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EDITORIAL 

 

CHEMISTRY AND TRADITIONAL TECHNOLOGY/KNOWLEDGE 

 

Temechegn Engida 

Email: temechegn@gmail.com 

 

ABSTRACT 

Traditional technologies in most countries are believed to involve elements of the scientific 

technologies and are particularly important for introducing school chemistry to students. This is 

so because the traditional technology has been more accessible to learners even before joining 

schools. As such they form an important aspect of the prior knowledge of students that are 

important for constructing relevant and meaningful knowledge. This short papers focuses on 

making local beer and spirits in Ethiopia. [African Journal of Chemical Education—AJCE 9(2), 

July 2019] 

 

 

Making Local Beer and Spirits 

There may be objections to the teaching of this topic. However, it is felt that a careful 

presentation of the topic gives an opportunity to emphasize the very considerable dangers of 

drinking crude spirit. 

The beverages involve fermentation, which is one of the earliest chemical processes known 

to human beings. In fact, the details vary from place to place in Africa, and even in Ethiopia. The 

final products are drunk in spite of impurities. Allsop et al. (1971) pointed out that the formation 

of impurities could be reduced by employing suitable strain of yeast to promote the production of 

ethanol, while suppressing that of aldehydes, methanol and higher alcohol. 

In Ethiopia, one can identify two categories of traditional fermented beverages: low 

alcoholic and high alcoholic beverages (Nigatu and Urga, 2000). Whereas tej and tella belong to 

mailto:temechegn@gmail.com
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low alcoholic beverages category, the high alcoholic one consists of katikala (araki), dagim araki 

and related distilled beverages. Although the type and nature of substrate used and sequence of 

processing may differ, both categories of beverages involve fermentation. 

While noting that scientific information is not available for most of the Ethiopian 

traditional fermented drinks, Ashenafi (2000) classifies these traditional fermented drinks as 

follows: 

 High alcoholic beers such as tella 

 Low alcoholic beers such as borde, shamita, korefe 

 Non-alcoholic beers such as keribo, bugri, embushbush 

 Wine such as tej 

 Distilled spirit such as katikala 

The most commonly consumed alcoholic beverage in Ethiopia is tella. According to 

Samuel and Berhanu (quoted in Ashenafi, 2000), the ethanol content of tella ranges from 2.2% to 

5% during fermentation and the pH of the final product from 4.5 to 4.8. 

One of the major components of tella is gesho. Dagne (2000) notes that the role of gesho 

in tella is not yet clear. He, however, points out that gesho is the main agent for the desirable bitter 

taste of tella. He further states that the characteristic bitter taste of the plant is ascribed by 

organoleptic evaluation to geshoidin. This chemistry of gesho was investigated by Abegaz and 

Kebede in 1995 (quoted in Dagne, 2000). 

It is not well-known how long ago these local beers were first distilled to give spirits. The 

important point her is that a method of distilling beer can be used to illustrate the principles of 
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distillation to secondary school students. The whole process of making and analyzing local beers 

thus provides a fascinating topic for chemistry classroom discussion. 

AJCE welcomes research papers, book/article reviews and feature articles in this area for 

future publications. 
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USING MOLECULAR MODELLING TO STUDY BOND DISSOCIATION 

ENERGY: METHANE AS A STUDY CASE 
 

Robson Fernandes de Farias 

Universidade Federal do Rio Grande do Norte, Cx. Postal 1664, 59078-970, Natal-RN, Brasil. 

Email: robdefarias@yahoo.com.br 

 

 

ABSTRACT 

The present work describes how molecular modelling (DFT approach) can be used to 

calculated the H3C-H bond dissociation energy, in a didactical approach that can be employed in 

both, undergraduate or graduation courses. [African Journal of Chemical Education—AJCE 9(2), 

July 2019] 
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INTRODUCTION 

In chemistry, the bond dissociation energy is a key parameter. It could be associated, for 

example, with the exothermic or endothermic nature of a given reaction, as well as with the higher 

or lower reactivity of a given compound. 

In the present work it is shown how molecular modelling can be employed to “measure”, 

with great accuracy, bond dissociation energy values, using methane as example.   

 This approach can be used in both, undergraduate or graduation courses. 

 

METHODOLOGY 

Methane was modelled by using DFT (M06-2X; 6-311 + G**) approach. The obtained 

results (electrostatic charges on carbon and hydrogen and vibrational modes) were employed to 

calculate the C-H bond dissociation energy in H3C-H. The obtained result was compared with 

those from literature [1]. 

 

RESULTS AND DISCUSSION 

The H3C-H bond dissociation energy value employed here as reference is that from CRC 

Handbook [1]: 439.3 ± 0.4 kJmol-1. 

Then, the same bond dissociation energy was calculated by using the data obtained by 

molecular modelling: the electrostatic charge on carbon and hydrogen, respectively: -0.935e and 

+ 0.233e, as well as the energy associated with the stretching vibrational modes. 

Since e2/4πεo = 2.3071 x 10-28 J.m, using the calculated electrostatic charges (as well as the 

calculated bond distance: 108.9 pm), and assuming that the ionic component of the bond energy 

can be calculated by Coulomb´s law, a value of 277.83 kJmol-1 is calculated. 
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 Hence, the second part is to calculate the covalent contribution for the bond energy. The 

calculated infrared spectrum for methane is shown in Figure 1. 

 

Fig. 1. Calculated infrared spectrum for methane. 

 

In such spectrum, only the two most intense bands can be seen. However, a complete set 

of vibration bands is provided by the calculation: 3190, 3187, 3183, 3070, 1566, 1565, 1343, 1342 

and 1341 cm-1. From those vibration bands, only those at 3190, 3187 (this bands, despite its 

proximity, are indeed due to two distinct vibration modes; in Figure 1 they are, of course, 

superimposed), 3183 and 3070 cm-1 are associates with stretching modes (the other ones are 

associates with bending, rocking, etc., vibrational modes).  Hence, only these four bands will be 

employed to calculate the covalent contribution to the bond energy. Such choice is due to the fact 

that only the stretching of the chemical bond can be directly associated with the bond constant 

force and hence with the bond dissociation energy [2]. 

Since 1cm-1 = 0.0119627 kJmol-1 [1], to the four considered infrared bands we can calculate 

the following values: 38.16, 38.13, 38.08 and 36.73 kJmol-1, respectively, and a total of 151.10 

kJmol-1. 

Hence, a total value of 277.83 + 151.10 = 428.93 kJmol-1 for the H3C-H bond dissociation 

energy can be calculated, in excellent agreement (-2.4 %) with the reference value.  



AJCE, 2019, 9(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

7 

 

 

 

 A very important (and maybe surprisingly to the undergraduate student) fact must be 

pointed out: as can be verified, the ionic contribution is larger than the covalent contribution in the 

C-H bond in methane.  

 

REFERENCES 

1. CRC Handbook of Chemistry and Physics 96th ed., Taylor and Francis, Boca Raton, 2016. 

2. D. Cremer, A. Wu, A. Larsson, E. Kraka, Some Thoughts about Bond Energies, Bond 

Lengths, and Force Constants, J. Mol. Model. 6 (2000) 396. 
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DESIGNING AND CONDUCTING AN OPEN-ENDED EXPERIMENT AS 

AN ORGANIC CHEMISTRY LABORATORY PRACTICAL 
 

1Cheng-jun Jiang and 2Gui-lin Cheng* 
1School of Biological and Chemical Engineering, Zhejiang University of Science and 

Technology, Hangzhou, Zhejiang, China; 
2Pharmaceutical Research Center of Public Platform, Zhejiang Chinese Medical University, 

Hangzhou, Zhejiang, China 

*Corresponding Author Email: cheng_guilin@163.com  

 

 

ABSTRACT 

An open-ended laboratory practical has been developed that challenges students to evaluate 

the synthesis of aspirin, which is a typical experiment of organic synthesis. In contrast to a 

traditional textbook laboratory practical, the overall grade includes an evaluation of the 

experimental preparation, process, report, and PowerPoint presentation of the student. This 

practical improves undergraduate students’ ability to think innovatively and the skills pertaining 

for team cooperation, which would exhibit importance in the organic chemistry teaching 

experiment’s course. [African Journal of Chemical Education—AJCE 9(2), July 2019] 
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INTRODUCTION  

Organic chemistry is a practical subject. It is closely related to the development of 

materials, energy, environment, biology, agriculture, pharmaceuticals, and other related science 

and technology. Experiment is not only the cornerstone of this discipline but also the source of 

innovation of chemistry knowledge, which highlights the important role of basic chemistry 

experiment teaching in cultivating innovative talents. During the teaching of chemical 

experiments, students install instruments and devices by participating in the entire experiment. 

Observing the experimental phenomenon and analyzing the results can enrich their perceptual 

knowledge and deepen the understanding of basic chemical theory to obtain and master basic 

knowledge, then ultimately improve the thinking ability, practical ability, and innovation ability. 

Traditional experiments involve listing the principle, steps, reagent dosage, and even each 

step can be as one experiment. Due to the limitation of teaching mode, students can only learn 

from the textbook in "mechanical" operation practice involving the same steps and schedules. The 

synthesis of aspirin from salicylic acid and acetic anhydride is the most basic experiment in the 

experimental teaching of basic organic chemistry in university [1,2]. The experiment with salicylic 

acid and acetic anhydride as raw materials, involving the alcoholysis reaction of acetic anhydride 

to prepare acetyl salicylic acid, is aimed at using the alcoholysis reaction of carboxylic acid 

derivatives in the preparation of ester compounds. The synthesis of ester compounds is a typical 

reaction [3-5]. These experiments can motivate the students to gain theoretical knowledge and 

understand the alcoholysis reaction of carboxylic acid derivatives, making them familiar with basic 

experiment skills such as ordinary distillation, extraction and recrystallization, helping them create 

a solid foundation for subsequent related courses. 
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In the light of the widely used product and the importance of experimental contents, the 

experiment courses of basic organic chemistry in university teaching and practice mainly focus on 

the experimental skills of students and improvement of their comprehension ability. 

An open-ended experiment in basic organic chemistry is reported. This experiment is 

comprehensive in terms of teaching students how to find relevant documents and screen 

experiment schemes. The experiment course that is determined based on the acquired knowledge 

and the obtained product in the form of written and PowerPoint documents with the results is 

discussed. This method has been applied in practice for many years to optimize teaching staff and 

laboratory resources. 

EXPERIMENTAL DESIGN 

Goals and objectives  

The four hours’ period in laboratory was used to inspect the improvement of experimental 

skills and comprehension abilities of sophomores. Specifically, the goal of this experiment was to 

train students in the following: 

 Find literature using Scifinder 

 Evaluate relevant literature 

 Prepare an experiment based on the published results 

 Achieve a common goal within the team 

 Present the results in a professional manner 

 Share research results with classmates 

 Analyze the reasons for different experimental results 

Firstly, the synthesis of aspirin may seem like a simple reaction, but a variety of catalysts 

should be used. This provides opportunity for students to look up a lot of available literature 
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because there are many different catalysts to be chosen, such as (L)-ascorbic acid [11], AcONa 

[12], H3PO4 [13], H2SO4 [14], C5H5N [15], NaHSO4 [16], KH2PO4 [17], citric acid [18], Zn(OAc)2 

[19], NiSO4 [20], p-MeC6H4SO3H [21], and CaO [22]. Secondly, the characterization and purity 

analysis of aspirin are relatively simple. Simple infrared spectroscopy and liquid chromatography 

can be used to determine whether aspirin is pure or not and analyze the purity level. This is more 

suitable for the relatively ordinary Chinese universities. Thirdly, the goal of this project is to 

highlight the following point: let students choose their own experimental scheme, rather than 

simply follow the textbook process. Problem-solving lessons would be learned during the 

execution of experiment. Finally, the goal is to arouse the interest of students in the experiment, 

then make them truly understand the experiment they want to do, think deeply about it and carry 

out the experiment with questions. They should also be able to master the basic steps involved in 

the chemical synthesis of drugs and simple separation and purification processes. 

Because the assigned work exceeds what one student could reasonably expect, the project 

was considered a cooperative group task. Generally, there are two or three students in a group. In 

addition, there is evidence that cooperative group learning can improve students’ attitudes, 

understanding of concepts, on-the-job performance, and what’s more, the meta-cognitive ability 

to solve problems that are open or not clearly defined. Finally, group work imitates research in a 

professional environment, helping to narrow the gap between undergraduate learning experience 

and the laboratory work. 

Preparation  

Before coming to the lab, the students had two weeks to prepare their projects and put forward 

detailed plans for the selection of catalysts and the design of experimental schemes. Two or three 

students in each group discussed the experimental method in detail with the instructor before 
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performing the experiment and gave the reasons for choosing their particular scheme. Students 

were also asked to attend a training course in which science librarians explicated how to search 

and retrieve documents in terms of how to use SciFinder and Reaxys to search structures and 

keywords. Finally, the students were given a tutorial on how to download and use ChemDraw. 

All of the above preparations were not covered in previous courses. Once literature 

retrieval was completed, the students selected a catalyst and designed the experimental scheme 

according to the literature. In the experimental design, the starting material was limited to 1.38 g 

(0.01 mol). The design also included the size of reaction flask and other glass instruments, reaction 

conditions, and methods of purifying the reactant and characterizing the product. Students should 

submit in advance their reports in the written form and can only conduct experiments with the 

permission of instructor. This is a practical question to make sure that all the students in a group 

are assigned to discuss what type of equipment to prepare, how much laboratory reagent is needed, 

ratio of reactants, and how to manage the time properly. Here, experiments involving high 

temperature, long reaction time, high toxicity, or sensitivity to water or oxygen were removed 

under the guidance of instructors. 

During the experiment, two students worked as a group to complete the task independently. 

Students of the same subject should be grouped together as much as possible and conduct 

experiment at the same time, so as to compare the experimental phenomena with each other, 

discuss the problems in time and try to solve them. When students carry out experiments with 

questions, they will carefully observe the experimental phenomena, pay attention to the changes 

in the reaction system at any time, carefully grasp every step, and truthfully record every 

observation. Teachers should keep checking in the laboratory in order to correct the operational 

errors and deal with emergencies. In addition, they should supervise the students to faithfully 
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record the dosage of catalyst used, the experimental phenomena observed and the results obtained, 

leading to the final calculation of the production rate of acetyl salicylic acid. 

Experimental execution  

Understanding the fundamental mechanism is very important in organic synthesis. The 

mechanism for the acetylation of salicylic acid [2] is as follows: 

 

According to the reaction mechanism, one way is to activate acetic anhydride and increase 

the electronegativity of the carbonyl groups. Another way to activate salicylic acid is through an 

alkaline catalyst. Therefore, students can design this experiment using either an acid or a base as 

the catalyst. The students had a week to prepare the plan for the experiment. However, the entire 

experiment took four hours to complete. The amount of salicylic acid, acetic anhydride and catalyst 

used was 0.01 mol, 0.02 mol and 0.30 g, respectively. 

Based on the twelve different catalysts selected, twelve different experimental subjects 

were set up. Students were divided into different groups, with each group given a topic. Students 

should refer to their subject literature for the relevant information, summarize and discuss within 

the group, develop an experimental scheme, specify the experimental principle, instruments, 

reagents and the experimental steps required. According to the existing laboratory conditions and 

the practical operating abilities of students, the teachers should guide the experiments for each 
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group, make detailed modifications, point out the deficiencies, and finally determine the 

appropriate experimental scheme for each group. The reaction conditions and experimental results 

of the synthesis of acetyl salicylic acid using 12 different catalysts are shown in Table 1. 

Table 1. Experimental results of each group 

 Group  Catalyst  Yield (%) 

 1  (L)-Ascorbic acid  54.5 

 2  AcONa  60.1 

 3  H3PO4  87.9 

 4  H2SO4  38.1 

 5  C5H5N  68.9 

 6  NaHSO4  61.5 

 7  KH2PO4  60.1 

 8  Citric acid  25.1 

 9  Zn(OAc)2  32.5 

 10  NiSO4  58.4 

 11  p-MeC6H4SO3H  40.5 

 12  CaO  27.8 

 13  None  8.7 

 

Because the students carried out this experiment for the first time, they didn’t have to obtain 

the highest yields. Table 1 showed the results of final yield, with most student groups obtaining 

lower yields than that published in the literature, though, in certain groups, the yields were more 

than that reported in the literature. With respect to the students’ results for the 2018 spring 

semester, 84% of the students completed all the experiments, including separation and purification. 

Only a small number of research groups gained the product yields that were consistent with 

or exceed the literature values. Although the actual output is not the basis for evaluating the success 
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of the experiments, these results show that students can solve problems by themselves. However, 

here are some questions worth discussing. What effect would (L)-ascorbic acid or citric acid have? 

How might H3PO4, H2SO4 or p-MeC6H4SO3H affect the nucleophilic attack of the phenolic oxygen 

on acetic anhydride? How might AcONa, NaHSO4, KH2PO4, Zn(OAc)2, and NiSO4 affect the 

yield of the reaction? With what compound might C5H5N, CaO, and the base associate? Through 

such questioning, although each student only performed one experiment, over the course of the 

joint discussions, the student will understand the conditions and catalytic effects of the reaction 

for 12 different catalysts. This is helpful in broadening their horizons and triggering their 

enthusiasm to participate in the experiment. The experimental skills of the students can also be 

improved. 

RESULTS, DISCUSSION, AND PROBLEM SOLVING  

After the experiment, each team member firstly compared his/her result with that of others 

in the group during the discussion, and tried to solve the problems by thinking, instead of 

approaching the teacher for help at any time; teachers should be involved with the students to 

discuss and guide them in solving problems. After the group discussion, each group presented its 

own experimental scheme, procedures, results and the problems encountered during the 

experiment in the form of a PowerPoint presentation to the class. In this manner, although each 

student only did one experiment, over the course of the joint discussion, he/she would understand 

the conditions and catalytic effects of the reaction under twelve different catalysts. For many 

students, this was their first attempt to write a research report and make a PowerPoint presentation. 

Students used PowerPoint to report their research results, which helped them develop a deeper 

understanding of the experiment’s significance. 
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The final results were based on the experimental preparation, process, report, and 

presentation. The experimental report was written as a group and the students were required to 

complete it together. The criterion for the report was to complete the process under review, discuss 

the data accurately, evaluate the results that included production and spectral characterizations, 

show the experimental details, and provide suggestions for improving the experiment. 

Hazards 

Some individuals may be allergic to aspirin. Acetic anhydride is toxic and can be irritated. 

Some of the catalysts used in the experiment (H2SO4, H3PO4, C5H5N), which can be highly 

corrosive, may also cause severe skin or eye burns. Most of the reagents used in the experiment 

otherwise are safe. 

 

FEEDBACK AND ASSESSMENT  

College students performed innovative experiments with the aim of producing a good 

communication platform for teachers and students. This is one of the important strategies for 

research universities to cultivate innovative talents. Here, the authors tried to introduce innovative 

teaching contents and methods, so that the students could be active in the experimental class. 

Teachers provided experimental subjects, divided the students into groups, and made full use of 

the preview time to check the text by themselves, in order to present the data, design the 

experimental plan, conduct the experiment, analyze the experimental results of the groups 

independently, and compare advantages and disadvantages of the experimental plan of each group 

through communication and discussion both within and among the groups. The authors of this 

paper put forward the reform scheme for four years as a part of teaching practice, and the students 
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involved participated a survey based on a questionnaire that sampled a total of 240 students. the 

survey results were shown in Table 2.  

Table 2. Results of survey based on questionnaire involving 240 students 

Entry Question Scores 

5 4 3 2 1 

1 Did the experiments help you 

understand the purpose of the 

course? 

124 101 15 0 0 

2 Did the experiments teach you 

useful lab techniques? 

221 19 0 0 0 

3 Did the experiments teach you to 

search the literature? 

235 5 0 0 0 

4 Does the experiment help you better 

understand the organic synthesis 

presented in the textbook? 

189 25 26 0 0 

5 Do you want organic synthesis 

experiments to be designed in this 

way? 

218 21 1 0 0 

Practice and survey over the past three years have shown that overwhelming majority of 

the students give a positive answer. The results illustrate that the students are willing to consider 

the suitability of the project and demonstrate their willingness to be involved in such experiments. 

When asked “Does the experiment help you better understand the organic synthesis presented in 

the textbook?”, only 78% of the students scored five points. This may have something to do with 

the simplicity of the experiment. More than half of the students thought that doing the experiment 

helped them understand its purpose. In 2018, students were asked “Did the experiment teach you 

to search the literature?”, and 98% of the responses were obtained in the affirmative. The feedback 

showed that students valued the project and considered it a worthwhile exercise. All of the above 

results indicated that the goal of the project had been achieved. 

CONCLUSION 

In this open experiment, students were exposed to the abovementioned professional skills, 

which are key to the overall development of college students. Students have mastered the ability 
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to use online databases to obtain specific journal articles, select appropriate methods based on the 

literature, discuss with the instructor, and finally, determine the experimental scheme. Through 

cooperative work, students designed experimental methods, set up research goals, obtained 

experimental data, and completed experiments in groups. Each team came up with a solution to 

achieve the project goals. 

