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EDITORIAL 

 

CHEMISTRY EDUCATION DURING COVID-19 

Temechegn Engida 

Email: temechegn@gmail.com 

 

It has been over months since schools, colleges and universities have been closed due to 

the COVID-19 pandemic. The question is to what extent and how we managed to continue 

chemistry education at all levels. 

I understand that some forms of technology-enhanced distance education have been in 

progress. Schools were using social media like Telegram for sharing assignments and exams; 

others were using online web-based approaches. 

But for the sake of making systematic interventions in Africa, AJCE is calling for papers, 

short communications and/or letter to the editor highlighting your experiences and reflecting on 

your successes and challenges.  

  

Looking forward to hear from you! 
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INNOVATIVE SCHOOL-LEVEL QUANTITATIVE CHEMISTRY 

EXPERIMENTAL TECHNIQUE (II) 

AN AFFORDABLE, SENSITIVE, STABLE AND USER-FRIENDLY 

COLORIMETER 
 

K.M. CHAN 

Director, MicroChem Lab, Hong Kong SAR of China 

 

e-mail: mclchan2018@outlook.com 

 

ABSTRACT 

The paper is a continuation of Part (I) of the article [1] published in the Special Issue of 

AJCE, Vol 9 No. 3, 2019. It introduces a home-made colorimeter sensor which when connected 

to a commercial digital multi-meter (DMM) can act as a conventional colorimeter. Rationale of 

the sensor design is based on affordability without sacrificing sensitivity, stability and availability. 

As such, it has the following features: (i) a professional cuvette is used, ensuring reading display 

reproducibility (Fig. 1), (ii) improved circuit design , (iii) a RGB tri-colour LED is used instead of 

optical filter for near-monochromatic light source (Fig. 2), (iv) the “DMM Display” technique is 

adopted in which the sensor output is limited to a full-scale reading of 2000 mV DC with the 

DMM’s voltage readings acting as transmittance parameter, (v) do away with the concept of 

absorbance and Beer’s law which are not recommended for most school level chemistry 

syllabuses. When using the sensor, output voltage readings are treated as quantified transmittance 

and that a blank sample transmittance is adjusted to have a voltage reading of 100 mV which is 

regarded as a full-scale reading of 100 with no unit, (vi) portable with no location limitation and 

(vii) battery operated capable of long period of continuous operation. [African Journal of Chemical 

Education—AJCE 10(2), July 2020]  
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INTRODUCTION 

The paper advocates the use of “DMM Display” technique in which a single piece of 

instrument, digital multi-meter (DMM), is used as a terminal display for more than one type of 

experiment. The sensor circuit design aims at providing a “user-friendly” environment for school-

level experimentation. 

Features of the design 

(i) Commercial colorimeters use “absorbance” as reading unit. The term incorporates quantitative 

calculation of optical intensity which is usually not required for most school-level chemistry 

lessons.  Hence the design aims at doing away with reading units. When the sensor is connected 

to a DMM, set at the FS 2000 mV DC range, blank sample transmittance results in a display 

of 100 and complete blockage of light source a display of near 0 (Fig. 3 and 4). This offers a 

“user-friendly” and less threatening situation for dexterity less competent school students.   

(ii) Traditional school colorimeters use monochromatic RGB color filters. Today’s technology 

enables tri-color LEDs to emit near monochromatic red, green and blue lights. The trend tends 

to be that these LEDs are becoming more and more popular. Hence the design uses LED 

instead of color filters. 
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(Fig. 1) Full set of colorimeter sensor 
 

(Fig. 2) RGB tri-colour light source and 

cuvette compartment 

 

  
 

(Fig. 3) Blank sample transmittance 
 

(Fig. 4) Complete blockage of light 

 

 
 

(Fig. 5) Colorimeter in operation 
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SENSOR CIRCUIT AND DESCRIPTION 

 

(Fig. 6) Sensor circuit 

 

(i)  Power supply 

The sensor circuit (Fig. 6) employs an adjustable voltage regulator LM 317[2] to generate a 

regulated output of 2.78 V, i.e. Ù 15% of [1.25 x (1+ 300/240)] V (total resistor color coding error 

assumed to be Ù 15%), for powering the tri-color LED and the whole circuit. A stable and 

regulated light source is the vital part of colorimeter design. Vcc of Op Amp LM 358[3] does not 

need a regulated voltage supply since the chip itself is designed for a span of supply voltage 

variation and specially for a single supply low-voltage power source, i.e. it does not need Vee or a 

negative voltage supply. 
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(ii)   Circuit description 

1. Selection of wavelength of light source 

A 3P4T selector is used as a switching device for power source and for selecting red (mainly 625 

nm), green (mainly 520 nm) and blue (mainly 470 nm) lights (Fig. 2). 

2. Op Amp input 

A portion of the regulated voltage at output pin 2 of LM 317 is tapped by the resistor ladder 

3K/1K to act as input signal source for the inverting input of LM 358 (pin 2).  This pre-set source 

voltage is [2.78 x (
4

1
)] V or 0.7 V. 

3. Voltage amplification 

LDR CdS photoresistor used has an approximate resistance of 3K under normal blank 

monochromatic light (400 Lux) and a resistance around 500K in total darkness. The resistor 

network used for amplification (inverting amplifier) has a negative voltage gain of (R/500) [4] or 

an approximate range of (- 3000/500) or - 6 to (- 500000/500) or -1000.  

As the input to pin 2 of LM 358 is not a negative voltage, output voltage at pin 1 has to be 

calculated as follows: 

 

The pre-set source signal of 0.7V provided by a voltage divider and tapped from a 1KW resistor, 

would not warrant a “virtual ground” of 0 voltage at pin 2, the same as the main ground of the 

6V power voltage. Hence a bias resistor is required at the non-inverting input pin 3 to rectify the 

offset. Value of this resistor is calculated as: 
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[
Cds) LDR of resistance avg  500 (1K 

Cds) LDR of resistance (avg x 500) (1K 

++

+
] W [5] 

= [
10K)  500 (1K 

(10K) x 500) (1K 

++

+
] W = [

10000)  500  (1000

(10000) x 500)  (1000

++

+
] = 1304 W   

 

Upon normal irradiation by green light, the LDR CdS has a resistance about 3 KW and the p.d. 

developed across the 500 W resistor is 0.078V. This input is amplified to [(0.078) x (- 6)] V or - 

0.468 V. Thus the voltage measured at pin 1, w.r.t. the ground of the 6V main voltage is about 

[0.7 + (0.078) – (0.468)] V = 0.310 V, i.e. 310 mV 

 

In total darkness, the LDR CdS will have an approximate resistance of 500K W and the p.d. 

developed across the 500 W resistor is 0.00069V. This input is amplified to [(0.00069) x (- 1000)] 

V or - 0.69V. Thus the voltage measured at pin 1, w.r.t. the ground of the 6V main voltage is 

about [0.7 + (0.00069) – (0.69)] V = 0.011V, i.e. 11 mV 

This range of voltage output is ideal for tapping, using a resistor ladder (2K + 5K) at output pin 

1 of LM 358, to give a FSD of 100 mV set at a 2000 mV DC range by adjusting the 5 KW variable 

resistor. 

 

4. Circuit performance 

As all inputs are regulated by LM 317, final output stability depends only on the quality of the 

LDR CdS photoresistor used. The design used S7AC-03208, manufactured by Nippon Ceramic 

Co. Ltd.[6] On the whole, the instrument has high display reproducibility and almost no reading 

drift.  
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Op Amp LM 358 is designed to operate at a single supply voltage as low as 3V. As long as the 

battery supply voltage is not less than 4V, the whole circuit, including regulated voltage for 

powering the RGB LED and Vcc for the Op Amp, remains very stable. Newly replaced 4 dry cells 

(1.5V @) can maintain a substantial period of continuous operation. 

 

DETAILS OF PROTOTYPE CONSTRUCTION 

 

The design aims at home construction with local resources. Essential electronic skill is 

assumed. Consumer parts can be changed according to availability. World-wide marked prices of 

electronic components do not vary much and it seems that they do not increase as the ever-rising 

inflation rate does. In Hong Kong, whole assembly of the sensor, excluding the DMM, costs 

around HK$100. 

 

(i) Plastic case 

A plastic utility box measuring (62 x 145 x 40) mm is used to house the entire assembly.  

Holes are drilled on the cover to accommodate the 3P4T selector, the panel LEDs, the cuvette 

adapter, the output socket and the 5K variable resistor (Fig. 7). 

 

(ii) Power source and battery holder 

Four AAA batteries (6V) are accommodated in a plastic holder and fixed at the base of the 

case by hot glue (Fig. 7). 
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(Fig. 7) Upper (with holes) and  

lower (with battery holder) parts 

of plastic case 

 

(Fig. 8) Medicine bottle, cap 

and cuvette adapter  

 

(Fig. 9) PVC strips combination 

and cuvette adapter 

 

(iii)  Monochromatic light source 

Unlike ten years ago, nowadays RGB tri-colour LED is becoming more and more popular. 

They are compact, inexpensive and can emit near monochromatic visible light. A brand from 

Shenzhen, China[7] (WW05A5SRBGG4-P Wah Wang Optoelectronic (Shenzhen) CO. Ltd.), emits 

strong red (625 nm), green (520 nm) and blue (470 nm) lights upon applying a DC voltage of 3V. 

The method is superior than using RGB color filters. 

 

(iv)  Cuvette cavity and compartment 

Select a plastic medicine bottle the mouth of which can just accommodate a disposable 

cuvette with a dimension of (12.5 x 12.5 x 45) mm. Chop off the top part, cement it to a section of 

PVC tubing with PVC glue to form a cuvette adapter (Fig. 8). Fix it to the cavity hole with the 

same kind of glue. Arrange and fix with PVC glue four pieces of small strips of PVC so that it 

forms a shape of ( , Chinese meaning a well) (Fig. 9). Size of the central part of this strip 

combination should just allow a cuvette to pass through. Glue it to the bottom part of the cavity 

hole of the case cover (Fig. 10).   
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(Fig. 10) Cuvette adapter and 

PVC strips combination  

 

(Fig. 11) U-shaped acrylate 

stand with RGB LED and 

LDR Cds photoresistor 

(Fig. 12) Cavity compartment 

allowing cuvette to go through 

 

With the help of trichloromethane, cement 3 pieces of dark brown (or black, if available) 

thick acrylate sheets together to form a U-shaped stand. Drill opposite holes to hold the tri-colour 

LED and LDR respectively. Fix them into position with hot glue or epoxy glue (Fig. 11). Glue the 

whole assembly to the bottom part of the case to form a complete cuvette compartment (Fig. 12). 

There should be no room for movement once the cuvette has been inserted into the cavity, 

otherwise it may result in unstable DMM display 

 

   
 

(Fig. 13) Universal PC board, 

3P4T selector, 5K pot, LM 358, 

LM 317 and connectors (back 

view) 

 

(Fig.14) Universal PC board, 

3P4T selector, 5K pot, LM 358, 

LM 317 and connectors (front 

view) 

(Fig.15) Wired PC board, 

detached upper and lower parts 

of the plastic case 

 

(v)  Component layout and circuit soldering 

The whole circuit (Fig. 6) is soldered onto a universal PC board as shown in Figure 13 and 

14. Layout design should consider the need for easy maintenance. As such, the completed PC 
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board is made detachable and the upper and lower parts of the case can be separated (Fig. 13, 14 

and 15). Style of design is up to one’s favour, but convenience is the major factor to be considered. 

