Education Research Journal ISSN

Nathalie & Zalpha, Volume (11) Issue (9): 194 —204 September - 2021.

2026-6332
RESEARCH PAPER

The effect of an inquiry and reflection teaching method
on Grade 8 Chemistry students’ achievement, attitudes,

and motivation

*Nathalie Farah and Zalpha Ayoubi

Lebanese University, Faculty of Education, Beirut

*Corresponding Author Email: nathaly farah@hotmail.com

*Corresponding Author
Nathalie Farah

Lebanese University, Faculty of
Education, Beirut

*Corresponding Author Email:
nathaly farah@hotmail.com

Abstract

Lebanese Chemistry teachers detected lack in middle and high school students’
Chemistry grades in the official exams as well as in international tests such as
TIMSS. They also noticed that most of the Lebanese students have negative
attitudes and are unmotivated and not interested in learning Chemistry. Therefore,
instructional approaches were necessary in order to help students improve their
learning skills and motivate them. The Inquiry and Reflection teaching method
(I&R), a non-computer enhanced method, was developed based on the White and
Frederiksen’s method (1998) that consists of a conjunction between inquiry and
metacognition. This strategy includes four phases: Scaffolded inquiry, Reflective
assessment, Argumentation and Generalized Inquiry and Reflection. The purpose
of the study was to investigate the effect of using the | & R instructional method
on studnts’ achievement, attitudes and motivation. Thirty-eight grade 8 students,
in one Lebanese private school participated in this study where 19 students were
randomly selected to constitute the control group and the remaining 19 students
constituted the experimental group. In the first semester, both groups learned via
the traditional method; however, in the second semester, the experimental group
students learned via the | & R teaching method, while the control group ones
continued learning via the traditional method. Students’ achievement was
measured by three exams: Exam 1 which took place before the implementation of
| & R method and was considered as a pre-test, Exam 2 took place three weeks
after the | & R implementation, and Exam 3 took place at the end of the | & R
implementation and was considered as a post-test. In addition, interviews with the
experimental group students were done at the end of the | & R implementation in
order to measure their attitudes and motivation toward learning Chemistry.
Findings showed that achievement of the experimental group students has
improved significantly, while the control group students’ achievement did not.
Results also showed that the experimental group students had a positive attitude
toward the | & R method and were motivated to learn Chemistry.

Keywords: Achievement, Motivation, Attitude, Inquiry based-learning,
Metacognition

Introduction

memorized (Burke, 2008; Changwong, 2018; Fennimore,
1990; Kaplan, 2017; Karakog, 2016; Uribe Enciso, Uribe

Contrary to traditional science instruction, which encourages  Enciso, & Vargas Daza, 2017; Zohar, 2005) and

students to memorize facts from textbooks and emphasizes
lectures to present scientific information, today’s scientific
instruction rejects science as a body of facts that must be

emphasizes on the inquiry-based laboratory activities.
Through a combination of “hands-on” and “minds-on”
learning, inquiry engages students in a process through
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which they learn science content best (Garrison, 2002;
Smallhorn, 2015) and construct conceptual understanding
as the goal of the learning experience. As students engage
in the inquiry process they develop the ability to learn how
to learn. In other words, they learn to use inquiry to acquire
ideas and information on their own (Eslinger, 2008; The
National Academy of Sciences, 1998). Research has
confirmed the value of an Inquiry approach in fostering
students’ learning (Bransford, 2000). A variety of inquiry
based strategies showed to be successful at helping
students consistently perform at a higher academically level
(Crawford, 2000; Windschilt, 2001) and also successful at
increasing student moativation (Caswell, 2017; Laursen,
2011; Madden, 2011). Inquiry motivates students not only
to want to come to classes but also want to learn and enjoy
learning. Attitude and motivation factors were found to have
positive effects on mathematics and science achievement
(Singh 2002), since the most successful students are
usually the most highly motivated (Moore 2006).

