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Abstract
Chemistry is the study of nature and matter. Chemistry learning and teaching is expected to be interesting, fascinating, and full of practical demonstrations accompanied by the use of effective instructional methods that allow hands on experiences. Researches revealed that most Chemistry students perceived the subject as being abstract in nature and difficult to assimilate, leading to poor academic performance of students in Chemistry and a decline in the number of students offering the subject. This situation could be as a result of non-availability of books, teacher’s use of inappropriate instructional methods and materials, unequipped laboratories and teacher’s lack of improvisation among many other factors. This study therefore examines the effect of local and standardised methods on the academic performance of chemistry students. The study adopted pre-test post-test quasi-experimental design. Two intact classes of science students offering Chemistry were purposively selected for this study and were assigned into experimental and conventional classes. A class was taught using local chemicals while the other was used using standard chemicals for volumetric analysis. An instrument with a high reliability coefficient of 0.82 named Chemistry Academic Performance Test (CAPT) was used for the study. The results revealed that there is no significant difference between the titre value of acid-base titration values performed by the two groups of students, (F = 3.86, p > 0.05), there is no significant effect in the academic performance of students taught using locally sourced and standardized chemical (F = 0.776, p > 0.05) and there is no significant effect in the performance of male and female pupils taught using locally sourced and standardised chemical (F = 0.142, p > 0.05). The study concluded and recommended teachers being more resourceful, creative and innovative in improvising for some of the materials that could be used in teaching Chemistry concepts to students and recommended the use of improvised locally-sourced chemicals used in this study for acid-base titration practical in schools.
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Introduction
Science is the taproot upon which present day technological breakthrough is built. All over the world, nations including Nigeria are striving hard to develop technologically and scientifically because all the proper functioning of lives depend greatly on science. (Ogunleye, 2021) observed that science is a dynamic human activity concerned with understanding the working of our world. {1} (Owolabi, 2004) defined science as an integral part of human society, its impact is felt in every sphere of human life, so much that it is intricately linked with national development. {2} (Ojo and Famakinwa, 2022) summitted that nations that are developed had in the past built all their resources in improving science and technology, making teaching and learning of science paramount among the citizens and that studying science and technological-oriented career is rooted in students’ knowledge of core science subject like Physics, Biology and Chemistry. {3}
Chemistry being one of the branches of pure science subjects in the secondary school curriculum, like other subjects, performs some vital roles which help in the achievement of some national goals and it is the science of the composition, structures, properties, and reactions of matter especially of atomic and molecular systems (The Website free dictionary, 2016). {4}. Chemistry involves the determination of the nature and properties of matter which surrounds us, and also the preparation of new substances which are scientifically interesting or generally useful from the material which nature has provided and Chemistry Education can be seen as the acquisition of knowledge or ideals relevant to chemistry. It is concerned with the impartment of knowledge on properties, components, transformations and interactions of (Lamberts and Holderness, 1987 in Emendu, 2017).{5}
Furthermore, Chemistry as one of the science subjects is perceived to be one of the most difficult subjects among the school subjects/curriculums according to the Nigeria Educational Research and Development Council, NERDC (Isola, 2010). {6} (Esiobu 2005) has shown that secondary school students are exhibiting dwindling interest in science. {7}. The academic performance of students generally in Chemistry over years have proved this. For instance, studies revealed that there is poor academic performance of Nigerian students both among senior secondary school classes 1-3 and Senior Secondary School Leaving Examinations (SSCE) in Chemistry, corroborated by (Achor, 2003; Umoren and Ogong, 2007; Ogbeha, 2009 in Odutuyi, 2019) who submitted that persistent poor performance in science subjects at School Certificate Level has given rise to an assumption that, most science teachers in secondary schools in Nigeria probably do not make use of varied forms of teaching strategies to be able to cope with some specific difficulties associated with the teaching of science. {8} The situation was attributed to many factors including lack of instructional materials, lack of good textbooks, poor state of science laboratories and poor teaching strategies among many other factors (Ojo and Famakinwa, 2022).{3} The Nigeria senior secondary school Chemistry curriculum adopted over years have been perceived to be full of activity and student-centred, and emphasis is laid more on learning science as a process than as a body of knowledge, yet, the subject has always been believed to be abstract in nature, hence, the students’ performances had been assumed to be on a decline (Olarewaju, 1994). {9}
Scientists and researchers had to laid emphasis on science learning especially chemistry as a process rather than as a body of knowledge. In view of this, therefore, there is the need for teaching to be through the use of concrete materials, real and familiar examples and illustrations for easy identification, digestion and assimilation by the students. Moreso, teachers need to think outside the box, make use of relevant and adequate instructional materials, acquaint themselves in the knowledge of improvisation, that is, to provide locally-made materials that could be used in-lieu of normal materials. It is hoped that if teachers bring chemical concepts nearer to the students by using locally-sourced materials/chemical found in the environment in form of improvisation, science teaching generally will be more effective.