Lastly, all parts liable to movement and hence loss of contact should be permanently sealed 

by hot glue. This includes soldered joints involving wires on the PC board and junctions of other 

wired-joints of components. 

SETUP FOR EXPERIMENT 

(i) Calibration for a particular experiment 

Calibration of the colorimeter has to be done with each experiment, as colour displayed by 

the chemical reaction varies. 

Selection of light source 

Switch on the sensor and DMM, select the 2000 mV FS range and connect the sensor output 

to the DMM. Fill a clean cuvette (smooth opposite sides facing the light source and the LDR) with 

3/4 full of deionized water. Place back the cuvette cap, select the red light source by turning the 

3P4T selector and adjust the 5K W variable resistor until a display of 100 mV is observed. 

Remove the blank sample, fill the same clean cuvette 3/4 full with the colour sample. 

Observe the DMM reading, say 85 mV is displayed. Select the next light source, say the green 

light and again observe the DMM reading. Repeat the procedure for the blue light source. 

Determine the light source which give the lowest reading less than or equal to 85 mV. This is the 

chosen wavelength for the experiment. For a purple or brown solution, green light source should 

be used. 
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Set for full-scale 

Select the pre-determined light source suitable for the experiment. Place a clean cuvette 

filled with 3/4 full of deionized water. Adjust the 5K W variable resistor until a display of 100 mV 

is observed.  

  

(ii)  Optical intensity measurement 

After calibration, fix  the position of the set full scale knob (5K W variable resistor). Fill the 

clean cuvette 3/4 full with the sample solution and place back the cuvette. Wait till the display 

becomes steady and record the reading. If a value of 76 mV is observed, then the optical intensity 

of the solution can be interpreted as 76% transmittance w.r.t. the selected light source (Fig. 5). 

 

SUGGESTED EXPERIMENT 

 
Kinetic order of oxidation of iodide by hydrogen peroxide 

 
The kinetic order of the oxidation of iodide ion by hydrogen peroxide can be conveniently 

determined by colorimetry.  

Equation for the reaction between acidified hydrogen peroxide and iodide is: 

H2O2(aq) + 3I-(aq) + 2H+(aq) → I3
-(aq) + 2H2O(l) 

It is usually expressed as  

H2O2(aq) + 2I-(aq) + 2H+(aq) → I2(aq) + 2H2O(l) 

 

The measured species is actually I3
-(aq) which is intensely brown. Color imparted by I3

-

(aq) facilitates colorimetric measurement. The concentration of I3
-(aq) increases as the reaction 

proceeds. Color of the solution mixture turns from colorless to slight brown, brown and finally 
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deep brown. At the same time concentration of I-(aq) decreases. The colorimeter registers optical 

intensity of the selected light through the solution. Use of colorimeter can follow the rate of the 

reaction by observing the change of color intensity of the reacting mixture with time. 

Scheme of mixing for the reaction is summarized as below. A plastic micro-tip pipette is 

used for volume measurement in terms of number of drops. 

 

Reagent  
Number 

of drops 
Remarks 

0.6 M KI 4 

Decent number of drops such that the half-

life of the reaction is neither too long nor 

too short. An optimum t1/2 about 200s is 

desirable. Amount used is assumed to be in 

excess since the pre-requisite is obtaining 

a brown solution with no I2 ppt. 

1 M H2SO4 5  

3% H2O2 1 

Limited number of drops as excess may 

result in formation of iodine ppt which 

affects light transmission. Thus, H2O2 acts 

as the limiting reactant. 

Deionized water 35 Adjust the number for a decent rate, 

 

Experimental data 

 

Time / s 
DMM reading /  

2000 mV 
Time / s 

DMM reading /  

2000 mV 

0 100 660 34 

15 97 720 32.5 

30 94 780 31.5 

45 91 840 30.5 

60 88 900 29.5 

75 85.5 960 29 

90 83 1020 28 

105 81 1080 27.5 

120 78 1140 27 

150 73.5 1200 26 

180 69 1260 26 



AJCE, 2020, 10(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

14 

 

 

 

210 65 1320 25.5 

240 62 1380 25 

270 58 1440 25 

300 55 1500 24.5 

360 49.5 1560 24 

420 45 1620 24 

480 41.5 1680 24 

540 38.5 1740 24 

600 36 1800 24 

 

 

Treatment of data 

Activate the Microsoft “Excel” spreadsheet software. Input the time and DMM reading 

data. Plot the scatter diagram. Estimate the first, second, third, fourth and fifth half-lives of the 

reaction. 

 

RESULTS 

 
 

(Fig. 16) Graph of intensity vs time 
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For a first order reaction,  

                              [A] = [A]o e
-kt      

When the half-life period is attained, [A] =
2

1 [A]o    

Half-life of the reaction, t1/2, is deduced as 
k

2 ln
 or a constant for a particular reaction.  

Hence, differences between successive half-lives should also be a constant. 

 

4 t1/2 5 t1/22 t1/2 6 t1/23 t1/2 t1/2 7 t1/2

T ime

C oncentration

 
 

(Fig. 17) Decay curve of a first order reaction, showing successive half-lives 

 

Half-life Time/s 
Difference between 

successive half-lives /s 

First 240 240 

Second 470 230 

Third 700 230 

Fourth 950 250 

Fifth 1200 250 

 

(Fig. 18) Experimental successive half-lives 
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Experimental differences between successive half-lives is a constant. Thus, the reaction is 

a first order reaction. Hence, using the method of trial-and-error by inspecting the decay curve, if 

the half-lives of a reaction are the same, then the reaction is a first order reaction. 

Since I2 (aq) and H+(aq) are both in excess, the kinetic order determined is one w.r.t. H2O2 (aq). In 

other words, the oxidation reaction is a pseudo first order reaction w.r.t. H2O2 (aq). 

In addition, order w.r.t. I-(aq) cannot use this method as excess of H2O2 (aq) will result in 

ppt of solid iodine. The “iodine clock reaction”, a derived reaction of the experimental oxidation 

reaction, is a suitable method of finding the three kinetic order w.r.t. I-(aq), H2O2 (aq) and H+(aq) 

of the reaction.   

 

CONCLUSION 

A colorimeter designed for school student handling. Both visual and psychomotor needs 

are met by considering operators’ competence level. In addition, affordability is catered for without 

sacrificing sensitivity, stability and availability. 
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BASICS OF BEER BREWING PROCESS AND RELATED ALCOHOL 

CHEMISTRY - AN OLD BEER IN A NEW BOTTLE 
 

B.H.S. Thimmappa 

Department of Chemistry, Manipal Institute of Technology, Manipal Academy of Higher 

Education, Manipal, India-576104 

 

Email: bhs.thims@manipal.edu 

 

 

ABSTRACT 

Beer is one of the favorite beverages produced by the fermentation of grains. The global 

production figures indicate an increasing trend during the last decade. This article highlights the 

beer brewing process, chemistry concepts involved, and problems and prospects. The emphasis is 

on conceptual understanding of both theory and practice, and the chemical perspectives and 

possibilities to provide an appreciation of alcohol chemistry exposure in our daily lives that have 

particular significance and several positive effects to enrich the learning experience. [African 

Journal of Chemical Education—AJCE 10(2), July 2020]  
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DROPS OF DESIRE  

              Beer is one of the oldest and the third most consumed beverage in the world after water 

and tea. It is a signature drink in many cultures, and now there are about 400 types of beer in the 

world. Traditional types of beer include bitter, mild, stout, porter, lager, stout, and strong ale [1, 

2]. Beer is typically sold in bottles, cans or kegs. The global beer production in 2016 was about 

1.96 billion hectoliters, and total alcohol consumption per capita is about 6.3 Liters, according to 

the World Health Organization. It has a distinctive appearance, smell, and taste because of the 

compounds present in it. Alcohol people consume, alter the mood, and emotional state and affect 

normal body functions. The unpleasant aftereffects of drinking alcohol is called a hangover, which 

is caused by the breakdown of alcohol in the body. The four primary ingredients used in making 

beer include carbohydrates, hops, yeast, and water. The percentage of alcohol by volume in beer 

varies from 4 – 15 % and the water content is roughly 92 % (Fig. 1). 

 

Fig.1. The three classes of alcoholic beverages typically contain 3-40% alcohol by volume (ABV) 

The study of beer and beer-making is known as zythology. Cenosillicaphobia is the fear of 

an empty beer glass. The proof is a measure of the amount of alcohol in a beverage and is double 
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the percentage of alcohol. The world’s largest beer festival is held annually in Munich, Germany. 

Its consumption is often considered to be a social evil in some countries because of the draining 

of physical, mental, and moral energies of human life. Thousands of people die every year 

worldwide from drinking and driving, leading to fatal accidents, and because of spurious liquor 

consumption. Some people are driving under the influence of alcohol, causing nearly 50 % of all 

vehicular accidents. This short-chain alcohol crosses the placenta in pregnant women and can 

cause mental retardation or physical defects in the baby. Excessive drinking increases the risk of 

cancer of the liver, mouth, esophagus, and larynx. Drinking alcohol while on medication can speed 

up the metabolism of certain drugs, reducing their intended effectiveness and sedative can become 

deadly. 

Alcohol Anonymous (AA) is a self-help group for alcoholics trying to stop drinking. The 

beer cans take up a lot of landfill space on disposal that harms the environment. Pollution of 

effluent from breweries poses environmental problems, and hence it is crucial to reduce the 

biological oxygen demand (BOD) level of effluent as low as possible. The intent is to clear the 

brain fog and mist and decode the beer and alcohol jargon in just one article by presenting a fair, 

authentic, and very balanced perspective of beer-related chemistry and sharing relevant 

information on health-related consequences and capture current trends in a spirited manner. The 

content of the paper provides a fragrance of the crucial message of the right choice we make to the 

target audience. In a sense, it is a blend of basic and applied learning, while revisiting the story of 

beer brewing and the potentially life-threatening consequences of heavy drinking. 
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BEER BREWING PROCESSES 

             We have visited the Staropramen visitor center in Prague that provides an educational 

audiovisual exhibition leading to an informative experience for the visitor. Beer brewing is both a 

science and an art. The necessary ingredients involved in the beer brewing process involve barley, 

hops, water, and yeast. The process includes a series of steps, including malting, mashing, filtering, 

boiling, hops addition, cooling, fermentation, maturing, packaging and shipping. Initially, barley 

grain is soaked in water to germinate for about five days, dried at high temperature, and then milled 

to a suitable size in a roller mill or malt grinder to break the kernel of the barley and expose the 

endosperm. 