Students were required to write a comprehensive experimental report, including research 

background, experimental details, results and conclusions. The students made PowerPoint 

presentations summarizing the findings of their projects. These skills are not required in normal 

organic chemistry experiments, in which the instruments, processes, discussion and analysis are 

written for the students to follow. Although the progress of the students varied from semester to 

semester, the project aimed to promote these skills. The introduction of innovative teaching 

contents and methods greatly stimulated the thirst for knowledge among the students, and made 

them acquire knowledge and skills through both passive and active learning, which could not only 

improve their experimental operation capabilities, but also their ability to think innovatively and 

cooperate as a team. Both of the abilities have been given significance in the organic chemistry 

teaching experiment courses. 
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ABSTRACT 

Due to environmental friendliness, availability and cost, the search for natural compounds 

as acid-base indicators has continued. Certain highly coloured pigments obtained from plants 

produce changes in colour with varying pH.  This study has been conducted to investigate the 

indicator property of ethanolic and acidified ethanol extracts of Acanthus sennii chiovenda flower 

and compare the results with that of already existing synthetic indicators (phenolphthalein, 

bromothymol blue and methyl red). Flower extracts of the plant were characterized with 

ultraviolet-visible spectrophotometer and phytochemical screening test. The colour change with 

respect to varying pH was also examined by adding four drops of flower extracts of this plant to 

definite volume of solutions at various pH. The flower extracts of the plant were applied in 

titrimetric analysis for four types of acid-base titrations. Phytochemical analysis and spectral 

studies confirmed presence of anthocyanins and flavonoids in ethanol and acidified ethanol 

Acanthus sennii chiovenda flower extracts responsible for accurate and sharp color change at the 

end point. The results indicated that flower extracts of this plant can be used as acid-base 

indicators. Statistical tests and comparisons are made with performances of the synthetic 

indicators. [African Journal of Chemical Education—AJCE 9(2), July 2019] 
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INTRODUCTION 

Acanthus is a genus of flowering plants that belong to the family Acanthaceae [1] which is 

a large family of dicotyledonous flowering plants including about 4300 species and 346 genera all 

over the world. Most are tropical shrubs, herbs and twining vines while some are epiphytes. The 

family is known for a wide variety of its tropical and subtropical habitats. Some species are found 

in temperate regions. The four main regions of its distribution are Malaysia and Indonesia, Brazil, 

Africa and Central America while also found in Asia [2]. There is an increasing interest in 

indigenous medicinal plants for correct identification, taxonomy and medicinal applications. 

Chemically, the acanthaceae family contained some important secondary metabolites such as 

glycosides, flavonoids, alkaloids, triterpenoids, fatty acid methyl esters and fatty acids. These 

compounds play an important role in many biological reactions and work against many lethal 

diseases. Leaves, roots and other parts are used as anti-pyretic, anti-inflammatory, anti-spasmodic, 

antiseptic, antifungal, cytotoxic, antioxidant, antiviral, insecticidal, hepatoprotective, 

immunomodulatory, anti-platelet aggregation and anti-diabetics. Some other important plants 

belong to this family are used to treat skin diseases, cough, eye infections, wounds, pneumonia, 

anti-diarrhea, edema etc [1, 2]. 

Acanthus sennii chiovenda with a generic name ‘Kosheshile’ in Amharic is endemic to 

Ethiopia. Besides their medicinal uses, these plant species are hypothesized to be good substitutes 

for synthetic acid-base indicators which are disadvantageous due to their toxicity and 

expensiveness, because the Acanthus senni chiovenda species are rich in polyphenols like 

flavonoids, phenols, tannins and terpenoids, [1] that are sensitive to changes in pH [3]. 

Many studies have been carried out on the use of plant extracts as green substitutes to 

synthetic indicators in acid-base titrations. Natural indicators have been extracted from Rose (Rosa 



AJCE, 2019, 9(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

22 

 

 

 

setigera), Allamanda (Allamanda cathartica), and Hibiscus (Hibiscus rosa-sinensis) flowers by 

Okoduwa et al. [4], Golden beet root  by Thote et al. [3], Eichhornia crassipes root by Nhapi [5], 

Opuntia ficus indica (L.) fruit by Suva [6],  Petal sap of Delonix regia by Jain et al. [7], Argyreia 

cuneata flower by Pimpodkar et al. [8], flowers of Ipomoea biloba by Abbas [9], Ixora coccinea 

flower by Deshpande et al. [10], Euphorbia milii flower by Trivedi et al. [11], Aspilia Africana 

(oramejula) flowers by Eze and Ogbuefi [12], Dahalia flower sap by Gupta et al. [13]. 

Extraction of the active ingredients using appropriate solvents, filtration and use of the 

crude extract as an indicator [7] are the basic methodological steps that were employed. Deshpande 

et al. [10], Eze and Ogbuefi [12] and Patrakar et al. [14] dried their samples away from the direct 

sunlight as they tried to prevent photo-degradation and oxidative loss of the dye, but Gupta et al. 

[15] dried the flower samples on direct sunlight and they both found positive results. 

Of all studies that were carried out, very few isolated the active components that give the 

acid-base indicator properties. The compounds that were being isolated from the crude samples 

were anthocyanins. A colour change of natural indicators at different pH values has been attributed 

to the presence of anthocyanins and flavonoids which are pH sensitive [13]. 

Anthocyanins are the largest group of water-soluble pigments in the plant kingdom and 

belong to the family of compounds known as flavonoids which are part of an even larger group of 

compounds known as polyphenols [16]. Chemically, they are polyhydroxy and polymethoxy 

glycosides of anthocyanidin, derived from 2-phenylbenzopyrylium, also named flavylium cation 

[17]. The various anthocyanins were shown to possess the same carbon skeleton and differed only 

in the nature of substituent groups [18] shown in Figure 1 where R basically means that it can be 

occupied by almost any organic group like a methoxyl group, sugar, and the number of R that are 

occupied by specific substitutions would determine the colour of the anthocyanin [19]. The 
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stability of anthocyanin is dependent on pH, light, temperature, and its structure. Most of the 

anthocyanin pigments have a high stability in acidic conditions compared with bases, and 

degradation occurs at higher pH [20]. The anthocyanin belongs to the group of natural dyes 

responsible for several colours in the red – blue range [19]. Almost any plant that has blue, violet, 

purple or red flowered colours contains organic pigments, anthocyanins that changes colour with 

change in pH [5]. Anthocyanins are intensely red or orange under acidic conditions (below pH 2), 

but at higher pH they are colourless and in alkaline conditions change their colour into bluish. 

These pigments can be found in fruit, stems, flowers and leaves, and their levels may fluctuate 

[21]. 
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Figure 1: Structure of anthocyanin [19] 

 

Structural transformation of anthocyanins in aqueous solutions  

The color of a solution containing anthocyanins is dependent primarily on the structure of 

anthocyanin present. Non-acylated and mono-acylated anthocyanins behave like pH indicators, 

since they are red at a low pH, bluish at an intermediate pH and colorless at high pH [22]. 

Anthocyanins exist in solution as various structural forms in equilibrium through hydration, proton 

transfer, and tautomerization reactions, and, depending on the particular structure, pH and 

temperature the relative amounts of each equilibrium form vary. The color of an anthocyanin 

solution is determined by the proportions of the different anthocyanin forms, namely, quinonoidal 
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base (A), flavylium cation (AH+), pseudobase or carbinol (B), and E- and Z-chalcones (CE and CZ) 

[22, 23]. Of the four structures, the flavylium cation (AH+) and the quinonoidal base (A) are the 

only coloured forms. At an acidic pH, the flavylium cation (AH+) is red, the quinonoidal base or 

anhydrobase (A) is purple/violet, whereas the pseudobase or carbinol or hemiacetal (B) is 

colourless and the chalcone (CE and CZ) is pale yellow. 

Therefore, the degree of coloring of a solution at a given pH is dependent upon the relative 

amounts of the four species present. At a low pH (approximately 0 to 1), the flavylium cation 

(AH+) dominates with very little pseudobase (B) present to give a red solution. At pHs above 2.0 

the flavylium cation (AH+) loses protons (H+) and as a result, blue/purple quinonoidal bases are 

formed. The AH+ may also hydrate to colorless pseudobases or carbinols (B). These, in turn, 

equilibrate to the open chalcone form (C) [22]. As the pH value increases, kinetic and 

thermodynamic competition occurs between the flavylium cation hydration reaction and the proton 

transfer reaction, associated with the acidified groups of aglycon hydroxyls [17]. They further 

demonstrated that no hydration of the quinonoidal bases occurs and confirmed the existence of an 

open chalcone structure [22]. 
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Figure 2: Anthocyanin forms in equilibrium [22] 

 

The mechanisms for the interconversion between the quinonoidal base (A), the flavylium 

cation (AH+), the pseudobase or carbinol (B), and the chalcone (C) occurred as is shown in Figure 

2 [22]. Plant species containing anthocyanins can change color in solution by undergoing these 

transformations due to change in the acidity or basicity of the solution [5]. 

This research work aimed at preparing a natural acid-base indicator obtained from 

Acanthus sennii chiovenda flower extract. The study mainly answered the following questions:  

1.What are the characteristics active components that give the acid-base indicator properties of 

Acanthus sennii chiovenda flower extracts? 

2.What are the resulting colors of Acanthus sennii chiovenda flower extracts in the pH range of 1 

to 14? 

3.If there are any significant differences between the results of the extracted pH indicator with 

phenolphthalein, bromothymol blue and methyl red pH indicator in determining the end point in 

different types of acid-base titration? 
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MATERIALS AND METHODS 

Reagents, apparatus and equipment 

The raw materials used in the study are the powdered Acanthus sennii chiovenda flower. 

The reagents used for this work were of analytical grade and used without further purification. 

These include hydrochloric acid (HCl, 35-36%, UNI-CHEM Chemical Reagents, India), sodium 

hydroxide (NaOH, 98%, BLULUXR Analytical Reagents), glacial acetic acid (CH3COOH, 99.5%, 

SCR-China), ammonia (NH3, 30%, Merch, Germany), borax (Na2B4O7.10H2O, 99.0 – 103%, 

SAMIR TECH-CHEM PVT, LTD), iron (III) chloride (FeCl3, 99.0%, Avi Chem Industries, India), 

magnesium ribbon (Mg, BUCK SCIENTIFIC PURO-GRAPHIC), zinc dust (Zn, BUCK 

SCIENTIFIC PURO-GRAPHIC), ethanol (CH3CH2OH, 97%, Fine Chemical General Trading, 

Ethiopia) and distilled water. The commercial indicators were phenolphthalein (C20H14O4, SAMIR 

TECH-CHEM PVT, LTD), methyl red (C15H15N3O2, SAMIR TECH-CHEM PVT, LTD), 

bromothymol blue (C27H28Br2O5S, SAMIR TECH-CHEM PVT, LTD). The instruments that used 

in the study are pH meter (Elmetron CPI-501, Poland), double beam UV-Vis spectrophotometer 

(6705, Jenway), electronic analytical balance (AA200DS, Deriver Instrument Company, 

Germany) and magnetic stirrer (MS300, Germany). The following apparatus and equipment such 

as Erlenmeyer flasks, volumetric flasks, burette with volume size of 50 mL, micropipette (1-10 

µL, 10-100 µL and 100-1000 µL), test tubes, beakers, graduated measuring cylinders with volume 

size of 10 mL and 25 mL, and Whatman filter paper No. 41 were used to carried out the experiment. 

All required reagents and volumetric solutions were prepared as per standard. 

Collection and preparation of Acanthus sennii chiovenda sample   

One kilogram of fresh Acanthus sennii chiovenda flower were collected from around Debre 

Markos, Ethiopia, at the beginning of December, 2018, as it is the blooming season of the plant.  
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Figure 3: Acanthus sennii chiovenda flower (A), dried and powdered samples (B & C) 

 

The fresh flower petals of Acanthus sennii chiovenda were separated from the whole flower 

by hand and washed with distilled water to remove dirt. The fresh Acanthus sennii chiovenda 

flower petals were air dried for three weeks without exposure to direct sunlight to minimize 

oxidative loss before pounding in to fine powder at room temperature. The dried flower petals 

were ground into fine powder with coffee grinding machine and the resulting powders were sieved 

and stored in a polyethylene bag before use [5, 12, 13]. Figure 3 above shows picture of the 

Acanthus sennii chiovenda flower, dried and powdered samples of the plant. 

Extraction of coloring matter/ pH indicator 

30 grams of dried powder of Acanthus sennii chiovenda flower was taken and mixed with        

150 milliliters 97% ethanol in 250 milliliter Erlenmeyer flask and then the mixture was stirred by 

using a magnetic stirrer for 2 hours to disperse the powder completely. The mixture was kept at 

room temperature for 24 hours and then triturated in mortal and pestle and the resulting solution 

were filtered by using Whatman filter paper to remove the remaining plant matter. Similar 

procedures were applied by taking the same amount of powder and solvent for all the rest 

extracting solutions. The resulted 97% ethanol and 0.1% HCl in ethanol extract were further used 

A C B 
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as natural pH indicator for acidimetry and alkalimetry. The extract was preserved in light closed 

container and stored away from direct sunlight to prevent photolysis and decomposition [5, 12, 

13]. Figure 4 below shows colour of ethanol and acidified ethanol extracts of the Acanthus sennii 

chiovenda flower. 

                                    

Figure 4: Colors of extracted solutions of Acanthus sennii chiovenda flower in ethanol (A) and 

acidified ethanol (B) 

UV-Vis spectroscopy analysis 

The UV-Vis absorption spectra of ethanol and acidified ethanol extracts of Acanthus sennii 

chiovenda flower were determined using UV-Vis spectrophotometer (6705, Jenway) in the 

wavelength range of 200 nm to 800 nm. The extracted solutions were diluted 10 times with the 

same solvent and 5 mL of the extract was measured and placed in the quartz cuvette. The 

wavelength of maximum absorption of each extract was measured and the compounds present in 

the extracts were interpreted. 

Phytochemical screening of the extracts 

The extracts were phytochemically screened in order to determine the presence of 

flavonoids and anthocyanins in the flowers of the Acanthus sennii chiovenda plant extracts. 

A B 
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Alkaline reagent test, Shinoda’s test, hydrochloric acid test, Zinc test [24] and Ferric chloride test 

[25] were used for the presence of flavonoids. On the other hand, the presence of anthocyanins 

were tested by adding 2 mL of the plant extract in 2 mL of 2 M HCl. The appearance of a pink-

red colour that turns purplish blue after addition of ammonia indicates the presence of 

anthocyanins [26]. 

Titration using Acanthus sennii chiovenda flower extract, methyl red, bromothymol blue 

and phenolphthalein indicators 

Obtaining equivalence point in different types of titration of the Acanthus sennii chiovenda 

flower extracts in comparison with synthetic indicators was tested. Four titrations were performed 

i.e. strong acid versus strong base, strong acid versus weak base, weak acid versus strong base and 

weak acid versus weak base. The titrations were conducted in the order HCl and NaOH; HCl and 

NH4OH; CH3COOH and NaOH and CH3COOH and NH4OH. A volume of 10 mL of 1 M HCl 

was placed in an Erlenmeyer flask and four drops of Acanthus sennii chiovenda flower extract 

indicator were added. 1M NaOH was placed in a burette. The titrant (NaOH) was added to titrate 

(HCl) until a colour change was observed. Titrations were conducted in three replicate analyses. 

The procedure was repeated for all titrations i.e. HCl versus NH4OH, CH3COOH versus NaOH 

and CH3COOH versus NH4OH. 

Equimolar titrations were performed using 10 mL of titrant with four drops of indicator. A 

set of three experiments each for all the types of acid base titrations was carried out by using 1M 

solution of acid and base. The mean and standard deviation for each type of acid base titrations 

were calculated and recorded as mean ± standard deviation. 
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RESULTS AND DISCUSSION 

UV-Vis spectroscopy analysis of the Acanthus sennii chiovenda flower extracts 

Ultraviolet-visible spectroscopy was carried out on extracts of Acanthus sennii chiovenda 

flower and the absorbance was plotted against wavelength. The wavelength regions of the spectral 

absorbance peaks could also be used to identify the pigments present in the plants. The UV-Vis 

absorption spectra for the dye solution extracted using different solvents are shown in Figure 5 

below. As shown in Figure 5, the ethanolic extracted solutions have shown absorption peaks at 

226 nm, 268 nm, 330 nm and 523 nm. The absorption peak of extracted dye is almost closely 

related to flavonoids and anthocyanin as reported earlier [27, 28, 29]. The UV-Vis absorption 

spectra of flavonoids consist of two distinctive bands in a broad range of 240 – 550 nm [27]. 

Anthocyanin can be readily distinguished from other flavonoid classes by performing colour test 

and UV‐Vis analysis (λmax).  Anthocyanins generally have two absorption maxima, one in the UV-

region of spectrum 260 – 280 nm (band II) and the second in the visible region of spectrum 490 – 

550nm (band I) [30]. Almost all flavonoid classes give the same absorption at the region of band 

II, thus, anthocyanin can be distinguished with the other classes by observing the absorption region 

wavelength of band I [28].  

 

Figure 5: UV-Vis spectra of ethanolic (A) and acidified ethanol (B) extracts of Acanthus senni chiovenda flower 
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The acidified ethanol extracts of Acanthus sennii chiovenda flower showed UV- Vis 

absorption peaks at 226 nm, 277 nm, 330 nm and 528 nm as shown in Figure 5 above. These 

absorption peaks are closely related to the absorption peaks of flavonoid and anthocyanin [27, 30] 

which indicated flavonoids and anthocyanins are the major components of the observed pigments. 

The difference in the absorption peaks of Acanthus sennii chiovenda flower extracts at 523 nm and 

528 nm respectively for the ethanol and acidified ethanol extracts in Figure 5 may be due to solvent 

polarity differences in the pure and acidified ethanol. As shown from Figure 5 above, solutions 

extracted by acidified ethanol have relatively higher absorbance than those by ethanol, due to an 

increase in the extraction of anthocyanin using an optimal acidification of extracting solvents 

which leads to a suitable protonation reaction. This indicates anthocyanin pigments are highly 

soluble in acidified ethanol for these studies. A similar finding was reported [31]. 

Phytochemical screening test of the Acanthus sennii chiovenda flower extracts 

The preliminary phytochemical investigation and qualitative chemical tests of the ethanol 

and acidified ethanol extracts of Acanthus sennii chiovenda flower were performed using alkaline 

reagent test, hydrochloric acid test, ferric chloride test, zinc test, and Shinoda test which confirmed 

the presence of flavonoids and anthocyanin as reported in Table 1. 

Table 1: Results of phytochemical screening of ethanol and acidified ethanol extracts of 

Acanthus sennii chiovenda flower 

Phytochemicals Chemical test Observation Ethanolic 

extract 

Acidified 

ethanolic Extract 

Flavonoids  Alkaline reagent test Yellow + + 

Ferric chloride test Greenish-black + + 

Hydrochloric acid test Red  + + 

Shinoda test Red + + 

Zinc test Red  + + 

Anthocyanins Hydrochloric acid test Purplish  blue + + 

+ indicates presence of active ingridients 
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The results obtained in this study were the same as results obtained by Etagegnehu et al. 

[1], Sikolia and Omondi [32] and Singh et al [33] when they conducted phytochemical test on 

Acanthus sennii chiovenda root, Acanthus pubescens leaves and Delonix regia and Caesalpinia 

pulcherrima flower respectively. These tests, combined with UV-Vis studies are confirmation of 

the presence of flavonoids and anthocyanins which are pH sensitive organic consituents.  

Colors of Acanthus sennii chiovenda flower extracts at pH of 1 – 14 

The color change interval of Acanthus sennii chiovenda flower extracts were also 

determined by preparing solutions having pH in the range of 1 to 14 and adding four drops of 

Acanthus sennii chiovenda flower extracts to each test tube. It showed that from pH 1 to 7 ethanol 

and acidified ethanol Acanthus sennii chiovenda flower extract impart orange red color to the 

solution but from pH 8 to 11 it imparts colorless color in both extracts, at pH 12 it shows brown 

color in ethanol and acidified ethanol Acanthus sennii chiovenda flower extract also at pH 13 and 

14, a greenish yellow color were observed in both extracts to the solution as shown in Table 2. 

Table 2: Color change results after addition of ethanol and acidified ethanol Acanthus sennii 

chiovenda flower extract in a solutions of pH 1 – 14 

pH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
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The sensitivity of the extract to different pH may be attributed to the presence of flavonoids 

and anthocyanins. As described by Oswald’s ionic theory of indicators [34, 35], different color 

change presented by the Acanthus sennii chiovenda flower extracts when subjected to different pH 
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may be due to protonation or deprotonation of the Acanthus sennii chiovenda flower extract 

indicators. The color change might be due to transformation shown in Figure 2 above due to the 

results of intramolecular rearrangement which changes the structure of the indicators, hence it 

absorbs in the different region of the spectrums [36]. The colors from literature changed from dark 

pink to yellow [37] whilst in this study they changed from orange red to greenish yellow in 

Acanthus sennii chiovenda flower extract. This might be attributed to different plant extracts being 

used in other studies and also the crude extract component matrix might be different between the 

plant extracts.  

Acid-base titration using Acanthus sennii chiovenda flower extract, phenolphthalein, 

bromothymol blue and methyl red as indicators 

In order to evaluate the potential for the use of the Acanthus sennii chiovenda flower extract 

as indicators in acid-base titrimetry, a number of demonstrated titrations were conducted. The end 

points of the titrations using four drops of the Acanthus sennii chiovenda flower extract are 

reported in Table 3 below. The end points of the acid-base titrations using commercially available 

indicators are also reported. 

The results in the table showed that the end points obtained with the ethanol and acidified 

ethanol extracts of Acanthus sennii chiovenda flower in 1M solutions of hydrochloric acid and 

sodium hydroxide (i.e. strong acid versus strong base)  gave similar end points 9.77 ± 0.115 and 

9.83 ± 0.058 mL which were close to the end points obtained using phenolphthalein (9.80 ± 0.100 

mL), bromothymol blue (9.77 ± 0.115 mL)  and methyl red (9.70 ± 0.100 mL) and so the Acanthus 

sennii chiovenda flower extract can be used in place of phenolphthalein, bromothymol blue and 

methyl red in acid-base titrations involving a strong acid versus strong base. 
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A comparison of result of titration of 1M hydrochloric acid and 1M ammonium hydroxide 

solutions (i.e. strong acid versus weak base) using these plant extracts as indicators as presented 

in Table 3 indicated that the average titre using ethanolic Acanthus sennii chiovenda flower extract 

is 11.30 ± 0.100 mL and acidified ethanol Acanthus sennii chiovenda flower extract is 11.27 ± 

0.115 mL, while that of methyl red, bromothymol blue and phenolphthalein are        11.20 ± 0.200 

mL, 11.30 ± 0.100 mL and 11.40 ± 0.173 mL respectively. 