Improvisation is a concept that has attracted the attention of several scholars in education as a result of shortage of science equipment and materials in Nigeria school laboratories. (Alli 1997 in Odutuyi, 2019) asserted that, there is no best method but effective science teaching should be laboratory-centred, activity oriented rather than textbook or lecture-centred, which characterised the Nigerian schools.{8} The situation has poised to have hindered effective teaching and learning of science especially Chemistry in most secondary schools. It was assumed that many students are only exposed to Chemistry practicals only few weeks into writing the Secondary School Leaving Certificate Examination as a result of inadequate facilities in schools. (Ogunleye, 2021) reported that there were inadequate resources for teaching science subjects in secondary schools in Nigeria. He further stated that the available ones were not usually in good conditions and therefore, teachers need to improvise for teaching materials.{1} Therefore, this study suggests source for alternative local the use of improvisation to facilitate meaningful learning, such as locally sourced materials/ practices which could be employed in teaching some chemical concepts or terms in Chemistry.
Locally sourced materials/practices are terms involved improvisation by outsourcing, selection and deployment of relevant instructional element of the teaching and learning process from the immediate environment in the absence/shortage of standard or accredited teaching and learning elements for a meaningful realisation of specified educational goals and objectives. Local practices in science teaching could be perceived as the application of crude methods in sourcing (improvising) for instructional materials from the environment when m standardized materials (chemicals) are not readily available.
Gender related issues in science education is one of the variables of great concern to researchers.  Gender can be said to refer to stereotyping, a collection of commonly held beliefs or opinions about what are appropriate behaviours and activities for males and females.  In the view of (Oladele in Esiobu, 2005), {7}, the whole idea of gender and stereotyping permeates all human activities and colour our expectations of capabilities of individuals thereby limiting their aspirations (Ogunleye, 2021).{1} Academic performance is the result of a task whether in form of examination or tests given to students while scientific attitudes are predisposition or tendency to respond positively or negatively toward a certain idea, objects, position or situation. Improvisation is a case of making available substitutes in science materials in case of emergency or lack in the process of teaching and learning of science. The use of such materials has been researched to be useful to the teaching and learning of science as it influences the activities of the teacher as well as the interest and attitudes of students. However, their availability has not been fully encouraging; hence, most teachers do improvise the materials while others do not (Chukwuka, 2013).{10}. It is hoped that locally-sourced chemicals as suggested by this study, if adopted by Chemistry teachers in the classroom will affect significantly the academic performance of students in Chemistry and the extent to which this could interact with gender all call for investigation, hence, this study. 
Objectives of the Study
The aim of this study is to determine the effects of locally-sourced and standardised chemicals on the academic performance of Chemistry students. The objectives are to:
1. determine the effects of locally-sourced and standardised chemical on acid-base titration of senior secondary school students’ titre values in chemistry in Ondo West Local Government Area;
1. ascertain the effects of locally-sourced and standardised materials on academic performance of senior secondary school students in Chemistry in the LG; and
1. determine the moderating effects of gender/sex on academic performance of senior secondary school students in Chemistry in the study area.
