Dehraj et al,,
2023; Hussain et al., 2023,2024; National Curriculum for Science, 2006).

The practices of teaching science in Pakistan are mostly teacher centered. Science is taught
through telling and reading. There is less participation from students since they sit in the
class as a silent recipient and teachers try to fill them with scientific knowledge. Right
answers is considered important indicator of “learning” (Muhammad et al., 2023; Sindhu et
al,, 2023; Zafar et al,, 2024; Siraj, 2002; Khan, Nisar & Yasmin, 2000). Apart from this Science
teachers are also lacking in content knowledge as well as pedagogical knowledge. In most of
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the school’s science is mostly taught by those teachers who have no background of science
(SPDC, 2002). Consequently, science is taught through rote memorization which is not
encouraged in teaching and learning of science.

Theoretical perspective

Inquiry is a method of teaching where learners are involved in a challenging situation and
allows them to identify a perplexing problem and reach to informed conclusion by going
though a systematic process of formulating questions, making hypothesis, testing the
hypothesis and drawing conclusion (Alvarado & Herr 2005). Rankin (2000) is of the view that
inquiry is an exploratory and discovery-based process put learner into a situation, where
they engage in intellectual operation and problem solving for enhancing their critical
thinking, observational skills and decision-making skills, which leads to the exploration
material and physical world. According to National Research Council NRC, (2000) IBT in
science is said to be a systematic way of teaching science, where students identify a problem,
generate a question, make hypothesis, test hypothesis, read pertinent literature and draw a
conclusion. In this way student generate and construct knowledge. Inquiry is not only
confined to the classroom rather it provides opportunities for learning outside of the
classroom. It urges the learners to reflect and ponder about the events happening in the
surrounding and relate them with classroom science though inquiry (Bera, 2004).

IBT is not limited to the domain of science. It is also used in other subjects therefore; different
modes of IBT emerged because of its usage in different areas (Trwobridge, Bybee and Powell
2000)

Basically, inquiry is categorized into two major types issue based and knowledge based
inquiry. Windschitle (2002) further categorizes scientific inquiry into four types on a
continuum i.e. cookbook inquiry; structured inquiry; guided inquiry and independent
inquiry. Cookbook and structured is mostly teacher dominated. In guided students and
teachers both equally participate while independent inquiry is student dominated. Hartland,
C. (2006) has categorized inquiry into three types and has excluded cookbook from the
continuum.

IBT is considered beneficial for teaching and learning of science in many ways. Melear,
Lakson, Warne & Hickon (2000) states that IBT supports meaningful learning and foster self-
motivation with greater skills of communication and critical analysis. Moreover, IBT also
gives students a sense of freedom and self responsibility, where they work independently for
developing their own questions and do the investigation in their own way. In this way,
students become life long and self directed learners.

Besides students IBT is also beneficial for the teachers. By involving teachers in the IBT
teacher get in depth understanding of science as well as nature of science. By involving
teachers in inquiry during pre and in service professional development sessions, teachers not
only read and discuss science but also do science (Morrison 2008). Apart from intellectual
development, IBT also contributes to students’ social development, where students learn
different types of social skills when they are engaged in inquiry. When students are given
group work during the process of inquiry they interact with each, listen to each others ideas,
share their ideas with each other and some times they challenge each other ideas (Dyasi,
2000).
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Although IBT is very helpful for the effective teaching and learning of science, but at the same
time IBT is also challenging. The major challenge is the lack of time. In our classes mostly 40
to 45 minutes are allocated for teaching of science, which is not sufficient for IBT. IBT
demands for more time. Apart from teaching, planning of IBT also requires more time and
energy (Dowell, Short & Landes, 2002; Burkett & Leard 2007). Ali (1998) is of the view that
it is difficult to maintain classroom discipline while teaching through inquiry, especially in
large classes due to lack of resources and classroom structure, it is difficult to engage each
and every student in inquiry. As a result, different types of disciplinary issues rise.

Students and teachers are considered important role player and stake holders of IBT. Both
play important role however, the essence of IBT lays in students centered teaching. Gutek, G.
L. (2007) used metaphors “fellow investigator” and “classroom secretary” for defining
teachers’ role in inquiry. These metaphors imply that students play dominant role in IBT.
Teachers’ task is to facilitate them by providing them scaffolding during the process of
inquiry. In IBT students need to take the ownership and responsibility of their own learning
by constructing and generating knowledge (Wee, B., Shepardson, D., Fast, ]. & Harbor, J. 2007).
In addition, teacher needs to provide specific directions to the students, through which they
could be able to conduct inquiry (Kai Wu & En Hsieh, 2006).