Table 3: Mean volume of base used (in mL) at end points and color change for the four titrations using Acanthus 

sennii chiovenda flower extract, phenolphthalein, bromothymol blue and methyl red as indicators 

Titration Indicators Mean ± S.D* Color change 

H
C

l 
v

s 

N
a

O
H

 

Methyl red  9.70 ± 0.100 Red to yellow 

Bromothymol blue 9.77 ± 0.115 Yellow to blue 

Phenolphthalein 9.80 ± 0.100 Colourless to pink 

Ethanol Acanthus sennii chiovenda flower extract   9.77 ± 0.115 Orange red to colourless 

Acidified ethanol Acanthus sennii chiovenda 

flower extract 

9.83 ± 0.058 Orange red to colourless 

H
C

l 
v

s 

N
H

4
O

H
 

Methyl red  11.20 ± 0.200 Red to yellow 

Bromothymol blue 11.30 ± 0.100 Yellow to blue 

Phenolphthalein 11.40 ± 0.173 Colourless to pink 

 Ethanol Acanthus sennii chiovenda flower extract   11.30 ± 0.100 Orange red to colourless 

 Acidified ethanol Acanthus sennii chiovenda 

flower extract 

11.27 ± 0.115 Orange red to colourless 

C
H

3
C

O
O

H
 

v
s 

N
a

O
H

 

Methyl red  9.53 ± 0.058 Red to yellow 

Bromothymol blue 9.67 ± 0.058 Yellow to blue 

Phenolphthalein 10.40 ± 0.100 Colourless to pink 

Ethanol Acanthus sennii chiovenda flower extract   10.37 ± 0.115 Orange red to colourless 

Acidified ethanol Acanthus sennii chiovenda 

flower extract 

10.33 ± 0.058 Orange red to colourless 

C
H

3
C

O
O

H
 

v
s 

N
H

4
O

H
 Methyl red  8.07 ± 0.115 Red to yellow 

Bromothymol blue 8.77 ± 0.208 Yellow to blue 

Phenolphthalein 8.83 ± 0.058 Colorless to pink 

 Ethanol Acanthus sennii chiovenda flower extract   8.13 ± 0.153 Orange red to colorless 

Acidified ethanol Acanthus sennii chiovenda 

flower extract 

8.90 ± 0.100 Orange red to colorless 

* Standard Deviation 

Hence the end points obtained using the extracts of Acanthus sennii chiovenda flower are 

fairly comparable to the end points obtained using the commercial indicators i.e. methyl red, 

bromothymol blue and phenolphthalein so the flower extract can be used as a substitute of methyl 

red, bromothymol blue and phenolphthalein for strong acid against weak base titrations. 
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For weak acid against strong base titration, the end point obtained using ethanol and 

acidified ethanol extracts of Acanthus sennii chiovenda flower did not show any significant 

difference 10.33 ± 0.058 mL and 10.37 ± 0.115 mL which is close to that obtained using 

phenolphthalein (10.40 ± 0.100 mL) but is obviously different from the end point obtained with 

methyl red (9.53 ± 0.058 mL) and bromothymol blue (9.67 ± 0.058 mL) in the titrations involving 

1M acetic acid and 1M sodium hydroxide solutions. The natural indicator (Acanthus sennii 

chiovenda flower extract) can be a good substitute for phenolphthalein in this type of titration. For 

this combination of weak acid vs. strong base titration, the end point obtained with acidified 

ethanol extracts of Acanthus sennii chiovenda flower is 8.90 ± 0.100 mL; which deviates 

significantly from the result of ethanol Acanthus sennii chiovenda flower extract (8.13 ± 0.153 

mL). The end points obtained using acidified ethanol extracts of Acanthus sennii chiovenda flower 

are comparable to the end points obtained using phenolphthalein (8.83 ±0.058 mL) and  

bromothymol blue (8.77 ± 0.208 mL) but statistically different from the end point obtained with 

methyl red (8.07 ± 0.115 mL) while the end points obtained using ethanol Acanthus sennii 

chiovenda flower extract is close to the end point obtained with methyl red but different from the 

end point obtained with phenolphthalein and bromothymol blue in this medium. Hence the 

acidified ethanol extracts can be used in place of phenolphthalein and bromothymol blue while the 

ethanol extracts can replace methyl red in weak acid versus weak base titrations. 

The results of this study are similar to the observations reported on Jaspreet et al. [38], 

Thote et al. [3], Abbas [9] and Senathirajah et al. [37] that did related work on indicators using 

different parts of plant extracts, but there was a slight difference in the result as compared with 

that of Nhapi [5] and Pimpodkar et al. [8]. 
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Statistical analysis of data  

The statistical analysis of the experimental data generated from titration was statistically 

analyzed by using one-way ANOVA with statistical significance at p (significance) < 0.05. The 

results of one-way ANOVA are shown in Table 4 a-d. From the results obtained for titrations of 

strong acid versus strong base (HCl vs NaOH) and strong acid versus weak base (HCl vs NH4OH), 

there was no statistically significant evidence at 5 % confidence interval to show that there were 

no significant differences between the mean titre volumes when using the five indicators: Methyl 

Red (MR), Bromothymol Blue (BB), Phenolphthalein (Hph), Ethanol Acanthus Sennii Chiovenda 

Flower Extract, Acidified Ethanol Acanthus Sennii Chiovenda Flower Extract. For the titrations of 

weak acid versus strong base (CH3COOH vs NaOH) and weak acid versus weak base (CH3COOH 

vs NH4OH), it was found that there were significant differences between the mean titre volumes 

of the five indicators.  

Table 4a: One-way ANOVA tests of HCl vs NaOH titration using the five indicators 

Source of 

variation 

Sum of 

squares 

Degree of 

freedom 

Mean 

squares 

F Significance 

Between groups 0.029 4 0.007 0.733 0.590 

Within groups 0.100 10 0.010 

Total 0.129 14  

Table 4b: One-way ANOVA results of HCl vs NH4OH titration using the five indicators 

Source of 

variation 

Sum of 

squares 

Degree of 

freedom 

Mean 

squares 

F Significance 

Between groups 0.063 4 0.016 0.758 0.575 

Within groups 0.207 10 0.021 

Total 0.269 14  

 

Table 4c: One-way ANOVA tests of CH3COOH vs NaOH titration using the five indicators 

Source of 

variation 

Sum of 

squares 

Degree of 

freedom 

Mean 

squares 

F Significance 

Between groups 2.149 4 0.537 80.600 0.000 

Within groups 0.067 10 0.007 

Total 2.216 14  
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Table 4d: One-way ANOVA tests of CH3COOH vs NH4OH titration using the five indicators 

Source of 

variation 

Sum of 

squares 

Degree of 

freedom 

Mean 

squares 

F Significance 

Between groups 1.969 4 0.492 26.375 0.000 

Within groups 0.187 10 0.019 

Total 2.156 14  

 

CONCLUSION  

Phytochemical screening tests and UV-Vis spectra results lead us to the conclusion that, it 

was due to the presence of anthocyanins and flavonoids that cause sharp colour changes at the end 

point of the titrations. Even though, there are some differences in color and end point titre values 

during titration of acids and bases of all combinations, the use of Acanthus senni chiovenda flower 

extracts as acid-base indicators is experimentally confirmed. In this study, it is indicated that 

ethanolic and acidified ethanol extracts of Acanthus sennii chiovenda flower are good 

replacements to phenolphthalein, bromothymol blue and methyl red in acid-base titrations 

involving a strong acid versus strong base and a strong acid versus weak base. They can also be 

used as effective substitutes to phenolphthalein in a weak acid versus strong base titrations. And 

also the acidified ethanol extracts can be used in place of phenolphthalein and bromothymol blue 

while the ethanol extracts can replace methyl red in weak acid versus weak base titrations. We also 

concluded that it is beneficial to use Acanthus sennii chiovenda flower extract as an indicator in 

all types of acid base titration because of its economy, eco-friendly nature, ease of preparation, 

easy availability, simplicity, non-carcinogenicity, precise and accurate results. 

 

IMPLICATION FOR CHEMISTRY EDUCATION 

Volumetric analysis is still at the center of high school, college and even University 

chemistry education. At the top of volumetric analysis, we almost always experience titrations that 
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employ acid-base indicators which contain weak organic acids characterized by distinct colors in 

their molecular and ionized forms. 

The acid –base indicators used in the chemistry laboratory are very often synthetic which 

are expensive for the schools to afford for their large number of laboratory sessions, toxic to 

students and teachers especially when they produce vapors in the laboratory classes, pollutants to 

the school surrounding affecting animal and human health. 

The preparation and introduction of natural acid-base indicators like that obtained from 

Acanthus senni chiovenda, in this study, is of practical importance from many perspectives. It is 

easy to extract, store, and apply under normal school environments. It is cheaper when compared 

to the synthesized ones, environmentally benign and has no health risk to humans and animals. 
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ABSTRACT 

Understanding the reaction processes for transesterification of oils to biofuel is essential 

for bio refineries, but inconsistent results in the literature make understanding of this processes 

difficult. To solve this problem, statistical tools were used to interpret the results obtained from 

varying reaction conditions such as reaction temperature, time and methanol to oil ratio. It was 

observed that there is variation regime where changing the methanol to oil ratio has no effect on 

the biodiesel yield. The yield decreases significantly after reaching the maximum at 4:1. The 

optimum reaction temperature and time were 60 ℃ and 2 h, respectively. The biodiesel produced 

is within the acceptable range approved by ASTM. [African Journal of Chemical Education—

AJCE 9(2), July 2019] 
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INTRODUCTION 

Biodiesel is a liquid fuel produced through a process called transesterification of oil with 

alcohol (methanol or ethanol) in the presence of a catalyst. Recently, biodiesel has been considered 

as a promising potential substitute for conventional petroleum based diesel. It is the mixture of 

mono alkyl esters, which can be sustainably derived from vegetable oils or animal fats, hence, it 

is termed as a renewable source of energy [1,2]. In terms of properties and performance, biodiesel 

possesses many advantages such as high flash point, high cetane number, high lubricity, 

biodegradable, lower carbon monoxide, particulate matter and sulfur (IV) oxide during the 

combustion compared to conventional fossil fuel [3, 27. 28]. The use of 1 kg biodiesel (for 

compression engine or household purposes) leads to a reduction of about 3 kg of CO2 emissions. 

Therefore, the use of biodiesel leads to a significant reduction in CO2 emission of 65% to 90% 

compared with the use of conventional diesel. 

In industries nowadays, biodiesel is produced via homogeneous base-catalyzed 

transesterification and the common alkaline homogeneous catalysts used are sodium hydroxide 

and potassium hydroxide [4, 5]. Alkaline homogeneous catalysts are preferred as they proceed 

about 4000 times faster than the acid catalyzed transesterification [6]. These alkaline homogeneous 

catalysts are cheaper in cost and give higher yields at modest operation conditions [7]. 

Nevertheless, the biodiesel and glycerol produced from this transesterification process need to be 

purified and washed with lots of hot water to remove any trace of catalysts and unreacted alcohol 

[8]. 

The emergence of solid (heterogeneous) catalysts provides an alternative catalyst to 

biodiesel industry. Heterogeneous catalysts are non-corrosive, green and environmentally friendly 

[9]. They can be recycled and used several times [9], thus offering a more economic pathway for 
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biodiesel production. Solid catalysts (basic or acidic) greatly simplified the downstream 

purification of biodiesel, where the catalysts can be separated physically and no further purification 

and washing are required for the end product (biodiesel and glycerol) [10]. Similar to 

homogeneous catalysts, solid basic catalysts are more active than solid acid catalysts [11, 12] and 

a perfect example of a solid basic catalyst is CaO, which shows a promising result in 

transesterification process with oil conversion of more than 95 % [13,14]. Although CaO has a 

good performance in transesterification, it tends to leach out into the reaction medium and thus 

reduces its reusability [15]. Efforts has been made to prevent this leaching by varying the 

preparation methods [1]. Despite the achievements on transesterification processes, there are 

conflicting reports in literature as regards the ideal ratio of methanol:oil for maximum yield. For 

example, optimal ratios such as; 6:1, 10:1 and 3:1 had been reported by Sharma et al. [16], Patil 

and Deng [17] and Chouhan and Sarma [18], respectively. This difference in ratio may be related 

to the way various research group processed their results. To the best of our knowledge no effort 

has been made to validate results presented in literatures using statistical tools. Since it is 

statistically wrong to assume that a condition affect rate positively or negative without using 

ANOVA, least significance difference or/ and any other packages. The optimization of reaction 

conditions were done in this study and the results were analyzed using both one way ANOVA one 

way test, Duncan, LSD, Turkey, Turkey’s-b, Sidak, and Scheff. 

 

MATERIALS AND METHOD 

To optimize the reaction conditions, experiments were performed by varying reaction 

parameters such as methanol/oil ratio, reaction temperature and reaction time. The methanol/oil 

ratio was varied from 2:1 to 26:1 and the reaction time was varied between 1 and 4 h, while the 
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reaction temperature was fixed at 60 oC. The effect of reaction temperature was monitored by 

varying temperature between 30 and 60 oC. All experiments were done in triplicate and statistical 

analysis was done using SPSS to determine mean, ANOVA, Duncan and LSD test. The physical 

properties of biodiesel produced in this experiment were determined according to the ASTM 

standard (viscosity: ASTM D.445-10, [19]; pour point: ASTM D.97, [20]; flash point: ASTM 

D.93, [21]; and specific gravity: ASTM D.1298, [22]). The acid value was determined according 

to an established method [23]. 

 

RESULTS AND DISCUSSION 

The result of  biodiesel yield are presented in figure 1. In order to understand the role of 

methanol to oil ratio on the biodiesel yield, the triplicate results obtained for each ratio variations 

were subjected to ANOVA test and it was found that the results were statistically different from 

each other at p = 0.05. However, ANOVA only could not tell the sample which are different from 

the other, therefore the results were further subjected to Duncan, and LSD. LSD did not give 

comparison of mean (not shown), but Duncan test show that the result obtained for 2:1 

(methanol:oil) was significantly different from others. The yield at this ratio was low because the 

reaction had no enough methanol to drive the reaction equilibrium to the right [24, 25]. The yield 

increased significantly when the ratio was changed from 2:1 to 4:1. However, there was a 

significant decrease when the ratio was increased to 9:1. Further increase in the ratio lead to 

significant decrease in the biofuel yield. Increasing the ratio from 13:1 to 17:1 has no significant 

difference on the biodiesel yield derived from the transeterification processes, but further increase 

lead to a significant decrease. 
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Furthermore, increasing the ratio from 22:1 to 26:1 had no significant difference in the 

yield. This observation suggested that there is a range where changing methanol to oil ratio will 

not have any significant effect on the biodiesel yield. The stoichiometric molar ratio of alcohol:oil 

in transterification process is 3:1, which gives 3 moles of fatty acids methyl esters and 1 mol of 

glycerine [25]. Addition of methanol to oil above a particular level may not lead to an increase in 

the yield of product [17, 26, 27]. At high methanol:oil ratio (> 4:1), the glycerine would largely 

dissolve in excessive methanol [28]. Subsequently, it reduced the amount of methanol and 

inhibited the reaction of methanol to the reactants and catalyst, which resulted in a lower biodiesel 

yield [29]. Furthermore, the polar hydroxyl group in methanol acting as emulsifier making it more 

difficult to separate the biodiesel product from glycerol, which eventually reduce the yield of 

biodiesel [29]. 
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Figure  1: Effects of methanol:oil ratio on the biodiesel yield 

The yield value with same alphabet were not different significantly. 

 

At 30 oC, the reaction products solidified and subsequent increase in the temperature from 

40 oC to 60 oC cause a significant increase in the yield of biodiesel (Table 1). Varying the reaction 
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time has a significant effect on the yield of biodiesel produced. Increasing reaction time from 1 h 

to 2 h led to a significant increase in the yield of the product. Further increase in the time leads to 

a significant decreased in the yield of the biodiesel produce (Table 2). The yield of the biodiesel 

increased with time because the reaction has not reached equilibrium [30]. The decreased in yield 

observed after 2 h could be due to solubility of biodiesel in glycerol [31]. 

Table 1: Effect of temperature on biodiesel yield 

Temp (oC) Yield ± SE (%) 

30 - 

40 61.00±0.37a 

50 65.00±0.37b 

60 85.00±0.37c 

 

Table 2: Effect of time on biodiesel yield 

Time (h) Yield ± SE (%) 

1 44.00±0.58ab 

2 90.00±0.58c 

3 44.00±0.58b 

4 25.00±0.58a 

 

The flash point (table 3) of the biodiesel obtained was tested to know the temperature at 

which it will ignite, and the result indicates that the biodiesel produced is safe to handle, store and 

transport [25, 32]. The lower the flash point of a fuel, the lower the temperature at which the fuel 

can form a combustible mixture. Low flash point may indicate presence of methanoic impurities 

[25, 33]. Methanol contamination might occur due to insufficient purification of esters after 

biodiesel production. The biodiesel can be used in cold regions because the cloud point is just one, 

hence, it is safe for any region. High cloud point fuel is known to blocks fuel filters and injectors 

in engines. The density, acid value and specific value given in table 2 show that the biodiesel is 

within the allowed specification by ASTM.  
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Table 3: Physico-chemical properties of biodiesel 

Parameter Amount             ASTM           

Density at 15 0C (kg/m3) 

Flash point (0C) 

Acid value 

Specific gravity  

Cloud point (0C) 

878.4                860-900 

116.8                 <130 

0.78                   <0.8 

0.851                0.88 

   1                      --- 

 

CONCLUSION 

The reaction conditions that determine the yield of biodiesel produced through 

transesterification can better be understand using simple statistical tool such as ANOVA, Duncan, 

LSD, Turkey, Turkey’s-b, Sidak, and Scheff. However, LSD is not significantly sensitive compare 

to Duncan, Turkey, Turkey’s-b, Sidak, and Scheff. There was a methanol:oil ratio regime were 

there were no significant difference in the yield of biodiesel produced. Other reaction factor such 

as reaction time and temperature were also determining factor in optimizing biodiesel yields 

significantly. The biodiesel produced in this study is suitable for diesel engine because it is within 

the acceptable limit by ASTM. 
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ABSTRACT 

Performance in chemistry of form two national examinations among lower secondary 

government schools in Zanzibar have not been encouraging for couples of subsequent years as 

from 2009 to date despite several attempts made through additional carefully planned instructional 

strategies and models to improve the status of teaching and learning chemistry. A total of 

31government schools from Unguja regions of Zanzibar Island were sampled. The form two 

classes of these schools have an average of 48 students with quite a fraction has two streams. This 

commensurate well with the country’s growing population. The Performance data gotten from the 

Ministry of Education and Vocational training Zanzibar reveals that the average mean score of this 

compulsory subject in this grade since then until is 30.16 with a mean standard deviation of 2.1995 

while those who passed the chemistry subject are 30 ± 10 %. The percentage pass is set at 35 %. 

Basing on the average test score data and performance analysis, a large significant number of 

students fails in the subject and this has been persistent. From this study, enhancement of teachers’ 

effectiveness, improved economies of education and fewer schools to be set aside for science 

studies is indeed appreciated. This study recommends the heuristic approach as “modus oparandi” 

of teaching intertwined with instructional objectives to bring learners into meaningful learning and 

effective understanding guided by the four domains of Bloom’s taxonomy with more motivational 

orientation and innovations. [African Journal of Chemical Education—AJCE 9(2), July 2019] 
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INTRODUCTION 

Performance is a unique term and determined by several variables depending on which 

field the evaluation is being done. In academic world, the performance outcome depends on 

teacher’s effectiveness, student’s attitude and input, type and nature of the subject, curriculum and 

logistic factors governing economics of a sound education. 

Chemistry is a very broad, universal and dynamical (historical development of scientific 

knowledge) non-descriptive science subject and serves as the interface to practically all other 

sciences. The main aims of teaching traditional chemistry in secondary schools is to prepare 

students for college chemistry, conceptualize the basic facts, introduce students to scientific 

methods, to develop their scientific mind, reasoning and approach, to stimulate their curiosity, 

interest, enjoyment and good attitudes towards the subject, to develop an understanding of the 

consequences of chemistry on humans and their environment [18]. Thus, chemistry education 

should take into account not only ontological chemical knowledge, i.e. knowledge about chemical 

compounds, concepts and models, but also philosophical and sociological perspectives related to 

chemical practice and reflection on the role of chemistry in society [15]. This is subjective to the 

teachers’ competency, innovation, skills and professional growth. 

Chemistry is not just a collection of knowledge, but more of a culture, with learned patterns 

for thinking and acting transmitted through theory, skills and values [9]. A chemistry curriculum 

should therefore embrace the empirical nature of scientific chemistry knowledge, observation, 

inference and theoretical entities in chemistry, distinction and relationship between theories and 

laws, creative and imaginative nature of chemistry, the theory-laden nature of chemistry 

knowledge, the social and cultural emboldens of chemistry concepts, the myths, paradoxical 

aspects and its tentative nature. In addition, the subject aims is to provide a knowledge of chemistry 
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needed for the individuals from a natural science starting point to be able to participate in public 

debate, form their views on environmental issues, and contribute to a sustainable society [28].Thus, 

formulating a chemistry examination should hence take into consideration critical testing, 

creativity, diversity of scientific thinking and questioning basing on the concepts, hypothesis and 

predictions based on analysis and data interpretation, applicability and consequences. 

Although school chemistry programs are set out to develop conceptual understanding in 

students and an appreciation of the way scientists do things, the relevance of the teaching in 

providing a useful education and hence determines performance is suspect [2,13,17, 20,21, 33]. 

Different approaches have been put in place for teaching instructions in order to induce, and 

promote direct learning in chemistry. Instructors can impart knowledge using any teaching 

technique from the continuum of teaching methods [29] depending on the education level, nature 

of the student, environmental factors and guided by the laid curriculum strategies. All these 

techniques have their own pros and cons. Chemistry is an experimental discipline therefore, 

science process and problem solving skills should be measured during the laboratory phase, not 

just their understanding [4, 8, 23]. Thus, there is the need of an adequate laboratory otherwise 

practical illustration of laid theoretical findings may not agree with the stipulated chemical theories 

as described in the textbooks [29]. 