The resulting flakes in this malting step are mixed with water in a mash mixer, and the 

mixture is heated to 35 to 45 oC to activate enzymes that convert the starch to sugar. During this 

stage of mashing, an enzymatic reaction occurs involving amylase that breaks down protein and 

starch into fermentable sugars. It is known as the wort, and the whole wort is now filtered to 

separate the insoluble spent grain. The clear liquid is boiled with hops in a brewing kettle to obtain 

flavor, aroma, and a characteristic bitter taste. Hops also act as a preservative, clarifying agent, 

and antiseptic for beer. It is further transferred to the whirlpool separator for the settling of solid 

particles. The resulting clear solution is cooled to 7 to 9 oC in a plate heat exchanger. Yeast is 

added to the sweet liquid in a fermentation vessel where the slow process takes place after 7-9 

days, and sugar is converted into alcohol, carbon dioxide, and other products. Higher alcohols and 

esters generated as by-products add flavor to the product. Secondary fermentation at lower 

temperatures removes undesirable aldehydes and other by-products, yielding a less hazy product. 

The excess yeast is separated by filtration, and the resulting green beer is allowed to mature in a 

maturation tank. In the conditioning step, the beer ages and the flavor become smoother. Several 
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chemicals are added to enhance taste and quality, and the beer is finally filtered. Carbon dioxide 

is inserted in a carbonation process and is sent to a beer tank. It is bottled or canned and pasteurized 

at the 60 oC for 30 minutes to obtain the finished product ready for distribution and marketing. 

Today, it is a global and fiercely competitive business [3-6]. 

 

PROFITABLE POINTERS  

          The chemical reactions can be slow, moderate, or fast. We should measure the amount of a 

reactant used per unit time or the amount of product produced per unit time to determine the 

reaction rate. The fermentation of sucrose is a slow process taking a few weeks, while the rusting 

of iron takes a few months.  Rusting, photosynthesis, fermentation, and weathering of marbles by 

acid rain are slow reactions. In contrast, combustion, fireworks, precipitation of silver chloride, 

the reaction between reactive metal and water, and the reaction between hydrogen and oxygen are 

examples of faster reactions. Browning of cut fruits, food spoiling, baking a cake, and food 

digestion are examples of moderately fast reactions. Ethyl alcohol (ethanol) is produced 

biologically by the enzyme-catalyzed fermentation of carbohydrates (sugar or starch) (eq -1). 

                                                     15 oC  

                      C6H12O6 (aq)             Ą            2CH3CH2OH (aq) + 2 CO2 (g)  ------ (1)   

                      Glucose         Enzymes (yeast)   Ethanol  

 

It is the active ingredient of alcoholic beverages such as beer, wine, and whiskey. It is used 

as a solvent in many organic reactions and raw material for the manufacture of many drugs, dyes, 

glues, explosives, and cosmetics. A blend of 90 % gasoline and 10 % ethanol, known as gasohol, 

is used as an alternative fuel [7]. The amount of heat evolved by burning ethanol is 30 KJ/g. Neat 
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ethanol acts as a disinfectant as it kills germs, and a surgical spirit is used to sterilize wounds. It 

also acts as a preservative and prohibits the growth of pathogens.   

           Ethanol is a liquid at room temperature because of strong hydrogen bonding between its 

molecules. Lower molar mass alcohols are water-soluble (completely miscible) because of 

intermolecular hydrogen bonding between water molecules and the – OH group of the alcohol. 

The increase in disorder after mixing plays a significant role in the formation of the solution. 

Methanol dissolves in glycerol because of the hydrogen bonding between methanol and glycerol 

molecules. The boiling point of ethanol (78.5 oC) is lower than that of water (100 oC) because 

ethanol has only one – OH hydrogen atom available for hydrogen bonding, whereas water has two. 

The solubility of the alcohol in water decreases as the length of the carbon chain increases, and the 

polar OH group becomes a smaller part of the molecule. Stepwise oxidation of primary alcohol 

form aldehydes, which are then oxidized to carboxylic acids (eq-2). The intermediate product, 

acetaldehyde, contributes to the toxic effects of alcoholism, as the same products are formed by 

the liver’s enzymes in our body. This alcoholic beverage many induce symptoms of allergic rhinitis 

in some individuals. 

     KMnO4 (aq)                        KMnO4 (aq) 

CH3CH2OH       Ą         CH3CHO        Ą         CH3COOH     ---- (2) 

ethanol            Ą          acetaldehyde  Ą          acetic acid 

 

PLEASURES AND PROBLEMS  

Alcohol is the most widely used non-medical sedative drug in the world and one of the 

most potent and addictive drug. Alcoholic drinks such as beer promote relaxation in moderate 

amounts, absorbed into the bloodstream, and quickly reach the brain. About 5 % is excreted 

unchanged in urine, sweat, and breath. The molecular mechanism of action is quite complicated, 
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and it is thought to affect many receptors and modify neuronal membranes. We get hydration from 

a glass of beer, but in more significant quantities, this becomes more dehydrating. Water, minerals, 

and vitamins are eliminated from the body, causing dehydration. It can be addictive when used in 

more than average doses as it alters the body chemistry. It can result in behavioral and emotional 

disorders and also result in physical health complications. These behavior transitions happen near-

threshold points beyond which the body system will not be able to return to its original state, and 

suitable psychological and medical intervention is required. Alcohol abuse can lead to both 

suicides and homicides. Blood alcohol levels of 0.30 - 0.40 % by volume may lead to 

unconsciousness, and more than 0.5 % may be fatal.  Alcohol metabolism in the liver disrupts the 

normal workings of glycolysis and the Krebs cycle. The cell fermentation builds up lactic acid, 

and blood becomes acidic, leading to liver deterioration and liver cirrhosis in extreme cases. It also 

interferes with neurotransmitter release or uptake in the brain. Alcohol intoxication is a significant 

cause of vehicle accidents, severe injuries, and death. Excessive use of alcohol is one of the cancer 

risk factors, especially of the throat, mouth, larynx, and esophagus. It can severely damage the 

liver, stomach, heart, nervous system, and brain. The life-threatening symptoms of alcohol 

poisoning include the inability to wake up, confusion, vomiting, slow or irregular breathing, 

hypothermia, and seizures. It is treated with benzodiazepines, such as chlordiazepoxide, 

lorazepam, diazepam, and naltrexone. 

Beer can bring people or families together to sign business proposals and can cause couples 

to divorce, driving them apart. This drink inspired poetry, fiction, and non-fiction by many 

individuals and created many problems, including painful conditions, court battles that plagued 

our society. Though alcohol drinking is socially acceptable pleasures in many countries, alcohol 

dependence or abuse is quite common that impairs individual health, social relationships, job 



AJCE, 2020, 10(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

24 

 

 

 

efficiency, or judgment. It is entirely legalized in most countries, partly legalized in some others, 

while wholly banned in several countries. Alcohol abuse on university campuses is on the rise. 

The individuals who occasionally drink as part of community gatherings are called social drinkers. 

Regular drinkers within their limits as part of a group activity are known as social alcoholics. The 

habitual alcohol drinkers who cannot do without alcohol are categorized as alcoholics. Their 

communicative behavior pattern changes and have difficulty concentrating, solving a problem, and 

making decisions. This alcoholism can destroy careers, families, and individual health. 

Contamination of alcohol and methanol poisoning in illicit liquor is the leading cause of multiple 

accidental deaths due to its consumption. It is essential to raise awareness of the damaging effect 

of alcohol addiction on personal health, disorders due to psychoactive substance use, drinking and 

driving leading to accidents, and frame additional regulations to control the adverse effects of 

alcohol on the family and society. 

A crash course in alcohol addiction and rehabilitation from experts may assure and liberate, 

inspire and motivate several vulnerable individuals towards progress in modern nations. Capacity 

building through workshops, awareness programs, lecture sessions, campaign activities, and 

information brochures by facilitators can help us to control the current trend of the younger 

generation becoming alcohol addicts. The survey of beverage habits, family and microbreweries, 

socioeconomic conditions, and real-time monitoring to know consumption patterns would help us 

to identify the region-specific presence of alcoholism and find out long-term solutions to improve 

the present scenario and the quality of life. Proper planning and execution, meticulous observation, 

and time management are crucial in engaging individuals in constructive and creative activities. 

The family members should maintain a positive attitude towards alcoholics so that they can cope 

with the situation, and the beer consumption patterns are influenced by cultural factors as well. 
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The bottom line is that alcoholism is a global issue, and hence, it is imperative to take the world 

out of this cycle and put the wheel in the growth path to ensure a dignified life for all. The education 

and awareness of the entire population are essential for the progress of the whole world. It is 

essential to take care of workplace stress, stay healthy, and maintain our immune system’s optimal 

functioning. It is essential to avoid alcohol while boating and before swimming. Taking aspirin 

before drinking alcohol increases alcohol absorption and reduces the activity of stomach enzymes 

that breaks down alcohol. Alcohol dependency therapies include individual treatment, medication 

to counter withdrawal reactions, group therapy sessions, detoxification, social support, 

psychotherapy, aversion therapy, and complete abstinence from alcohol. It is essential to 

concentrate on mindful creation, conscientious consumption, lower carbon footprints, less waste, 

and organic living. Multinational companies incorporating sustainability and corporate social 

responsibility into their DNA are standard now [8-10]. 

 

CHEMISTRY IN PRACTICE  

           The breathalyzer test by the traffic police can detect the drinking and drive cases on the 

road, and it makes use of the oxidation of alcohol by dichromate ion. The breathalyzer device 

consists of orange crystals of sodium/potassium dichromate (VI) packed in a plastic tube that is 

connected to a plastic bag. When the person intoxicated blows through the device, exhaled ethyl 

alcohol (CH3CH2OH) reacts with dichromate (VI) ion (Cr2O72-) reducing them to the green Cr3+ 

ion [eq-3], under acidic conditions. From the color change, it is possible to determine the alcohol 

content present in the driver’s breath, and the higher the intensity of the green color, the more 

alcohol the person has consumed. Measuring the level of alcohol in the blood using UV/visible or 

infrared spectroscopy, gas chromatography, and other electrochemical methods will help with the 
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quantitative determination of consuming the chemical drink. For instance, the absorbance of the 

resulting red color of the 1;1 complex that forms between low-molar-mass aliphatic alcohols and 

cerium (IV) can be used for the quantitative estimation of such alcohols. The infrared spectrum of 

alcohol has the characteristic broad absorption peak in the range 3650-2500 cm-1 indicating the 

hydroxyl functional group’s presence. Methanol is highly toxic, and adding methanol to ethanol 

as in illicit or spurious liquors can cause blindness (~ 10 mL) and death (~ 30 mL). Most of the 

low molar mass alcohols are highly flammable. The higher alcohols are less toxic, and their toxic 

effects reduce as the number of carbon atoms increases. 

3 CH3CH2OH (aq) + 2K2Cr2O7 (aq) + 8 H2SO4 + 6 e- Ą 3CH3COOH + 2Cr2(SO4)3 (aq)+ 2K2SO4 + 11H2O(l) --- (3)  

                           Orange-yellow                                                   Green  

There are various types of alcohol, including primary (RCH2-OH), secondary (R2CH-OH), 

tertiary (R3C-OH), aliphatic, and aromatic alcohols that exhibit different chemical properties. 

Table 1 lists some selected alcohols and their applications. 

