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Abstract

The study examined the effects of Advance Organiser and Dimensional Analysis on
the Senior Secondary School Form Two (SS2) Chemistry students in stoichiometry.
The pre-test-post-test experimental research design was used to investigate the effect
of the treatment on the students' achievement in stoichiometric concepts. Six public
schools were randomly selected. The schools were randomly assigned to three
groups of Conventional Lecture, Advance Organiser and Dimensional Analysis
treatment groups. The responses of one hundred and seventeen students who
participated in the treatment and wrote pre-test-post-test stochiometric tests were
analysed for the study. There were two validated instruments; the treatment
packages and the stoichiometric test. The treatment packages and stoichiometric test
were pilot-tested in a school that was not part of the sampled schools for the study.
The instruments were positively correlated with stoichiometric test correlation
coefficient value of 0.76 using Pearson Product Moment. The inter-rater reliability
of the instructional packages using Scout n values for Conventional Lecture,
Advance Organiser, Dimensional Analysis were 0.72, 0.74 and 0.75,
respectively. The results of analysis of the treatment using Analysis of Covariance
(ANCOVA) indicate significant difference in the achiement of the students by
treatment. The results of pairwise comparisons among the teaching methods show
that the Advance Organiser and Dimensional Analysis are more effective in
enhancing the achievement of stoichiometry thanthe Conventional Lecture
method.However no significant difference between Advance Organiser and
Dimensional Analysis on the students' achievement. The implication of the finding is
that Advance Organiser and Dimensional Analysis promote students' knowledge of
stochiometry. The study recommends the methods for teaching of Chemistry
concepts that are mathematical oriented.

Keywords: Stoichiometry, Dimensional analysis, problem-solving, achievement,
Advance Organiser, Conventional Lecture.
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Introduction

Stoichiometry in Chemistry involves mass, mole and volume relationships in
chemical reactions. It deals with qualitative and quantitative determination of
compositions in chemical reactions. The qualitative aspect is the conceptual
knowledge of stoichiometry which involves recall and comprehension of concepts
while the quantitative aspect involves calculations of chemical compositions of mass
in gram, mass in mole, molar mass, percentage and molar volume (gas) in chemical
reactions. It is the method by which quantitative comparison is made between
reactants and products in chemical reaction. Skills of application, analysis and
synthesising (Bloom 1969) are needed for solving quantitative problems in
stoichiometry. The conceptual knowledge of stoichiometric is necessary to
meaningfully solve the quantitative problems. This fact was established in Adeoye
(2012) that conceptual knowledge promoted students' computational knowledge in
Chemistry.

Stoichiometry is one of the difficult concepts in Chemistry that both the
students and teachers have challenge in its learning and teaching (Bridges, 2015 and
Shadack and Enunuwe, 2018). Kimberlin and Yezierski (2016) and Shadack and
Enunuwe (2018) had identified major areas of difficulties in chemical stoichiometry
as understanding of mole concept, inability to balance chemical equation,
determination of theoretical yields, identification of substance in excess, the use of
inconsistent stoichiometric relationship and identifying the limiting factor in
chemical reactions. Adeoye (2023)found that Chemistry students had difficulties in
applying thermodynamic concepts in determination of heat change in chemical
reactions.