Among the factors which influence the quality of education and its contribution to National 

Development are the quality, competence, effectiveness and characters of teachers which 

undoubtedly are the most significant [10, 11]. Thus, in addition to proficiency in chemical 

knowledge and pedagogical training, a chemistry teacher should also have both cognitive and non-

cognitive competencies, basic knowledge in chemistry related fields such as mathematics, physics 

and biology, technology, philosophy, sociology and psychology, language (English), reading and 
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writing skills. The teacher should also know how to select a suitable method for teaching a topic 

in chemistry, able to design a continuum to support effective teaching, has skills in implementing 

curriculum objectives, assessment and instructional strategies [32] in order to realize the stipulated 

learning outcomes and finally should not forget his/her professional growth [24]. Performance is 

generally determined by a two-way dimension phenomena that is teacher and student reinforced 

with the relevant logistic factors governing economics of a sound education, hence, these factors 

needs to be frequently assessed in order to achieve a meaningful outcome. 

Apart from School Difficulty (SD) which is related to pedagogical and/or socio-cultural 

problems, learning disability (LD) of a student should also be considered as a contributing factor 

to poor performance. Learning disability is related to problems of acquisition and development of 

brain functions involved in learning, such as dyslexia, dyscalculia, and writing disorders. In 

addition to specific learning disabilities, attitude, attention deficit/ hyperactivity disorder (ADHD), 

cerebral palsy, cultural witchcraft illusions and developmental coordination disorder (DCD) 

should also be mentioned as entities (intrinsic issues) related to poor student performance. It is 

also worthwhile to note that a working memory have an essential role in acquiring new skills 

(learning). The working memory has the ability of selecting, analyzing, connecting, synthesizing 

and retrieving information from what has already been consolidated and captured (long-term 

memory) thus makes the connection between new and already learned information. 

For a nation to develop in science and technology, the teaching and learning of chemistry 

need to be improved and continually assessed [7]. Therefore, it is pertinent that performances in 

chemistry and in science generally should be of high levels. However, this seems not to be the case 

in Zanzibar because students’ performances have not been encouraging in chemistry for couples 

of subsequent years. Thus, it is essential to continuously kindle students' interest in chemistry 
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teaching process considering their regrettable performance scenario in this field of science which 

needs to be valued and appropriately assessed for early diagnosis and interventions. With the rapid 

technological development, there is the need for students to have cognitive skills such as problem 

solving, critical thinking, analyzing data, and presenting them orally and in written format [10]. 

There are several attempts made through the use of borrowed instructional strategies and models 

to improve the status of chemistry teaching and learning. With all these efforts, students’ 

performance in chemistry, which is a compulsory subject at this level, has remained persistently 

poor at the form two lower Secondary School Certificate National Examinations (LSSCNE), (refer 

to table 4). 

This research paper therefore attempts to analyze the situation in conjunction with the data 

obtained on performance index from the academic years 2009-2017, most probable causes of poor 

performance and present the effort being made to rectify the situation, challenges in the chemistry 

education and to give a practically oriented teaching strategy and policies which should be put in 

place and adaptable to the Zanzibar Secondary Schools. This study was guided by the hypotheses 

that the performance of chemistry subject in Zanzibar is low; lack of equipment and resources; 

understaffed with competent chemistry teachers and in-effective teaching; less motivated and lack 

of innovations among chemistry teachers; students’ intrinsic issues and attitude towards the 

subject, and lack of understanding of English language. 

RESEARCH METHODOLOGY 

Study Area 

The study was conducted in Urban and west, south and north district of Unguja Island 

(1539km2) of Zanzibar because in each district there are government schools that offers chemistry 

subject. 
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Schools Sampled and Data Collections 

The study was conducted at government schools shown in table 4 and performance data 

obtained from Ministry of Education and Vocational Training, Zanzibar. Other sources of data are 

obtained from the education stakeholders, professionals, students, societal, and secondary schools. 

Research Design 

This study employs the descriptive survey method of research as one of the most popular 

method of gathering data or information through the use of questionnaires, unstructured interviews 

and observations, and inferential performance statistical data obtained for relevant education 

stakeholder. 

Instrument 

Observation method is the most common method used especially in study relating to 

behavioral science.  In this study the direct observation was also used since it involves participant 

observation, structured observation and interviews. Research questionnaires was prepared and 

used in gathering information from the respondents which includes Teachers, School heads, 

Students, Stakeholders, Societal and Professionals. The questionnaire for teachers had two (2) 

parts. Part I covered the profile of the faculty respondents, such as age, gender, length of teaching 

experience, teaching methodology, relevant trainings and seminars and field of specialization. Part 

II covered teachers’ level of competencies in laboratory work, knowledge in other science fields, 

attitude, motivation and social infrastructure. Competence [16] gauged as per the scale shown in 

Table 1. Motivation gauged as per the scale shown in Table 2. 
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Table 1     Table 2 

Range   Verbal interpretation Range  Verbal Interpretation 

4.51-5.0 Highly competent  4.51 – 5.0 Highly motivated 

3.51-4.50 Competent   3.50 – 4.50 Motivated 

2.51-3.50 Moderately competent 2.51 – 3.50 Moderately motivated 

1.51-2.50 Slightly competent  1.51 -  2.50 Less motivated 

1.0-1.50  Not competent   1.00 – 1.50 Not motivated 

 

Validity 

Check by experts for language, clarity, relevance, and comprehensiveness of the content. 

The validity of the questions was rated as shown in table 3: 

Table 3 

4 – Very relevant  

3 – Quite relevant  

2 – Somewhat relevant  

1 – Not relevant.   

 

The Content Validity Index (CVI) according to the formula shown below: 

CVI = (Items rated as very relevant and relevant (3 and 4))  Total number of items 

For the questions in the questionnaires to be valid, the CVI should be within the accepted 

statistical range of 0.7 to 1. The Computed CVI for teachers in the first questionnaire was found 

to be 0.7 respectively, and for the second questionnaire 0.76 respectively thus confirms the validity 

of chemistry teachers’ questionnaires 

Reliability 

Each set of structured questionnaires was designed to identify the needs of each identified 

target group. In order to establish the reliability of the instruments; a test study was conducted 

using fifteen people who were not part of the study sample. Using the results of the study, the 

reliability of the questions was computed using Cronbach’s Alpha Coefficient to prove the 

reliability of questions with the coefficients within the accepted statistical range of 0.7 to 1. A 
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coefficient of 0.71 and 0.87 for the first and second questionnaires respectively was achieved hence 

proving the reliability of the questions. 

The school heads questionnaire was assessing type of teachers, competency, teachers’ 

effectiveness, complains to the higher authorities on factors affecting the effective learning of 

chemistry, collaborations and assistance, curriculum, students’ academic background and 

parentage, etc while the Stakeholders questionnaire based on economics of chemistry education, 

chemistry curriculum, teachers’ recruitments and placements, etc. Societal (e.g. non-academicians, 

retirees, cultural elders, religious society, parents, corporate, business society, etc) questionnaires 

were basically assessing environment and social influence on the students’ attitude towards 

studying sciences, schooling, etc and Professionals drawn from colleges and universities were also 

interviewed on their views towards the poor performance. Some questions were prepared based on 

a four-point Likert scale, ranging from “1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = 

Strongly Agree”. 

This study also adopted descriptive correlation design. Descriptive correlation design was 

chosen because data was collected from large number of students interviewed in order to determine 

their subject understanding, science process skills (SPS) adopted from the work [34], demographic 

characteristics of the respondent, chemistry infrastructure within their school environment, the 

relationship between their chemistry teachers, parentage, school leadership and the level of student 

attitudes towards chemistry. Questions were prepared based on a four-point Likert scale, ranging 

from “1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree”. Majority means above 

50% of the sample. 
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Sample Size and Sampling Strategy 

Most schools have two streams and averagely 48 students per class. From a population 

1820 students, the sample size of 244 students was drawn using the Slovene’s formula as follows: 

n = N/(1+Ne2), where n is sample size, N is population and e is margin of error (0.05). 

Therefore, the sample size (n) = 328 respondents Systematic random sampling was used. 

In this strategy, each respondent was selected after a given equal interval which is called a 

systematic random number and it is given by the ratio of the population size to the sample size 

(N/n), that is, 1820/328~ 6. This means that after every 6 respondents, 1 respondent was selected.  

Data Analysis 

The SPSS version 16.0 was used and tables (frequency counts and percentages) to analyze 

the profile of respondents, mean to analyze the respondents’ level of knowledge of science process 

skills as well as the level of their attitudes towards chemistry and Pearson’s to analyze the data 

with respect to the relationship between respondents’ level of knowledge of science process skills 

and level of their attitudes towards chemistry. Average Test Score Techniques was used by the 

Ministry to formulate the data shown in the table 4 below.  

Table 4: Mean Score data in Percent from Ministry of Education and Vocational Training-Zanzibar  
School 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 Average 

Muembeladu 26.8 51.6 23.2 24.9 29.7 23.1 25.8 22.7 
28.48 

Haile Selassie 28.3 55.2 24.0 22.7 30.6 24.1 27.0 25.8 
29.71 

Chumbuni 30 55.7 26.7 27.3 29.1 25.7 25.0 28.1 
30.95 

Jang'ombe 29.1 52.5 22.5 24.9 31.4 24.6 28.8 20.7 
29.31 

Kidongo Chekundu 31.5 47.8 25.5 25.4 30.8 24.7 25.5 25.2 
29.55 

Hurumzi 40.6 40.6 22.8 17.9 34.8 28.0 31.5 13.4 
28.70 

Kwamtipura 31.9 44.2 26.4 27.4 29.8 25.0 25.1 24.5 
29.29 

Nyerere 29.1 49.5 28.6 31.9 30.7 24.6 27.5 24.5 
30.80 

Forodhani 20.6 45.7 31.3 32.5 30.9 26.6 28.0 28.8 
30.55 

Darajani 30.3 57.1 24.7 22.0 26.1 25.2 24.8 26.2 
29.55 

Langoni 24.9 47.8 21.8 20.7 29.3 23.3 24.3 19.5 
26.45 

Mfenesini 32.9 46.2 28.6 29.8 30.9 29.8 29.1 25.3 
31.58 

Mwanakwerekwe ‘A’ 29.1 54.2 24.8 22.1 30.4 25.8 28.1 24.4 
29.86 
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Bububu 23.0 49.2 28.6 20.8 31.6 25.7 26.7 24.0 
28.70 

Bwefum 40.3 59.8 25.4 28.9 33.9 27.4 23.5 24.9 
33.01 

Kiembe Samaki 38.4 41.2 26.3 27.4 31.3 25.3 26.5 27.6 
30.50 

Kombeni 25.8 51.5 20.7 22.8 30.0 22.2 25.3 18.0 
27.04 

Kisauni 34.5 43.2 22.5 27.9 31.7 24.6 25.5 20.7 
28.83 

Mtopepo 37.8 49.4 25.1 22.6 31.0 22.6 27.6 26.3 
30.30 

Fuoni 29.9 50.4 27.7 21.3 30.5 25.8 27.3 24.7 
29.70 

Mwanakwerekwe ‘B’ 37.2 53 26.8 32.6 33.0 25.5 26.2 24.3 
32.33 

Mwanakwerekwe ‘C’ 29.8 47.7 22.7 21.5 37.7 25.2 26.4 23.8 
29.35 

Regeza Mwendo 33.2 43.1 31.4 31.3 32.9 24.8 26.0 28.8 
31.44 

Chukwani 46.2 57.2 
25.6 

35.5 32.7 
26.0 28.3 22.2 

34.21 

Chuini 28.2 50.5 24.6 21.5 29.1 22.7 24.3 24.4 
28.16 

Mwenge 24.8 48.2 20.5 13.6 31.3 22.4 23.3 20.8 
25.61 

Kibondeni 34.1 35.3 24.0 27.0 27.8 24.1 24.4 27.1 
27.98 

Maungani 48.5 68.9 23.2 19.4 31.7 25.2 26.6 25.3 
33.60 

Kianga 28.9 64.3 25.6 22.9 30.3 24.9 24.9 26.7 
31.06 

Kinuni 41.1 64.7 26.5 28.1 31.7 23.7 25.4 27.1 
33.54 

Mtoni 44.4 47.1 39.7 41.8 28.9 23.1 27.3 26.2 
34.81 

 

 

Data analysis 

The data collected were subjected to both descriptive and inferential statistics. 

RESULTS AND DISCUSSION 

From the data (table 4), the performance mean is 30.16 with mean standard deviation of 

2.1995. The average mean score lies between 26.45 – 34.81% as shown in figure 1(bar-graph) 

below plotted schools against average mean score using the data obtained from table 4. 

Figure 1. 
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Table 5. 
Academic Year 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 
Mean Average 
Score 32.62 50.74 25.74 25.7 30.02 24.06 26.32 24.32 

 
Figure 2.  

 
 

There was a better performance in the academic year 2010/2011 as shown in figure 2, 

otherwise poor performance persist in the subsequent years with mean average scores rarely 

surpasses 30%. From the average mean score data and given percent (32 ± 10%) of total students 

who scored above the pass mark of 35% from 2009 to the academic year 2016/17 clearly indicates 

that performance in the subject is far below from the normal expected average of 50%. 

Performance in academic institutions is evaluated after learning which is subjective to 

teaching aims. Generally, the observed teaching of chemistry at these lower Secondary 

Government Schools in Zanzibar is well fashioned to mainly classroom activities and less 

laboratory work. It is basically conventional teacher centered a pure educational essentialism. 

Classroom evaluation practices generally encourage non- pedagogical, superficial and rote 

learning techniques which have been the main tradition, consequently students concentrate on 
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recall of isolated details and usually items of knowledge is easily forgotten. This culminates in 

tests reinforcing memorizing rather than critical thinking, innovations, conceptual applicability 

and understanding [26]. 

This does not conform to the standards of a chemistry examination nor comparable to the 

official national examinations conducted by the government. Teachers do not generally review the 

assessment questions that they use and do not discuss them critically with peers, so there is little 

reflection on what is being assessed. Quite a huge fraction 78% of teachers determines student 

learning based exclusively on scores and/or sub scores, suggesting an over-reliance on these 

measures. 

There is also a tendency to use a normative rather than a criterion approach, which 

emphasizes competition between pupils rather than personal improvement of each and as a result 

de-motivates [5]. It is hence crucial to consider basic classroom assessment [3, 27] from the 

beginning of the study to adequately gauge the knowledge acquisition disciples in order to generate 

good data leading to a meaningful conclusion. Since Bloom’s taxonomy is recognized as a standard 

framework that teachers can use to measure productiveness [31], typical continuous assessments 

should be able to move student through the hierarchy of the taxonomy [19] in order to achieve 

meaningful outcome. 

Averagely 65% of the societal, professional educators, school heads, students and 

stakeholders agree firmly that the effectiveness of a secondary school education program is largely 

determined by the quality and character of teachers as they interpret, imbibe and transmit 

knowledge, hence should have more influence on the performance index. This study realized that 

14% of chemistry teachers teaching form I and form II classes did not study chemistry in their 

undergraduate classes (non-chemistry subject teachers) and schools they teach performs poorest 
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in the subject at form two national examination. 38% studied diploma in teaching science and 48% 

of the chemistry teachers are degree holders. All the degree holders had studied chemistry with 

either biology or physics or mathematics making them reliable to teach chemistry despite 64% of 

them graduated with lower second. 

This study reveals that majority of chemistry teachers teaching chemistry in the lower 

secondary did not score well in chemistry subject and chemistry was not their best liked subjected 

but have to teach since there is scarcity of chemistry teachers. At the moment, it is one teacher for 

85% of the schools sampled to teach at lower secondary.58% of the schools rely on teaching 

practice college students to support the situation. 40% still rely on canning if a student do not take 

in a concept and performs decimally in the given test. Teachers should actually counsel and 

motivate their students, show the willingness to design teaching and learning that is fit for the 

purposes [6]. 48% of the chemistry teachers agree that they do not have the ability to differentiate 

curriculum in relation to the range of pupil achievement, only 12% agree to have the ability.58% 

have never attended any performance enhancement program to upgrade their science teaching 

profession career. 

Thus, teacher should not only orient ontological chemical knowledge, but also 

philosophical and sociological perspectives of chemical practice and reflection on the role of 

chemistry in society and this is subjective to the teachers’ competency, innovation, professional 

growth and skills. 62% still believes in the traditional ways of teaching and cannot implement the 

teaching technique as per the latest approved government curriculum requires. This study revealed 

that 58% of teachers have moderate communication skills in English language while 12% have 

remarkable communication skills. 
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The study realized that demographic variables had no significant influence on teaching 

competence despite 58% is female teachers. The study realized that 60% of teachers in 

overpopulated schools with oversize classes and divided into several streams each above fifty 

students has excess of periods to teach thus interfere with their ability to monitor a number of 

classroom events and effective management. 

Increased teaching loads and the curriculum claims of covering more topics in the 

introductory course leaves less time to set up and perform demonstrations. 42% has habit of 

imposing their own views and ideas particularly the volunteers and non-chemistry subject teachers, 

to students thus contribute to ineffective teaching. In addition, 71% of chemistry laboratory are in 

deplorable state thus contributes to less demonstrations consequently students understanding 

through scientific investigation is weaken since the science process and problem solving skills 

should be measured during the laboratory phase [29], not just their understanding [4,8,23]. 51% 

believes as a way out of hook is integration of multiple teaching methods into a general chemistry 

classroom which only enhances students’ participation and aided mastery of the materials [12]. 

The study also revealed that 84% school principals complain about inadequate chemistry 

staff, 45% of head teachers revealed incompetency of their chemistry teachers while 35% reveals 

their chemistry staff are moderately competent, have moderate integrity with less interpersonal 

interaction and less motivated due the claimed non-improving working conditions. 78% 

complained of poor library, inadequate chemistry laboratory and too little finance at their disposal 

to run the curriculum.  52% revealed that there is poor coordination with students’ ‘parents. 54% 

of the school heads agrees that their staffs are not well familiar with the chemistry curriculum 

implementation and the art of pedagogy is missing. 48% revealed that their staffs have never 

attended performance enhancement programs to improve their skills and effectiveness. 
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This does not eager well with management of chemistry program and students’ 

performance. 80% claims that they submit their recommendations to the Relevant Authority but 

rarely do they get response. 62% of the school heads revealed that management of the program is 

left to the hands of chemistry staff. This is also a societal concern. 44% of societal claim that the 

curricula has failed to achieve learning with understanding. 68% of societal claims environmental 

have influenced students’ concentration on the subject since most students do not see the 

practicability and the role of the chemistry in their society. Even concerning health issues, most 

prefer taking raw or semi processed herbs for treatment claims. The role models in chemistry from 

the society are too silent.65% of societal claims there are no jobs for chemistry students apart from 

teaching in this tourist resort island and this demotivates too. 

The government, the main stakeholders, mainly works in collaboration with higher 

institutions on changes in the chemistry curriculum to heal the situation and does not have enough 

funds to take in-process chemistry teachers even for short-term courses. With the introduction of 

free primary education in the first four years of secondary school, intake increased by 33.4% in 

2016. The government resources are limited despite doubling the budget for education in 

2015/2016 inconsistent with the recommendations formulated in 2015 by the Committee on the 

Convention on the Rights of the Child that advocated for increasing budget allocation to education 

in line with the country’s growing population. Spending also increased by 55% during the same 

period, thus, relying on donations or seminars financed by different non-government education 

stakeholders mainly from USAID, UNESCO and donors from Muslim world is inevitable. 

The objectives of instruction in chemistry are for students to know how to use their 

chemical knowledge as consumers in order to promote health and sustainable development and in 

discussions and decision-making processes concerning nature, the environment and technology. 
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Thus, there is the need for the government to invest in adequate and skillful teaching of chemistry 

to meet the objectives. To fill in the gaps, apart from volunteers, additional chemistry teachers 

were imported from outside the country e.g.  Nigeria, etc but mode of communication due to 

different diction has been realized. 78% agreed that skillful and qualified teachers are still needed 

to spearhead the improved curriculum. 

From the data, on demographic characteristics of the respondents shows that majority of 

the respondents are male (42.79%), female (56.15%) being the majority at schools and age ranges 

from 15 yrs to17yrs.  The science process skills are the building block of critical thinking and 

enquiry in science which includes observing, classifying, inferring, predicting, communicating and 

measuring; these skills can be obtained by learners through science instruction activities. The 

science process skills test (SPST) reveals that 61% scored below 35% mark, thus adds to inability 

to understand and solve chemistry questions correctly using the appropriate concept. This can also 

be subjective to either lack of scientific mind upbringing, attitude, extrinsic (environmental 

influence), individual factors or intrinsic [22] or even both. 

This was indeed a concern for both Teachers, School heads, Professionals and Societal 

(parental).68% admits they go to school in the morning on empty stomach. Intrinsic issues tolls to 

29% of students’ population sampled. School-going children often do not achieve foundational 

learning outcomes such as literacy, numeracy and life skills, which determine future performance 

[30]. The early childhood education is mainly religious based which is not molded on scientific 

reasoning logistics norms but focuses more on behavioral, attitude and other social science 

philosophies. 

Thus, a change is required. 45% of the parents are below diploma level of education, 31% 

are degree holders and above while the rest are in business thus leaving the teachers to act and 
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should act as a good role model to the students upbringing in the science subject. Despite the 

religious restrains and influence, the environment influence mainly tourism has influenced 48% of 

students’ minds to commercial activities. All students complained lack of books in the library and 

69% has difficulty in English communications skills yet examinations are set in English language. 

72% admits they lack practical skills due to poor inadequate chemistry laboratory which does not 

meet the standards as per the chemistry curriculum requirements. 

A research on instructional strategies [1] reported that students exposed to the laboratory 

and discussion had higher test scores than those in the lecture or reading groups thus, there is the 

need for a proper chemical laboratory setup [29]. No comments on attitude towards their subject 

teacher since it is against their faith to do so but 52% does not like the subject. 40% of the students’ 

claims parents has very little input to their studies while 35% revealed that parents do a lot of 

follow up since they have reached higher institution of learning, 15% parents are not bothered and 

the rest are there. 