Research Hypotheses:
The following hypotheses were tested at 0.05 level of significance:
Ho1:	There is no significant difference in the titire values of the students taught with locally-sourced method and those taught using standardized chemical on acid-base titration in Chemistry in the LG
Ho2:	There is no significant difference in the academic performance of students exposed to locally-sourced method and those taught using standardized chemical on acid-base titration among senior secondary school students in Chemistry in the LG
Ho3:	There is no moderating effect of gender/sex on academic performance of senior secondary school students exposed to the methods in Chemistry in the study area.
Methodology (Population, Sampling and Sampling Method)
The study adopted pre-test post-test quasi-experimental design. The population for the study comprised of all Senior Secondary School (SSS) students in Ondo State. Multistage sampling technique was used to select Ondo West Local Government Area of Ondo State. Ondo State is one of the thirty-six states (provinces) in Nigeria. Nigeria is divided into for administrative convenience and Ondo State is located in the South-West geo political zone with Akure as the state capital. To move government closer to the people, there is a third tier of government and Ondo State is divided into eighteen Local Government Areas (LGA’s/Municipalities) and Ondo West Local Government Area, which is the case study, is one. 
Five public secondary schools were randomly selected from 32 government approved public schools in the LG. A test was conducted in Chemistry and scored, the two schools with close mean scores were selected for the study. These two schools were randomly assigned into experimental and conventional groups. Purposive sampling method was used to select Senior Secondary School Students Two (SS2) that offered science subjects (this is because they offer chemistry as one of the science subjects and the class should have covered some aspects of chemistry practicals. Senior Secondary Schools are in three levels-SSS1, SSS2 and SSS3. Chemistry practicals do start from SSS2 in preparations for the terminal examinations done in SS3 in Nigerian schools in accordance with the Chemistry curriculum).
The experimental group was taught (Quantitative Analysis of Acid-Base Titration) using locally-sourced chemicals while the conventional group was taught with standardized chemicals. These were labelled Group 1 and 2 consisting of 25 students respectively, thereby making a total of 50 students in all. Chemistry practical topic was selected from the senior secondary school two (SSS2) scheme of work (Titration or Volumetric analysis). Pre-test for the first one week, treatment for four weeks and the post-test for the last one week. Double periods of 90 minutes were spent each week for the six weeks. There was no alteration on the time-table allocated for Chemistry by the school, that is, the periods were in line with the schools’ time-table. During the lessons, the teacher presented the topic using relevant examples and gadgets in the school laboratories. 
Quantitative Analysis of Acid-Base Titration Using Local Materials
In the quest for sustainable and cost-effective local scientific practices, utilizing locally sourced chemicals/materials for laboratory experiments needs to gaining significant attention. This local chemical usage explores a quantitative analysis of acid-base titration using unripe lime juice as the acid, plantain ash solution as the base, with a hibiscus flower extract serving as the indicator. The simplicity and accessibility of the materials underscore the relevance of this approach in educational and resource-limited settings.
The following procedure revealed the methods used in producing the locally-sourced chemicals (Acid, Base, Indicator). 
Materials and Methods
Acid Source: 
Lime is a fruit known as Citrus aurantiifolia, a highly sought-after fruit for its numerous culinary, medicinal, acidic and commercial uses. Lime is rich in vitamin C and has the potential for both domestic and export markets, making it an attractive choice for small—and large-scale farmers. Lime plants are small to medium-sized evergreen trees in the citrus family, grown into a height of about 4 to 5 meters. Ut has dense, dark green leaves and bear small, oval-shaped fruits that are green when unripe but turn yellow as they mature. The tree produces fragrant white flowers that eventually develop into limes. Lime trees thrive in tropical and subtropical climates, such as the one found in Nigeria. They grow well in well-drained soils with good sunlight exposure, making them an ideal crop for many Nigerian farmers.
Unripe lime juice was selected for its acidity. The lime fruits were squeezed out into the beaker, the liquid was filtered to remove pulp and seeds and syringe was used to draw some quantity into a flask and tested the acid sample with blue litmus paper, it was capable of turning blue litmus paper red, indicating its acidic nature.