Similarly to the Inquiry positive impacts on students’
learning outcomes and motivation, research showed the
important role that metacognition plays in enhancing
students’ motivation (Al-Baddareen, 2015; Karaali, 2015), in
improving students’ academic performance (Al shammari,
2015; Gholamshahian, 2016; Kaur, 2018; Mozafari, 2016;
Perry, 2019); and in promoting meaningful learning
(Davidowitz & Rollnick, 2003; Rickey & Stacey, 2000;
Thomas & McRobbie, 2001; White & Mitchell, 1994;)
especially in science teaching and learning (Davidowitz &
Rollnick, 2001; Thomas & McRobbie, 2001). The way
science is taught, both at the high school and college level,
plays a major role in shaping students’ attitudes toward
science. It is in the interest of society and the responsibility
of educators to improve students’ attitudes toward science,
and to prepare students to live in a highly scientific and
technological society (Ungar, 2010).

White and Frederiksen (1998) worked on a conjunction
between inquiry and metacognition and studied its
effectiveness on students’ achievement. They developed a
computer enhanced middle school science curriculum that
develops students’ metacognitive knowledge and skills
through a process of scaffolded inquiry based on the fact
that the combination of Inquiry and Metacognition in a
teaching method have a positive impact on students’
achievement in Physics, motivation and learning outcomes.

In Lebanon, Chemistry teachers detected lack in
students’ Chemistry grades in the official exams as well as
in international tests. Many countries have been engaging in
both national and international assessments and have made
use of information to improve the quality of their education
system. In 2015, around 540,000 students from seventy-two
countries including Lebanon, participated to PISA test which
assesses both subject matter content knowledge, and the
capacity of individuals to apply that knowledge creatively,
including  unfamiliar  contexts  (Schleicher, 2017).
Unfortunately, Lebanon ranked 67" (El Hassan, 2019).
Moreover, in TIMSS, which is an international assessment
that monitor trends in student achievement in mathematics,

science, and reading, Lebanese students performed lowest
in the Reasoning domain and highest in the Knowing
domain in 2015. Their overall science average was lower
than international mean (El Hassan, 2019). This indicates
that there is a need for instructional strategies that would
improve Lebanese Chemistry students’ achievement as well
as their attitudes and motivation.

Farah and Ayoubi (2020) adapted White and Frederiksen
instructional model and elaborated the Inquiry and
Reflection (I&R) method to fit the Lebanese schools since
the majority of them are not well equipped with computers.
The | & R is a non-computer instructional method that
consists of four phases: Scaffolded inquiry, reflective
assessment, argumentation, and generalization.

- Scaffolded inquiry: Students are involved in “open-
ended” questions and experience hypothesizing,
investigating, planning and conducting experiment,
observing, analyzing data and concluding.

- Reflective assessment: Students evaluate their own
and each other’s research, so the habits of thought
will be involved in their skills.

- Argumentation: students gather the “proofs” to
support the claims they seek to defend and then
resolve their dispute by agreeing that one
conclusion is better supported than another.

- Generalized Inquiry and Reflection: the inquiry cycle
in conjunction with reflection, is repeated, students
refine their inquiry and reflection processes, so they
can apply to new learning situations and real-world
situations (Farah & Ayoubi, 2020).

This instructional method aims to improve students’
academic achievement as well as to enhance their
motivation and positive attitudes toward Chemistry.
According to Magulod (2019), there are significant
relationships between learning styles and academic
performance of students in applied science courses, since
the nature of motivation and learning strategy use is vital to
improving student learning outcomes (Gbollie, 2017). In
order to improve students' attitudes toward science,
teachers must motivate students, which they can do through
their teaching styles and by showing them the relevance of
the learning topics to their everyday lives, which helps them
see the value of science and in turn motivates them to
develop a better attitude toward science and science
education. Motivation is a broad concept, which has been
described in different theories (Kusurkar, 2012), with
accompanying measuring instruments. The most frequently
used variables of motivation were educational
aspirations/intentions like aspiration to attend college and
intention to finish school, and intrinsic motivation like
enjoyment of learning and interest in school (Isik, 2018).