All professionals agree that there is indeed limited resource to manage the program and are 

really concerned about the poor performance. 35 % believes that the main stakeholder is to take 

the blame.65% reveals that performance of student highly depends on efficiency of the subject 

teacher. 72% says that the in-process teachers require more professional training in order to bring 

their own value-set to the task of selecting and implementing the intended curriculum as also 

claimed [14,29]. 

 

CONCLUSIONS 

The conclusion drawn from this work, teachers’ ineffectiveness which is more personal 

than de-motivated as claimed and inefficiency has contributed a lot to performance problem. 
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However, the poor performance of students in chemistry was due to lack of innovation, relevant 

logistics, encouragement, improper English communication skills, improper approach of teaching 

chemistry and resourcefulness by the teachers. The chemistry teachers require periodical 

reassessment and evaluation. They need to be taken for more professional training on teaching 

skills, knowledge impactions, how to create alternative metaphors for learning, using authentic 

problems to elicit authentic skills and making examinations reflect the goals. Students have not 

been able to see the relevance of chemistry to the society thus affects their learning. Therefore, 

there is the need to introduce industrial academic trips to their program in order to brew up 

cooperative learning so as to create a productive learning environment. They also need a minilab 

instead of conventional laboratory which is expensive to put in place and library with approved 

chemistry books of latest edition. 

 

RECOMMENDATIONS 

This study recommends the heuristic approach as “modus oparandi” of teaching 

intertwined with socratic instructions and instructional objectives to bring learners into meaningful 

learning and effective understanding guided by the four domains of Bloom’s taxonomy with more 

motivational orientation and innovations. The in-process teachers should be retrained in 

curriculum implementation, assessment and delivery. The study also recommends fewer schools 

to be set aside for science only or if possible classes be divided into two categories that is science 

and art so as to commensurate well with the few skillful and knowledgeable qualified chemistry 

staff. Practice in English language communication skills should be in the oathing since 

examinations are set in English language and this to some extent can alleviate the rote learning 

styles. A good nutrition for students should not be forgotten. 
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ABESTRACT 

The purpose of this study is to investigate the relationship between attitudes and 

motivations of first year Biology and Chemistry students to learn chemistry. The study adopted co 

relational research design. A total of 155 first year biology and chemistry students (95 first year 

Biology and 60 Chemistry students) taking chemistry in the second semester of 2017/2018 at Dire 

University, Ethiopia, were involved in this study. Data for this study were collected using Attitude 

Inventory Test and the Achievement Motivation Scale. Data were analyzed using Statistical 

Package for Social Science (SPSS) version 21. The results show that there is no statistically 

significant difference between biology and chemistry students in their attitudes and motivation 

towards learning chemistry. Furthermore, there is no a statistically significant relationship between 

attitudes and motivation of these students towards learning chemistry (i.e. there is negligible 

degree of relationship between attitude and motivation to learn chemistry). The relationship 

between attitude and motivation might be due to chance. On the basis of the results of this study, 

it can be concluded that there is no statistically significant relationship between attitude towards 

chemistry and the motivation to learn chemistry. The results did not support the expectation that 

there is a statistically significant relationship between attitude towards a given domain of science 

and the motivation to learn it. Therefore, teachers must help students comprehend basic facts, 

principles, concepts and theories and should encourage them apply these to solve chemistry 

problems and enhance the motivation. This would improve students’ ability to answer difficult 

chemistry questions which might appear every examination. [African Journal of Chemical 

Education—AJCE 9(2), July 2019] 
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INTRODUCTION 

Chemistry enables students to provide explanations for almost all natural phenomena they 

encounter in their daily life or school laboratories [44]. It’s also a requirement to study pharmacy, 

medicine, pharmacy, environmental science, chemical engineering, geology, biology, agriculture 

and others so on [7, 13]. Generally, chemistry affects all aspects of human life and help people in 

making decisions in areas such as health, environmental conservation (environmental care and 

love), dietary intake (starch, carbohydrates, fats, vitamins) and food choices which are directly 

related to their daily life and affect the quality of their lives. However, studies have shown that the 

majority of students at secondary school perceived chemistry as a difficult subject and this 

perception become more evasive when they reach university. Numerous studies have shown that 

there is a gradual decreasing attitudes of students towards chemistry as subject of study (or loss of 

interest in the subject) and motivation to learn chemistry as students move from lower secondary 

school to higher educational institutions [33, 39]. These studies affirmed that the decline in 

attitudes and motivation is accompanied by feelings of dreaded, boredom, rejection, and 

experiences of failure, which have been a concern of many educators and researchers for decades. 

Therefore, the issue of students’ attitudes towards chemistry and motivation to learn became an 

international concern because the decline in attitudes and motivation towards chemistry learning 

has a direct influence on the understanding of key concepts associated with the discipline, and 

consequently on school achievement [8, 29, 45]. 

Although numerous studies have been conducted to examine the effect of attitudes and 

motivation on students’ achievement in chemistry as well as on factors that affect the attitudes and 

motivation of students towards chemistry, the extent to which the attitudes of students towards 

science change with their motivation to learn science (chemistry) are not yet to be empirically 
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examined well. Most of the studies conducted so far have been focused on the influence of attitudes 

towards chemistry and motivation on students’ achievement in chemistry. The majority of research 

studies on the students’ attitudes towards chemistry and motivation to learn have been mostly 

restricted to the investigation of the effect of attitude and motivation on achievement as well as the 

effect of attitude on motivation but not on the degree of relationship between motivation and 

attitude. What is not yet clear is the correlation between attitude towards chemistry and motivation 

to learn it. 

To the best knowledge of the researchers, there has been little or no systematic study aimed 

directly at exploring the correlation between attitudes of students towards chemistry as a subject 

of study and motivation to learn chemistry yet. Therefore, the main purpose of this study is to 

explore the correlation between attitude toward chemistry as subject of study and motivation to 

learning chemistry. So, this study seeks to address the following questions :(1) what is the attitudes 

and motivations of first year biology and chemistry students towards learning chemistry? (2) Is 

there a significant difference between attitudes of first year chemistry and biology students towards 

chemistry and their motivation to learn chemistry? And (3) Is there a correlation between attitudes 

and motivation of first year chemistry and biology students towards chemistry? 

 

Students’ Attitude towards Learning 

Attitudes are defined by [2] as learned tendencies towards content of science or other 

subjects, people, situations, institutions and certain objects. He asserted that like effective teaching 

method, attitudes influence meaningful learning of science. Several studies have revealed that 

students develop a learned disposition to respond in a consistently favorable or unfavorable manner 

with respect to a given subject or attitude object and this disposition is term in literature attitude 
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[11, 17, 36]. The attitude object can be subjects taught in school such chemistry, biology, and 

physics and attitude denotes interest or feelings towards studying these subjects. 

Attitude encompasses three components, namely: the cognitive, the affective, and the 

behavioral components [11, 17, 28]. Evidences show that positive attitudes towards learning 

chemistry is among the key factors that foster the development of students’ knowledge and 

understanding of chemistry concepts and improve their motivation to learn it [42, 51]. He claimed 

that students who have negative attitudes towards chemistry have also low motives to learn it. For 

instance, positive attitude towards learning chemistry would be associated with evidence of 

motivated behavior and foster their capability to recognize chemical and define key concepts, 

identify important scientific questions, use their understanding of chemical concepts to explain 

phenomena, use their knowledge in chemistry to read a short article, or analyze information 

provided in commercial advertisement or internet resources while a negative change was linked to 

less motivated behavior [36, 42]. 

Despite the importance of favorable attitudes and motivation for effective learning of 

science, studies have proven that the favorable attitudes and motivations of students that arise at 

early age do not remain constant throughout their schooling [46]. They asserted that students at 

middle high school are not well disposed to study chemistry and have low motives compared to 

those at lower level and this situation becomes more frustrating when they reached upper 

secondary schools and Universities. This study revealed that considerable number of students have 

negative attitudes towards chemistry and low motives to learn it which in turn results in their poor 

performance or achievement in chemistry. 

According to [44], many students have poor attitudes towards chemistry and there is a 

gradual decline in their motivation to learn it. He asserted that a large proportion of students even 
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did not notice the relation of chemistry to their daily life which worsens the situation. This decline 

in attitudes towards chemistry as subject of study and motivation to learn it has been considered 

as among the main factors that results in poor performance or achievement of students in 

chemistry. 

Several studies have been explored that factors found to be influencing attitudes of students 

towards science. These factors include: relevance of the subject to the field of study, relevance of 

curriculum to students’ daily life, poor teaching and assessment methods, career interest, the type 

of science courses taken (content difficulties, for example, abstract nature of chemistry), lack of 

ICT support for teaching, influence of family on students, social implication of chemistry gender, 

motivation, attitude of society towards science,  teachers ability to relate their lesson to the daily 

life experiences  of students, prior knowledge, cognitive styles of students, social implications of 

science, thinking that chemistry is not related to daily life, classroom behaviors of teachers,  and 

achievement others [9, 13, 41, 50]. 

 

Students ‘Motivation towards Learning 

The motivation of students can be external or internal (intrinsic). Extrinsic or external 

motivation generally comprised of recognition and praise for good work or well done assignment 

in a given subject while internal or intrinsic motivation encompasses an internal desire to learn 

about specific science topic or do a particular assignment [47]. These researchers contended that 

intrinsically motivated student process information more deeply, achieve higher scores and 

showed more persistence than those who are extrinsically motivated. According to, motivation is 

one of the most important factors influencing success or failure of students in their learning. 
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Generally, motivation, attitude and anxiety are essential affective factors that have 

significant influence in the realization of students learning [49]. Therefore, he recommended that 

teachers must know the degrees to which their students’ are motivated to learn a given scientific 

content or concept in advance. 

The relation between motivation and attitudes has been considered as a prime concern in 

science education. It has been suggested that the motivation of students to lean is determined by 

their attitudinal orientations towards the learning task itself as well as their attitudes towards other 

groups [21, 46]. This study showed that high levels motivation coupled with proper attitudinal 

trends results in high levels of students’ involvement in learning and the attainment of desired 

learning outcomes. According to [19, 39, 46]. “Motives are rooted in needs, experiences, 

perceptions, concepts and persuasions and are manifested subjectively in emotions, desires, 

inclinations, aspirations, interests, ideals and dreams.”  

 

Students’ Learning 

Studies suggest that there is a relationship between attitude and methods of instruction and 

between attitude and achievement. Therefore, it is possible to predict the level of achievement 

from attitude scores. Although many researchers argue that teaching methods have a great impact 

on students’ attitude to learn a subject, the relationship between students’ attitudes towards 

chemistry and motivation to learn chemistry has not yet been examined. In this study, the 

relationship between attitudes towards chemistry and motivation to learn chemistry were 

investigated. The relationship between gender and motivation to learn chemistry as well as gender 

and attitude towards chemistry were also explored. 
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It was observed that the students who have negative attitude towards chemistry have lack 

of motivation for class engagement while students who have positive attitudes towards Chemistry 

have motivation for class engagement [16, 50, 51, 39]. Detailed examinations of students’ attitudes 

towards science demonstrated that attitudes of students towards science changes with exposure to 

science, but the direction of change may be related to the quality of that exposure, the learning 

environment, and teaching method [9, 31, 37]. A positive attitude influences expected achievement 

and is heavily influenced by attitudes towards science [9, 33, 36]. Students who have a positive 

attitude towards and beliefs about chemistry will succeed at a higher level [6, 30, 32]. Student 

attitudes towards Chemistry also play a powerful role in how they think about using problem-

solving method in their chemistry or any science class [22, 25, 28]. 

Purpose of the study 

The main purpose of this study was to determine the correlation between the attitudes and 

motivation of first year chemistry and biology towards chemistry. This study was also aimed to 

examine the attitudes and motivation of first year chemistry and biology students towards 

chemistry courses. Therefore, this study was intended to seek an answer for the following 

questions. 

Research questions 

1. What is the general motivation and attitude of first year biology and chemistry students 

towards Chemistry as subject of study? 

2. Is there any significant difference between attitude inventory test and achievement 

motivation scale scores of first year chemistry and biology students?  

3. Is there correlation between attitudes and motivation of first year biology and chemistry 

students toward chemistry and their achievement in chemistry? 
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Research Hypotheses 

The null hypotheses tested in this study were: There is no significant difference between 

first year biology and chemistry students regarding their attitude towards chemistry and motivation 

to learn chemistry. 

 

RESEARCH DESIGN AND METHODOLOGY 

Design of the study  

This study aims to examine the relationship between attitudes of first year biology and 

chemistry students towards chemistry and their motivation to learn chemistry as subject of study.  

For this purpose, co relational research design have been adopted to answer the research questions 

raised earlier and to ascertain the extent to which attitudes of students towards chemistry and their 

motivation to learn are related to each other. Co relational research design allowed the researchers 

to ascertain if there were any relationship between the variables; how strong the relationship; and 

the direction of the relationship. The study was not concerned with cause-effects relationship. 

Population and Sample of the Study  

This study was conducted at Dire Dawa University, Ethiopia. The population of this study 

comprises of the total number of students at Dire Dawa University from year one to year three in 

the College of Natural and Computational Science. 

The sample of the study consisted of 95 year I Biology students (female = 57 and male = 

38) taking chemistry courses and 60 year I Chemistry students (female 29 and male = 31) at Dire 

Dawa University. All year I Biology and Chemistry students of the 2017/2018 academic year 

taking different chemistry course during the second semester were involved in the study. Of the 

total 155 students involved in the study, 55.5% were females and 44.5% were males.   
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Data Collection Instruments 

The instruments used in this study were standardized Achievement Motivation Scale and 

Attitude Inventory Test. The scales used as data collection tools in the study are detailed below 

Achievement Motivation Scale (AMS) 

The Achievement Motivation Scale for learning chemistry developed by [6, 23, 24] was 

adapted and utilized in this study to determine students’ motivation towards learning chemistry. 

The Achievement Motives Scale consisting of thirty items or statements was used to measure 

students’ hope of success and fear of failure. The scale has four sub-divisions. The sub-dimensions 

were intrinsic motivation, which refers to the willingness to learn chemistry for its own sake and 

extrinsic motivation, which refers to the willingness to learn chemistry; the a motivation dimension 

refers to an unwillingness to learn chemistry; the extrinsic motivation has again two sub-

dimensions, namely: Extrinsic motivation-career sub-dimension, which refers to learning 

chemistry for future occupation goals;; and the extrinsic motivation-social sub-dimension which 

refers to learning chemistry in order to show success to around (use of chemistry in problems 

solving and usefulness of chemistry in daily life situation) [28, 50, 51, 22]. 

The scale has a 5-point Likert-type pattern, ranging from strongly agree to strongly 

disagree. Coding of the scale was done by allocating scores as follows: strongly disagree = 1 point, 

disagree = 2 points, neutral = 3 points, agree= 3 points, strongly agree= 5 points. The values of 

Cronbach alpha for the scale was 0.824, which is high according to [34] recommendation. 

Attitude Inventory Test 

Attitude inventory scale towards chemistry developed by [36] was adapted and used in this 

study to determine the attitudes of first year chemistry and biology students towards chemistry. 

The scale consisting of 30 statements in 5-point Likert-type scale (strongly agree = 5, agree = 4, 
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neutral = 3, disagree = 2, and strongly disagree = 1). The statements of the scale were designed to 

measure students attitudes towards chemistry in seven areas, namely: (a) chemistry as a subject of 

study; (b) use of chemistry for problem solving and decision making; (c) relevance of chemistry 

to daily life (application of chemistry in their daily life); (d) willingness to learn chemistry or 

behavioral tendencies to learn chemistry (their interest to learn chemistry course); (e) importance 

of chemistry course for their field of study, (f) difficulty of chemistry course, (g) behavioral 

tendencies to learn chemistry (their interest to learn chemistry course), and (h) usefulness of 

chemistry course for their future career. Statements under chemistry as a subject of study were 

designed to determine students’ attitudes towards chemistry compared to other subject or fields of 

study. 

Both the Attitude Inventory Test and Motivation Scale survey questionnaires used in this 

study have five Degrees of intensity with weights of 5 being the highest and 1 being the smallest 

rating. The items were categorized as positive and negative statements to draw the attention of the 

respondents. The items with positive numbers and phrases were given values of (5 = strongly 

agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = strongly disagree), whereas the negative phrases 

were given negative weights in increasing order (1 = strongly disagree, 2 = disagree, 3 = neutral, 

4 = agree, 5 = strongly agree). Scores were evaluated separately and then the total scores summed 

up for each student. 

Table 1. The scale of the statistical value adopted to assess students’ attitude and motivation 

Weighted Mean Arbitrary Value Verbal   Interpretation 

4.51 –5.00    5      Very True to Me 

 3.51 –4.50    4 True to me 

2.51-3.50 3 Somewhat True to me 

1.51- 2.50 2 Untrue  to me  

1.00-1.50 1 Very untrue to me  

The calculated reliability coefficient of the scale was 0.92 
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Interpretation of the Total Score Range 

The scale used for measuring students' attitudes towards chemistry range from 30 to 150 

points. For positive items, the high average reflects a more positive trend to learning chemistry 

while the low average reflects a negative trend. For the negative items, the high total score 

corresponds to, lower average which reflects a low trend towards learning chemistry, and the high 

average reflects a positive trend to the subject. 

Table 2.    Interpretation of the Total Score Range (which one is better?) 

  

 For positive items  For negative items 

Total score 150-105 104 to 75 <74 < 74 104 to 75 150-105 

Average  5.0-3.5 3.49-2.5 < 2.49 5.0-2.5 2.49-1.5 < 1.49 

Percentage  ≥ 70% 69.5-50% < 49.5% <49.5% 69.5-50% ≥70% 

Level of trend  High  Average  Low  High  Average  Low  

 

 

Research Procedures 

Attitude Inventory Test and Achievement Motivation Scale were administrated to first 

biology and chemistry students to measure their “attitudes towards chemistry course” and 

“Motivation to learn chemistry,” respectively. The survey questionnaires in the Attitude Inventory 

Test and Achievement Motivation Scale were distributed to the respondents was during their 

Chemistry class to identify their Assertiveness and enthusiasm towards their chemistry subject. 

This study was conducted at Dire Dawa University in college of natural and computational science 

on students taking chemistry courses in the second semester of 2017/2019 academic year. The 

assessment of students’ responses to the survey questionnaire in Attitude Inventory Scale and 

Achievement Motivation Scale yielded a scientific investigation. 

The statements of attitudes towards chemistry and achievement motivation to learn 

chemistry were designed to investigate students’ attitudes regarding: chemistry as subject of study 
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compared to other subjects, difficulty of chemistry, usefulness of chemistry in problem solving 

and decision making, relevance chemistry to life and behavioral tendencies to learn chemistry. At 

the same time, achievement motive scale (AMS) questionnaires administered to students in both 

group to measure their motivation. The statements were designed to measure students’ hope of 

success and fear of failure. The motivation survey questionnaires were designed to explore some 

behavioral characteristics of respondents such as their likes and dislikes of various aspects of 

chemistry.  

 

Data Analysis 

Student responses to the instrument were coded based on the 5-point Likert Scale using the 

defined criteria. For positive items, higher scores represented more positive responses while for 

negative items, lower scores represented more positive responses. The data collected from survey 

were analyzed using Statistical Package for Social Sciences (SPSS). Analysis of variance 

(ANOVA) was carried out to determine whether a statistically significant difference in attitudes 

and motivation of respondents exist. Pearson’s Product Moment Correlation was used to determine 

whether significant relationship exist between the attitudes and motivation of the respondents. 

 

RESULTS AND DISCUSSION 

Significant Difference in the Attitudes of the Respondents in chemistry Subject 

Table 3: Analysis of Variance on the Attitudes of the Respondents in chemistry Subject 

Source of variation  SS df MS F P Value F Crit 

Between Group 0.06 1 0.006 0.038 0.845 4.098 

Within a group 5.954 38 0.156    

Total 5.960 39     

Level of significance at 0.05 
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Table 3 reveals the ANOVA on the attitudes of the respondents Chemistry in subject. This shows 

that the tabular value of 4.098172 is greater than the computed value of 0.038304 at correlation 

significance at 0.05 levels. The approximate significance is 0.845877. This indicates that it failed 

to reject the null hypothesis and therefore concludes that there is no significant difference in the 

attitudes of the respondents in the Chemistry subject. Studies reviewed suggests that there is a 

relationship between attitude and methods of instruction and between attitude and achievement. 

Therefore, it is possible to predict the level of achievement from attitude scores [13, 16, 18]. 

 

Significant Difference in the Motivation of the Respondents in chemistry Subject 

Table 4: Analysis of Variance on the Motivation of the Respondents in chemistry Subject 

Source of variation SS df MS F P- Valu F Crit 

Between Groups 0.422 1 0.422 1.163 0.287 4.098 

Within Groups 13.78 38 0.362    

Total 14.20 39 14.20    

Level of significance at 0.05 

 

Table 4 reveals the ANOVA on the motivation of the respondents Chemistry in subject. 

This shows that the tabular value of 4.098172 is greater than the computed value of 1.16395 at 

correlation significance at 0.05 levels. The approximate significance is 0.287449. This indicates 

that it failed to reject the null hypothesis and therefore concludes that there is no significant 

difference in the motivation of the respondents in the chemistry subject. It was observed that the 

students who have negative attitude towards physics have lack of motivation for class engagement, 

and also the students who have positive attitudes towards Chemistry have motivation for class 

engagement. Research has shown that attitudes towards science change with exposure to self-

learning strategies in science [9, 31, 10]. 
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Significant Difference between Attitude and Motivation of the Respondents towards 

Learning Chemistry 

Table 5: Analysis of Variance on the Attitude and Motivation of the Respondents in Chemistry 

Subject 

Source of variation  SS df MS F P -Value F Crit 

Between Groups 0.845 3 0.281 1.085 0.360 2.724 

Within Groups 19.741 76 0.259    

Total 20.587 79 20.58    

Level of significance at 0.05 

 

Table 3 reveals the ANOVA on the attitudes of the respondents in subject. This shows that 

the tabular value of 2.724944 is greater than the computed value of 1.08549 at correlation 

significance at 0.05 levels. The approximate significance is Chemistry 0.360449. This indicates 

that it failed to reject the null hypothesis and therefore concludes that there is no significant 

difference in the attitudes and motivation of the respondents in the Chemistry subject. Similar 

results were obtained in the study conducted by [31, 4, 5] after exposing students to a self-learning 

device. 