Base Source:
Plantain (syn. Musa sapientum) is an herbaceous perennial belonging to the family Musaceae. Plantains are distinguished from bananas by their fruit which, although morphologically very similar to bananas, are actually longer, firmer and possess a higher starch content and thicker skin than their sweeter relative. Like banana, the plant is tall and tree-like with a sturdy pseudostem and large broad leaves arranged spirally at the top. The leaves are large blades with a pronounced central midrib and obvious veins. They can reach up to 2.7 m (8.9 ft) in length and up to 0.6 m (2.0 ft) in width. Each pseudostem produces a group of flowers from which the fruits develop in a hanging cluster. In commercial plantations, the parent plant dies after harvest and is replaced with a daughter plant. However, a plantation can grow for 25 years or more if managed properly. The trees can reach heights between 2 and 9 m (6.6–29.5 ft). Plantains and the cultivated varieties are derived from ancestors which originated from the Malaysian peninsula, New Guinea and South-East Asia. Plantains are eaten as a vegetable and are cooked prior to consumption. They are an important component of many dishes in Western Africa and Caribbean countries. In addition, the leaves of Musa species can be used as a source of fibre for thread, cloth string, thread or can be used as thatch and roofing. The plants are also grown as an effective source of shade for other crops.
Dried plantain leaves are taken, squeezed into small particles and burn inside a pot until it becomes black ashes. The ashes derived from burning well-dried plantain leaves was dissolved in distilled water, filtered to obtain a clear solution.  A syringe was used to scoop little amount in a beaker and a red litmus paper was dipped inside the beaker (base) and it turned red litmus paper blue, confirming its basicity.
Indicator source 
Hibiscus scientifically called Hibiscus sabdariffa and commonly known as Roselle, grows in many tropical and sub-tropical countries. The hibiscus plant is drought tolerant, relatively easy to grow, not suitable for mechanised harvest, labour intensive to process, and can be grown as part of multi-cropping system. It takes an average of 3 to 4 months to grow and it can stay up to five years if well aerated and kept to avoid moisture.
Red hibiscus flowers were soaked in an equal mixture of locally produced alcohol and water, the extract was filtered to remove any solid particles, ensuring a clear, consistent indicator solution. The extraction from red hibiscus flowers, locally produced alcohol and water in the ratio of 1:1 ratio was used to create a natural pH indicator.
The Experiment with Locally Sourced Chemicals
The experimental setup involved the following apparatus:
A 50 ml burette filled with the lime juice (acid).
A 250 ml conical flask containing the plantain ash solution (base) measured using a 25 mL pipette.
Two drops of the hibiscus extract indicator added to the base solution.
Procedure for Titration Process:
The conical flask was filled with 25 mL of the base solution using a pipette.
Two drops of the hibiscus extract indicator were added to the base solution, resulting in a red colour.
The acid (lime juice) was carefully added to the burette and titrated against the base solution in the conical flask.
The titration was conducted slowly, with constant swirling of the conical flask to ensure thorough mixing.
The endpoint of the titration was determined by a distinct colour change from red to orange, indicating the neutralization of the base by the acid.
The titration experiments successfully demonstrated the neutralization reaction between the acid and the base using local chemicals/materials. The use of lime juice, plantain ash solution, and hibiscus extract not only provided accurate results but also highlighted the potential of natural resources in scientific experiments. The clear colour change observed at the endpoint of the titration confirmed the efficacy of the hibiscus extract as a reliable pH indicator. This study illustrates the feasibility of conducting quantitative acid-base titration using readily available local chemicals/materials. The integration of natural acids, bases, and indicators could serve as an innovative and cost-effective approach in educational laboratories, especially in regions with limited access to commercial reagents.