Purpose of the study

The intent of this study is to investigate the effect of the
Inquiry and Reflection (I&R) instructional method on
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students’ achievement. However, in order to perform their
academic level, students must have positive attitudes
toward Chemistry learning and must be highly motivated.
So, the aim is also to study the | & R method’s effect on
students’ attitudes and motivation toward learning
Chemistry.

Research Questions
This research tries to answer the following questions:

Q:: Does the | & R method of teaching affect grade 8
students’ achievement?

Q2: Does the | & R method of teaching affect grade 8
students’ attitudes and motivation toward learning
Chemistry?

Research Hypotheses

The research hypotheses corresponding to the above
research questions are:

Hi: The | & R method of teaching has no effect on students’
achievement.

Hz: The | & R method of teaching has no effect on students’
attitude and motivation toward learning Chemistry

Method

A mixed research was conducted in order to answer the
research questions. The quantitative part consisted of
students’ scores on three exams, as well as their
improvement scores from Exam 1 (pre-test) to Exam 3 (post-
test). It should be noted that the three exams were similar,
as one third of their content was based on the Knowledge
domain, and the two remaining thirds were based on the
Reasoning domain. The qualitative part consisted of data
collected from the interviews done with the experimental
group students at the end of the | & R implementation.

Participants

Thirty-eight grade 8 students, from one private school in
Mount Lebanon participated in this study. They were
randomly assigned to two sections of 19 students each. At
the beginning of the second semester, section A was
chosen, randomly through draw lot, as the control group and
section B as the experimental group. Both sections were
homogenous in terms of number, gender, age, and socio-
economic background since they live in the same
geographical area and belong to the same economic status.

At the beginning of the year both groups were taught via
the traditional method where at the end of the first semester,
Exam 1 was administered to both sections as the pre-test.
Results showed that there were no significant differences
between the two sections in terms of achievement which

means that students in both groups had similar academic
background.

Procedure

Throughout the academic year, the control group students
were taught via the traditional method whereas the
experimental group students were taught via the traditional
method in the first semester and via the | & R method in the
second semester. All students learned the same chemistry
material. In the first semester they learned three chapters:
“Solutions”, “Atoms”, and “Compounds” and in the second
semester they learned four chapters: “Chemical Reactions”,
“Types of Chemical Reactions”, “Rates of Chemical
Reactions” and “Acidic and Basic Solutions”.

The | & R method was implemented three hours per
week for twelve weeks. The steps of the | & R method were
repeated in each of four lab sessions, corresponding to the
four units taught, where some of the scaffolding was
removed each time. In the first lab session “Chemical
Reactions”, the experiments were designed and all
materials were prepared by the teacher; in the second
session “Types of Chemical Reactions” the students
collected all the necessary materials in order to perform the
experiments designed by their teacher; in the third session
“Rates of Chemical Reactions”, the students took part in the
design of the experiments, while in the fourth one “Acidic
and Basic solutions” they carried out all the tasks. In each
lab session, teacher asked students to make predictions
about what they thought might happen in some simple real-
world situations that are related to the research question in
order to engage them in “thought experiment”. The teacher
got the class to generate a set of alternative hypotheses
about what might happen, to investigate, to design
experiments, to analyze data and to draw conclusions. Then
all students were engaged in a debate to reach a consensus
about which hypothesis best accounts for their results and
considered to be the most accurate and useful. As part of
this process, each group of students had to criticize each
other’s hypotheses and conclusions and attempt to prove
them wrong. An example of one of the lab sessions “Rates
of Chemical Reactions” appears in Table 1 below.

The control group students learned the same Chemistry
content with the same teacher mainly using lectures without
any explicit attempt to engage students in metaconceptual
processes. In other words, the teacher gives the scientific
explanations as a lecture and then passes to laboratory
experiments. Students discuss their observations after
performing experiments without any attempt to predict or
analyze the experiments’ results.
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Table 1: Example of one lab session: Rates of Chemical Reactions

Duration: 40min

Title: Rates of Chemical Re

actions

Objectives:

Knowing that the temperature, the catalyst and the surplus of reactant increase the rate of chemical reactions.
Keyword: catalyst

Question and researches: Students conducted a library research about factors that influence the rates of chemical
reactions. They found the following factors:

* high temperatures

« Agitation.

