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Abstract The persistent poor performance of students in practical tests in chemistry has been blamed on poor
choice of teaching methods and poor understanding of basic concepts in qualitative and quantitative analysis. The
purpose of this study therefore was to investigate the effects of guided-inquiry laboratory experiments on Senior
Secondary School students’ academic achievement in Volumetric Analysis. The design for the study was a pre-test
post-test control group quasi-experimental design. The instrument used for data collection was Volumetric Analysis
Achievement Test. The statistical tools used for data analysis in the study were means, t-test and Analysis of
Covariance. The findings from the study showed that guided-inquiry laboratory experiments have significant effect
on students offering chemistry’ academic achievement than the traditional teaching method since it motivated the
students and this was positively reflected in their chemistry mean achievement scores. The findings also revealed
that gender has no significant effect on academic achievement of students exposed to Chemistry through
guided-inquiry laboratory experiments. This showed that males and females benefited significantly from the
instructional approaches; since it was student-activity oriented which made them engaged in in-depth critical
thinking and process skills. The findings of this study imply that guided-inquiry laboratory experiments had much
more effect on students’ academic achievement than the traditional teaching method. Chemistry teachers should
therefore incorporate it into the teaching-learning process since it developed students scientific and practical skills,
motivated the students and fostered the spirit of competitiveness among them; and its effectiveness is not being
limited by gender.
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1. Introduction

Practical chemistry entails a major part of chemistry
education, which needed to be handled or taught properly;
otherwise other related science courses will be affected
negatively. Therefore secondary schools require properly
equipped and functional laboratories. When the students
offering chemistry are taught in abstraction or theoretically,
the students will not learn properly. The chief examiners
reports of WAEC [35,36,37] indicated poor performance
of students in the sciences particularly chemistry. The
persistence poor performance of students in chemistry has
been blamed on inadequate teaching methods, inadequate
laboratory equipment and lack of understanding of basic
concepts in qualitative (identification of elements or ions
by simple tests) and quantitative (volumetric) analysis
[21,22]. As opined by Oduntuyi [25], the laboratory is an
important means of instruction in Chemistry teaching and
learning. The Chemistry laboratory environment provides
scope for learning through discovery which is both

exciting and stimulating to the students enhancing
performance and sustaining the interest of the students in
the subject [15,16,24].

Available evidence from West African Examination
Council and some science educationist [21,29,36,37]
indicates that student’s poor academic achievement in
chemistry. Empirical evidence from WAEC, Chief
Examiner’s report [35,36,37] in Nigerian educational
system in the sciences and chemistry in particular;
indicates that secondary school students’ academic
achievement is still not at its best, with a raw mean score
of 36 and a standard deviation of 16.52 performance was
slightly better than 2009, but was still generally poor [35].
The grades that students get at the end of a course of study
continue to be on the decline. The result of this situation is
that the goal of secondary school education as lighted by
the national policy on education [11] has not been fully
realized the performance of students in chemistry over the
past decades have been very poor in both internal and
external examinations, this could be attributed to many
factors such as teaches qualification, teaching methods,
lack of laboratory equipments etc. Consequently, there is a
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great need to help improve students offering chemistry’
perceived learning difficulties of chemical concepts not
just for them to sail through SSCE/GCE examinations, but
also for them to be aware and be appreciative of the
contributions they can make to the country’s development
in scientific researches in well developed and equipped
science laboratories.