Instrument for Data Collection
A self-designed instrument named Chemistry Academic Performance Test (CAPT). The CAPT was used to assess students’ academic performance in Chemistry acid-base titration for both pre-test and post-test. The instrument contained 40 question items of Multiple-choice questions from the topic taught. The difficulty index was determined and some questions were expunged leaving 20 question items which was finally used for the study. The PCAT was used outside the scope of study and the data was subjected to reliability test using Kuder-Richardson. A high reliability coefficient of 0.76 was determined. The instrument was also scrutinized by experts in Chemistry Education for face and content validity. The researchers taught and administered the test personally to the students. Data collected were analysed using descriptive and inferential statistical methods.
Results
Hypothesis One: There is no significant difference of locally sourced and standardised chemical on acid-base titration of senior secondary school students in chemistry in Ondo West Local Government Area.
To determine whether there is a significant difference of locally sourced and standardised instructional chemical/materials on acid-base titration on SSS students’ academic performance in Chemistry. The post-test scores of the students in the two groups were subjected to analysis of variance (ANOVA). The results of the analyses are shown below:
TABLE 1: ANOVA Post-test on locally sourced and standardized chemical on acid-base titration groups
	Value                             Sum of          df         Mean             F            Sig. of F       
                                      Square                      Square                                                                                                                                    

	Between Groups            0.101             1           0.101              3.86         0.097
Within Groups               0.157             6          0.026                          
 Total                             0.259             7   


  *Not Significant at p> .05
	Results showed above indicated that there is no significant difference between the titre value of acid-base titration practical performed by the two groups of students, (F = 3.86, p > 0.05). Therefore, hypothesis one is not rejected but upheld that there is no significant difference between locally sourced and standardised instructional materials groups in Chemistry. Hence, the result implied that there is no significant difference in the end titre value obtained by the two groups (using locally sourced and standardised chemicals) acid-base titration practical in Chemistry. 
Hypothesis Two: There is no significant effect of locally sourced and standardised materials on academic performance of senior secondary school students in Chemistry.
To determine this, the post-test scores of the pupils in the two groups were subjected to analysis of covariance (ANCOVA). The results of the analyses are shown below:
	TABLE 2: ANCOVA Post-test on locally sourced and standardized chemical on acid-base titration groups.
Source of             Sum of          df         Mean             F            Sig. of F          Effect 
Variation             Square                      Square                                                 Size                                                                                       

	Covariate              2612.828       1          2612.828        21.8      0 .000           0 .317
 (Pre-test)
Main Effect          92.8                  1          92.8                0.776     .383                  0.016
(Intervention)
Model                   3717.328          2          1858.664        15.5      .000                      .398    
Residual               5623.172       47       119.642
Total                     167825.000   50


             *Not Significant at p> .05
Results showed revealed that there is no significant effectiveness in the academic performance of students taught using locally sourced and standardised chemical/materials, (F = 0.776, p > 0.05). Therefore, hypothesis two is not rejected. Hence, the result implied that using locally sourced and standardised chemical/materials accounted for no difference in the academic performance of pupils in Chemistry. 
Hypothesis Three: There is no moderating effect of sex on academic performance of senior secondary school students in Chemistry in the study area.
To determine whether there is a significant effect in the academic performance of male and female pupils taught Chemistry practical using locally sourced and standardised chemicals. The post-test scores of the students in the two groups were subjected to analysis of covariance (ANCOVA). The results of the analyses are shown below: 
TABLE 3: ANCOVA Post-test of male and female students on academic performance
	Source of            Sum of            df         Mean           F            Sig. of F            Effect 
Variation            Square                        Square                                                  Size                                                                                       

	Covariate             2904.421        1           2904.131      23.5        0.000                   0 .338
 (Pre-test)
Main Effect           17.5                   1          17.5               0.142      0.708                  0.003           
(Gender)
 Model                2957.421          2           1478.710      11.9      0.000                  0 .343
Residual             5677.273          46         123.419
Total                   166925.000      49 


              *Not Significant at p> .05	
The result above showed that there is no significant effectiveness in the performance of male and female pupils taught using locally sourced and standardised chemical/materials, (F = 0.142, p > 0.05). Therefore, hypothesis three is not rejected. This result is not significant at 0.05 alpha level. This implied that academic performance of female pupils did not differ significantly from that of their male counterparts when both were taught Chemistry practical using locally sourced and standardised chemicals. 