« catalysts

Hypotheses:

Each group should predict what are the factors that affect the rates of the following reactions

* 50ml warm water with 20g sugar with 5g baking powder with heat

» 50ml warm water with 40g sugar with 5g baking powder

* Bread with saliva with Fehling solution

* Bread with saliva with Fehling solution with heat

* Bread with Fehling solution with heat

Experiments:

Each group should perform the following experiments:

» 50ml warm water with 20g sugar with 5g baking powder with heat

* 50ml warm water with 40g sugar with 5g baking powder

* Bread with saliva with Fehling solution

* Bread with saliva with Fehling solution with heat

* Bread with Fehling solution with heat

Materials:

Each group had three pieces of bread, one beaker, 50ml of warm water, 50ml of hot water, Fehling solution, hot Fehling
solution, sugar, baking powder, a digital balance and a spatula.

Reports:

A week later, each student should present a lab report which includes: the hypotheses, the materials used, the
procedure followed, the observations, the analysis and the conclusion he or she made.

Debate:

In the following session, groups should expose the investigations they did during the week about laws they discovered
and their limitations, then the class got together to try to reach a consensus about which hypothesis best accounts for
their results and was the most accurate and useful. As part of this process, they have to criticize each other’s

hypotheses and conclusions and attempt to prove them wrong.

Instruments

Three achievement exams: Exam 1, Exam 2 and Exam 3,
were constructed and used by the researchers to measure
the effect of the | & R method on students’ achievement.
Exam 1 took place before the | & R implementation and was
considered as a pre-test. Exam 2 took place three weeks
after the I & R implementation at the end of the first lab
session. Exam 3 took place at the end of the | & R
implementation and was considered as a post-test. The
three exams were validated by the head of Chemistry
department in the school, as well as by two doctors in
Chemistry Education from the faculty of Education at the
Lebanese University. In addition, interviews were conducted
with the experimental group students to collect data
regarding their attitudes towards | & R teaching method,
their motivation to learn, and the problems they have
encountered during the implementation of the | & R method.

Data Analysis

The quantitative data were analyzed using the Statistical
Package for the Social Sciences program “SPSS”. In order
to determine whether there was a significant difference
between the mean scores of the students in the
experimental group and those in the control group, an
independent-samples t-test was used for each of the three
exams. The 0.5 level of significance was accepted for all the
analyses performed in this study. In addition, the
experimental group students’ responses to the interview
were analyzed qualitatively by coding and grouping the
responses into categories and then by quantifying them.

Results and Discussion

In order to provide answers to the first research question
related to students’ achievement, three exams were
administered to both groups. Exam 1, was considered as a
pre-test, Exam 2 was given few weeks later, while Exam 3
was considered as a post-test.
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Results related to Exam 1

Prior to treatment, an independent samples t-test was
employed to Exam 1 to determine if there was a statistically
significant difference between the control and experimental
groups. Results of the independent samples t-test are
provided in Table 2 below. According to Table 2, the mean

Exam 1 score of the experimental group was M = 9.078,
while the mean Exam 1 score of the control group was M =
10.588, and the difference between the two groups was not
significant (p > 0.05, t = .310). This result indicated that
students’ achievement in both experimental and control
groups were similar at the beginning of the experimental
study.

Table 2: Independent sample t-test results of Exam 1

Exam Group Number of Mean SD t p
students
Exam 1 Control 19 10.588 6.142
Experimental 19 9.078 5.615 310 758

Results related to Exam 2

Results of the independent-samples t-test regarding Exam
2 are provided in Table 3 below. According to Table 3, Exam

2 mean score of the experimental group was M = 9.631 and
of the control group was M = 9.470. The difference between
the two means was not significant (p > 0.05, t = -.187) three
weeks after the | & R implementation.