Laboratory experiment is an area of great importance in
all fields of natural science, especially chemistry.
Laboratory experiments has unquestionable importance in
chemistry education since it helps in developing
understanding related to the scientific content, problem
solving skills; science processes skills and understanding
the nature of science which are the key goals of chemistry
education. Students are expected to realize the connection
between experiments and scientific theory. Laboratory
experiments which are inquiry-based learning supports
students apply their knowledge; understand real world
situations and supports discovery scientific facts and
principles. In inquiry based learning environments,
students are more active and they guiding their own
learning processes [8]. Apart from knowledge of the
theoretical aspects of the subject, it is very important that
students offering chemistry also have a sound knowledge
of practical work which permits individual observation
and experience. In chemistry student-activity classrooms,
laboratory work is of great importance since it provides
learners’ an opportunity to perform different hands-on
activities. There are also science educationists who opined
that laboratory work or instruction leads to effectiveness
on students understanding of science concepts more than
the traditional teaching methods [13,30]. This is because
the traditional teaching method is inadequate for
supporting the development which is aimed by laboratory
since it does not help students to develop scientific
processing skills and understand the nature of science.
Teachers should therefore move away from traditional
lecturing and demonstrations to active learning strategies
such as problem based learning, cooperative learning and
inquiry based learning which help students to develop
their cognitive processes and help them to become lifelong
learners [33].

Researchers have sorted and used a variety of
interventions on innovative instructional strategies to
improve students’ learning in chemistry. Omiko [27]
stated that “hands-on experience helped students’ in
developing the spirit of inquiry and also to acquire
scientific skills; and appropriate attitude to handle
scientifically tools and materials during laboratory work.
Science laboratory work provides students with the richest
experiences which they will transfer to the society and
their various places of work. It helps in providing the
students the opportunities to practice science as the
scientist do. In order for the laboratory to be effective and
efficient, students need to have an adequate knowledge of
experimental work, and what purpose it serves for better
understanding of scientific concepts, most especially in
chemistry.

Laboratory activities have long played a distinctive and
central role in the science curriculum and science
educators have suggested that many benefits accrue from
engaging students in science laboratory activities [16].
More specifically, they suggested that, when properly

developed, designed, and structured, laboratory-centered
science curricula have the potential to enhance students’
meaningful learning, conceptual understanding, and their
understanding of the nature of science. In addition, the
literature revealed a clear correlation between students’
attitudes towards learning science and various modes of
instruction in the science laboratory. Although the
literature failed to provide a clear relationship between
learning science and practical experiences in the
laboratory, many research studies conducted mainly
during the 1960s and 1970s reported that students enjoy
laboratory work in some courses and that laboratory
experiences resulted in positive and improved attitudes
and interest in science [16]. However, as Hofstein and
Lunetta [16] suggested, throughout the 1980s the focus of
scholarly research within the science education literature
moved slightly away from the affective domain towards
the cognitive domain in general and towards conceptual
change in particular. This is unfortunate since scientific
experiences (e.g. laboratory work) that promote positive
attitudes could have very beneficial effects on interest and
learning. This is why Thompson and Soyibo [34] opined
that laboratory work is an effective learning environment
for enhancing attitudes, stimulating interests and enjoyment,
and motivating students to learn science.

Most empirical studies on the effectiveness of laboratory
experiments when used as an instructional strategy found
significant improvement in students’ achievement since
they were actively engaged [4,7,8,15,16,24,25]. Ensaf [7]
investigated the effect of laboratory experiment on grade
ten students’ achievement in Physics. The study showed
that the experimental group students’ achievement was
higher than that of the control group students showing that
there was a significant achievement difference between
the experimental group that was taught with the laboratory
teaching method and the control group that was taught
with the traditional approach in favour of the experimental
group at P < 0.05.

Inquiry-based laboratories support students' meaningful
learning, conceptual understanding, and understanding of
the nature of science [8,18,32]. Inquiry-based laboratories
are more student-centered, contain limited direction of the
teacher and students take more responsibility; and students
can design their own experiments and instead of following
a verification process, they try to reach the scientific
concepts by themselves and they develop higher order
cognitive skills [8]. Inquiry-based laboratories are separated
into two groups namely guided inquiry and open inquiry.

Guided-inquiry laboratory method according to studies
by Evrim and Irinoye et al. [8,20] showed that guided-
inquiry method enhanced students' achievement. Students
search for the experiment process and reach scientific
information through the experiment. Inquiry-based
laboratory requires students to search for knowledge,
generate hypothesis, collect data, interpret evidence and
make conclusions [5]. Akkus, et al [2] compared the
effectiveness of inquiry-based approach with traditional
teaching practices and the findings of the study revealed
that inquiry based teaching approach have a positive effect
on students' achievement.