Discussion
The findings of this study revealed that there is no significant difference in the end titre value obtained using locally-sourced and standardized chemicals in the acid-base titration practical in Chemistry. This showed that both chemicals could be used for acid-base titration getting the same results. It also means that improvised locally-sourced chemicals can be used in the absence of the standardized chemicals. Hypothesis two which examined the significant effect of locally sourced and standardised chemical/materials on students’ academic performance in Chemistry indicated that there was no significant difference between the academic performance of students exposed to locally-sourced and standardised chemicals. Meaning that the two chemicals used for acid-base titration worked, got the same titre-value and that improve equally their academic performances and that using both the locally-sourced and standardised chemicals accounted for no difference in the academic performance of pupils in Chemistry. That is, the titration using the locally-made chemicals and the ready-made chemicals both facilitated and improved learning. Similarly, the results are in tandem with (Onasanya and Omosewo 2011) who found out that there was no significant difference between the students taught with standard instructional materials and those taught with improvised (locally-sourced) instructional materials. {11}. Meanwhile, these findings are contrary to the findings of (Oladejo, Gbolagade, Amos and Olawale, 2011 in Omole, 2022) that their study revealed there was a significant difference in the achievement/performance of students taught physics using standard instructional materials and those taught with improvised (locally-sourced) instructional materials. This could be that teachers can improvise using locally made/sourced materials in lieu of original materials if they are not readily available in schools as well as making students construct their own knowledge, face-to-face interaction, intuitive reasoning, and thinking skills. 
Lastly, the interactions of the chemicals (both locally-sourced and ready-made) is not gender or age sensitive. Both produced the required results regardless of the gender of the students as academic performance of female pupils did not differ significantly from that of their male counterparts when both were taught Chemistry practicals using locally sourced and standardised chemicals. (Mbah, 2013) in his research on instructional materials found out that both male and female students performed better when taught with instructional materials, this is also in consonance with the findings of this study which revealed there was no significant gender difference in students’ academic performance when taught physics using improvised (locally-sourced) and standardised chemicals/teaching aids.{13}. (Isola, 2010) in his research also found out that there was no significant effect on gender achievement in physics. It implies that both male and female students achieved maximally under the same condition during teaching process since academic performance is a function of mental and intellectual ability and not gender. {6}. Thus, the effect of treatment was significant but the moderating effect with gender was not significant, meaning that the treatment does not depend on the gender. In other words, the treatment is not sensitive to gender and will be effective irrespective of students’ gender.
The findings of this study in in consonance with in (Omiko, 2015 and Owo, 2009 in Omole, 2022) who submitted that improvisation which is the choice of designing and creating better instructional materials in helping science teachers especially in Chemistry to be more efficient in instructional delivery.{12}. Consequently, (Brown, 1969 and Okpala, 1991 in Emendu, 2017) suggested that Chemistry teachers should learn improvisation using local practices as part of the essential instructional materials required in teaching Chemistry. {5}.

Conclusions 
This study concluded that teachers should be more creative and innovative in improvising for some of the materials that can be used in teaching Chemistry concepts to students. This will reduce the assertions that Chemistry is abstract as it can be taught using hands-on experiences in the classroom if teachers prepare their teachings using adequate and appropriate instructional materials both ready-made or standardised and improvised ones to facilitate learning in the classroom.  The study therefore recommended the use of improvised locally-sourced materials or chemicals especially the ones used in this study for acid-base titration practical exercises in schools. Teachers are to be resourceful in the improvisation, selection and utilisation of improvised materials. The knowledge of this chemical production can be disseminated in seminars, workshops to create awareness for Chemistry teachers. School heads and governments can produce the chemicals in mass and distribute to schools for use in preparation for practicals in Chemistry in all schools. It could also serve as an eye-opener for teachers to make researches that could borne new and useful ideas or concepts in various subjects especially Chemistry. Future research could explore the use of other local materials and compare their effectiveness with standard laboratory chemicals.
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