 

Table 1. Typical examples of some important alcohols in everyday life along with their formulas and applications 
Name      Formula  Use  

Methanol  {Methyl alcohol}  CH3OH       a common industrial solvent, 

gasoline additive  

Isopropyl alcohol {2- propanol}  CH3CH(OH)CH3  rubbing alcohol, solvent  

Ethylene glycol {1,2-

Ethanediol}  

CH2OHCH2OH  antifreeze in car radiators, 

manufacture of some synthetic fibers  

Glycerol {1,2,3-Propanetriol}  CH2OHCHOHCH2OH  Cosmetic preparations (creams & 

ointments), moisturizer in foods  

Phenol  {Benzenol}  C6H5OH  antiseptic, preparation of nylon, 

epoxy adhesives, and resins  

Decanol  {1-Decanol}  CH3(CH2)9OH     manufacture of surfactants, 

lubricants, and plasticizers  

Thymol {5-Methyl-2-(propan-2-

yl)phenol}  

2-[(CH3)2CH]C6H3-5-

(CH3)OH  

dental varnish, flavoring agent  
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Biological applications of alcohol include many steroids present in the human body, such 

as cholesterol, estradiol, estrone, and testosterone, contain alcohol functional groups. If cholesterol 

is present in excessive amounts, it precipitates against the walls of arteries and veins, causing high 

blood pressure and other cardiovascular problems [11-13]. 

The aliphatic alcohols of six or more carbon atoms are known as higher alcohols finds 

applications in detergents, plasticizers, surfactants, cosmetics, pharmaceuticals, and automobile 

lubricants. Alcohols containing two hydroxyl groups per molecule are known as dihydric alcohols. 

Ethylene glycol, trimethylene glycol, and the 1,4-butanediol are industrially relevant glycols. 

Polyhydric alcohols are used in a wide variety of varnishes, coating, and paints. Resveratrol (3, 5, 

4′-trihydroxy-trans-stilbene) is a type of natural phenol found in the skin of grapes, raspberries, 

blueberries, and mulberries. It is also present in red wines and is an antioxidant that helps to fight 

cell-damaging free radicals. Resorcinol is one of the primary natural phenol in argan oil, and it is 

an antiseptic and disinfectant used in the treatment of some chronic skin diseases. 

Ethanol is used to dissolve small quantities of sodium metal left after the purification of 

organic solvents as it reacts much more gently with the metal, unlike water. If the solution catches 

fire due to the presence of water, the addition of ethanol to destroy sodium would be like adding 

fuel to the fire that results in a flash fire [14]. To test for the –OH group in alcohols, we have to 

add a tiny piece of sodium metal to a neutral liquid free of water in a dry test tube and observe the 

bubbles of hydrogen (eq-19). The confirmatory test for the presence of an alcohol functional group 

is an esterification test in the systematic qualitative organic analysis (eq-14) [15]. When alcohol is 

treated with a carboxylic acid and an acid catalyst, an ester is formed. After taking the test 

substance in a dry test tube, add a few drops of concentrated H2SO4 and glacial acetic acid. Warm 
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gently for 2-3 minutes, cool, and pour slowly into five mL of sodium carbonate to obtain the ester’s 

fruity odor. The iodine oxidizes the alcohol to a methyl ketone to give a positive iodoform test. 

Iodine solution is added to a test solution followed by a sodium hydroxide solution and gently 

warm the mixture. The formation of the yellow precipitate of triiodomethane (iodoform-CHI3) 

with a characteristic smell indicates the presence of either ethyl alcohol or secondary alcohols and 

tertiary alcohols do not give a positive iodoform test (eq-20). This test can distinguish methanol 

from ethanol, as the latter is the only primary alcohol to provide the iodoform reaction. 

The structures of the compound with the same molecular formula C2H6O are different- 

CH3CH2OH (Ethanol) and (CH3)2O (Dimethyl ether)-called constitutional/structural isomers. 

Both of these compounds are quite stable. Ethanol is a liquid, while dimethyl ether is a gas at room 

temperature. Ethyl alcohol is slightly intoxicating, while dimethyl ether is quite poisonous. There 

are three methyl protons, two methylene protons, and one hydroxyl proton in ethanol. The low 

resolution nuclear magnetic resonance (NMR) spectrum of ethyl alcohol exhibits three resonance 

signals with an intensity ratio of 1:2:3, indicating the three sets of nonequivalent protons which 

correspond to the number of protons in OH, CH2, and CH3 in the molecule. The intermediate 

resolution NMR spectrum provides the fine structure consisting of a triplet, quadruplet, and a 

singlet due to CH3, CH2, and OH proton bands, respectively. The high-resolution NMR reveals a 

splitting of the OH band into three signals from the spin-spin coupling of the CH2 protons, and 

further splitting of the four CH2 peaks into doublets due to spin-spin coupling with the OH proton. 

Thus the NMR technique can be used in the identification and structure elucidation of various 

types of alcohols. 
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SYNTHESIS OF ALCOHOLS  

 There are several methods used in the production of alcohols, as listed below [16]. 

Industrial sources of alcohol include hydration of alkenes (eq-5), the oxo process 

(hydroformylation) from alkenes (eq-7), and fermentation of carbohydrates (Sugar cane Ą 

Molasses Ą Sugars Ą Alcohol)  (eq-10). Ethanol is made available to the chemical industry in a 

form unfit for human consumption by adding a denaturant such as methanol or acetone. 

Hydrogenation:   CO + 2H2 Ą CH3OH    ----(4)  

Hydration:  CH2=CH2 + H2O Ą CH3CH2OH     ----(5)  

Hydrolysis: (CH3CH2)2SO4  + 2H2O Ą 2CH3CH2OH + H2SO4 ----(6)  

Hydroformylation: RCH=CH2 + H2 + CO ĄRCH2OH ----(7)  

Reduction of methyl esters: RCOOCH3 + 2H2 Ą RCH2OH + CH3OH ----(8)  

Grignard synthesis: RMgX + HCHO Ą RCH2OMgX  Ą RCH2OH + Mg2+ + X-  ---(9)  

Fermentation:  C6H12O6 Ą 2CH3CH2OH + 2CO2  ---(10) 

 

CHEMICAL PROPERTIES 

The reactions that alcohols undergo can be categorized into a few general types [17-20].  

Dehydration: RCH2CH2OH Ą RCH=CH2 + H2O   ---(11)  

Oxidation: RCH2OH + ½ O2 Ą RCH=O + H2O     ---(12)  

Halogenation: 3ROH + PCl3 Ą 3RCl + P(OH)3      ---(13)  

Esterification: ROH + R’COOH Ą R’COOR + H2O  ---(14)  

Etherification: ROH + nH2C=CH2OĄ R(OCH2CH2)nOH  ---(15)  

Sulfonation: ROH + SO3 Ą ROSO3H  ---(16)  

Amination:  ROH + R’NH2 Ą RNHR’ + H2O  ---(17)  

Combustion: 2CH3OH + 3O2 Ą 2CO2 + 4H2O + Heat   ---(18)  

Reaction with sodium: 2CH3CH2OH + 2Na Ą 2CH3CH2ONa + H2   --- (19)  

Iodoform reaction:  CH3CH2OH + 4NaOI Ą CHI3 + HCOONa + NaI + H2O + 2NaOH  ---(20)  
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CONCLUSION AND PROSPECTS  

The strength of a robust network of breweries for local and global distribution and strong 

market position will help in expanding the market share for this alcoholic beverage, leading to 

substantial growth prospects. Preparing and dispensing in microbreweries has become a large 

business, and technological advancements will raise the bar for the entire beer industry. Growing 

beer market and changing consumer preferences provide excellent opportunities for growth in the 

beer industry. The message is to energize or uplift one’s mood of the moment and feel the surge 

of power to open a realm of new possibilities. 

There is the need to be in touch with the ground realities of alcohol consumption and take 

a sensible view to tackle global alcoholism with a human touch. It is important to remember that 

sometimes one’s full quota of drinks cannot do what just a sip can achieve another time and 

exercise restraint of mind, body, and spirit that allows people to drink less or not at all and keep a 

sense of social responsibility. The public awareness about alcoholism and its personal and health 

effects on society helps us to prevent accidental injuries or death related to drunk driving and 

alcoholism. 

The remedial measure of an explicit prohibition of alcohol is not practical. It can be 

controlled by the social awareness of the people towards the negative consequences of addiction 

to drinking. We have to fight alcohol abuse at the regional, national, and international levels by 

discouraging illegal production, distribution, purchase, and transit operations to have better living 

conditions and progressive nations. An approach consisting of a hefty dose of common sense, 

motivational messages, moderate drinking habits, planning, and timely action can go a long way 

toward transforming lives. 
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Observing and analyzing chemical phenomena enables a deeper understanding of neural 

activity and neural response patterns of alcohol consumption at multiple times during many 

windows of opportunity and offers a unique perspective on the complex human relationships 

involving good/lousy chemistry. It is essential to pay attention to the principle of “moderate drink 

or total delete” in the drinking habits or successful rehabilitation program. There are three stages 

in the recovery cycle, including the restriction stage when we ban all alcoholic beverages. Second, 

reintroduction stage when we reintroduce alcoholic drinks to see which ones suit us and which 

ones do not. The third stage of personalization involves monitoring the quantity and the type of 

alcoholic beverages our body can tolerate. As long as self-regulation is possible in drinking, it can 

provide some health benefits. Some areas of the brain that control judgment, reasoning, and 

instincts are being suppressed, after drinking alcohol. However, once the alcohol starts managing 

our lives, intense craving for it develops. Therefore, it is better to choose an alcohol-free life to 

avoid the adverse effects of alcohol. 

The supplementary learning materials help in student development to evolve into a modern, 

independent, and distinctive individual with a self-regulating mechanism in academic practice. 

The broad objective is introducing learners to core issues and perspectives that will benefit them 

in creativity and innovation in their chosen area of specialization and impact reactions and thoughts 

for general learning. Fostering alcohol awareness in healthcare professionals during the education 

process via a specific and non-specific transfer will help broaden and deepen their chemistry 

knowledge, skill, and attitude to enable a better living experience. The approach offers a new 

perspective on the social and ecological impacts of present-day drinkers to move towards better 

practices. The most exciting aspect of the article is the role of alcohol in society, and it is more of 

an exploration of life in the 21st century. 
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ABSTRACT 

The aim of this study was to investigate the effect of analogical instruction as compared to 

the lecture approach on concepts of rates of chemical reactions on grade 11 students’ achievement 

and attitude. A quasi-experimental posttest only control group design setting was utilized, to 

compare the effectiveness of two teaching methods, with 72 students in the fall semesters of two 

consecutive academic years. Two existing classrooms students, taught by the same teacher at a 

government school (Yehibret Fire Preparatory School) in Wolliso Zone, Oromiya region in 