Guided-inquiry laboratory method also encourages
students to make scientific research and consider science
as careers [14]. Gaddis and Schoffstall [12] stated that
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guided-inquiry experiments are generally based on a
discovery, the procedure is predetermined but the outcome
is not specified. Students develop understanding of
science by participating in hands-on, open ended and
student-centered activities in guided inquiry method [20].
In guided-inquiry laboratory method, students search for a
solution from an unstructured problem and they establish
the laboratory process while solving the problem. But,
finding a solution to the problem and establishing
experimental processes is time consuming and more
difficult for students to adapt unlike the traditional
teaching method which is widely used in Jalingo
Metropolis. Therefore, guided-inquiry laboratory experiments
would be more suited to our student understanding in
volumetric analysis and achievement and would not be
gender-stereotype. Since traditional teaching methods uses
traditional laboratory experiments which forces students to
follow a lab manual, students learn scientific information
in difficultly and they cannot notice the relationship
between the experiment and scientific theory

Academic achievement of students has often been
associated with their gender. Gender refers to the fact of
being male or female [31]. Gender can also be referred to
as an analytic concept that describes sociological roles,
cultural responsibilities and expectations of men and
women in a given society or cultural setting [23]. Gender
also describes the personality traits, attitudes, behaviours,
values, relative power, influence, roles and expectation
(femininity and masculinity) that society ascribes to the
two sexes on a differential basis [10]. Therefore, gender is
a psychological term and a cultural construct developed by
society to differentiate between the roles, behaviour,
mental and emotional attributes of males and females.
Gender in this study is defined as biased role expectation
of culture and society, ascribed based on being males or
females. Gender role stereotyping continues to permeate
our society and culture; and as it were, determines the
extent of progress and achievement of students offering
chemistry [26]. The influence of gender on learning and
achievement has remained a controversial and topical
issue amongst educationists and psychologists. In a study,
Eze [9] asserted that gender had significant effects on
students’ achievement in chemistry, and showed that male
students achieved higher than their female counterparts
did. Owoyemi [28] asserted that student’s achievement in
chemistry course has ‘nothing to do with whether the
student is male or female’. Agbir [1] found that gender
was not a significant factor in the overall mean
achievement rating of students in practical skills on
acid-base titration. Ifeakor [19] showed a significant
gender-related difference in students’ cognitive achievement
in favour of male students over their female counterparts.
It would appear, from the above studies that gender has an
influencing factor in learning and achievement in aspects
of chemistry remains important but controversial. None of
the reviewed studies was on effect of inquiry laboratory
experiments on student achievement and gender in
volumetric analysis which is a chemistry difficult concept;
that is students find difficult to understand and teachers
find difficult to teach in senior secondary schools in
Jalingo Metropolis; causing an underachievement in
chemistry generally which is a gap in knowledge, thus

creating a need for this present study.

1.1. Purpose of the Study

The purpose of this study therefore was to investigate
the effectiveness of guided-inquiry laboratory experiments
on Senior Secondary School students’ academic achievement
in Volumetric Analysis.

1.2. Research Questions

To guide this study, the following research questions

were raised and answered:

i.  What are the mean achievement scores of the students
taught volumetric analysis using guided-inquiry
laboratory experiments and traditional teaching
method?

ii. What are the mean achievement scores of male and
female students taught volumetric analysis using
guided-inquiry  laboratory  experiments  and
traditional teaching method?

1.3. Hypotheses

To also guide the study, the following null hypotheses
were also stated and tested at; 0.05 level of significance:

Hoy: There is no significant difference between the
mean achievement scores of students taught volumetric
analysis using guided-inquiry laboratory experiments and
traditional teaching method.