 

Significant Relationship between Attitude and Motivation of the Respondents towards 

Learning Chemistry 

Table 6: Pearson Product Moment Correlation on the and Motivation of the Respondents in 

chemistry Subject 

Correlation Attitude Motivation 

Attitude 1  

Motivation 0.923852 1 
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Table 6 shows the Correlation of attitude and motivation of the respondents towards 

learning chemistry. There is a high to very high positive relationship between the attitude and 

motivation of the students. The relationship is positive; as the attitude increases, the motivation 

also increases. The value of r = 0.923852 indicates a high to very high positive relationship 

between the attitudes and motivation of the 446 chemistry students at correlation significance at 

0.05 level. The coefficient of determination is r2= 0.85350252, this presents that attitude improves 

prediction of the rated factors by 85.35%. The relationship between attitude and motivation is 

statistically significant. This result agrees with [46, 9, 1] that positive attitude influences expected 

achievement and the opinion that Students who have a positive attitude towards and beliefs about 

chemistry will succeed at a higher level. 

 

CONCLUSIONS 

This study place great emphasis on the relationship between attitudes and motivation of 

students towards chemistry. From the results of this investigation, it is possible to conclude that 

there is a strong relationship between attitude towards domains of science and motivation to learn. 

The findings of the study suggest that most of the students find that they feel good when they are 

successful in chemistry. In other words, they feel good when their endeavor to succeed in 

chemistry became fruitful. The responses of almost all students show that they enjoy studying 

chemistry when they found it useful for solving problems in their everyday life. This also confirms 

that there is no significant difference in the attitudes of both Biology and Chemistry students, the 

respondents’ motivation for both samples; and attitude and motivation of the respondents in the 

chemistry subject. Moreover, the relationship between attitude and motivation is due to chance. 
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What promotes attitudes toward learning chemistry remains unequivocal, In this study, an 

attempt was made to analyze some factors related to the attitudes toward learning chemistry, The 

findings revealed that whether the student is a male or female, he/she has a low attitude toward 

learning chemistry, the causes could be basically due to the difficulty of the material, the low 

awareness of the importance of chemistry in our daily life, lack of exposure and fieldtrips, 

unattractive and low equipped laboratories, together with the poor motivated teachers. 

The findings of this study also provide useful information to chemistry teachers and 

curriculum planners to revise their teaching and learning methods, so that students’ attitude 

towards learning and engagement in chemistry activities increase. 

The researchers believe that the Attitude Inventory Test would be a useful tool for 

chemistry teachers and chemistry educators to gauge their students’ towards chemistry as subject 

of study and chemistry content prior to beginning chemistry course. The information gathered from 

the Attitude Inventory Test could allow them design instructional interventions to help increase 

student success, interest, and performance, which could help to increase attitudes, and students’ 

intentions to pursue chemistry or science based careers. 

 

IMPLICATIONS/RECOMMENDATION 

The implication of the findings this study is that both attitudes towards chemistry and the 

levels of motivation of students should be taken into account when planning instructional 

activities. The responses of the majority of students show that the decline in their attitudes and 

motivation towards chemistry is due to: the abstract nature of chemistry, poor teaching and 

assessment methods, lack of practical activities or hands-activities, career opportunity, and so on. 
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Therefore, the teachers must use effective instructional strategies that provide sufficient 

opportunity for students to engage in the teaching-learning process, and construct their own 

understanding using their prior knowledge. Teachers should also use computer assisted 

simulations to help students’ visual abstract concepts chemistry. Students should be motivated to 

work hard and enjoy learning chemistry moving they beyond the assigned work in the subject. 
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ABSTRACT 

For clear understanding of substances and chemical reactions especially in low- learning 

student groups, teachers should consider all three levels of reflection in their instruction: macro-, 

sub-micro- and symbolic level (see Fig. 1). Many misconceptions have been developed by learners 

due to wrong models which have been offered during class instruction. For example, many 

chemistry books do not describe ionic compounds by ions – but by molecules which are not the 

existing particles.  This paper tries to explain how ionic compounds are composed of ions: ionic 

lattices in solid salt crystals and separated ions in salt solutions. [African Journal of Chemical 

Education—AJCE 9(2), July 2019] 
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INTRODUCTION 

Ions and ionic symbols are well memorized by chemistry teachers and their students: types 

of ions, and how ions are formed. But misconceptions arise by the application of such symbols in 

chemical equations or by presenting ionic compounds either in ionic lattices or in salt solutions. 

Let us take the simple chemical formula for sodium chloride NaCl(s) as an example. Sodium 

chloride is well known as table salt in the kitchen (macro level), and also the formula is used 

(representational level). But most chemistry teachers and learners develop wrong mental models 

by the NaCl formula: they regard sodium chloride built up by NaCl molecules, they jump from the 

macro level to the symbolic level without considering the sub-micro level (see Fig. 1). Even 

chemists who know about the existence of ions in ionic lattices or salt solutions are not writing 

ionic symbols like Na+Cl- – they are still using NaCl(s) for salt crystals and NaCl(aq) for solutions 

of sodium chloride. This is may be because of laziness in writing the ions with – and + superscript 

signs or negligence – but we know that this leads to misconceptions. 

To solve this problem chemistry teachers and chemistry book authors should always 

consider three levels of reflection (see Fig. 1). 

 

Fig. 1: Chemical Triangle by Johnstone [1] 
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The sub-micro level of reflection is not much considered in chemistry instruction. So the 

lack of this knowledge leads to misconceptions when dealing with chemical reactions which 

involve ionic compounds. From experiences all over the world we know that formulae and 

chemical equations are memorized very often or are equalized by counting the number of “atoms 

on the left and right side of the equation” [2]. Looking to our Chemical triangle lecturers and 

students are jumping from the macro level just to the symbolic level. Effective learning and 

understanding requires simultaneous use of sub-micro and symbolic representations [3]. 

Analysis of Tanzanian chemistry syllabus and books of all levels show that there is no 

critical discussion on relationship between reacting particles and symbolic representation of 

reacting species. The concept that matter is made of atoms or molecules is well known by any 

chemistry learner but the problem comes when explaining the composition of salt crystals and 

salt solutions by the use of chemical symbols. Also acids and bases and their solutions should be 

described by ions and ionic symbols [4]. 

The following pages will discuss this problem by salts. 

 

PRESENTATION OF IONIC COMPOUNDS 

The misconceptions are transmitted through teaching and learning in schools and colleges 

due to improper representation of ionic compounds. Most teachers and some books regard ionic 

compound formulas as molecules, i.e. NaCl. But the molecule is defined as a neutral group of 

atoms joined together by covalent bond [6] – and NaCl is built up by ions. 

“A chemical formula shows the kind and number of atoms in the smallest representative 

unit of a substance. NaCl for example is the formula for sodium chloride. Note, the 

formula NaCl does not represent a single discrete unit because an ionic compound 

exists as an ionic lattice of negative and positive charged ions arranged in a repeating 

pattern, its chemical formula refer to a ratio known as a formula unit. A formula unit 
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is lowest whole number ratio of ions in ionic compounds” [6] – so the formula unit of 

sodium chloride should be (Na+)1 (Cl-)1 or Na+Cl- . 

 

Ionic compounds are formed when a metal atom loses electrons to become an ion. One 

example: if the calcium atom gives two electrons away, it changes to a calcium ion (see Fig. 2). 

At the same time two electrons lost by the calcium atom are gained by two chlorine atoms to form 

two chloride ions (see Fig 2): 

Ca                  Ca2+  +  2e 2Cl    +  2e               2 Cl- 
atom                            ion        electrons        -atoms     electrons                     ions 

______________________________________________________________________ 

 

 
Ca atom + 2 Cl atoms Ca2+ ion + 2 Cl- ions 

_______________________________________________________________ 

Fig. 2: Formations of ions by electron transfer, ions in an ionic lattice  

 

Then the opposite charged ions generate electrostatic forces and attract each other forming 

an ionic lattice of Ca2+ ions and Cl- ions in the ratio of 1 : 2:  Ca2+(Cl-)2 (see Fig. 2). The action of 

millions and millions of ions leads to the formation of calcium chloride crystals (macro level): 

111g of calcium chloride contain 6.02x1023calcium ions and 12.04 x 1023chloride ions. 

Normally, the calcium-chlorine reaction is described by the following equation: 

 

Ca(s) + Cl2(g)             CaCl2(s)  

 

But this presentation leads often to misconceptions of Cl-Ca-Cl molecules in calcium 

chloride – and not to the mental model of ions in an ionic lattice. To develop a correct mental 
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model, we have to deal with ionic symbols and to write in the first step Ca2+(Cl-)2, additionally we 

may show models like sphere packing of an ionic lattice (see Fig. 2). 

If we consider symbols for physical states (s) for solids and (g) for gases, we should be 

aware to be on the macro level of our triangle. So it would be better to indicate calcium metal, 

chlorine gas and solid calcium chloride crystals in an equation by words: 

Calcium(s)  + chlorine(g)                   calcium chloride(s) 

 

After discussing the electron transfer by calcium and chlorine atoms (see Fig. 2), the proper 

way to present the formation of calcium chloride by ions and to create the correct mental model 

for learners is the following equation:  

Ca2+  +  2Cl-                        Ca2+(Cl-)2
 

 

 

Presenting this chemical equation has the following advantages: 

i.  The equation shows actual reacting ions 

ii.  It represents the product as an ionic compound and not as a molecule  

iii. It creates a proper mental model to the learner 

iv.  It provides for learners the opportunity to trace back to the formation of ions. 

But we may consider that the formation of ions by reacting elements is not really necessary: 

If we take a table salt crystal there are the existing sodium and chloride ions in an ionic lattice – 

and we have not to think of a chemical reaction of sodium and chlorine. Millions of years ago big 

layers of salt are formed by ocean water and the evaporation of water by the hot sun. So the ions 

have been the first exiting particles before mankind discovered pure sodium and chlorine and their 

particles by melt electrolysis in the beginning of the 19th century. 
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Other examples 

We know a lot of reactions of two salt solutions. Let us first consider the equation which 

show the mixture of sodium chloride and potassium nitrate solutions: 

NaCl(aq)  +   KNO3(aq)                                       KCl(aq) + NaNO3(aq) 
 

 

This reaction does not exist because all reactants and products are soluble ionic 

compounds. Hence all ions are hydrated and surrounded by water molecules – there is no 

interaction between the ions. All ions and water molecules will act as a mixture because there is 

no real chemical reaction to stable products – this can occur only if lattice energy of particular ion 

species is greater than hydration energy. With the above chemical equation, it will be difficult for 

learners to develop an idea of mixed ions, but if the following equation will be presented and 

discussed misconceptions can be avoided: 

Na+(aq)  + Cl-(aq) + K+(aq) +NO3
-(aq)                Na+(aq)  + Cl-(aq) + K+(aq) +NO3

-(aq) 

_______________________________________________________________ 

 

   

 +  

 

 
 

 

 

________________________________________________________________________ 

 

Fig 3: Beaker model of mixing two ionic salt solutions 

 

 Many books and teachers held misconceptions of presenting ionic compounds: they 

introduce them in molecular form and lead learners to misconceptions about ionic compounds. If 

Na+H2O Cl-    H2O     
Cl- H2O       

Na+Na+H2O   Cl-  

H2O Na+       H2OCl-  
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-
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-

H2OClH2ONO3
-

H2OK+H2ONa+H2ONO3
-

H2OCl 



AJCE, 2019, 9(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

95 

 

 

 

they would consider additionally a beaker model those misconceptions can be avoided (see Fig. 

3). 

 If we trace individual ions in their three dimensional ionic lattice we can find that they are 

surrounded by identical numbers of their opposite charged ions depending on the size of ions and 

radius ratio of interacting ions. For sodium chloride the coordination number is 6 (see Fig. 4): 

______________________________________________________________________________ 

______________________________________________________________________________

Fig. 4: 3D and 2D concrete models of sodium chloride 

 

Every sodium ion is surrounded by 6 chloride ions; every chloride ion is surrounded by 6 

sodium ions (see Fig. 4). Those ions are held together by electrostatic forces making crystals with 

definite shape. 

The solubility of such ionic compounds depends on lattice energy. Most of ionic 

compounds are soluble in water and loose lattice structures when interact with water while some 

compounds are not soluble and maintain their lattice structure. 
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Water molecules are polar in nature (they have a 

positive pole and a negative pole). So the positive charged 

ion will attract negative poles of water molecules and will 

be surrounded by water molecules separating the ion 

completely from negative charged ions of the ionic lattice:  

the lattice structure will be destroyed. 

Ionic solids will be more soluble in water if the force 

of attraction between ions and water molecules (hydration energy) is greater than the electric force 

holding ions in the crystal lattice together (lattice energy). Some ionic compounds are not soluble 

in water because the force of attraction between ions and water molecules (hydration energy) is 

less than the force of attraction between ions in crystals (lattice energy). One example: Lattice 

energy of aluminum ions and oxide ions in aluminum oxide is measured with nearly 16.000 

kJ/mol(see Table) – so high that this compound is not soluble in water. So insolubility of a certain 

compound does not mean that there is no ionic lattice of ions. The lattice energy of different 

compounds is widely variable and lead to wide variability of solubility of those ionic compounds 

in water (see Table). 
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The solubility of a certain compound is constant and is calculated by the solubility product. 

Solubility and precipitation of any compound occurs under LE-CHATELIER’S PRINCIPLE. If 

solutions of two ionic compounds are mixed together precipitation reaction can occur only if one 

pair of ion species concentration exceeds equilibrium constant. 

___________________________________________________________________________ 

 
____________________________________________________________________________ 

Fig. 5:  Concrete model for dissolving sodium chloride crystals in water 

 

LE-CHATELIER’S PRINCIPLE states that if the reversible reaction is at equilibrium and 

one of the factors affecting equilibrium is altered, the equilibrium will shift. Considering this 

principle, we can also explain why precipitation occurs when saturated solution of a given 

compound is added with another solution containing same ions. One example: If concentrated 

hydrochloric acid (high concentration of chloride ions!) is added to saturated solution of sodium 

chloride the precipitation of white sodium chloride crystals will occur. 

Consider the chemical reaction when solutions of sodium chloride (see Fig. 5) and silver 

nitrate are mixed. These two substances are clear solutions – the learner can observe it (macro 

level). After mixing both solutions a white solid substance is formed. Most teachers always tell 
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their students that sodium chloride and silver nitrate solution reacts to show precipitates of silver 

chloride and a sodium nitrate solution, they show the reaction by this chemical equation: 

NaCl(aq)    +   AgNO3(aq)                             AgCl(s)   +     NaNO3(aq) 

 

Above statements support the act of jumping from macro level to representation level – 

and will not develop actual ideas of reacting ions, the mental model of students will stick on 

substances. The learners will not get the opportunity to think about the particles involved in this 

reaction. The ionic equation and the following beaker model can solve to understand the 

precipitation [5]: 

(Na+aq + Cl-aq) + (Ag+aq +NO3
 -aq)                       Ag+Cl-s  + (Na+aq+ NO3

-aq) 

     + 

 + +  

 

 

 

 

 

 

 

Ionic equations and beaker models are very important to be used by teachers in class to explain 

the existence of involved particles in crystals and solutions especially to low-level learners. Both 

models on sub-micro level can bridge the observation of substances (macro level) and chemical 

formulae and equations (representational level) – learners understand precipitation reactions and have 

not to memorize formulae and equations! 
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ABSTRACT 

The purpose of this review is to introduce young researchers, advance undergraduate and 

graduate students of inorganic chemistry to the field of chemical kinetics both as a discipline and 

as a tool in mechanistic diagnosis of inorganic chemical reactions. Inorganic reaction mechanism 

is an important aspect of inorganic chemistry that deals with the study of the detailed step by step 

processes through which reactants in chemical reactions are converted to products. The overall 

equation of a reaction tell us what happens in a chemical reaction, whereas the mechanism explains 

how it happens –the steps involved and the effect of reaction conditions and catalyst, if employed. 

The review will deal with concepts and well established principles within the broad fields of 

chemical kinetics, which can be employed in determining the stoichiometry, kinetics and 

ultimately the mechanisms of chemical reactions. [African Journal of Chemical Education—AJCE 

9(2), July 2019] 
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INTRODUCTION 

The review begins with a look at the relevance and application of chemical kinetics before 

delving into discussion on reaction rate and the techniques for its measurement and interpretations. 

The results of such measurements show that reaction rates depend on the concentrations of 

reactants, products and in some cases even intermediates in characteristic manners that can be 

expressed in terms of differential equations known as rate laws [1]. The rate law describes the 

effect of concentration on the rate of a reaction and its solutions can be used to predict the 

concentration of specie at any time after the start of the reaction [2]. The study of reaction rates 

ultimately leads to an understanding of the mechanisms of reactions [3]. An insight into the 

elementary steps through which reaction occurs can be gotten from the form of the rate law [1]. 

Therefore, the main task in kinetics is the construction of a rate law from a proposed mechanism 

and its comparison with the experimentally determined one [2]. The concepts of the rate 

determining step of a reaction, the steady–state concentration of a reaction intermediate, and the 

existence of a pre–equilibrium are all employed in deriving the rate law from the proposed 

mechanism [4]. 

The word kinetics has its origin in the Greek word ‘kinesis’ which means ‘to move’ or 

‘moving’ [5, 6]. It is a general term referring to time-dependent phenomena that involves change 

[7]. The principles of kinetics are used in different aspects of sciences [5, 6, 8] and chemical 

engineering [9, 10]. Knowledge about chemical kinetics is also required for the understanding, 

design, and control of the chemical reactor, to explain enzyme actions and polymerisation [10], as 

well as to describe drug degradation and absorption [6]. In fact, nothing is more important in 

chemistry than the understanding of the mechanism through which chemical reactions occur which 

explains why kinetics is an important field of chemistry [11]. 
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Chemical kinetics also involves the construction of models that can facilitate the prediction 

and calculations of experimental results. Modeling and simulation of chemical system can be 

achieved by a mathematical approach [12]. A model must capture the essentials of a system and 

the behaviour of a system can be modeled based on the knowledge and dynamics of their 

components, with the experimental data collected used to obtain kinetics parameters such as rate 

constant and rate order of a system theoretically. This will then be compared with the 

experimentally determined ones to confirm the plausibility of a mechanism [12, 13]. Software 

packages which are based on mathematical models have been designed to simulate reactions and 

come up with rate data to suggest or validate a mechanism [14]. Recent progress in reaction 

kinetics can be attributed to the availability of supercomputers and software of quantum chemical 

methods [15, 16] and the development of methods for monitoring very fast reactions [11, 17]. 

The significance and importance of kinetics as a field of chemistry is emphasized by the 

fact that it has produced several Nobel Laureates including Jacobus Henricus van’t Hoff, Irvin 

Langmuir, Manfred Eigen, Henry Taube, Rudolph A. Marcus and Ahmed Zewail [18, 19]. 

Chemistry is an aspect of science that deals with the transformation of matter [20] and the 

way and manner through which the transformation occurs is what is refer to as the mechanism of 

the reaction [21, 22]. These reactions can occur in the gas phase, varying solvents, solid state and 

at gas–solid or liquid–solid interfaces [10, 23]. Our review is devoted mainly to solution phase 

chemical kinetics, with emphasis on homogenous reactions taking place in water. The study of 

homogenous reactions is very important to kineticists since most reactions; from the simple 

laboratory experiments to the very complex reactions occurring in living systems are homogenous 

in nature [14]. 
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A thorough study of any chemical reaction should include the study of structures, equilibria 

and rates [24]. The study of rates of a reaction is under the domain of kinetics. Kinetics can be 

sub–divided into physical and chemical kinetics. Physical kinetics is concerned with physical 

phenomena such as diffusion, viscosity and adsorption, while chemical kinetics deals with the 

study of rates of chemical reactions [25]. Chemical kinetics is a blend of chemistry, physical theory 

and mathematics, which explains why for a chemistry student/researcher to do well in kinetics, 

he/she must have a good background in mathematics and a sound understanding of physical 

theories [2, 11]. The importance of mathematics in kinetics is emphasized by the fact that the law 

of mass action, which can be said to be the foundation of the modern day rate law, was formulated 

by a mathematician, Cato Maximilian Guldberg, in collaboration with a chemist, Peter Waage [6]. 

Also the first Nobel Prize winner in chemistry/kinetics, van’t Hoff, was trained as a Mathematician 

[26]. 

The reaction that is under study in chemical kinetics is referred to as a system [4, 27], while 

everything that is not part of the system is called the surrounding [28]. Quite often the surrounding 

is thermostated water bath that is used to maintain the system at constant temperature [2]. 

 

KINETIC STUDY OF A CHEMICAL REACTION 

The more one knows about the chemistry of a reaction, the better the conclusions that can 

be drawn about the mechanism from its kinetic study. Therefore, effective interpretation of kinetic 

data depends on accurate knowledge of the behavior and occurrence of the reactant species in the 

solvents in which the reaction will be carried out, the establishment of the stoichiometry of the 

reaction, the determination and characterization of the products and if possible, intermediate(s) 

that will be formed during the course of the reaction, and the identification of side reaction(s) [15, 
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29]. Physical observation, chemical analysis [30], chromatography [31] and spectroscopy [32] can 

all be used in characterizing the reactants, intermediates and products of a reaction. The method to 

be employed is determined by the nature of the species under consideration. 

The stoichiometry of a reaction is the chemical equation that shows the relative amounts 

of reactants that take part and the products formed in a chemical reaction [33]. Of the several 

methods that have been proposed for the determination of the stoichiometry of reactions [34], the 

Job’s method of continuous variation and the Yoe–Jones Molar Ratio methods are the most widely 

used [35, 36]. A modification of the Yoe–Jones method which is known as the Slope Ratio method, 

and which involves the addition of measured deficient quantities of one reactant, which is the 

limiting reagent, to a known excess of the other whose concentration is held constant [35] is also 

employed by some researchers. 