Researchers have tried to alleviate most of the identifiable learning
difficulties in Chemistry using various teaching methods. Mohafa, Qhobela and
George (2022) evaluated the effect of interactive stimulation and found that the
students taught with interactive stimulation had a higher mean score for retention in
stoichiometry than the students in the control group taught using conventional
method. The study also established significant difference between the groups.
Kimberlin and Yezierski (2016) engaged the students using inquiry-based lessons
andMamombe, Mathabathe and Gaigher (2022) with Process-Oriented Guided
Inquiry Learning (POGIL), found that inquiry-based lessons were effective in
building accurate stoichiometric concepts and the POGIL improved physical
sciences learners' competency in solving stoichiometry problems. Gulacar, Mann,
Man and Vernoy (2022) determined the influence of the problem construction on
undergraduates' success with stoichiometry problems. The study found that the
students who practiced the problem-construction method outperformed their
counterparts in the control group who followed a traditional approach in the lessons
of stoichiometry. The teaching methods were found to improve students'
stoichiometry problem solving skill and conceptual understanding.
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Ausubel (1960) proposed the using of advance organisers for meaningful
learning. To Ausubel, advance organiser is any learning material that is previously
given to students, that is related to the new learning materials that students are about
to learn. Advance organiser serves as an anchor in the learner's cognition to
meaningfully organise, store and establish connections between the prior knowledge
and the new learning materials. Ausubel,was of the opinion that, advance organiser
would promote meaningful learning and boost students' achievement and retention.

Ojobola and Ogunjobi (2021) found that Advancer Organiser in teaching
improved senior secondary school performance and retentive memory which led to
the students' substantial gain in the learning outcomes. Sabitu, Ayodejiand
Olarewaju (2022) examined the use of incorporating advance organisers in teaching
redox reactions at the secondary school level. The study showed that the method
incorporated with Advance Organisers significantly affect the learning of redox
reactions. The students in the experimental group achieved higher than the peers in
the control group.

Lausin and Kijai (2020) investigated the effect of using particulate diagrams
on high school students' conceptual understanding of stoichiometry in Thailand. The
study indicated that the systematic use of particulate diagrams in the instruction of
stoichiometry a significant positive effect on the students' conceptual understanding
of stoichiometry and the students in the group had favourable attitude towards the
chemistry topic. Vulaand Berisha (2022) examined the effect of algebraic
manipulations and analogical transformations to teaching problem-solving of
contextual chemistry problems. The findings showed the students in the
experimental group had better results in solving problems in Mathematics for
Chemistry compared to the counterparts who did not receive the instruction. The
effect of the method was more significant on students' chemistry achievement than in
mathematics. Furthermore, Opara and Lami (2020) evaluated the effect of graphic
organisers on students' achievement in Physics and Chemistry. The result showed
that the students taught using graphic organisers had significant higher achievement
in Physics and Chemistry than those taught with conventional method.

Dimensional Analysis in this context is the study of relationships between
physical quantities such mass, mole, volume and their units of measurement by
adding or equating these quantities in the same terms in calculation in stoichiometry.
This involves conversions of mass to mass, mass to mole, mole to mass step
conversion, and mole to mole in chemical reactions in solid states. In gas state
reactions, the conversions are mole-volume or volume-mole, mass-volume or
volume-mass and volume-volume. Probably, if Dimensional Analysis is
systematically and effectively incorporated into teaching of stoichiometry would
boost the understanding and problem-solving skill of Chemistry students in
stoichiometry.

The research aims comparing the achievement of the Chemistry students in
solving quantitative problems in chemical stoichiometry using dimensional analysis
and advance organiser.
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Purpose

The purpose of this research was to determine the effects of Dimensional
Analysis and Advance Organiser teaching strategies on the achievement of the
Chemistry students in Chemical stoichiometry.

Hypothesis

The null hypothesis raised for the study is:

There is no significant difference effect of Conventional Lecture, Advance
Organiser and Dimensional Analysis methods on students' achievement in
stoichiometric chemistry.

Methodology

The research design for the study was quasi experimental of pre-test post-test
experimental control design. The population for the study was Senior Secondary
School Students in Form Two (SS2). A purposive sampling technique was used to
select a a Local Government in Oyo State, Nigeria, for effective research and easy
monitoring by the researcher. Six public Senior Secondary Schools in the Local
Government Area were randomly selected for the study. The Chemistry students in
their intact classes, which constituted the samples for the study, were randomly
selected for the research. The total number of Chemistry students in the randomly
sampled schools was one hundred and thirty-eight (138) students. Some of the
students who did not actively participate, who had no 90% treatment attendance and
who did not participate in either pre-test or post-test were removed. Hence, the total
number of sampled students for the study was one hundred and seventeen (117).