Ho,: There is no significant difference in the mean
achievement score of male and female students taught
volumetric analysis using both guided-inquiry laboratory
experiments and traditional teaching method.

Ho;: There is no significant interaction effect of
treatment and gender on students’ academic achievement
in volumetric analysis.

2. Materials and Methods

2.1. Research Design

The design for this study was the quasi-experimental
non-randomized pre-test, post test control design. The
design was hinged on the fact that intact classes were used.
In this study, the topic; volumetric analysis in Chemistry
was taught in the experimental group using laboratory
experiments and the control group using traditional lecture
method for the period of 6 weeks. Schematically, the
design is represented as follows:

Table 1. Design for the study

Group Pre-test Treatment Post-test
Experimental (GILEM) T, X1 T,
Control (TTM) T, X2 T,

Where: T, is Volumetric Analysis Achievement Test (VAAT)

X, is treatment package Guided-Inquiry Laboratory for Experiment
Method

X, is treatment package Traditional Teaching Method for Control Group
GILEM: Guided-Inquiry Laboratory Experiment Method

TTM: Tradition Teaching Method
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2.2. Samples and Sampling Technique

The sampling technique used for the study was a multi-
stage random sampling technique. The first stage was
selection of Local Government Areas (LGAs) using
purposive sampling technique that have senior secondary
schools offering chemistry subject from Jalingo
educational Zone, Taraba state, Nigeria. The second stage
was selection of two co-educational public schools from
Jalingo Educational zone through purposive sampling
techniques due to the fact that not all public schools in
Jalingo metropolis are offering chemistry and have
laboratories. The sampling did not discriminate between
male and female respondents since intact classes were
used and students’ consent that participated for the study
was obtained from the respective schools. A total of 144
Senior Secondary Two (SS2) students from four intact
classes from Jalingo Metropolis, Nigeria with an average
age of 17 years of 2015/2016 academic session participated
in this study. One of the classes served as the experimental
group that used GILEM (N75=: 42 males and 33 females)
while the other was the control group that used TTM
(N=69: 37 males and 32 females). Both schools had two
science classes each which were randomly assigned
through balloting to experimental 75 (E=39 E,=36) and
control groups 69 (C,=33 C,=36); a total sample of 144.
The selected schools for the study which was done
randomly wusing balloting were first considered for
selection after due consideration of some parameters
which included a well-equipped chemistry laboratory as
well as trained and experienced chemistry teachers. So,
schools without laboratories were isolated from the study.

2.3. Instruments

Two major instruments were used for the study. The
instruments included: (i) A four weeks lesson plan or
instructional guide for guided-inquiry laboratory experiments
and Lesson plan or Instructional guide for traditional
teaching method on Volumetric Analysis (Acid-Base
titration) which is an SS II topic in chemistry syllabus; (ii)
Volumetric Analysis Achievement Test (VAAT) which
was divided into two sections (section A and B) consisted
of 25 multiple choice test items in section A and 5 essay
questions in section B which were adapted from WAEC
past questions related to the 4 weeks instructional unit on
volumetric analysis.

The instrument for data collection was the Volumetric
Academic Achievement Test (VAAT). The VAAT was
constructed from past standardized WAEC chemistry
practical test. The pre-test by twenty-five multiple-choice
items and 5 essay questions was developed to identify
students’ pre-knowledge and concepts that are basis for
learning. The instrument (VAAT) was already validated
by the measurement and evaluation and chemistry experts
in the SSCE board. In each test item in section A, the
correct answer was determined as “1” point and at this
state the highest point was determined as “25” point given
a minimum score of ‘0’ or ‘1’ while in section B, each test
item was determined as ‘5’ points and at this state the
highest point was determined as “25” point given a
minimum score of ‘0’ and maximum score of “25” given a
total of 50marks. The reliability of the research instrument

(VAAT) was determined through test-retest method and a
reliability coefficient (r) of 0.80 was obtained which
indicated reliability of the instrument.