After establishing the stoichiometry of the reaction, characterizing the reactants, 

intermediates and products of the reaction and identifying any side reactions, the next thing is the 

determination of the empirical rate law [4]. Rate laws are differential equation that describes the 

observed rate of reaction in terms of the concentrations of reactants and products in the overall 

reaction and they are determined empirically [37]. A simple rate equation can be solved 

analytically using calculus [7]. Complex rate laws can be simplified using the steady-state and 

equilibrium approximations [24, 38]. They can also be solved numerically using Euler’s methods, 

the midpoint methods, Laplace transform method, Gear method, Matrix method or Runge–Kutta 

method [39, 40] or stochastically using Monte Carlo [41] or Markov chains [24]. It is often 

observed that the rate of reaction is proportional to the product of the individual concentrations of 

the reactants raised to a simple power, known as order of the reaction with respect to those reactants 

[37]. 
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Since the amounts of products and reactants are related by stoichiometry, any substance in 

the reaction can be followed and used to express the rate of reaction [17, 37]. Therefore, the basic 

data of chemical kinetics that is required to come up with the rate law is the concentration of 

reactant and/or product at intervals after the reaction has been initiated [4]. The method used to 

monitor the change in concentrations depends on the substance being followed and how rapidly 

its concentrations changes [15]. The spectral regions have been mostly employed for monitoring 

the progress of a chemical reaction, with the visible region being the most useful since most 

reactions of interest involved colored specie [30, 42]. 

Reactions orders and subsequently rate coefficients can be established the use of 

differential or integrated equation, isolation (pseudo order) techniques, initial rate method or half–

life method [2]. Whatever the experimental method used the reaction must be maintained at a 

constant temperature throughout [43], except for situations where the experiment is repeated 

systematically at different temperatures to obtain information on the activation parameters using 

the Arrhenius [44] or Eyring equation [45]. 

Once the rate law of a reaction is known and the value of the rate constant determined, the 

rate of a reaction for any values of reactant concentrations can be calculated [2]. The rate constant 

for a particular reaction has a fixed value at a particular temperature [46]. The effect of temperature 

on reaction rate varies considerably from one reaction to another, with collision theory and the 

transition state theory used for the theoretical explanation of the strong dependence of reaction 

rates on temperature [2]. According to the transition state theory, the activation energy for a 

reaction can be lowered by the use of a catalyst [46]. 

It is generally observed that the rate of reaction can be altered by the nature of the solvent 

employed [1, 24] and by the presence of non–reacting ionic species in the solution [47]. Since the 



AJCE, 2019, 9(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

106 

 

 

 

rate constants for many reactions are affected by the ionic strength of the medium it is necessary 

either to maintain a constant ionic strength with added electrolyte [42, 48], or to carry out a series 

of measurements at different ionic strengths and extrapolate to infinite dilution [1, 15]. 

 

INTERPRETATION OF KINETICS DATA 

The basic mechanisms of all fundamental elementary reactions include substitution, 

electron–transfer, insertion, oxidative addition and reductive elimination [4]. Electron–transfer 

(oxidation–reduction) reactions are perhaps the most important class of inorganic reactions [4, 46]. 

The study of oxidation–reduction (redox reaction) is important to kineticist because most reactions 

whether simple or complex, organic or inorganic, chemical or biological, in vitro or in vivo, 

involve the transfer of at least one electron from a reducing agent to an oxidizing agent [49]. These 

reactions have been widely studied in an effort to understand the details of their mechanisms [42, 

48]. Based on their stoichiometry redox reactions can be classified as complementary or non–

complementary, with no direct mechanistic implications [4]. But classification of electron transfer 

processes as inner-sphere or outer-sphere reactions are based on their mechanisms [37, 42]. 

A reaction mechanism is a sequence of individual reaction steps, known as elementary 

reactions or elementary steps, which sum to the overall reaction equation. It is the step–by–step 

pathway by which a reaction occurs [21]. Mechanisms are the means by which chemical reactions 

are discovered, rationalized, and optimized. They represent the framework that allows us to 

understand chemical reactions. General guidelines for proposing plausible reaction mechanism 

include: 

1. The determination of the stoichiometry of the reaction as well as the complete identification 

of all the reactants and products of the reaction [31]. 
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2. Accumulated data in the chemical kinetics of a related system can be used in comparing, 

interpreting and analyzing the new experimental data [50]. 

3. A unimolecular or bimolecular reactions are usually proposed as reasonable steps in a 

mechanism [25, 27]. Termolecular elementary steps are extremely rare while higher 

molecularities than three are not known [17]. 

4. For a mechanism to be plausible, the elementary steps must be reasonable, and must all 

add up to the overall balance equation of the reaction [17, 46]. Also a mechanism must 

account for all the kinetic, spectroscopic and theoretical information available on the 

reaction [17]. 

5. The form of the experimental rate law provides an insight into the nature of the mechanism 

of the reaction [4, 17]. 

6. For reactions in which the magnitude of the stoichiometric coefficient of a reactant is 

greater than the order of the reaction with respect to that reactant, it means there are 

intermediate(s) and reactions after the rate determining step [10]. 

7. If the rate of the reaction is proportional to the concentration of a product raised to a 

positive exponent, it means the reaction is autocatalytic [23, 38]. 

8. Once the outline of the mechanism is established, it is necessary to show that the proposed 

mechanism gives the experimental rate law [51]. 

9. The polarity and ionic strength of the medium in which a reaction is taking place can both 

affect the rate of the reaction in a way that can give an idea of the nature of the interactions 

taking place at the activated complex [24, 47]. 

10. Interpretation of kinetic data can be made more meaningful by non–kinetic investigations 

such as the detection of intermediates [10, 13, 52] or radicals [53], or the formation of 
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isosbestic points [48], or the quantitative analysis of a product [45], which can support or 

disprove a proposed mechanism. 

11. Kinetic isotopic effects give significant information as to the structures of transition states 

and intermediates and as to the position of bond breakage in the course of a reaction [17, 

45, 52]. 

12. The correlation that exist in the form of linear free energy relationship (LFER) between 

rate constants and the reactivity of structurally related compounds can be used to diagnose 

mechanism [54]. 

13. The effect of added anions and cations give an indication of the type of mechanism 

operating in a redox process [42, 45]. 

14. If the proposed rate law from the plausible mechanism does not agree with the experimental 

rate law even after much modification of the reaction conditions, then the proposed reaction 

mechanism is rejected and another one proposed. 

 

CONCLUSION 

No single review, monograph or textbook can fully cover the broad and important field of 

chemical kinetics. But we hope our aim of writing a review that can serve as an expository on the 

principles and methodologies that are employed in kinetics studies and spur researchers’ interest 

in the field by providing a readable introduction to the subject is fulfilled. Elaborate explanations 

can be found in more advanced and specialized materials on chemical kinetics [7, 9, 23, 37, 55]. 
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ABSTRACT 
This research paper explores the chemistry-anxiety of in-service teachers. The tool used 

for this study was piloted with 42 students in a different college than the study site. The main 

objective of the study was to determine in-service mathematics and environmental science 

teachers’ anxiety of chemistry. The sample for this study consisted of 662 in-service teachers 

taking basic chemistry course, in sixteen groups. Of these 636 (Average age=21.8 yrs) completed 

the Derived Chemistry Anxiety Rating Scales properly. These were second-kiremt/summer 

Mathematics and Environmental science in-service teachers registered in basic chemistry course 

in Arbaminch College of Teachers Education, Southern, Nations, Nationalities and Peoples 

regional state (SNNPRS), Ethiopia in the year 2018 G.C. Anxiety rating scales were used for 

assessing anxiety of the in-service teachers in terms of the three subscales. Quantitative analyses 

were carried out to analyze the data. The results of analyses revealed that the in-service teachers 

were a little bit to moderately anxious in learning basic chemistry. However, the in-service teachers 

displayed relatively high level of anxiety in Handling Chemicals Anxiety followed by Chemistry 

Evaluation Anxiety and Learning Chemistry Anxiety. Males and Females were similar in anxiety 

in terms of Chemistry Anxiety (the whole scale), Chemistry Evaluation Anxiety and Handling 

Chemicals Anxiety. Nevertheless, statistically, Females are more anxious than males in Learning 

Chemistry Anxiety subscale. Correlation analyses indicate significant positive correlation 

coefficients among the subscales. Based on these results and discussions, conclusions were made. 

[African Journal of Chemical Education—AJCE 9(2), July 2019] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:woldbe@yahoo.com


AJCE, 2019, 9(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

114 

 

 

 

INTRODUCTION 

Learning is dependent on complex web of factors. Unequivocally teaching is also reliant 

on different factors. Due to complex nature of teaching, instructors in general and chemistry 

instructors in particular should not give emphasis to subject matter knowledge alone. Teaching 

related problems in college settings, such as chemistry teaching, are usually related to the format 

used by instructors. A good number of college science instructors use lecture formats to convey 

the subject matter knowledge to their students [1]. The subject matter knowledge alone, which is 

delivered through lecturing, cannot ensure effectiveness of instruction. In fact, many factors 

coalesce including subject matter knowledge in ensuring effectiveness of learners. Ahead of the 

necessity to have a comprehensive understanding of their subject matter, teachers must be able to 

teach the contents of the subject matter at a level and in ways that their learners find 

understandable, engaging, challenging interesting and relevant [2]. Doing this may require 

changing the academic identity of instructors while attempting to modify their teaching practice 

[3]. The idea here shows that the teaching-learning process has many cognitive and affective 

variables to be considered by teachers, including anxiety levels of learners. Anxiety is more of 

affective type variable [4] and affects attitude of students towards chemistry [5]. 

Anxiety exists where there is education. It is the companion of education. Anxiety is a 

feeling of apprehension, worry, tension or nervousness [6]. Too much anxiety, aka debilitating 

anxiety, has the potential to meddle with motivation and diminish performance of students [2]. 

However, little anxiety, aka facilitating anxiety, can help in improving performance by motivating 

students to positive accomplishment [2]. Eddy [7] discussed chemistry anxiety/chemophobia in 

terms of fear of chemistry as a course, fear of chemistry evaluation and fear of chemicals but 

indicated absence of agreed up on definition.  Many anxiety-related literatures [8] [9] [10] discuss 
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test related anxiety. Whatsoever the level and type of anxiety are, teachers can apply different 

strategies to reduce the negative impact of anxiety [9].  This is possible when teachers have 

empirical evidence on the anxiety of their students. 

However, there is limited study that focuses on chemistry-anxiety [7] [11]. Thus, this study 

focuses on chemistry anxiety of in-service teachers. 

 

Objectives and Research Questions 

The objectives of the study were to determine in-service mathematics and environmental 

science teachers’ anxiety of chemistry and the relationship among the subscales of chemistry 

anxiety. To achieve these purposes, the following research questions were addressed: 

1. What is chemistry anxiety level of in-service teachers taking basic chemistry course? 

2. Are there differences between males and females in chemistry anxiety of in-service 

teachers taking basic chemistry course?  

3. Is there association among chemistry anxiety and chemistry anxiety subscales? 

 

METHOD 

Instruments 

The instrument used in this study was Derived Chemistry Anxiety Rating Scale (DCARS). 

It is a 36-item instrument containing three subscales. The Pre-service teachers’ ratings on DCARS 

served as the basis for assessing chemistry anxiety in this study. The DCARS (Appendix) used in 

this study was adapted from appropriate literature [7]. The DCARS [7] measures three subscales 

of chemistry anxiety/chemophobia: anxiety associated with learning chemistry, being evaluated in 

chemistry and handling chemicals. These subscales contain seventeen, nine and ten items 
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respectively. Anxiety levels in DCARS are measured on a 5-point scale where 1 represents “I am 

not at all anxious”; 2, “I am a little bit anxious”; 3, “I am moderately anxious”; 4, “I am very 

anxious”; and 5 means “I am extremely anxious”. The DCARS were translated by experts in to 

Amharic to get credible response from subjects. The equivalence of translated version was checked 

by back translation in to the original English version. 

Piloting  

Derived Chemistry Anxiety Rating Scale (DCARS) was piloted in Bonga College of 

Teachers Education, SNNPRS, Ethiopia. Forty-two in-service teachers taking the same course 

were involved in piloting. Reliability check was made after piloting. Pilot data of DCARS resulted 

in Cronbach Alpha coefficient of 0.72, which was acceptable for the main study [12]. 

Subjects 

Derived Chemistry Anxiety Rating Scale (DCARS) was administered at the middle of 

summer in-service program to 662 in-service teachers who were taking basic chemistry course in 

Arbaminch Teachers College of Education. Chemistry Anxiety Scale was administered in the 

middle of summer in service program in 2018 G.C. The in-service program takes eight solid weeks 

to finish course contents, where the basic chemistry course is accompanied with one three-hour 

lab work. In the eight weeks’ duration semester activities are completed using doubled class hours. 

Of the 662 subjects 26 did not complete the DCARS properly. Therefore, analysis was based on 

responses from 636 subjects (246 Female and 390 Male). All subjects were second-kiremt/summer 

Mathematics and Environmental science in-service teachers registered in basic chemistry course 

in the same college. Basic chemistry course encompasses the contents of general chemistry.  
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Analysis 

For data analysis purpose, statistical analysis SPSS 20 version was used. Both descriptive 

(Means, Standard Deviation) and inferential statistics (Independent samples t-test, Pearson product 

moment correlation) were used to analyze the data collected. Significance level was checked at 

0.05 level of confidence using a two tailed test. 

 

RESULTS 

Aggregate Comparison of anxiety Scores of In-service Teachers 

Table-1: Means, SD and Rank for Chemistry Anxiety Subscales 

Subscale N Mean SD Rank 

Learning Chemistry Anxiety 636 1.72 .46 3 

Chemistry Evaluation Anxiety 636 2.17 .71 2 

Handling Chemicals Anxiety 636 2.74 .66 1 

Average  2.21 0.61  

 

The above table shows the mean scores for three subscales of chemistry anxiety. The mean 

scores for Learning Chemistry Anxiety, Chemistry Evaluation Anxiety and Handling Chemicals 

Anxiety were 1.72 (SD=0.46), 2.17 (SD=0.71) and 2.74 (SD=0.66) respectively. The average score 

of the subscales was 2.21 (SD=0.61), which indicates that in-service teachers were a little bit to 

moderately anxious in learning basic chemistry. Nevertheless, the in-service teachers displayed 

relatively high level of anxiety in Handling Chemicals Anxiety followed by Chemistry Evaluation 

Anxiety and Learning Chemistry Anxiety. The result indicates that the in-service teachers were 

relatively more anxious in handling chemicals in basic chemistry course.   
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Gender-wise Comparison of anxiety Scores of In-service Teachers 

Table-2: Anxiety of In-service Teachers in Learning Basic Chemistry 

Scales Males 

(N=390) 

Females 

(N=246) 

t-value df P 

Mean SD Mean SD 

 Chemistry Anxiety 2.09 .45 2.16 .44 -1.74 525.8 .083 

Learning Chemistry Anxiety 1.68 .47 1.78 .45 -2.84 634 .005 

Chemistry Evaluation Anxiety 2.13 .71 2.24 .71 -1.95 518.9 .051 

Handling Chemicals Anxiety 2.76 .66 2.71 .68 .99 507.6 .318 

 

Independent samples t-test analysis shows that the differences between  Chemistry Anxiety 

mean scores of the Male and Female in-service teachers were not significant (MM =2.09 SDM =.45, 

NM =390 and MF= 2.16, SDF =.44, NF = 246; t(525.8)= -1.74, p>0.05),  Learning Chemistry 

Anxiety mean scores of the Male and Female in-service teachers were significant (MM =1.68, SDM 

=0.47, NM =390 and MF= 1.78, SDF =0.45, NF = 246; t(634)= -2.84, p<0.05), Chemistry Evaluation 

Anxiety mean scores of the Male and Female in-service teachers were not significant (MM =2.13, 

SDM =0.71, NM =390 and MF= 2.24, SDF =0.71, NF = 246; t(518.9)= -1.95, p>0.05) and Handling 

Chemicals Anxiety mean scores of the Male and Female in-service teachers were not significant 

(MM =2.76, SDM =0.66, NM =390 and MF= 2.71, SDF =0.68, NF = 246; t(507.6)= .99, p>0.05) 

implying that Males and Females were similar in anxiety in terms of  Chemistry Anxiety (the 

whole scale), Chemistry Evaluation Anxiety and Handling Chemicals Anxiety. However, Male 

and Female in service teachers were different in anxiety in terms of Learning Chemistry Anxiety. 
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Statistically, Females (M=1.78) are more anxious than males (M=1.68) in Learning Chemistry 

Anxiety subscale.  The bar-graph below depicts the above differences clearly. 

 

Fig: Bar-graph for Comparing Males and Females in terms of Chemistry Anxiety and 

Chemistry Anxiety Subscales 

Relationships among chemistry anxiety subscales 

Table-3: Correlations among anxiety subscales 

Subscale 1 2 3 M SD 

Learning Chemistry Anxiety - .582** .243** 1.72 .46 

Chemistry Evaluation Anxiety  - .356** 2.17 .71 

Handling Chemicals Anxiety   - 2.74 .66 

**. Correlation is significant at the 0.01 level (2-tailed). 

A Pearson correlation coefficient was calculated to test the relationship between the in-

service teachers Learning Chemistry Anxiety and Chemistry Evaluation Anxiety. From the output 

in the table, the correlation between Learning Chemistry Anxiety and Chemistry Evaluation 
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Anxiety scores for the in-service teachers was r=0.582, P<0.01. Besides, a Pearson correlation 

coefficient was calculated to test the relationship between the in-service teachers Learning 

Chemistry Anxiety and Handling Chemicals Anxiety. From the output in the same table, the 

correlation between Learning Chemistry Anxiety and Handling Chemicals Anxiety scores for the 

in-service teachers was r=0.245, P<0.01. In addition, a Pearson correlation coefficient was 

calculated to test the relationship between the in-service teachers Chemistry Evaluation Anxiety 

and Handling Chemicals Anxiety. 

From the output in the same table, the correlation between Chemistry Evaluation Anxiety 

and Handling Chemicals Anxiety scores for the in-service teachers was r=0.356, P<0.01.  The 

correlations among anxiety subscales were significant. Both correlations indicate the in-service 

teachers who rated high in either anxiety subscale also rated high on the other anxiety subscale 

score as the r values are positive. The in-service teachers’ anxiety subscale correlation values did 

not pass or attain threshold value of multicollinearity confirming the appropriateness of the 

subscales to measure chemistry anxiety. Gujarati and Porter [13] confirmed that correlation 

coefficient values in excess of 0.8 are considered to be with serious multicollinearity problem. 

 

DISCUSSION 

This section is devoted to findings of chemistry anxiety and correlations of chemistry 

anxiety subscales in relation to appropriate literature. The data revealed that, the mean scores for 

Learning Chemistry Anxiety, Chemistry Evaluation Anxiety and Handling Chemicals Anxiety 

were 1.72, 2.17 and 2.74 respectively. The average score of the subscales was 2.21, which points 

out that in-service teachers taking basic chemistry were a little bit to moderately anxious in 

learning basic chemistry. 
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However, relatively high level of anxiety was manifested by the in-service teachers in 

Handling Chemicals Anxiety followed by Chemistry Evaluation Anxiety and Learning Chemistry 

Anxiety. The in-service teachers were relatively more anxious in handling chemicals in basic 

chemistry course.  The in-service teachers’ anxieties in terms of Chemistry Learning and 

Chemistry Evaluation are relatively modest. Gender-wise, the difference between Chemistry 

Anxiety mean score of the Male and Female in-service teachers was not significant at P=0.05 level. 

Also, the differences between Chemistry Evaluation Anxiety and Handling Chemicals Anxiety 

mean scores of the Male and Female in-service teachers were not significant at P=0.05 level.  

However, the difference between Learning Chemistry Anxiety mean score of the Male and Female 

in-service teachers was significant at p=0.05 level. Statistically, Females are relatively more 

anxious than males in Learning Chemistry Anxiety subscale.  High scores on anxiety scale could 

be interpreted as showing debilitating levels of anxiety [14] [15]. The significant difference in 

terms of this subscale might be associated to the insight of females. Females believe that 

mathematics and hard sciences are for males [16] [17]. Bertiner [14] associates this with social 

influence.  Correlations among anxiety subscales were significant and positive, indicating the in-

service teachers who rated high in one anxiety subscale also rated high on the other anxiety 

subscale score. Correlation coefficient results concord with the results of other similar study [18]. 

   

CONCLUSIONS 

The results of this study revealed that chemistry anxiety exists among in-service teachers 

taking basic chemistry course. The analyses showed that the in-service teachers were more anxious 

about handling chemicals followed by chemistry evaluation and learning chemistry learning. 

Besides, analysis revealed that Female in-service teachers are more anxious about learning 
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chemistry than their Male counterparts. However, the result indicated that statistically Females 

and Males are not different in terms of chemophobia (the whole scale), chemistry evaluation and 

handling chemicals. There is significant positive correlation among the three 

Chemophobia/Chemistry Anxiety subscales. This confirms that the subscales measure different 

constructs as these correlations are moderate correlations. Being cognizant of chemistry anxiety is 

fundamental in shaping learners’ attitudes towards chemistry, as this has implications on academic 

success.   
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APPENDIX 

Derived Chemistry Anxiety Rating Scales Questionnaire [7] 

Dear respondents, I am doing a study to explore in-service teachers’ chemistry anxiety in 

relation to the title: Exploring In-service Teachers Anxiety towards Chemistry. The data 

obtained from this Questionnaire will be used for academic purpose. Your honest answer to each 

item has meaning for my study. So, you are kindly requested to respond to all questions based on 

the instruction given. Your cooperation and contribution towards this research is crucial and very 

much appreciated. All information given will be kept confidential. 