Ethiopia, were categorized as a control group (n=35) in 2017/18 and an experimental group (n=37) 

in 2018/19 academic years. In control group (CG), students were taught in lecture/ usual way of 

teaching chemistry while the experimental group (EG) students were received the treatment based 

on the six steps in ‘Teaching With Analogy’ (TWA) model with ‘Focus–Action-Reflection’ (FAR) 

guide and during the analogical instruction fourteen analogies were used. An equal amount of 

instruction was given over a period of five weeks (two hours per week, total 10 hours) for both 

groups and the concepts of rate of reaction involving definition of reaction rate, effects of nature 

of reactants, surface area, concentration, temperature and catalyst on the rate of reaction have been 

studied. In both groups, rate of reaction concepts test (RRCT) consisted of 20 two-tier multiple 

choice questions administered as a post-test after each instruction. A semi-structured interview 

was also conducted to six EG and six CG students (who selected using stratified sampling 

technique) to have detail information on their conceptual understanding of rates of reactions, 

however, six EG students were also interviewed to assess the effect of the analogy approach on 

students’ attitude towards the concepts of rates of reactions. Only the experimental group students 

were performed the students’ generated analogy worksheet. The statistical package for social 

sciences (SPSS) version 20 software was used to analyze the quantitative data of the study. The 

independent samples t-test analysis of the post-tests scores of both groups and students’ interviews 

showed that the analogy-based learning was effective means in enhancing students’ achievement 

and attitude towards the concepts of rate of reaction. Therefore, it can be said that high school 

chemistry teachers can often use analogical instruction to improve students’ conceptual 

understanding and attitude towards the concepts of rates of reactions. [African Journal of Chemical 

Education—AJCE 10(2), July 2020]  
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INTRODUCTION 

The main aim of science education is to help students to develop meaningful understanding 

of science concepts and to use these concepts for intended purposes [1]. The unit of “Chemical 

Kinetics” covers lots of fundamental chemistry concepts. The topics in the unit are the rate of 

reaction, activation energy, factors affecting the rate of reaction, collision theory, catalysts, 

enthalpy, and reaction mechanism, just a few to mention. These concepts are of utmost importance 

in order to understand the relations between chemical change and energy, the types of chemical 

reactions, and the chemical change processes [2]. It is also important for students of chemistry to 

understand chemical phenomena of everyday life and explain them from a chemical point of view 

as they happen. According to Tastan, Yakinkaya and Boz [3] comprehending the concept of 

reaction rate well may provide students with understanding chemical equilibrium easier. Ahiakwo 

and Isiguzo [4] also revealed that it behaves on the chemical educators to query the poor 

performance of the secondary students considering the fact that they are to pass into the higher 

institutions to study chemistry and have to come across chemical kinetics. 

Despite chemical kinetics play an important role in learning next relating chemistry topics 

like chemical equilibrium but students in many countries (both secondary and undergraduate 

students) tended to accommodate alternative conceptions [5]. According to Horton [6] explanation, 

students encounter new information that contradicts their alternative conceptions it may be 

difficult for them accept the new information because it seems wrong. Once misconceptions are 

integrated into a students’ cognitive structure, they become an obstacle in his/ her learning. Thus, 

the student has difficulty in connecting new information into his/ her cognitive structure including 

inappropriate knowledge. Therefore, during science instruction, considering students’ 

misconceptions has a key role for promoting conceptual change in students [7]. Donnelly and 
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Leach [8] found in their study that high school or university students had various misconceptions 

of chemical reaction rate. Fahmi and Irhasyuarna [9] were studied about the misconceptions of 

rates of reaction on high school level, finally they concluded that misconceptions experienced by 

learners are caused by preconception or early concept of learners, learners associative thinking, 

humanistic thinking, reasoning incomplete/ wrong, intuition is wrong, the stage of cognitive 

development of learners and learners’ knowledge. Evidence of students’ misconceptions and 

understanding of chemical reaction rate exists in literature [2, 4, 7, 9].  

Chemical reaction rate, or chemical kinetics, has been found to be one of the most difficult 

chemistry topics because it involves mathematical calculation and there are many factors 

influencing the reaction rate as stated by Justi, 2003 cited in Supasorn and Promarak [10]. Students 

face with difficulties, because of the abstract nature of the chemical kinetics and also they have 

some misconceptions about the rate of reaction concepts [11]. Several researches have conducted 

on the effects of several instructional tools to improve students’ misconceptions on different 

chemical concepts. For example, 5E-learning model [12], conceptual change oriented instruction 

developed to improve students’ achievement in chemical reaction rate [7] and the role of analogies 

in chemistry teaching [13]. Supasorn and Promarak [10] implemented the 5E inquiry incorporated 

with analogy learning approach to enhance conceptual understanding of chemical reaction rate for 

grade 11 students.  

Many research works suggested that learning science is enhanced and the understanding 

level is improved when students are engaged in analogy learning activities that used to developing 

an understanding of abstract phenomena from concrete reference [14]. Rviolo and Garritz [15] 

reported about the use of analogies to teach chemical equilibrium. Pekmez [16] also reported that 

using of analogies to prevent misconceptions about chemical equilibrium. [17] has shown the use 



AJCE, 2020, 10(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

36 

 

 

 

of analogy to help students understand reaction orders. As Deborah [18] revealed that analogical-

based learning is an applicable strategy in senior secondary school chemistry students. The study 

of Dilber and Duzgun [19] has shown that when analogical instruction is used in asystematic 

manner, students’ understandings of concepts and elimination of misconceptions are more 

enhancing than traditional instruction. The teaching with analogies allows students to actively 

participate in the learning process [20]. Many studies also revealed that analogies have a positive 

effect on changing students’ interest/ attitude towards chemistry concepts [14, 21]. For example, 

in the study of Genc [14] the aim was to determine the effect of the analogy-based teaching on 

students’ achievement and students’ views/ attitude about analogies. According to the results of 

the study, students stated that learning with analogies has positive contributions in their 

achievement and attitude. 

However, as Dilber and Duzgun [19] revealed that despite their advantages and usefulness, 

analogies can cause incorrect or impaired learning depending on the analog-target relationship. 

For example, the development of systematic understanding is difficult if the analog is unfamiliar 

to the learner. Analogies have been called “two-edged sword” because the appropriate knowledge 

they generate is often accompanied by alternative conceptions [22]. Orgill and Bodner [13] 

reported that effectively used analogies can help students understand difficult chemistry concepts, 

often with surprising results. The Teaching-With-Analogies (TWA) model developed by Glynn 

[23] whose implication is that teacher should try to select analogs that share many similar features 

with the target concept. The Focus-Action-Reflection (FAR) guide which has three stages for the 

systematic presentation of analogies was proposed by [24]. This model was proposed to maximize 

the benefits and minimize the problems encountered in analogy instruction as stated by Venville, 

2008 cited in Supasorn and Promarak [10].  
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Pekmez [16] has conducted on using analogies to prevent misconceptions about chemical 

equilibrium. The result showed that teaching with analogies caused a significantly better 

acquisition of the concept than the traditional instruction. Finally, Pekmez [16] concluded that 

using analogies to teach chemistry may positively influence students’ motivation to study 

chemistry and suggested that similar studies should be continued, and analogy activities should be 

developed for chemistry lessons. Gafoor and Shilna [25] in their research also suggested that for 

explaining abstract chemical concepts, teachers can use analogies as teaching tools. Ugur with 

friends [26] also suggested that science teachers can often use analogical instruction in their 

classroom to enhance students’ understanding and eliminate misconceptions. 

In addition to review of literatures, from researchers’ teaching experiences and the current 

situation observed in the grade 11 Students at Yehibret Fire Preparatory School (Yh/F/P/S) in 

Wolliso Zone, some students’ have difficulties/ misconceptions of the concepts of the rates of 

reactions. For example, some students assumed that “surface area increases means size increases 

and so the rate of reaction increases”, and “only the rate of forward reaction increases but not the 

reverse” in a chemical equilibrium and most of the teachers used traditional way of teaching 

method to overcome such problems. However, traditional way of teaching sciences may have 

significant effect on students’ misconceptions; it is insufficient in remedying students’ 

misconceptions that are persistent and highly resistant to change [27]. As Opera [28] revealed that 

in such method the learner does not cooperate or discuss with other learners unless she or he is 

permitted to do so. The teacher delivers the curriculum, asks questions to which she or he knows 

the answers. Thus, this type of method of teaching (traditional teaching method) allows students 

to contribute their ideas rarely. The teacher evaluates the students’ ability to participate in the 

lesson through learners’ responses to give right answers as given by the teacher. However, this 
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method has some strong sides. According to Yan and Subramaniam [29] it is clear that 

conventional teaching has not managed to address the alternative conceptions on the reaction 

kinetics. Although a number of researchers have been provided empirical evidences of using active 

and practical oriented teaching overcome such students’ problems, the current situation in 

Ethiopian science classrooms are still dominated with teacher-centered (lecture approach). 

Therefore, this study has been investigated the effect of analogy approach on the concept of rate 

of chemical reactions on grade 11 students’ achievement and attitude when compared to traditional 

designed chemistry instruction at Yehibret Fire Preparatory School (Yh/F/P/S) in Wolliso zone, 

Oromiya region in Ethiopia. 

 

METHODOLOGY 

Research design 

In this study, a quasi-experimental posttest only control group design setting was utilized, 

to compare the effect of two different teaching methods (analogy and lecture approaches) with 72 

students in the fall semesters of two consecutive academic years. Two existing classrooms students 

were used for this study who taught by the same teacher at a government school (Yehibret Fire 

preparatory school) in Wolliso zone, Oromiya region in Ethiopia. In control group (CG), students 

were taught in lecture/ usual way of teaching chemistry while the experimental group (EG) 

students were received the treatment based on the six steps in ‘Teaching With Analogy’ (TWA) 

model with ‘Focus–Action-Reflection’ (FAR) guide.  
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Sample 

The participants for this study were 72 (about 17 years aged) grade 11 students who all are 

attending in a government school (Yh/F/P/S) at Tulu Bolo woreda, Oromiya region in Ethiopia. A 

convenience sampling technique was used to take these students as participants of this study; [3] 

stated that convenience sampling technique allows using existing groups to select the participants. 

Accordingly, with prior permission of the school principals two existing classrooms of the same 

teacher in the same school taken as a control group (n=35) in 2017/18 and an experimental group 

(n=37) in 2018/19 academic years. Since these students already assigned in two classrooms by the 

school administration based on their Ethiopian students leaving high school examination (matric) 

scores. Thus, both groups’ students considered as having very similar knowledge levels. Moreover, 

the students in both groups have been living in the research area; have similar cultural, socio-

economical and educational backgrounds. Before the intervention, the students also informed that 

the study aimed at helping their understanding of particularly the concepts of rates of reactions 

involving definition of reaction rate, effects of nature of reactants, surface area, concentration, 

temperature and catalyst on the rates of chemical reactions. 

Instruments 

In this work, the two data collecting instruments were rate of reaction concept test and 

semi-structured interviews. 

Rate of reaction concept test (RRCT) 

In this study the major data gathering tool was a conceptual test of rate of reaction. The test 

covers the different concepts of rate of a chemical reaction (see Table 1). The purpose of the rate 

of reaction concept test (RRCT) was particularly to measure the CG and EG students’ 
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understanding of different concepts related to chemical reactions rates. The RRCT consisted of 20 

two-tier multiple choice questions. Some of the questions in the reaction rate concept test, RRCT, 

are taken from Ethiopian University Entrance Examinations (EUEE) questions and chemistry 

education literatures [4, 10]. In addition to these, because according to the current Ethiopian 

curriculum, the introduction of concepts of rates of reactions begin in grade 9 and 11 levels so that 

the test was also prepared by considering the instructional objectives of the chemical kinetics unit 

presented in these grade textbooks, and using already identified misconceptions (see examples in 

Table 9) in literatures [2, 7, 9]. Therefore, the distractors in the choice part of the test included the 

students’ common misconceptions of the rates of chemical reactions. The development of this data 

gathering tool was based on Treagust [30] methods. To examine content validity and 

appropriateness, the items were evaluated by a chemistry educator and two experienced high 

school teachers. Prior to the administration of the test, RRCT was also conducted to 52 grade 12th 

Yh/F/P/S students, who exposed the rate of reaction concepts in previous year, as a pilot test. 