2.3.1. Pre-Treatment Procedure

This study was carried out during a course on Volumetric
analysis (acid-base titration). For both groups, the study
was carried out during a five class-hour week over a six
week period. Teaching of the topics in the experimental
groups was performed in the following sequences:

Week 1: Introduction to Acid-Base titration

e Principles of Acid-Base titration

o Steps of Acid-Base titration

e Indicators used for various titrations

e Methods to determine the end-point

e Precautions of Volumetric Analysis
Week 2: Titration of a strong acid with a strong base
Week 3: Titration of a weak acid with a strong
base/ Titration of a strong acid with a weak base
Week 4: Titration calculations and Titration curves
Week 5: General Evaluation.

The researchers with the assistance of the chemistry
teachers would teach each sub-topic per week following
the lesson plans for each sub-topic for a period of four
weeks prepared by the researcher while the 5™ week
would be general evaluation. The experimental group was
taught using guided-inquiry laboratory experiments method
while the traditional teaching method was employed in the
control group. A pre-test was administered to the groups
to equalize their pre-knowledge about the topics to be
taught in volumetric analysis to ascertain the psychometric
properties of the test items (normality test, the test for
homogeneity of variance, difficulty, discrimination indices
and reliability coefficient). The pre-test was given to
determine the students’ entry knowledge of volumetric
analysis prior to treatment. After the study was completed,
the test used as pre-test was again administered to both
groups as a post-test in the 6 week.

2.3.2. Treatment Procedure

The guided-inquiry laboratory experiments were conducted
following the steps used by Blanchard, et al [4]. The steps
used for the guided-inquiry laboratory experiments
conducted in this study are itemized below:

1. A semi-structured problem has been given to the
students group a week before. In the content of the
application, basic chemistry experiments have been given
in a semi-structured problem format. Students have been
given a new question every week.

2. For the solution of the mentioned problems, the
students have searched for an experimental process until
the next laboratory practice.

3. Groups have decided on an experimental process
based on their research.

4. Student groups have explained their research and
experimental process. They have discussed their process
with other groups and shared their ideas. At this point,
students have explained all stages of experiments, the
materials they have used and why they have chosen this
process and materials.

5. Materials required in the experiments have been
provided by the teacher.
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6. During the experiments, students have taken notes
related to their observations.

7. The theoretical part of the course, students have been
required to explain the information they have reached by
their observations and experimental data.

8. By following to the experiment, the groups have tried
to answer the questions related to the experiment and the
conclusions have been discussed in the classroom.

After each experiment, evaluations were conducted to
ascertain students understanding for theoretical and
scientific information related to the experiments
conducted or lesson taught.

The control group was taught by the traditional teaching
method, discussion and teacher demonstrations were the
students are spectators. In the experimental (treatment)
group, the teacher gave a minimal guidance were taught:
using an organized, sequenced and well-designed lesson
plan in diverse meaningful stages involving questioning;
exploring science materials and apparatus; experimenting
through guided inquiry; writing and discussion of findings
of their mental construct; and appraising students’
knowledge-base and understanding.

This strategy is to make identification of the
respondents with their performance in test easy. Both the
experimental and control groups were taught the same
learning objectives. “Volumetric Analysis” was taught
supported with guided-inquiry laboratory experiment;

traditional teaching method was used in the control groups.

The laboratory experiments related to indicators, reactions
of acids and titrations were developed.

2.4. Method of Data Analysis

The statistical tools used for data analysis in the study
are means used to answer the research questions; and t-test
statistic used to test hypotheses 1 and 2 and for hypothesis
3 Analysis of Covariance (ANCOVA) was ; where the
covariate variable was a pre-test used to control for

variations in the students’ prior knowledge of the subject
matter. ANCOVA was used where the post test scores
were the dependent variables, treatment and gender the
independent variables and pre-test scores the covariates,
The Statistical Package for Social Sciences (SPSS) 17.0
was used to conduct an ANCOVA to determine if the
post-test scores differ between students exposed to
guided-inquiry laboratory experiment method and those
exposed to the traditional teaching method.