The sampled schools were designated as Advance Organiser, Dimensional
Analysis and Conventional Lecture groups and the students in the schools were
taught using the teaching methods. The students in all the treatment groups were
taught the same stoichiometric concepts of balance of chemical equations,
determinations of relative molar mass, percentage composition, mole, mass, atoms
and volume relationships in chemical reactions.

The students in the control group were taught these stoichiometric concepts
using the Conventional Lecture method. The students in Advance Organiser
treatment group were first taught the mathematical concepts like addition,
multiplication, percentage, proportionality, significant figures and standard form
that as related to the stoichiometric concepts before the commencement of each
lesson of the stoichiometric concepts. The Dimensional Analysis made use of the
available data instead of formulae, relating the data to different units like in mole,
mass, atoms and volume (reactions involve gas) from chemical reactions to solve
stoichiometric problems with active participation of student's analysis of the data,
and synthesis and applying the information to the solve problems. Both the
Conventional Lecture and Advance Organiser treatment groups made use of
chemical formulae: Amount, n (mole) = Mass, m (g)+Molar mass, M (gmol™);
Avogadro constant, L=Number of atoms, N--Amount, n (mole); Avogadro constant,
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L = Molar volume, V =22.4 dm’ at s. t. p. in solving stoichiometric problems. In the
three treatment groups, conceptual aspects of stoichiometry like what are mole,
molar mass, molar volume and so on, were taught. The stoichiometric problems for
the treatment and questions in the stoichiometric test were adapted from the Outline
of Chemistry for Schools & Colleges and the Understanding Chemistry for Schools
and Colleges authored by Ojiodu (2008), and Ojokuku (2017), respectively. The
treatment of the students with the teaching methods was for four weeks and two
weeks for pre-test and post-test administration of the stoichiometric test.

The instructional packages for treatment in the teaching methods and the
stoichiometric quantitative test were validated by two veteran chemistry educators
and one mathematics educator to determine their face, construct and content
validities. The instructional packages were pilot tested in schools different from the
sampled schools for the study. The reliability of the stoichiometric quantitative test
was determined using pre-test and post-test method and the scores of the students
were found to be positively correlated with high correlation coefficient value 0of 0.76
before used for the study. The inter-rater relability that measure the internal
consistency of the instructional packages were 0.72, 0.72 and 0.75 for Conventional
Lecture, Advance Organiser and Dimensional Analysis using Scott's

Results
Table 1 Descriptive Statistics of the Students' Pre-Test Post-Test Scores in the
Lecture, Advance Organiser and Dimensional Analysis

Method Mean Mean N Std. Dev. Std. Dev.
Diff Mean
Conventional Lecture  8.9429 3.800 35 2.3632 .3995
Pre-Test
Conventional Lecture  12.7429 35 3.7128 .6276
Post-Test
Advance Organiser ~ 9.6923 10.872 39 2.1662 .3469
Pre-Test
Advance Organiser ~ 20.5641 12.907 39 3.8443 6156
Post-Test
Dimensional Analysis  8.7674 43 3.4629 5281
Pre-Test
Dimensional Analysis  21.6744 43 5.2767 .8047
Post-Test

The mean differences of the treatment show Dimensional Analysis > Advance
Organiser >Conventioal Lecture.
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Table 2: ANCOVA Results of Pre-post of the Students Achievement in
Stochiometric Chemistry by Treatment

Source Type III Sum Df Mean F Sig.  Partial
of Squares Square Eta

Corrected Model  2040.272 3 680.09  38.01 .000 502

Intercept 1753.12 1 1753.12 97.98 .000 464

Preachievement 246.638 1 246.64 13.78 .000 .109

Treatment 1776.679 2 888.34  49.65 .000 468

Error 2021.848 113 17.89

Total 45017.000 117

Corrected Total 4062.120 116

R’=.502, Adjusted R*= .489 Alpha=.05

The results of ANCOVA on Table 2 indicate that F , |, = 49.65, p < .05), show
significant difference in the treatment by Conventional Lecture, Advance
Organiser,Dimentional Analysis and methods.