As it has already been shared that students are considered important stakeholder of IBT
therefore, they should actively participate in IBT by formulating inquiry questions; collecting
relevant data; doing scientific investigating and drawing conclusion (Keys & Bryan, 2001). In
inquiry mostly students need to do the inquiry in groups, where they try to develop a census
having a different point of view. In this way a sense of collaboration and collegiality developed
(Dyasi, 2000).

Previously scientific knowledge was considered as an ultimate truth where there was no
possibility of change. However, according to the Nature of Science (NOS) scientific knowledge
is evolving, flexible and tentative, where there is a possibility of change. In the same way
philosophy of inquiry also stresses that scientific knowledge construct through inquiry is
tangible and flexible and it can be when some one else do inquiry through a different
perspective (Venvill and Vaille 2000).

Research Question

The main research question of my research was

8 How can a teacher promote IBT in science at lower secondary level (grade VII) in a
government school of Karachi?

Subsidiary questions:

The main question is supported by the following subsidiary questions.

8 What are the existing practices of teaching and learning science in grade VII?

8 What are the strategies a teacher can use to promote IBT in a science classroom?
8 What are the factors which facilitate in promoting IBT in a science classroom?

8 What are the challenging factors in promoting IBT in a science classroom?

Research context and Research participants
[ conducted my studies in a government lower secondary boys’ school in Karachi. It is located
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nearer AKU-IED and has two shifts. Morning shift starts at 8:00 am and close at 12:30 pm
while the duration of second shift is from 12:30 pm to 5:00 pm. There are three classesi.e. V],
VII and VIII and each class has two sections. According to the head teacher, the school has
been serving children from middle and low socio-economic background. There were more
male teachers (n=10) than female (n= 6). There is only one science teacher handling six
sections of the three classes (VI, VII and VIII). Furthermore, books of Sindh Textbook board
are taught in this school. The average number of students in each section is 35.

Although the entire class of VII section B was my research participants however for interview
purposes and to explore progression I selected six students Salim, Mudasir, Hadi, Amman,
Kamran and Irfan (pseudonyms) of mixed ability group i.e. above average, average and below
average.

Research Methodology

Taking the nature of study into consideration, I opt for qualitative research since; I was to
explore a holistic and in-depth view of the feasibility of using IBT in alower secondary science
classroom. For this purpose I had to do research in a natural setting without disturbing the
natural setting (Robson, 2002). Dyasi, H. (2000) states that qualitative method occurs in a
social and natural setting attempting to make sense of or interpret phenomena in terms of
the meanings people bring to them.

Within the qualitative paradigm I select action research. There were many reasons for
selecting action research as a method. First my research question was demanding for the
action research. Secondly, the nature of my research as well research question emphasizing
my own involvement in the process of research as [ had to teach in a real classroom situation
(Zion, Cohen & Amir (2007). Thirdly, the aim of research was also to improve my own skills
of IBT. As Kimmis, Mc Taggrat and Retallick (2004) and Dyasi, H. (2000) urges that the aim
of action research is to improve the rationality and justice of practices, understanding of the
practices and the situation in which practices are carried out. Hence, action research is a way
to bring improvement in terms of practices. In this study, I used Kemmis, McTaggart and
Retallick’s (2004) model a modified version of Lewins’s model of action research. I selected
this model, since it was simple and flexible in nature as compared to other models of action
research and it guided me at every step.
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GURE 1
Model of action research
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Data Collection Method
In order to collect rich, in depth and relevant data I employed following data collection
method.

Observation

I observed the two classes of science teacher of participant school in the reconnaissance
stage. The purpose of observation was to become cognizant with the current practices of
teaching and learning science. Moreover, this observation also helped me to explore the
students’ level of inquiry. Because of unavailability of critical friend I had to observe my own
teaching during the implementation stage. While observing I took field notes later on I
described them.

Semi-structured interviews

[ interviewed a focus group of six student of mixed ability group before and after the
implementation phase. Through these interviews I tried to explore their views of about the
current teaching practice of science as well as IBT. The interviews were conducted in Urdu
language and they were translated into English while transcribing. I also took an interview
guide with me during interview to keep my self focus on research topic.

Reflective Journal

Reflection plays a vital role in action research. Writing reflection was the essential part of my
study. It helped me to record my understanding and personal believes about the feasibility of
IBT. Reflective journal also helped me to identify both different problems that I encountered
during the study and the possible improvements. During the classroom observation, I recorded
all the data including the events, actions and interaction in a reflective journal in the form of
reflection. While during classroom teaching I noted the points as a field note. After teaching I
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critically reflected on them. On the basis of reflection I planned for next day teaching.