3. Results

Answering Research Question One: What are the mean
achievement scores of the students taught volumetric
analysis using guided-inquiry laboratory experiments and
traditional teaching method?

Table 2 showed that the experimental and control
groups mean scores of the experimental and control
groups as 18.60 and 17.90 respectively for the pre-test
with a mean difference of 0.70; and mean scores 36.65
and 27.76 respectively in the posttest with a mean
difference of 8.89. To verify whether the difference
between the two means in the post-test of the experimental
and control groups was statistically significant, an
Independent t-test statistic was used to test hypothesis one
and Table 3 showed the result.

Hoy: There is no significant difference between the
mean achievement scores of students taught volumetric
analysis using guided-inquiry laboratory experiments and
traditional teaching method.

Table 3 showed that, the t-value of 4.22 was obtained
and the p-value observed was 0.001. The p-value of 0.001
is less than the alpha value of; 0.05 level of significance.
This indicated that there is a significant difference between
the experimental and control groups taught volumetric
analysis in favour of the experimental group. Based on
this result, the null hypothesis one is therefore rejected.

Table 2. Mean achievement scores of the students taught using guided-inquiry laboratory experiments and traditional teaching method

Group N Mean Pre-test Mean Post-test
Experimental (GILEM) 75 18.60 36.65
Control (TTM) 69 17.90 27.76
Mean difference 0.70 8.89

Table 3. Summary of t-test analysis of mean achievement scores of students in guided-inquiry laboratory experiments and traditional teaching

method

Group N Mean SD Df T Sig. (2-tailed)
Guided-inquiry laboratory experiments 75 36.65 11.23 142 4.22 .001*
Traditional teaching method 69 27.76 5.93

Statistical significance level a = 0.05
*Significant at a <0.05.

Table 4. Mean Achievement scores of male and female students using both guided-inquiry laboratory experiments and traditional teaching

method

Group N Mean Post-test
Guided-inquiry laboratory experiments method (GILEM)

Male 42 32.96
Female 33 32.02
Traditional teaching method (TTM)

Male 37 31.56
Female 32 30.68
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Table 5. Summary of t-test analysis mean achievement scores of male and female students taught volumetric analysis using guided-inquiry

laboratory experiments and traditional teaching method.

Group N Mean SD Df t Sig. (2-tailed)
Guided-inquiry laboratory experiments
Male 42 32.96 2.59

73 1.24 0.185
Female 33 32.02 2.27
Traditional teaching method
Male 37 31.56 2.60

67 1.38 0.211
Female 32 30.68 242

Significant at o <0.05.

Table 6. Analysis of Covariance (ANCOVA) of interaction effect of treatment and gender on students’ academic achievement in volumetric

analysis

Source of Variation Sum of squares Df Mean Square F Sig

Corrected Model 30676.48 4 30676.48 2.57 .000
Intercept 61642.71 1 20560.63 33.97 .000
Pre-treatment 2736.96 1 2736.96 33.38 .085
Method 20264.64 1 26264.22 54.30 .000*
Gender 120.62 1 120.62 55.34 135
Method*Gender 556.40 1 556.40 32.46 113
Error 62512.35 137 15630.34

Total 16545.36 142 55.40

Corrected Total 79066.72 141 279.35

*Significant at @ <0.05 S= significant, NS=Not significant.

Answering Research Question Two: What are the mean
achievement scores of male and female students taught
volumetric analysis using Guided-inquiry laboratory
experiments and traditional teaching method?

The overall result of mean achievement scores for the
experimental group taught through the guided-inquiry
laboratory experiments and control group taught by
traditional teaching method is shown in Table 4. The
result revealed that the male and female students had
mean scores of 32.96 and 32.02 respectively for GILEM
and mean score of 31.56 and 30.68 for TTM. To verify the
difference between the two means in both groups in the
post-test was statistically significant, an independent t-test
statistic was used to test hypothesis two and Table 5
showed the result.