Table 3: Bonferroni's Post Hoc Pairwise Comparisonsof the treatment by
Advance Organiser, Dimentional Analysis and Conventional lecture methods

(I) Treatment group  J Treatment Group Mean Std Error Sig
Difference
d-J)
Conventional Group Advance Organiser  -7.700 989 .000
Dimensional -9.070 964 .000
Advance Organiser ~ Conventional 7.700 .989 .000
Dimensional -1.371 945 449
Dimensional Conventional 9.070 964 .000
Advance Organiser  1.371 .945 449

The mean difference is significant at the .05

The results on Bonferroni's Pairwise Comparisons indicate significant differences
among the treatment groups. There is significant difference between Conventional
and Advance Organiser and Dimensional Analysis methods. there is significanct
difference between Advance Organiser and Conventional Lecture method but not
with Dimensinal Analysis method and there is significant difference between
Dimensional Analysis and Coventional Lecture method but not with Advance
Organiser. Hence both Dimensional Analysis and Advance Organiser are more
effective in the teaching of stochiometric in chemistry than the Conventional Lecture
method
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Discussion of Findings

The pre-test means scoresof the students under the three methods of
teachingin Table 1show that students' knowledge of stoichiometry was inadequate.
This is because the scores of the students before treatment with the teaching methods
were below fifty percent of the total mark. The students in the three groups show
improvement in their knowledge of stoichiometry after the treatment with the
teaching methods. The students in Advance Organiser and Dimensional Analysis
groups, achieved slightly above fifty percent while the students in the conventional
method have their achievement below fifty percent. This indicates that the Advance
Organiser and Dimensional Analysis are more effective in improving students'
knowledge of stoichiometry than the Conventional Lecture method. The
effectiveness of the Advance Organiser and Dimensional Analysis over
Conventional Lecture was further tested using ANCOVA and Bonferroni post hoc
pairwise comparisons. The results show the effectiveness of Advance Organiser and
Dimensional Analysis as being effective in the teaching of stochiometry than
Conventional Lecture but Dimensional Analysis was not more effective than
Adavnce Organiser.

The effectiveness of Dimensional Analysis over the Conventional Lecture
method, on students' understanding of stoichiometry may be as a result of the
processes involved in the teaching method. Therewere step-by-step of analysing the
data, systematic synthesising of information from the provided data and application
of the information to solve stoichiometric problems involved in Dimensional
Analysis. In addition to these, the Dimensional Analysis relates concepts of
stoichiometry with one another, without the use of chemical formulae in solve
stoichiometric problems. This finding is in line with Vula and Berisha (2022) who
reported that algebraic manipulations and analogical transformations improved
Chemistry students' knowledge of problem-solving in contextual Chemistry
problems.

The Advance Organiser being more effective on the students' understanding
of stoichiometry than the conventional method may be that the mathematical
orientation in Advance Organiser served as anchor to the learning of stoichiometric
concepts and thereby result into meaningful learning of the concepts. The finding is
in support with Ojobola and Ogunjobi (2022) that found Advance Organiser in
promoting students' performance and retention in Chemistry.

Conclusion and Recommendation

The findings of the study show that chemistry students have difficulty in
learning stoichiometry. Probably, the abstract nature of the subjects and the phobia
that most students have for subjects that are mathematically oriented, may be the
reasons. There is the need to stimulate students' interest in the subject via effective
teaching methods like dimensional analysis and advance organiser for mathematical
oriented science subjects.
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Recommendations

The study recommends the use of Dimensional Analysis and mathematical
Advance Organiser in alleviate students' learning difficulties in stoichiometry. The
training and retraining of Chemistry teachers in Chemistry contents and knowledge
of pedagogies would enhance the teachers content knowledge and teaching skills
that would promote effective teaching and learning of Chemistry.
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