Table 3: Independent sample t-test results of Exam 2

Exam Group Number of Mean SD t p
students
Exam 2 Control 19 9.470 6.801
Experimental 19 9.631 4.336 -.187 .853

Results related to Exam 3

Results of the independent-samples t-test regarding Exam
3 are provided in Table 4 below. According to Table 4, Exam

3 mean score of the experimental group was M = 12.552
and that of the control group was M = 9.294. The difference
between the two means was significant (p < 0.05, t = -2.525)
in favor of the experimental group.

Table 4: Independent sample t-test results of Exam 3

Exam Group Number of Mean SD t p
students
Exam 3 Control 19 9.294 5.391
Experimental 19 12.552 2.999 ~2:525 016

Results related to students’ improvement scores

The improvement scores of both groups from Exam 1 to
Exam 2 appear in Figure 1 below. It shows that from Exam
1 to Exam 2, the control group students regressed slightly

while the experimental group ones made a little progress. In
fact, the control group students’ mean decreased by a half-
point,

Mean +- 1 SE examdifft

while the experimental group students’ mean
increased by a half-point.
Figurel: Improvements in achievement of both groups from Exam 1 to Exam 2
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The improvement scores of both groups from Exam 1 to  progressing. In fact, the control group students’ mean
Exam 3 appear in Figure 2 below. It shows that from Exam  decreased by one point, while the experimental group
1 to Exam 3, the control group students kept regressing, students’ mean increased by three points

while the experimental group students continued

4.00—

3.00—

2.00—

1.00—

©0.00—

Mean +- 1 SE examdiff

-1.00—

-2.00— I

T T
1.00 2.00
cat

Figure 2: Improvements in achievement of both control and experimental groups from Exam 1 to Exam 3
The improvement scores of the students’ achievement from  Table 5 below. It shows that the difference between the two
Exam 1 to Exam 3 were then compared using the groups was significant (p < 0.05, t = -2.797) in favor of the
independent-samples t-test and results are provided in  experimental group.

Table 5: Independent sample t-test results of students’ improvements from Exam 1 to Exam 3

N Mean t p
Exam Control group 19 -1 2797 008
difference  gxperimental group 19 +3 ' '

To sum up, the I & R method of teaching improves
significantly grade 8 students’ achievement.

Students’ Interviews

As for the second research question, the experimental group
students were interviewed in order to determine their
attitude toward this instructional method, at the end of the |
& R implementation. All students were asked ten questions
separately. Students’ answers are reported in Table 6
below.
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Table 6: Students’ answers to the attitude interview questions

Questions Students answers Number of students

1- Which method do you -Thel&R method because itis more fun 9
prefer: the traditional - The | & R method because it is more instructive. 4
method or the | & R method? - The | & R method because it is easier and it allows us to follow and

And why? participate in the experiments. 6

2- What is your attitude Enthusiastic 19
towards the | & R method:
Enthusiastic, indifferent
or negative?

3- Which method allowed you - Thel& R method because it allows us to discover laws and building 10
to a better comprehension our own knowledge.
and assimilation? - The | & R method because it made chemistry concrete. 4

- The | & R method because it encourages teamwork. 5

4- Did your thinking skills - The | & R method leads to the improvement of our problem solving 8
improve after the | & R skKills.
implementation? - The I & R method helped us to improve our analysis and 11

interpretation skills, this teaching method gave us the habit to analyze
and interpret results.

5- What are the problems you - We didn’t have any problem. 11
encountered in the I & R -We had encountered problems with the limited time. 7
method? - I, sometimes, was feeling stressed because of responsibility. 1

6- What do you prefer to avoid - we hoped to avoid writing long reports (because of our weaknesses 16
inthe 1 & R method? in the French language)

- some of the experiments were difficult. 3

7- What did you like to add to - we would like to do more lab experiments 19
the | & R method?