Ho,: There is no significant difference in the mean
achievement score of male and female students taught
volumetric analysis using guided-inquiry laboratory
experiments and traditional teaching method.

Table 5 showed that, the t-value of 1.24 and 1.38 was
obtained and the p-value observed was 0.185 and 0.211
respectively for guided-inquiry laboratory experiments
and traditional teaching method. The p-value of both
groups (GILEM and TTM) was .185 and 0.211 which is
greater than the alpha value of; 0.05 level of significance.
This indicated that there is no significant difference
between male and female students taught volumetric
analysis using guided-inquiry laboratory experiments and
traditional teaching method. Based on this result, the null
hypothesis two is therefore not rejected.

Ho;: There is no significant interaction effect of
treatment and gender on students’ academic achievement
in volumetric analysis.

After the instruction, post-test was applied to all groups
to determine students’ understandings of the concepts and
subjects related to volumetric analysis. As seen in Table 6,

the ANCOVA results indicated that there was no
significant interaction effect between method of
instruction and gender on students’ academic achievement
in volumetric analysis (F (1, 137) =32.46, p = 0.113). The
null hypothesis was therefore not rejected.

4. Discussion of Findings

From Table 2 and Table 3, it was seen that the
experimental group that used laboratory experiments that
was student-activity-centred performed significantly better
than the control group who were taught the same contents
with traditional teaching method that was teacher-activity-
centred. Evidence from the finding showed that guided-
Inquiry laboratory experiments have significant effect on
students’ academic achievement in volumetric analysis
than the traditional teaching method. The higher
achievement of the experimental group can be attributed
to the laboratory work that led to the development of the
students’ scientific and practical skills in science
classrooms. This finding is in agreement with the work of
Ensaf [7] who demonstrated that that the use of laboratory
experiments are significantly more effective in science
concepts than those who used the traditional lecture
method in developing the skill of scientific thinking. The
findings also supported Blanchard et al [4] whose works
revealed that students who participated in an inquiry-
based laboratory unit showed significantly higher posttest
scores; had the higher scores, had stronger implementation
of inquiry methods; and tended to have better outcomes
than those who learned through traditional methods. The
findings also supported other science educationist whose
results showed significant increase in students’ academic
achievement when guided inquiry laboratory experiments
were applied as an instructional approach [2,8,17,18]. The
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finding is also in agreement with other previous studies in
the science literature using laboratory method whose
works revealed that laboratory method had great
contribution to learn the solubility subject and to eliminate
the mistakes, wrong ideas etc [6,30,33]. The findings are
also in line with the works of Ensaf who concluded that
laboratory method has much greater significant in students
academic achievement than the traditional method which
revealed that there was a significant difference on students’
retention of chemistry concepts and recalling them when
needed [7]. The method motivated the students and
fostered the spirit of competition which was positively
reflected in their achievement scores.

The findings related to gender were shown in Table 3
and Table 4. The findings revealed that gender has no
significant difference or effect on students offering
chemistry’ academic achievement which showed that
males and females benefited significantly from the
instructional approach (laboratory experiments) since it
was student-activity oriented which engaged them in
in-depth critical thinking skills. This result supported the
work by Ensaf [7] whose result indicated that the
laboratory teaching method has an equal effect on both
male and female students. This result also supported the
works by Eze [9] asserted that gender had significant
effects on students’ achievement in chemistry, and showed
that male students achieved higher than their female
counterparts did; and that of Ifeakor [19] that showed a
significant gender-related difference in students’ cognitive
achievement in favour of male students over their female
counterparts. But, the result of this present study
contradicts the findings by Aniodoh & Egbo [3] who
found that the female students performed better than their
male counterparts when taught using inquiry role
instructional model. The findings from this study also
contradict the results of Owoyemi [28] who asserted that
student’s achievement in chemistry course has ‘nothing to
do with whether the student is male or female’; and also
that of Agbir [1] who found that gender was not a
significant factor in the overall mean achievement rating
of students in practical skills on acid-base titration. The
findings from Table 6 also revealed that there was no
significant interaction effect between method of
instruction and gender on students’ academic achievement
in volumetric analysis.