Table 1. Specification of rate of reaction concept test 

Content area  Items Number Number of Items 

Rate of reaction and calculation 1, 4, 5, 9, 14 5 

Nature of  reactant and rate 3, 16 2 

Surface area and rate 2, 8 2 

Concentration and rate 7, 15 2 

Temperature and rate 6, 11,  2 

Catalyst and rate 13, 17, 18 3 

Reaction rate theory and energy 10, 12,19, 20 4 

 Total number of items 20 

 

Subsequently, the reliability coefficient of the RRCT was computed by Cronbach’s alpha 

in SPSS 20 estimates of internal consistency, was found to be 0.94. The closer Cronbach’s alpha 

coefficient is to 1.0 the greater the internal consistency of the items in the scale [31]. The final 
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version of RRCT was composed of two-tier multiple choice questions. The first tier of each item 

on the test was a multiple choice content question (content based questions). The second tier of 

each item contains possible reasons of the answer given to the first tier item (reason based 

questions). Examples of the conceptual test items are shown in Figure 1. Each two-tier item were 

rated as 5 points (2.5 points for each tiered item), so if a student who answered all of the questions 

correctly, can score 100. For the full list of RRCT used for this study, see Appendix A. 

Figure 1 Examples of two-tier multiple choice (RRCT) question 

 

Question 1:`Consider the following reaction: 

N2 (g) + 3H2 (g)                         2NH3 (g) 

1.1. The rate of formation of NH3 is 9.0 x 10 -4mol/s, the rate of consumption of N2 is ____ 

A. 4.5 x 10 -4mol/s                B. 9.0 x 10 -4mol/s             C. 1.4 x 10 -3mol/s 

1.2. Please show your calculation method __________________________ 

Question 2:Consider the rate of a chemical reaction using the same masses of marble and 

powdered CaCO3 with similar amount of hydrochloric acid. 

CaCO3(s) + 2HCl (aq)                         CaCl2 (aq)+ H2O(l) + CO2(g). 

2.1. Which chemical reaction will faster? ______ 

A. The reaction between marble CaCO3 and hydrochloric acid. 

B. The reaction between powdered CaCO3 and hydrochloric acid. 

2.2. Why? Because_____ 

A. Substances with big particle size move slower than those with small particle size, their 

reaction rate decreases. 

B. The powdered CaCO3 has a greater surface area, thus rate of reaction increases. 

C. If thesurface is small then the reaction will be faster, and if a large surface area, the 

reaction will be slower. 

D. As the size of a solid reactant decrease the surface area decrease, thus rate of reaction 

increases.  
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Semi-structured interviews 

The interview served as an additional or supportive data collecting tool for the study. The 

interview was consisted of two parts and conducted with 12 students. The purpose of the first part 

of the interview was to gather detail information of the effect of analogy approach on students’ 

conceptual understanding of the rates of reactions and/ or to assess the long-term effects of each 

instruction. Based on Pekmez [16] explanation a stratified sample technique was used to select the 

interview participants from both control and experimental group students. Therefore, first, in the 

current study students were categorized according to their achievements in the post-test (RRCT) 

as high achievers, average achiever and low achievers. Then two students from each of these 

groups were randomly selected for the interview in each group. The first part of interview was 

consisted of eight questions and conducted with six EG and six CG students individually by the 

researcher and assistant teacher. Note that the selected control group students were participated 

only in this part of the interview. The second part of the interview contained two main questions 

and conducted with only six EG students who are already had been involved in the first part. The 

purpose of this part of the interview was to examine the effect of analogical instruction on students’ 

attitude/ interest towards the concepts of rates of chemical reactions. The gap time between 

application of RRCT and interviews for each group students was four weeks. Each interview lasted 

about 8-12 minutes. All the interviews were tape recorded and then converted to text for data 

analysis. The responses obtained from the students were classified and participants were coded, to 

organize similar ideas one side, experimental group students as E1-E6 and control group as C1-

C6 then their responses or views presented in findings section. For the full list of the Semi-

structured interviews used for this study, see Appendix B. 
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Procedures 

This study was carried out about five weeks during in fall semester of 2017/18-2018/19 

school years. The treatment tools consisted of seven learning plans for five weeks, 60 minutes’ 

contact time (two hours per week), totally 10 hours of learning activities. During a five-week 

period, each group received an equal amount of instructional time and was provided with the same 

materials, the topics of the lesson were the same for both groups based on the current Ethiopian 

grade 11th chemistry curriculum, the difference were only in the way they were taught. In the study 

two different instructional methods were used. The control group student was taught with lecture/ 

usual method of teaching chemistry whereas the experimental group was taught with analogies. 

Both groups were taught by the same teacher/ researcher, in the same school but in different 

academic years.  

a) Analogical approach 

In the experimental group, analogies were used. The main purpose of the analogies in this 

study was to explain different concepts of the rates of chemical reactions. The method of teaching 

was more relied on the steps in the TWA model of Glynn [23] in order to use the analogical 

approach effectively and systematically. At the instruction time, examples of analogies were 

showed for each target concept directly to students which encouraging them to elaborate their 

understanding and to maximize their participations. Table 2 shows the contents taught and the total 

teaching time with analogical activities that were used for experimental group students. Therefore, 

in this study, at the instruction time, six steps of TWA model of were used. For example, to teach 

the concept of the effect of surface area the steps used were: 

1. Introduce the target concept, effect of surface area of solid reactants, to students, 

2. Remind students of what they know of the analog, drying of meat in air, 
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3. Identify relevant features of the surface area of reactants and the large and small size of 

meat, 

4. Connect (map) the similar features of the surface area of reactants and the different size of 

meats, 

5. Indicate where the analogy between the surface area of reactants and the size of meat breaks 

down and 

6. Draw conclusions for the effect of surface area of solid reactants on rate of a reaction. 

 

During the instruction, the teacher/ researcher asked some questions to activate students’ 

prior conceptions. Some questions were: What is the rate of a chemical reaction? Do all reactions 

proceed with the same reaction rate? Give some examples which are slow or fast reaction. How 

does surface area of a reactant affect the rate of a reaction? and so on.      Then after the discussions 

on these questions with each other and with the teacher, students noticed their misconceptions and 

saw the scientifically correct explanation.  

Table 2: Major topics with analogy learning activities 

Learning plans (hours) Analogy activities (Examples) 

1. Rate of reaction and calculation (3) - Running a cross country with different 

speeds but equal distance. 

2. Effect of nature of reactants and rate of reaction 

(1) 

- Riding a horse and a donkey with 

limited distance. 

3. Effect of surface area of reactants and rate of 

reaction (1) 

- Cooking of the same solid food in 

different sizes. 

4. Effect of concentration rate of reaction (1) - Ploughing with two oxen and more 

oxen to plant a crop. 

5. Effect of  temperature and rate of reaction (1) - Baking bread with high and low 

temperatures. 

6. Effect of catalyst rate of reaction (1) - Riding a bicycle in lower and higher up 

hill. 

7. Collision theory  and energy (2) - Walking on a mountain and normal 

street. 
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The FAR guide proposed by [24] which used to make easy the TWA model was also 

applied to teach each concept of reaction rate in the instruction of the experimental group. 

Subsequently, through questions the participants were assisted to make relation by identifying 

similarities and differences between the given analogue and the target (see Table 3). With the 

discussion between students, the teacher/ researcher explained the similarities and differences 

between the given analogies and target concepts to the whole class, thus students who found wrong 

relation between the analog and target concepts were able to correct their previous work. 

Table 3: Example of the three phases the FAR guide model about the effect of surface area of the 

solid reactants in a chemical reaction. 

 

Before the instruction, the teacher/ researcher informed students what does analogical 

instruction mean and how it could be used during the instruction followed by the above TWA 

Focus Phase Pre-Lesson Planning 

Concept - How a surface area of solid reactant affect the chemical reaction 

rate is difficult to understand. 

Students  - Already understand that surface area of reactant occurs faster 

than the normal reaction but do not understand the way of how 

surface area affects the rate of the reaction. 

Experience  -Drying small and large size meat in air at normal temperature 

Action phase In-Lesson Action 

Similarities (Likes)  -Speed of drying – Rate of reaction 

-Drying time – reaction time 

-Different sized of meats – surface area of reactants                        

- Raw meat – reaction reactant 

- Dried meat – reaction product and drying temp – reaction temp 

Differences (unlike) -Drying meat is physical process – reactions are chemical process 

Reflection phase  Post-Lesson Reflection 

Conclusions  - Drying small and large size meat in air at normal temperature 

(Clear analogy) 

Improvements  - More explanation about the effect surface area on solid reactants 

(additional analogy). 
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model steps with FAR guide. Moreover, in order to be sure that the students did not form 

misconceptions the teacher/ researcher was verified by asking focused questions about features 

that are not shared between the analog and the target concept. Effective analogies can clarify 

thinking, help students to overcome misconceptions, and give students ways to visualize abstract 

concepts [32]. 

To enhance students’ understanding of the correct scientific conception the teacher/ 

researcher gave priority to the analogies. Table 4 shows an example of analogical instruction. Note 

that a total of fourteen analogies were used, seven analogies were taken from the chemistry 

education research [10]. The rest were developed by the researcher by considering the students’ 

daily life activities. According to Sarantopoulos and Tsaparlis [21] the analogies should meet all 

requirements for an effective analogy. Most importantly, the analogue domain has to be familiar 

to the students. Therefore, all analogies were modified to meet the Ethiopian social context and 

the grade 11th chemistry curriculum. See examples of analogies used for this study in Appendix C. 

Table 4: Example of analogical instruction 

No. Learning plan (hr) Analogy Analogue Target Conclusion 

1 

Effect of surface  

area  

of reactants 

Drying small 

and large size 

meat in air at 

normal 

temperature. 

Large and small 

size meat 

Small and large 

surface area 

 

Row and dried 

meats 

Reactant 

and product 

Drying time Reaction time 

 

Similarities:  

V Speed of drying – rate of reaction 

V Drying time – reaction time 
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V Different sized of meats – surface area of reactants                        

V Wet meat– reaction reactant 

V Dried meat – reaction product and  

V drying temp – reaction temp 

Differences: 

V Drying meat is physical process –reactions may physical or chemical process 

 

b) Lecture/ usual teaching method of chemistry 

In the control group, lecture/ usual method of teaching chemistry was applied, after 

prepared daily lesson plan for each lesson, the researcher was lecturing in the traditional way of 

teaching chemistry that means was presenting the new concept with the students just by listening, 

paying attention, taking notes and doing class activities individually. The students told to study the 

text book individually before each lesson. Most of the time of the instruction was kept by the 

teacher’s explanation and questions. Occasionally the researcher asked questions to explore 

whether the concepts were understood by the students and also sometimes students were allowed 

to ask questions and the teacher/ researcher made appropriate explanation for the asked questions 

but the researcher made explanations without considering analogies and students’ misconceptions. 