8- Would you like to learn -we wish to use the | & R method in Physics and Biology. 12
Physics and Biology via the - We do not want to use the | & R method in Physics and Biology ,

I & R method, or would you because we will have too much work to do, such as reports, debates, 4

prefer learning them via the researches...

traditional one? - we wish this implementation only in Biology because we are neither
interested, nor high achievers in this matter. 3

9- What is your attitude - positive 18
toward the | & R method? - indifferent toward this teaching method, because | was hoping to
negative; null; or positive? make risky and exciting experiments 1

10- If you were a teacher, -we chose toteachviathel& R method because itismore fun,easier 16
which teaching method and richer than the traditional method.
will you use? - we could teach via both methods depending on the chapters. 2

- | chose the traditional one because it allows me to explain the 1

chapter in few minutes and students will not have to write reports.

Several questions in the students’ interviews allowed us to
measure their positive attitude toward the Inquiry &
Reflection method. First, the majority of them described their
attitude toward the | & R method as positive, and felt
enthusiastic about it, since it allowed them to have a better
comprehension because they were fully involved in the
discovery of laws while gaining knowledge, as much as they
began to see Chemistry as a concrete discipline. Second,
they found that the | & R method is better than the traditional
one because it is more instructive and it allows them to
participate to all the experiments’ steps. Third, they enjoyed
studying Chemistry via the | & R method; as a matter of fact,
they made the wish to do more experiments and lab

sessions; and even some of them spent their breaks in the
lab to prepare the materials instead of playing and having
fun with their colleagues. Fourth, in their point of view, the |
& R method was extremely motivating and exciting; thus, the
majority of them hoped to use this instructional method in
learning Physics and Biology. Finally, they said that in case
they were teachers; eighteen of them would choose to teach
via the | & R method because it is more fun, easier and more
beneficial than the traditional method. Yet, some of students
encountered problems while learning Chemistry via the | &
R method, such as the limited time, the stress they were
feeling because of the responsibility, the lab reports which
were taking too much time (because of their French
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language weakness), as well as some experiments which
they found difficult. In questions 9 and 10, only one student
was indifferent toward the | & R method, and prefer to learn
via the traditional method; he also said that if he were a
teacher, he would not waste time teaching his students via
the | & R method. By contrast, he said earlier in questions 2
and 3, that he felt enthusiastic and that he understood better
via the | & R method. While in question 7, he said that this
method was not sufficient because he hoped to do more
difficult experiments, specifying that the fourth experiment
was too easy and somehow meaningless.

Discussion

Results of this study revealed that the control group students
did not produce significant improvement in their
achievement, while the experimental group students
progressed significantly. Tests used to compare both groups
students’ achievement on the three exams, showed first,
that before the | & R implementation, there was not a
significant difference between the control and the
experimental group students, since there was not a
significant difference in their Exam 1 results; only after and
because of the implementation of the | & R method, we
detected a vivid significance between both groups’
achievement. Similarly to Exam 1, both groups had the
same achievement level on Exam 2 which was taken three
weeks after the | & R implementation, since there was not a
significant difference between them. At that phase the
experimental group students had only learned the “Chemical
Reactions” chapter via the | & R method, while they were
taught the other chapters via the traditional one. We can
say that three weeks are not sufficient to differentiate
between both groups; in fact, students need more time to
adapt themselves to the new instructional method and
additional practice to improve their achievement. However
at the end of the | & R implementation, the experimental
group’s achievement became significantly better than the
control group’s achievement; the experimental group
students produced better results on Exam 3, thirteen weeks
after the | & R implementation, while the quantitative
analysis tests showed that the control group students were
regressing.

Moreover, we compared the improvement of each
student in both groups from Exam 1 to Exam 3, by
calculating the difference between their grades, and found a
significant difference in the improvement between both
groups. These results confirmed our earlier interpretation
which says students need more time and practice to refine
the Inquiry cycle in order to improve their achievement.

Therefore, students in the experimental group have
significantly better achievement than the control group
students. This result might be obtained first, because the | &
R approach is a student-centered instructional method and
second, because it is also a cooperative method of learning.