                                                   Thank you for your cooperation 

 

Part-I: General information 

1. Sex (Put  mark): Male_____ Female _____ 

2. Age (write on the space): ____________ 

3. Summer/Year (write here): ________________ 

4. Department (write here): _________ 

 

Part-II: Anxiety towards chemistry (Put  mark or encircle each item response) 

In order to better understand your anxiety level, please respond to each of the following 

statements from the perspective of anxiety levels provided here. Anxiety levels are measured on a 

5-point scale where 1 represents “I am not at all anxious”; 2, “I am a little bit anxious”; 3, “I am 

moderately anxious”; 4, “I am very anxious”; and 5 means “I am extremely anxious”. 
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As a science student,  I am  
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1 While reading and interpreting graphs or 

charts that show the results of a chemistry 

experiment  

1 2 3 4 5 

2 While starting a new chapter in a chemistry 

book  

1 2 3 4 5 

3 While reading a formula in chemistry  1 2 3 4 5 

4 While picking up a chemistry textbook to 

begin working on a homework assignment 

1 2 3 4 5 

5 While watching a teacher work a chemistry 

problem on the blackboard  

1 2 3 4 5 

6 While walking into a chemistry class 1 2 3 4 5 

7 when told how to interpret chemical 

equations 

1 2 3 4 5 

8 While signing up for a chemistry course  1 2 3 4 5 

9 While listening to a lecture on chemicals  1 2 3 4 5 

10 While using the tables in a chemistry book 1 2 3 4 5 

11 While looking through the pages in a 

chemistry text 

1 2 3 4 5 

12 While reading the word “chemistry”  1 2 3 4 5 

13 While walking on campus and thinking 

about a chemistry course 

1 2 3 4 5 

14 While walking on campus and thinking 

about chemistry lab 

1 2 3 4 5 

15  To buy a chemistry textbook 1 2 3 4 5 

16 While listening to another student explain a 

chemical reaction  

1 2 3 4 5 

17  While listening to a lecture in a chemistry 

class 

1 2 3 4 5 

18 While working on an abstract chemistry 

problem 

1 2 3 4 5 

19 While waiting to get a chemistry test 

returned in which you expected to do well 

1 2 3 4 5 

20 While taking a quiz in a chemistry class 1 2 3 4 5 

21 While taking an examination in a chemistry 

course 

1 2 3 4 5 

22 While getting ready to study for a chemistry 

test  

1 2 3 4 5 
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23 When given a homework assignment of 

many difficult problems which is due the 

next chemistry class meeting 

1 2 3 4 5 

24 While solving a difficult problem on a 

chemistry test 

1 2 3 4 5 

25 While taking final examination in a 

chemistry course 

1 2 3 4 5 

26 When thinking about an upcoming chemistry 

test one day before 

1 2 3 4 5 

27 When a chemical Spills 1 2 3 4 5 

28  While listening to another student describe 

an accident in the chemistry lab 

1 2 3 4 5 

29 when told how to handle the chemicals for 

the laboratory experiment 

1 2 3 4 5 

30 While working with acids in the lab 1 2 3 4 5 

31 When getting chemicals on my hands during 

the experiment  

1 2 3 4 5 

32 While breathing the air in the chemistry 

laboratory 

1 2 3 4 5 

33 When working with a chemical whose 

identity I don’t know 

1 2 3 4 5 

34 When mixing chemical reagents in the 

laboratory 

1 2 3 4 5 

35 While heating a chemical in the Bunsen 

Burner flame 

1 2 3 4 5 

36 While walking into a chemistry laboratory 1 2 3 4 5 
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ABSTRACT 

Studying how students use textbooks is critical in understanding how students learn. This 

paper reports on a study conducted to get a review of an in-house printed textbook from first years 

Chemistry students in the University of Botswana and to learn how students use the textbook. 

Despite an overwhelming majority of students owning the prescribed textbook, only 45% regularly 

read the textbook. Approximately 48% of the students read both before and after the lecture and 

an equal number read after the lecture. Only a small fraction of the students surveyed found the 

textbook challenging in terms its overall scientific level recommended some change to the 

textbook. [African Journal of Chemical Education—AJCE 9(2), July 2019] 
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INTRODUCTION 

Textbooks play a critical role in teaching and learning in most universities around the world 

[1]. The textbook for a course is often prescribed by the course instructor or the department 

offering that course. In some instances, university lecturers design course curriculum, develop 

assignments, and craft exam questions around a particular textbook [2]. Many university 

lecturers/instructors generally believe that textbook reading facilitates and enhances student 

learning by promoting a deeper understanding of the course material [3]. In addition, they believe 

that students who read the textbook or any assigned reading will be more engaged during the 

lecture and are more likely to participate in stimulating class discussions [4].  

The centrality of textbooks in university teaching makes understanding how students read 

textbooks of critical importance [5]. Textbooks are seen as one of the major components of 

teaching and learning that need to be studied in order to examine how students learn [6]. Indeed a 

number of reports on textbook reading have been reported from various disciplines including mass 

communication [2], psychology [7], accounting [5], and the basic sciences [8-9] covering a range 

of issues. Early research focused on textbook content [10] and the effectiveness of pedagogical 

aids used in textbooks [11-12]. Others explored textbook usage by students and study habits [3, 

13-14]. While many students believe that textbook reading enhances learning and buy textbooks, 

few regularly read or complete required readings [3, 15]. A survey of physics students showed that 

97% of the students owned the required textbook but only 41% read the book regularly [8]. Hoeft 

(2017) reported an equally low percentage of students who regularly read. Reasons offered for 

why student reading of textbooks and other assigned readings is low include a lack of reading 

comprehension skills, an underestimation of the importance of reading, lack of self-confidence, 

disinterest in the course material and time constraints [16-17]. 
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Despite the general assumption that textbook reading enhance learning, there are 

conflicting results on whether textbook reading is correlated with improvement of student grades 

[14]. In a study of over 1000 students in various introductory science courses, it was observed that 

there was no difference in the performance of students who read “often” and those who reported 

“rarely” reading the textbook. A look into how students read textbooks showed differences 

between academically strong and weak students. Academically strong students’ primary motive 

was to understand the material, tended to read before the material was covered in class and 

persisted when the material became difficult while the weak students stopped reading when they 

could not understand the material [5]. 

The Department of Chemistry in the Faculty of Science at the University of Botswana 

decided, in 2012, to adopt an internally authored General Chemistry textbook and offer it to 

students in both print form and electronic form (for free). The book, now in its third edition, is 

used for two first year chemistry courses offered over two semesters. The change in textbook seems 

to have been largely driven by the desire of the department to increase textbook access and not 

necessarily to offer a textbook better than what had been the prescribed textbook. Durwin and 

Sherman (2008) argue that course instructors should not only choose a textbook that meets their 

needs with respect to content coverage, scope and course objectives but should also look for a 

textbook that students will actually want to read and understand. The General Chemistry textbook 

currently used by the Department of Chemistry at the University of Botswana was authored by 

faculty members using open educational resources, largely material from a virtual chemistry 

textbook by Stephen Lower (http://www.chem1.com/acad/webtext/virtualtextbook.html) and the 

authors’ own teaching notes. The textbook is, therefore, largely an open source textbook. While a 

number of studies have shown no difference in student performance in cases where commercial 

http://www.chem1.com/acad/webtext/virtualtextbook.html
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textbooks were replaced by open education resources [18], it is not clear what the impact has been 

in our case since no review of the textbook or how students use and value the textbook has been 

done. This study, therefore, aims to get a review of the textbook from students and to learn how 

students use the textbook. 

 

METHODOLOGY 

Survey 

Data was collected using a paper-based survey which contained twenty-three (23) multiple 

choice questions. The survey was based on instruments used on previous research [8-9] and 

consisted of four (4) components: why the students used the textbook, when they read the textbook 

and how the reading was done. The students were also asked to rate the textbook and indicate how 

certain features contributed to the learning. 

Participants 

A total of 385 first year science students in their second semester at the University of 

Botswana participated in this study. These students were enrolled in the General Chemistry II 

course, CHE102, and had not determined their majors. The total class enrollment in the course was 

903 students. The survey was administered during the tutorial sessions in the last three weeks of 

the semester. This meant that the participants had interacted with the textbook for close to two 

semesters. The majority of the students (83%) were aged below 21 years and 52% were female. 

Textbook 

The textbook used for the General Chemistry II course was General Chemistry [19] and 

was sold for P190 (about US$19). It contained 16 chapters each with an average body length of 

18 pages. The shortest chapter has 6 pages and the longest 36 pages. Each chapter contains a set 
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of worked examples and concludes with a list of exercises. The chapters are arranged in order of 

the topics covered in the General Chemistry II course. 

 

RESULTS  

Textbook Ownership and Usage 

Figure 1 shows that an overwhelming majority of the participants, 93%, indicated that they 

owned the textbook but only about half of this (45%) read the book “often”. A slight majority of 

the students reported that they read the book “sometimes”. A small number of students, 2%, read 

only before the lecture and the rest were equally distributed between reading “before and after the 

lecture” and “after the lecture” at 49% each. From the students who often read the textbook, 60% 

read it before and after the lecture.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Student textbook ownership, how often they read it and when. 

93% 7%

0% 20% 40% 60% 80% 100%

Yes No

Do you own the textbook for this class? 

45% 48% 7%

0% 20% 40% 60% 80% 100%

Often Sometimes Rarely

How often do you read the textbook? 

2% 49% 49%

0% 20% 40% 60% 80% 100%

Before the lecture Before and after the lecture After the lecture

When do you read the textbook? 
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When asked what they felt the textbook was useful for, 57% of the students agreed that it 

was useful for studying for exams and 51% of the students agreed that it was useful for preparing 

for the lectures. An almost equal percentage of the students agreed that the textbook was useful 

for understanding the lectures. The results are summarized in Table 1. While students in general 

perceived the textbook as equally useful for preparing for lectures and understanding the lecture 

material, the perceived usefulness differed according to when the reading was done. About 65% 

of the students who read the textbook before and after the lecture agreed that the textbook was 

useful for preparing for lectures while 53% agreed that it was useful for understanding lecture 

material. 

Table 1: Students perceived usefulness of the textbook 

I feel the textbook is useful for Agree Neutral Disagree 

Understanding the lecture material 49% 44% 7% 

Studying for the exam 57% 34% 9% 

Solving tutorial questions 39% 48% 14% 

Learning chemistry just out of personal interest 36% 44% 20% 

Preparing for lectures 51% 39% 10% 

 

On how students used the textbook, 29% of the students agreed that they read the text word 

for word, 39% studied end of chapter problems while a significantly higher percentage (77%) 

looked up constants and equations. The results are summarized in Table 2. The various ways in 

which students used the textbook didn’t seem to differ significantly depending on how often 

students read. For instance, only 35% of the students who often read the textbook agreed that they 

read it word for word. 
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Table 2: Students’ use of the textbook 

When I read the textbook I Yes Sometimes No 

I read the textbook word for word 29% 44% 26% 

I study end of chapter problems 39% 52% 9% 

I look up constants and equations 77% 22% 1% 

 

Textbook Features and Ratings 

To probe the perceived utility of the textbook, the students were asked to rate textbook 

features which helped in their learning. It can be seen from Table 3 that students indicated that in-

chapter examples and end-of-chapter exercises were very helpful towards their learning. These 

were placed far above written text and images.  

Table 3: Student ratings of textbook features 

Textbook Feature 
Very 

helpful 

Moderately 

helpful 
Not helpful 

Written text 42% 54% 4% 

Images or photographs 22% 51% 27% 

In-chapter examples 62% 35% 4% 

End of chapter exercises 63% 34% 3% 

 

 

When asked to rate the degree of challenge of the textbook only 17% of the participants 

indicated that the overall scientific level of the textbook was very challenging. About 73% found 

it moderately challenging. Likewise, 26% of the students found the end-of-chapter- exercises very 

challenging while 66% found them moderately challenging. This is shown in Figure 2. It is perhaps 

for this reason why 98% of the students recommended some improvement for clarity of 

explanations in the textbook; 44% indicated that major improvements were needed, 54% 

recommended minor improvements while only 2% felt no improvement was needed. 
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Likewise, the majority of students felt the connection of the textbook to topics covered in 

class needs to be improved. About 37% felt major improvement was needed while 55% indicated 

that only minor improvements were needed. 

 

 

 

 

 

 

 

Figure 2: Students’ perceived level of challenge of (a) overall scientific level of textbook and (b) end-of-chapter exercises 

 

Textbook Reading and Performance 

We attempted to see how reading affects course performance. Students were asked to 

indicate their anticipated grade for the course. Figure 3 indicates that a majority of the students 

anticipated a grade of B or better. An average anticipated grade point average (GPA) of 4.1 (out 

of 5) was calculated based by assigning the lowest score for each letter grade as per the University 

of Botswana undergraduate academic calendar of 2017/2018, that is A = 4.7, B = 3.5, C = 2.0, D 

= 0.5, E = 0. The actual average GPA for the course after the end-of-semester examinations was 

2.5. While this was far higher than the actual performance of the students, the results somewhat 

show that the students felt they could still get a good grade without necessarily reading the 

textbook. For instance, about 39% of students who rarely read the textbook anticipated a grade of 

A for the course as shown in Figure 4. Students who rarely read the textbook were, nonetheless, 
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challenging
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Not at all 
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  (a)                                                                  (b) 
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somewhat more cautious when stating their anticipated course grade. All the students who 

expected a grade of E were those who reported that they rarely read the textbook. Figure 5 show 

that the timing of reading (before the lecture, after the lecture etc.) had no effect on the expected 

grade. 

 

Figure 3: Students anticipated course grade versus actual grade obtained. 

 

 

Figure 4: Relationship between reported frequency of textbook use and anticipated course grade. 

 

 

Figure 5: Relationship between when textbook was read and anticipated course grade 
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Discussion 

Textbook Usage 

This study surveyed students in a first year chemistry students to review an open general 

chemistry textbook in terms of its quality and helpfulness. In addition, the study sought to assess 

how they used the textbook. The question of whether students in introductory courses have the 

necessary experience in evaluating textbooks has been posed before [6]. It has been argued that 

students may base their judgements on aspects of the text that have little impact on their learning. 

However, Durwin and Sherman (2008) have argued that university students are accurate judges of 

the quality of text from the learner’s perspective. 

While an overwhelming majority of the students reported that they owned the textbook 

only half indicated that they often read the textbook. The results are consistent with the study done 

by Podolefsky and Finkelstein (2006) who also observed that while over 97% of their physics 

students bought the required textbook, less than 41% regularly read. Low reading compliance have 

been observed across various academic disciplines [4, 14-15] and a number of reasons have been 

advanced [16-17]. One such reason is lack of motivation where students will not read unless the 

value of doing so is clear [13, 17]. The more students believed that their effort has the potential to 

yield a payoff, the more inclined they seem to try [20]. It has been suggested that students need to 

be incentivized through quizzes or assignments based on the text to read the textbook. Likewise 

research suggests that students will read more if they believe that reading the textbook will lead to 

better grades [21]. It has also been shown that students in courses that have test/exam questions 

based on the prescribed textbook tend to have a high perceived utility for the textbook [14]. 

Podolefsky and Finkelstein (2006) observed in their study that students tended to optimize their 

study time by drawing on resources that they find most productive for success in a course. Indeed 
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if students can do well on tests without reading the textbook, the use to the textbook goes down 

[3, 13]. The general chemistry course, in which the survey participants were registered, was made 

of three lectures, one tutorial and one laboratory (2 hours) session a week. The tutorial questions 

were not necessarily based on the textbook. This could possibly explain in part why over 93% of 

our students bought the prescribed textbook but only half of them read it regularly. Only half the 

students surveyed agreed that the textbook was useful in preparing for the lectures and 

understanding lecture materials. 

The cost of the textbook has also been shown to enhance perceived value. Textbooks sold 

at a high price are perceived as more valuable than cheaper books [22]. It has also been suggested 

that students may not read a textbook if they find it too difficult, too easy or poor in quality. As 

already indicated the textbook surveyed in this study was sold by the Department of Chemistry for 

P190 (~US$19) and an electronic copy made available to students for free via Blackboard. The 

textbook fit the description for a “core textbook” offered by Griggs, Jackson and Marek (2002): 

brief, low cost text with limited use of graphics. Only 17% of the students indicated that they found 

the overall scientific level of the textbook very challenging. It may be concluded from this that the 

majority of the student did not find the textbook too difficult. That more than 90% of the students 

surveyed recommended some improvement in both clarity of the text and its connection to lectures 

could suggest that students found the quality of the book poor and this may have contributed to 

less than half of the students reading the book often. A more focused study using the Textbook 

Assessment and Usage Scale 13 or similar would perhaps provide a clearer picture. 

Poor reading skills and comprehension have been shown to act as a barrier to reading 

textbooks [16]. Poor readers give up reading when they encounter challenging concepts and 

vocabulary [21]. Phillips and Phillips (2007) observed in their study some reading differences 
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between strong and weak students. The key difference was that strong students persisted when the 

reading material became difficult whereas weak students stopped reading when comprehension 

became difficult. A study on reading competency of first year undergraduate students at the 

University of Botswana observed that a significant number of students entering the university for 

their first year of study were not adequately prepared for university reading [23]. While this study 

was limited to students in the Faculty of Humanities, it may apply to students in the Faculty of 

Science because of similarities in the entry requirements for English. 

Our study showed that most students indicated that in-chapter examples and end-of-chapter 

exercises were very helpful towards their learning. Similarly, Smith and Jacob (2003) observed in 

their study that both general chemistry and organic chemistry students perceived in-chapter 

problems and end-of-chapter exercises as textbook features that contribute most to their learning. 

They reasoned that students valued those features that they believed would directly help them solve 

chemistry problems. Other studies of students’ perceived value of pedagogical aids in textbook 

have consistently placed practice questions among the top three [12, 24]. This observation is 

consistent with the reasoning made earlier about students’ tendency to optimize their time on 

things they perceive to contribute directly to better grades. This may also suggest that the students 

surveyed underestimate the importance of textbook reading. 

The majority of students in this study read the textbook after the lecture. Students in a study 

by Phillips and Phillips (2007) stated that reading the text before the lecture made them to not feel 

“lost” during the lecture. Those who read after the lecture indicated that this made the textbook 

quicker to read and easier to understand. Indeed, Ryan (2006) observed that when students are 

given global reading assignments such as “Read Chapter 15” many students reported getting lost 

in the reading. It was further observed that giving students focused reading assignments with 
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extensive teacher feedback was a good motivator for reading. Students who participated in our 

study received detailed course outline and schedule of activities and were expected to read ahead 

of the lecture without any specific reading assignment. This lack of focused and explicit reading 

assignments could lead to students feeling overwhelmed and may explain why few students read 

before the lecture. While it was not done in our study, a number of studies have attempted to assess 

whether the timing of textbook reading was associated with course performance with conflicting 

results [5, 8, 14]. Phillips and Phillips (2006) observed that top performing students were more 

likely to read the textbook chapters before the lecture while weak students were more likely to 

read after the lecture. French et al. (2015) on the other hand found that the timing of the textbook 

reading had no effect on the student performance. 

 

Textbook Reading and Performance 

The anticipated average GPA was higher than the actual GPA recorded after the end of 

semester exams. Smith and Jacobs (2003) observed a similar overestimation of grades, though to 

a lesser extent. Discrepancies between self-reported and school record GPA are a source of concern 

in research [25-27]. It has been observed that students tend to over-report (or over estimate) their 

GPA’s than under-report. The percentage of student over-reporting is often twice as large as the 

percentage of under-reporting [25, 28]. Over-reporting of GPAs is more common among students 

with lower GPA’s. One reason advanced for over-reporting self-report data is social desirability. 

Socially desirable responding is the tendency of an individual to present him/herself in a socially 

favorable light and is prevalent in research surveys where respondents know that researchers will 

not verify the information and such information pertains to the respondent’s ability [28-29]. 
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The survey for this report was conducted during the last two weeks of the semester when 

students had taken all their assessment pieces and had a good idea of what their continuous 

assessment (CA) grade, which accounts for 50% of the final grade, was. Only 8% of the students 

enrolled in our chemistry course had a CA grade of A- or better. Data from this survey suggest 

that close to 50% of students believed that they could raise their GPA during the final examination. 

Official examination results, however, show that only 2% of the students were able to improve 

their grade while 15% maintained their grade. The GPA for 83% of the students went down: 59% 

by 1 half grade (e.g. from B to B-), 20% by 2 half grades (e.g. B to C+) and the rest by more than 

2 half grades. Perhaps the students were buoyed by their performance in their previous chemistry 

course (CHE101), a prerequisite to CHE102, in which 25% of the students improved their GPA 

during the final exam. The difference between the two is however big and it is likely that quite a 

number of students gave into the social desirability bias and over-reported their expected final 

grade. While the anticipated grades seem bloated, some inferences can still be made from the data. 

For instance, that about 39% of students who rarely read the textbook expected a grade A 

for the course could suggest that a good number of students believed that they could get a good 

grade without reading the textbook or simply that the students underestimate the importance of 

reading the textbook. Indeed one major factor that contributes to the observed low reading among 

students is underestimation of the importance of reading by students [16]. 

A number of interventions to encourage student to read more have been discussed in this 

paper. These include giving quizzes on the assigned reading. It has also been noted that students 

will generally spend more time on reading resources that contribute directly to their GPA. It would 

be presumptuous of us to recommend the many solutions identified in literature without first 

pinpointing the major causes of the observed low reading of the prescribed textbook. It would also 
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be beneficial to find out if behavior is observed across other departments within the faculty of 

science, that is, do students who do both biology and chemistry approach their reading in the same 

way. 

 

CONCLUSIONS 

This study does not provide a comprehensive review of the prescribed General Chemistry 

textbook but provides a useful look into the student’s perceived quality and helpfulness. The 

majority of the students who participated in the study indicated that they owned the prescribed 

textbook. However more than half of those who owned the textbook did not read as often as they 

probably should. It appears that many students believe that they could perform well in the test and 

exams without reading the textbook. A number of questions remain unanswered from this study. 

For instance, it is not clear why a large number of students buy the prescribed book but use it 

sparingly. It would also be interesting to find out what other reading materials or sources of 

information students use for the course. 
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