The guided-inquiry laboratory experiments have
positive effects on both male and female students, too.
The laboratory experiments differ from other teaching
strategies in that it augments achievement of the students
who use this method. Moreover, this result indicates that
the laboratory teaching method has an equal effect on both
male and female students; indicating that it was gender
friendly and not bias. It therefore showed that with the
right instructional approach like guided-inquiry laboratory
experiments, both male and female students can have
positive academic achievement in chemistry in general
and volumetric analysis in particular. This finding agreed
with the work of Ensaf [7] and the reports from Hofstein
& Lunetta [15,16] whose findings revealed that the
laboratory has been given a central and distinctive role in
science education, and science educators have suggested
that there are rich benefits in learning from using
laboratory activities.

b}

5. Conclusion and Recommendations

In conclusion, the usage of guided-inquiry laboratory
experiments that was student-activity centred had great
role for increasing positively students’ academic achievements
in Volumetric Analysis more than the traditional teaching
method which was teacher- activity centred. For this
reason, guided-inquiry laboratory experiments should be
developed based on students’ lab activities for senior
secondary school chemistry curriculum and usage in
chemistry classes more intensively. Since traditional
laboratory experiments force students to follow a lab
manual, students learn scientific information with
difficultly and they cannot notice the relationship between
the experiment and scientific theory. As a result, students
cannot reach the goals of scientific laboratory which may
affect students’ chemistry achievement negatively.

This study investigated the effectiveness of guided-
Inquiry laboratory experiments based on constructivism
played great role on increasing students offering chemistry’
academic achievement in volumetric analysis. The finding
indicated that guided-Inquiry laboratory experiments method
can enhance more students’ academic achievement in
volumetric analysis than the traditional teaching method.
The higher achievement of the experimental group can be
attributed to the laboratory work that led to develop
scientific attitudes in the students towards the learning of
chemistry especially volumetric analysis, which aided in
developing scientific skills for problem solving and
critical thinking in students amongst others.

It also led to the students’ quick understanding, recalling
and retention of chemistry concepts in volumetric analysis.
The guided-Inquiry laboratory experiments motivated the
students and fostered team spirit among them which was
positively reflected in their achievement scores. The
laboratory experiments differs from other teaching
strategies in that it augments achievement of the students
who were all actively engaged whose results showed an
equal positive effects on both male and female students.

More also, when students offering chemistry participate
in experimental processes actively, their self-confidence
increases and have better understanding of chemistry
concepts since they are concretized. Students' active
participation in laboratory work would also enhance their
learning and acquisition of science process skills, critical
thinking skills. One of the major problems of chemistry
teachers in Nigeria in general and Jalingo in particular is
the usage of the traditional teaching method continuously
which makes chemistry to be abstract and perceived as
difficult to students.

Based on the findings of this study, the following
recommendations were made:

i. The use of guided-inquiry laboratory experiments
which is student-activity oriented should be adopted
for effective teaching and learning volumetric analysis
instead of the traditional lecture approach or
demonstrations which are teacher-activity oriented.

ii. The teachers should therefore be encouraged to
prepare experiment for every topic and use the
experiments in chemistry textbooks recommended
by the ministry of education.

iii. Most teachers avoid entering laboratories and
conducting experiments since they see it as too
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cumbersome or time-consuming. In order to prevent
this, students offering chemistry should be
actively engaged in chemistry and participate in
inquiry-based laboratory experiments from the
beginning of senior secondary one.

The teachers’ should also be given adequate time
for the students to perform these experiments
themselves rather than demonstrations so as to
enable them acquire scientific skills such as
measuring, weighing, observing, etc. and also
scientific attitudes such as honestly, objectivity,
perseverance, etc.
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