First, according to Tebabal & Kahssay (2011), when
student-centered instruction is used, it is highly probable
that this significantly causes better understandings of

scientific conception and elimination of alternative concepts.
Moreover, in his study, Lott (1983) from the Institute for
Research on Teaching Michigan State University, East
Lansing, stated that students’ achievement showed an
increase when the discovery inquiry method was used. In
addition, White & Shimoda (1999), Abdi (2014) as well as
Khan (2011), found that Physics, Science and Chemistry
students taught through inquiry outperformed students
taught with conventional methods. In addition, the present
work supports Al-ogleh (2019) and Rezvan’s (2006) findings
that metacognitive guidance has positive effects on
students’ academic achievement. However, studies based
on the conjuction betwwen inquiry and metacognition are
only limited to the study of White and Fredericksen (1998),
which results are in line with the present study.

Second, Wachanga and Mwangi (2004) investigated the
effects of cooperative class experiment (CCE) teaching
method on high school students' educational achievement;
they found that CCE caused facilitation in learning
Chemistry. Although we detected some problems related to
group work that we have experienced in classrooms (waste
of time, compatibility of group members, etc...), we have
also recognized that group work can be a powerful teaching
strategy that allows for a wide range of academic abilities.
Several researchers have recognized and studied this as
well (Wachanga & Mwangi, 2004; Hendricks, 2009). The
numerous findings of these researchers that effectively
argue in favor of cooperative group learning in
heterogeneous classrooms, several key features seem to
stand out, such as the delegation of authority (Cohen, 1994)
and the regulation of learning processes (Viau, 1994).
Cooperative groups provide learners with the opportunity to
practice generating causes and effects, hypothesizing,
categorizing, deciding, including, and problem solving
(Solomon, Davidson, & Solomon, 1992). When the group
works on an assignment where there is no clear right
answer, everyone in the group benefits from the interaction.
Frequency of interaction on the task consistently predicts
individual group learning when groups are working on
discovery problems (Cohen, 1991). This kind of activities
motivates largely the students who find themselves in a
context of challenge and responsibility (Compaore, 2009).

In terms of students’ motivation and attitude toward
Chemistry learning, their answers on the interview questions
revealed their enthusiasm regarding the | & R approach
which allows them to have a better comprehension, being
fully involved in the discovery of laws and gaining
knowledge. Therefore, the positive attitude towards learning
Chemistry increased the performance of the academic
achievement, while the proper performance (during the first
semester) did not cause a positive attitude. Furthermore,
according to the observer’s field notes, the passive and
unmotivated students, who were neither participating in
class nor studying regularly, became gradually interested,
responsible and academically engaged after the | & R
implementation. Moreover, low achieving students and shy
ones, developed stronger personalities, and improved their
self-esteem. One of the low achiever might illustrate the best
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example: At the beginning of the year, he was extremely
feeble, unmotivated and irresponsible, while after the | & R
method implementation he exhibited a strong desire to learn
and became fully involved in the learning, to the extent
where he became the leader and the innovator in the lab
sessions and spent his breaks in the lab to prepare the
experiments, and finally presented one of the best reports
by stating hypotheses, explaining the procedures,
describing the various observations he had made and
writing adequate analysis and conclusions. This result
supports findings in earlier research studies concluding that
inquiry based activities promote students’ motivation
(Holbrook and Kolodner, 2000; Bayram, 2013), and that
metacognitive activities motivates students (Oz, 2016). In a
similar vein, Gibson and Chase (2002), as well as Shimoda,
White and Frederiksen (2002) found that inquiry based
activities were likewise metacognition (Eblen-Zayas, 2016)
influential in students’ having positive attitudes towards
science learning.

Conclusion

The Inquiry & Reflection method implementation has shown
to enhance students’ academic achievement. This
instructional method motivates students’ to learn Chemistry
by putting them in a situation of competition, challenges and
responsibility in real life contexts instead of the virtual
scientific context of the classroom. Furthermore, students
develop a positive attitude toward the | & R method since it
is a student-centered approach, where they enjoy assuming
responsibilities, discovering laws, constructing easily their
own knowledge and getting higher scores . Therefore, this
instructional method provides students with relevant life
skills.
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