Data Analysis

Data analysis was done at two phases one is on going and another is final analysis. On going
analysis was done during implementation stage where 1 wrote reflection soon after
delivering lesson. In these reflections I reflected on strengths as well as weak points of my
lesson. Through this way I tried to bring improvement in my upcoming lessons. The final
analysis was done when field work was done. In this analysis, first of all the documents were
given organizational codes like, Tr-Ref for teacher reflection and Sts-Int for students’
interviews. After that, themes were made and coded. Then, themes were categorized on the
basis of similarities and differences. Finally different types of data set gathered from different
sources like, interviews, reflections, informal discussions and field notes were triangulated.

Findings
Following are the main finding which emerged from this study.

Simple to complex approach

Keeping the students level in mind I started every strategy in a simpler form and then I
proceeded to the complex one. Firstly, I started the inquiry from its simple form. I initiated
the inquiry from the cookbook approach which is the simple form of inquiry. Then I
proceeded to structured inquiry.

Secondly, questioning process was also started from the simple level. Initially, students were
asked to share close ended, factual and convergent questions. Later on, they shared open
ended and divergent questions. In this way students’ questioning skill improved.

Lastly, in doing experiments same trend was followed. In experiments first students were
exposed to demonstration where most of the work was done by the teacher. In the next step
students were lead to confirmatory tests. In these tests, students were given some sort of
leverage, but the already aware about the result of the experiments. After that they were
involved in experiment that answers were not known to the students. Students were
scaffoleded wherever they required. In the last phase they were asked to do the experiments
by their own. They set the apparatus, do the experiment, observe the experiment, collected
the data and drew the conclusion.

Experiments enhance students questioning skill

In the first cycle it became very difficult to probe open ended and divergent questions from
students. Students raise only factual, convergent and close ended questions. These questions
cannot lead students to the inquiry questions. For this purpose students need to pose more
and more open ended question. Through which they would be able to formulate inquiry
questions. For this purpose I used different kind of strategies. One strategy remained
successful. In this strategy | asked the students to formulate questions before the
experiments and after the experiments. Here I observed that the questions which were
formulated before the experiments were mostly close ended and factual. While the post
experiments questions were mostly open ended and some of them were inquiry questions.
Following are the examples of questions raised by the students before and after the
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experiments.
Before doing the experiment of Expansion of Heat, where metal ball was supposed to passed
through the metal ring before and after heating. Students shared these questions.

. Will the metal ball pass through the metal ring after heating?
o Will the metal ball become hot when it will be heated?

After the experiment

. Why did the ball not pass through the ring, after heating?

. How did the size of ball become bigger? (Ref-]r, Jan29, 2009).

It can be implied from the aforementioned questions that experiments play an important role
in enhancing students questioning skill. In experiments students observe the experiment. In
this way experiments provide them a base line for formulating questions. Keeping the
observation in mind students can formulate open ended and inquiry questions.

Ward, Roden, Hewlett and Forman (2005) also support this argument, saying to promote
students’ questioning skill, students need to be provided with opportunities to explore and
observe objects through experiments. Therefore, it is necessary that in order to improve
students questioning skill, they need to be given the situation before asking them to develop
questions because their involvement in inquiry-type experiment improve their ability to ask
better scientific questions (Hofstein, Shore, &, Kipnis, 2004).

Facilitating and challenging factors

I confronted number of facilitating and challenging factors during this four-week research.
First facilitating factor was planning. I taught every lesson with prior lesson planning where
I made a written for each lesson. In these lessons I set objectives and related them with the
activities as well as inquiry skills. Due to planning I confidently delivered my lesson in an
effective way by trying out new ideas. I gave more and more time to involve the students in
classroom activities.

As far as the nature of planning was concerned it was not rigid rather it was flexible. Some
time I planned for group work but when I reached school for teaching school asked me to
teaching both the section jointly where it was not possible to teaching using group work. So,
as an alternative I taught through demonstration method.

Piloting

After planning I used to pilot the activities. Piloting helped me allocating proper amount of
time. Apart from time, piloting of experiments facilitated me in rectifying some of my
misconceptions. For example, in the third lesson, I devised an experiment where different
kind of material had to burn through magnifying glass. For this purpose, I selected paper,
tissue and dry leaves. The paper that I had selected for the experiment was white in colour.
Before piloting, | was of the view that the magnifying glass will burn the white paper, but it
did not happen. I held the magnifying glass over the white paper for twenty minutes on a full
sunny day, but [ could not succeed in burning the white paper through the magnifying glass.
In this way, piloting rectifies my misconception that white paper reflects the light. Therefore,
it takes more time than other color paper. Piloting of “burning paper” enabled me to choose
the appropriate material as it would not be possible to spend 20 minutes in a 40 minutes class
just to pilot the activity.
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