The students were also asked different questions about the different concepts of rate of reaction 

individually using a worksheet to enhance their understanding of reaction rate. While the students 

were doing the worksheet exercises, the teacher/ researcher went around the class and helped them 

when needed. 

Right after the implementation, both group students spent an hour to complete the same 

post conceptual test, RRCT. In order to minimize the possibility of cheating the researcher was 
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determined each student to have a single seat (18-20 students in each exam room) and used one 

invigilator for each examination room and the researcher was act as a supervisor. Moreover, in 

order to get detail information about their understanding concepts of the rate of reaction and to 

determine the effect of the new method on students’ attitude towards the target concepts, 

participants were conducted semi-structured interviews. 

 

Data Analysis 

The data of the study were collected through the major data gathering tool, RRCT and 

supportive tool semi-structured interviews. The descriptive statistical analysis of the posttest mean 

scores in RRCT of the EG and CG students were computed in Statistical Package for Social 

Sciences (SPSS 20) software on the basis of the responses of respondents to each item. The 

inferential statistical analysis of the mean score of both groups score in RRCT was compared using 

independent samples t-test and discussed quantitatively. The data from students’ sem-structured 

interviews were transcribed and discussed qualitatively on the basis of common themes. Following 

this, analysis and interpretation of the data was provided. Finally, based on the findings obtained 

in this study conclusions and recommendations were given. 

Note that in this study, participant students were categorized based on their responses in 

RRCT into four different groups in order to determine scientifically acceptable and unacceptable 

explanations [9, 16]: 

¶ Scientifically Correct (SC): The scientifically completed response with correct explanation 

is a part of this category.  
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¶ Partially Correct (PC): Scientifically complete responses and incorrect explanations or 

scientifically incorrect response and correct explanations match this category and this 

group student considered as having misconceptions. 

¶ Incorrect Response (IC): This level involves completely unacceptable scientific responses 

or explanations this group student considered as having misconceptions. 

¶ No Response (NR): Students who do not choose any response and make any explanations 

are put in this category. 

 

RESULTS AND DISCUSSIONS 

The posttest (RRCT) scores were analyzed in independent samples t-test in order to identify 

the effect of the treatment on students’ understanding of the rate of reaction concepts. The 

significant level of 0.05 was considered in comparing groups. As indicated in Table 5 below, the 

result showed that there was statistically significant difference between the mean total posttest 

scores obtained in the EG and CG students in terms of understanding of rate of reaction concepts 

(t (62.361) = -3.712, p< 0.05). The mean results on the post-test score of the experimental group 

(8 (EG) =37.6216 (SD 7.6842)) was higher than that of the control group (8 (CG) = 29.5714 (SD 

10.427)).  

The analysis showed that students in the experimental group who were taught with the 

analogical instruction achieved better than students in the control group who were taught the topics 

with the lecture/ usual teaching method. From the results it can be said that analogical instruction 

was an effective means for enhancing students’ conceptual understanding of the rates of chemical 
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reactions than the lecture/ usual teaching method. Analogies may help students to achieve 

conceptual understanding, rather than algorithmic understanding [33].  

Table 5: Independent samples t-test summary of posttest (RRCT) 

 

 

 

Previous studies also support the finding of this study related to the effect of analogy-based 

instruction on students’ achievement [16, 19, 34-35]. For example, Samara [35] studied the 

effectiveness of analogy instructional strategy and the result he obtained showed that teaching with 

analogies is an effective method in raising students’ achievement. 

 

Comparison of the Post Test Scores of CG and EG in RRCT 

In order to determine the effect analogical instruction on students’ conceptual 

understanding of rate of a chemical reaction, students’ scores in the same concept of different items 

of the posttest (RRCT) along with their success in percentage are also analyzed and discussed as 

follows: 

As shown in Table 6, the percentage scores of experimental group was higher than that of 

the control group (EG=60.58% and CG=34. 48%). The experimental group students also obtained 

higher posttest percentage correct answer for diagnostic test in each target concept of the rate of 

chemical reaction as compared with the traditionally instructed group. For example, the highest 

percentage scored by the analogy-based instructed students was 73%, for the concept of the effect 

of nature of reactants on the rate of a chemical reaction. The result may be obtained because the 

EG students were taught the effect of nature of reactants on rate of a reaction concept using analogy 

Post-

test 

Groups N ἦ SD t P 

Control 35 29.57 10.43 
-3.71 0.000 

Experimental 37 37.62 7.68 
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of boiling tomatoes and potatoes at the same temperature, which may perfectly explained the 

underlying principle such that tomatoes are cooked faster because of its nature which is similar 

with the concept that some reactants react faster and others may react in slow rate due to their 

nature, for example, generally, reactions involving ionic species tend to proceed faster than 

decomposition reactions and also gaseous substances react faster than substances in other states of 

matter. So it can be said analogical instruction may help these students to see abstract concepts 

through analogies which usually happen in their life activities. 

Table 6: Comparison of the post-test success of EG and CG on reaction rate concepts 

 

Topics (Number of Items) 

Posttest score 

Control Group  Experimental Group  

Mean SD % Mean SD % 

1 Rate of reaction and calculation (5) 0.34 1.00 29.72 0.70 1.02 69.22 

2 Nature of reactants (2) 0.51 0.69 48.55 0.79 0.56 73.00 

3 Surface area and rate (2) 0.43 0.58 28.60 0.61 0.68 58.10 

4 Concentration and rate (2) 0.34 0.63 30.00 0.56 0.71 56.80 

5 Temperature and rate (2) 0.56 0.71 55.70 0.69 0.66 68.95 

6 Catalyst and rate (3) 0.27 0.73 23.80 0.54 0.87 54.07 

7 Reaction rate theory  and energy (4) 0.31 0.84 25.00 0.45 0.99 43.90 

 Total (20) 2.76 1.98 34.48 4.34 2.12 60.58 

 

The experimental group students also scored higher points (69.22%), for the items of 

definition and calculation of the rate of a chemical reaction whereas the control group students was 

29.72%. The result indicated that there was a higher difference (39.5%) in the two groups’ 

conceptual understandings. Similar result was reported in Ahiakwo and Isiguzo [4] study that 

traditionally taught students’ performance in basic kinetic calculation was poor. In the current 

study experimental group students scored in the definition and calculation concept questions better 

than the traditionally instructed students. This is possible that the rate of reaction is comprehended 

enough by EG students as these students were taught by considering misconceptions preliminarily 
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using rate of reaction concept questions to activate their pre-existing conceptions followed by 

discussions with the teacher/ researcher. During the analogical instruction, the analogy used for 

the definition of the rate of a chemical reaction, was peeling banana fruits at different speeds, but 

equal time, which may sufficiently agree with the target concept, the definition and calculation of 

rate of reaction. This finding is also supported by Supasorn and Promarak [10] study. It was shown 

that that definition and calculation of rate of reaction was understood easily by students because 

of the analogy that the instructor used in similar topics. 

On the other hand, the lower difference was observed between the percentage sores of EG 

and CG (13.25%) on the topic of effect of temperature. This means more than half of both group 

students gave correct answer (CG=55.70% and EG=68.95%). This finding showed that both 

teaching methods helped to understand this topic effectively. However, the experimental group 

students scored slightly higher than the control group. This possibly because the experimental 

group students taught the concept with analogy, cooking rice with low and high temperatures, to 

indicate that the rice cooked in slower rate at lower temperature which may perfectly connected 

with the target concept that decreasing in temperature cause decreases in frequency of collisions, 

thus rate of reaction decreases too. In general, the results indicated that the analogical instruction 

was effective means to enhance the students’ conceptual understanding of rate of a chemical 

reaction. 

 

The proportions of students’ correct responses to each question in the posttest 

             The posttest (RRCT) were also examined in order to determine the effect of the 

analogically instruction on students’ conceptual understandings of the rate of a chemical reaction 

and to test if misconceptions were reduced due to analogies.  
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Table 7: Categories of EG and CG students based on their score in RRCT 

Item No. 

Control Group Posttest 

Categories % 

Experimental Group Posttest 

Categories % 

SC PC IR SC PC IR 

1 28.6 28.6 40.0 75.7 8.1 16.2 

2 48.6 42.9 8.6 70.3 16.2 13.5 

3 60.0 31.4 8.6 94.6 5.4 - 

4 31.4 34.3 31.4 78.4 16.2 2.7 

5 40.0 20.0 40.0 70.3 10.8 13.5 

6 54.3 37.1 8.6 73.0 21.6 - 

7 17.1 48.6 34.3 59.5 32.4 8.1 

8 8.6 54.3 37.1 45.9 29.7 24.3 

9 40.0 48.6 11.4 67.6 27.0 5.4 

10 22.9 34.3 42.9 43.2 18.9 37.8 

11 57.1 22.9 20.0 64.9 5.4 29.7 

12 31.4 48.6 20.0 32.4 51.4 16.2 

13 11.4 20.0 68.6 54.1 13.5 32.4 

14 8.6 20.0 57.1 54.1 29.7 13.5 

15 42.9 28.6 28.6 54.1 29.7 16.2 

16 37.1 28.6 34.3 51.4 32.4 13.5 

17 31.4 45.7 22.9 48.6 35.1 16.2 

18 28.6 28.6 42.9 59.5 21.6 18.9 

19 5.7 5.7 88.6 54.1 21.6 24.3 

20 40.0 34.3 22.9 45.9 32.4 21.6 

Total 32.28 33.15 33.44 59.88 22.95 16.2 

              

As demonstrated in Table 7 above, in control group students who were taught the rate of 

chemical reaction in traditional way of teaching chemistry, the percentage in scientifically correct 

(SC), partially correct (PC) and incorrect response (IR) categories of the post conceptual test were 

32.28%, 33.15% and 33.44% respectively. They were mostly in the partially correct plus incorrect 

response categories (66.59%). The result showed that most of the control group students had 

misconceptions about reaction rate concepts. Contrary to this the experimental group student who 

were taught in analogical approach, the percentage of students in the same categories were 59.88%, 

22.95% and 16.2% respectively. More than 50% of the EG student was in scientifically correct 

category. The results indicated that more experimental group students replied the concepts of rate 
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of reaction questions correctly than that of the control group students. This may be possible 

because analogy-based learning activates their pre-existing knowledge and help to connect with 

the scientifically accepted concept. 

According to Table 7 above, for instance, Question 8 was one of poorly scored (8.6%) item 

by traditional taught students; both groups were requested to investigate the conceptual 

understanding of the effect of surface area of reactants on the rate of a chemical reaction. Almost 

half (45.9%) of students who taught in analogical approach replied correctly this question. The 

result illustrated that there was an observable difference between the CG and EG students’ 

responses. This large difference may happen because the CG students may get confusion in a 

relation between size and surface area. Opera [28] revealed that lecture method of teaching allows 

students to contribute their ideas rarely. The experimental group students could score more because 

they taught the concept with analogy such as, drying small and large size meat in air at normal 

temperature, to indicate that small sized meat dried faster than larger one which may perfectly 

connect with the target concept that as the size of solid substance decreases the surface area 

increases, thus rate of a chemical reaction increases.  

Question 13, which was asked to compare and explain a catalyst and reaction intermediate 

from a given reaction, more than half (54.1%) of experimental group students gave correct answers 

whereas 11.4% of traditional taught students replied correctly. The result showed that the concept 

of catalyst and reaction intermediate were understood better by analogically taught group than 

traditionally instructed group. This may because for example, the experimental group students 

were taught with analogy, riding a bicycle in lower and higher uphill to indicate riding is faster in 

lower uphill which perfectly associated with the effect of the catalyst that catalyzed reaction under 

goes faster with lower activation energy.  
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Moreover, questions 12 and 20, both were aimed to evaluate students’ understanding of 

reaction theory and energy using graphs which are representing of exothermic and endothermic 

processes but in different styles. Both group students scored below 50% for these two different but 

the same concept questions. The students may know the meaning of exothermic and endothermic 

processes but they could not understand the concepts from the graph. This indicates that they were 

not capable of using their knowledge on different conditions. This may be because the poor 

instruction of drawing class in lower level causes too difficult the students understanding of 

information in a given graph. This result is consistent with the study of graphical problems of the 

rate of reaction [36-37]. For example, Secken and Seyhan [36] were studied about the performance 

of the participants in regarding to the problems with or without graphics. The result indicated some 

of the students’ were in higher levels of anxiety over the chemical problems with graphics. Then 

they concluded that students have anxiety in drawing or interpreting graphics in the exams due to 

making mistakes. The causes of students’ anxiety include redundancy of the curriculum, low 

awareness of career opportunities, the teachers and their teaching materials and lack of teaching 

aids/ laboratories [38]. 

In general, in the current study, the results indicated that the analogy-based instruction was 

more effective than the lecture/ usual teaching method of chemistry in enhancing students’ 

conceptual understanding and reducing misconceptions of the rate of chemical reaction. This 

finding confirms the previous studies that revealed the power of analogical learning on the 

understanding and reducing misconceptions of science concepts [1, 13, 19, 21, 26]. For example, 

when analogical instruction is used, it is highly probable that these lead to a significantly improved 

the understanding of scientific conception and elimination of alternative conceptions [26]. 
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Students’ Interview 

            Does using analogy approach has effect on the students’ conceptual understanding of rate 

of reaction and knowledge retention? What is the effect of analogical instruction on students’ 

attitude towards concepts of rates of reactions? In order to answer these questions of the study, 

qualitative analysis was also performed on students’ interview responses. Therefore, the purpose 

of this part of the interview was to gather detail information of the effect of analogy approach on 

students’ conceptual understanding of the rates of reactions and/ or to assess the long-term effects 

of each instruction, and to examine the effect of analogical instruction on students’ attitude/ interest 

towards the concepts of rates of chemical reactions. A two component of semi-structured interview 

was conducted: 

Students’ conceptual understanding  

The purpose of this part of the interview was to gather detail information of the effect of 

analogy approach on students’ conceptual understanding of the rates of reactions and/ or to assess 

the long-term effects of each instruction. To achieve this aim, six EG and six CG students were 

selected for conducting the interviews.  

In order to ensure that the concepts of the rate of chemical reaction have lasted long time, 

the interview was conducted after a month of the end of class for each group student. In this part 

of the interview each selected EG and CG student was asked eight semi-structured interview 

questions. This part of the interview consisted of questions selected from the RRCT. Some of the 

selected CG and EG students’ responses for the first part of the interview are analyzed and 

discussed as follows: 

For the interview question 3, students were asked to explain the effect of a change in a 

surface area of a solid reactant on the rate of a chemical reaction. When the students’ responses 
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examined, most of the experimental and control group students explained the concept correctly. 

However, most of the control group students could not explain the reasons in detail or explained 

partially. For instance, a student coded as C2 stated that “As surface area of solid reactants 

increase, the rate of reaction also increases” and also a student coded as C3 explained as “a 

chemical reaction rate is increasing because surface area of reactants increase” whereas students 

in experimental group coded as E1 and E2 explained the effect of surface area on the rate of a 

reaction with its reason, For instance, a student coded as E1 was giving scientifically correct 

explanation using analogy “… when powder and marble CaCO3 reacts with HCl acid, the 

powdered form of CaCO3 reacts faster than the marble, because size and surface area inversely 

related”. The above students’ explanation showed that the experimental group students’ conceptual 

understanding and knowledge retention of rates of reactions were better than that of traditionally 

instructed students. This is possible because the EG students taught with analogies like, cooking 

small and large size potatoes, which perfectly associated with the effect of surface area on the rate 

of reaction concept whereas the CG students failed to remember the concepts may be because they 

were exposed to the conventional instruction which do not allow them to be active during the 

learning process. An analogy can allow new material to be more easily assimilated with the 

students’ prior knowledge and can help make science concepts meaningful to students [33]. 

In interview question 5, students asked to compare and contrast the effect of change in 

concentration and pressure of reactants on the rate of reaction. It was determined that most 

experimental group students were given scientifically correct explanations based on the ideal gas 

theory. This may because analogies motivate learners to participate in active construction of 

meaning and assist to construct their own knowledge [13]. For example, students coded as E1, E2 

and E5 explained the relationship based on an equation, PV=nRT ᵼ P  , to show the direct 
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relationship between pressure and concentration. For example, a student coded as E2 explained 

that “according to the ideal gas theory, as pressure increases, the concentration also increases, thus 

the rate of reaction increases but pressure only has effect on gaseous reactions”. Most of CG 

students were given partially correct answers for the same question. For example, a student coded 

as C2 stated that “…pressures affect only the gaseous reactants while changes in concentration 

affect all states of matter”. Students coded as C5 and C6 could not remember or gave scientifically 

wrong explanations. For example, a student coded as C6 explained as “…as concentration 

increases, pressure become decreases, when pressure decreases rate of reaction increases”. The 

students’ responses showed that the CG students may misunderstand the relationships between the 

effect of change in concentration and pressure of reactants on the rate of reaction.  

In interview question 8, the students were requested to explain the main requirements of 

all successful collisions?” It was determined that most of the experimental group students (E1, E3, 

E5, and E6) explained based on collision theory. For instance, a student coded as E1 stated that 

“…the particle must be colliding in proper orientation with sufficient energy and must have energy 

greater or equal to the activation energy.” The control group students also tried to explain the 

requirements but partially, it was decided that most of this group students could not express the 

concept clearly and completely. For example, a student coded as C5 said nothing about the theory 

and a student coded as C1 explained partially as “… must collide in proper orientation and 

sufficient energy.” In general, based on this part of the students’ interview responses, it was 

determined that most of the CG students were failed to remember and could not give scientifically 

correct explanations for most interview questions as compared with the experimental group 

students. This may possibly because the control group was taught the concepts of rate of reaction 

in traditionally teaching way of chemistry in which there is little cooperation and interaction 
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between the teacher and pupils in the learning process so they might not grasp the concepts fully 

[39]. The EG students’ responses showed that they retain more of the rate of reaction concepts for 

long period of time. This may possible because the experimental group students taught with 

analogies which provide favorable conditions to understand difficult concepts easily. Previous 

study of Orgill and Bodner [32] revealed that effective analogies do help students to understand, 

visualized and recall what they have learnt in class.  

This may not be surprising that the EG students who taught with analogies achieved better 

than the traditionally instructed students. This may possible because, in this study, the steps 

involving in TWA model helping the students for mapping the similarities of the target /unfamiliar/ 

concepts with the analogue /familiar/ concepts (daily activities) and for indicating where the 

analogy breaks down. When students study new concepts, meaningful learning proceeds when 

they find and visualize connections between a newly taught context and what they already know 

[22]. Analogies can help students relate new information to prior knowledge, to integrate 

information for one subject area into another and to relate classroom information to everyday 

experiences [20].  

Students’ attitude towards the concepts of rates of reactions  

The purpose of this part of the interview was to examine the effect of analogical instruction 

on students’ attitude/ interest towards the concepts of rates of chemical reactions. This part of the 

interview consisted of two main interview questions: Q1. What is your attitude towards the 

analogy-based learning approach on the concepts of rate of reaction? Please explain. Q2. What do 

you think about you gained from the lessons conducted using analogical approach? Please explain. 

Only selected students who were taught the concepts of rate of reaction with analogy were 
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conducted this interview. Some students’ responses for this part of the interview are analyzed and 

discussed as follows: 

In this interview, when the students asked whether they like or not the analogical 

instruction, it was decided that all students have positive attitudes towards the analogy-based 

learning. For example, when a student coded as E1 was asked to explain whether the analogical 

instruction was helped him for understanding the rate of reaction concepts or not. The student 

explained as “… before I learnt with analogies, I thought that size increases mean surface area also 

increases but now because of analogies I have understood that when size of solid reactants decrease 

their surface area increase, thus rate of a reaction increases”. Other students coded as E4 and E3 

were also asked to explain whether they like or not the analogical instruction. The student (E4) 

explanation was “I like it, because when I learnt this chapter with analogy, I have understood more 

of the concepts”.  The student coded as E3 also explained as “I like it, because analogies helped 

me to learn and understand the topics easily” and this student gave also his analogical example as 

“if you want to cook meat wet quickly, the size should decreases because if size decreases, surface 

area increases then it cooks fast, and analogies help to make difficult concepts easy”. The EG 

students’ views of the analogical instruction showed that they are benefited from the analogies and 

due to the analogical instruction, their interest/ attitude towards the concepts of rate reaction 

improved. Analogies are often fun for the students, turning the lessons into interesting and never 

boring sessions [21]. 

While the students requested to explain whether they want to learn other concepts with 

analogy or not, it was determined that almost all students like the analogical approach and feeling 

to learn other subjects with analogies. For example, a student coded as E2 viewed as “I want also 

to learn other subjects with analogies”. For the interview question “what did you gain from 
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analogy-based instruction?” please explain. All students gave positive opinions, for example a 

student coded as E6 said I gained a lot and used her “…in process of cooking potatoes, if I cut it 

to small pieces and using high temperature it will cook faster” analogy, to express the effect of 

surface area and temperature on rate of a reaction. She was also explained the question requested 

to explain how analogical instruction enhanced her interest and she said “…because analogy 

allows for comparing the concepts with our daily activities it helps to do not forget what I have 

learnt so it was interesting”. In general, the students’ views showed during both parts of the 

interviews, the analogical instruction helps them to make sense the difficult concepts and retain 

more knowledge, and develop interest towards rate of reaction concepts. Thiele and Treagust [33] 

revealed that analogies are used in three major ways: to provide visualization of abstract concepts, 

to compare similarities of the students’ real world with the new concepts, and to provide a 

motivational function.  

The views of EG students of the current study confirm the study of Genc [14]. It was aimed 

to determine the effect of the analogy-based teaching on students’ achievement and students’ views 

about analogies. The subjected students’ responses showed that learning with analogies has 

positive contributions in both their achievement and attitude. However, several researches revealed 

that if students taught a single chemistry topic with short period of time using analogies may has 

a positive influence on their motivation to study chemistry, it may difficult to say that students’ 

attitude towards chemistry is changed completely [16, 26]. Generally, in the current study, the 

students’ views in the interview indicted that all students who conducted the interview has positive 

interest/ attitude towards the rate of reaction concepts due to the influence of the analogy-based 

learning. Therefore, it can be said that analogical instruction has impact on students’ interest/ 

attitude towards the concepts of the rate of reaction. 
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The current study revealed that although analogical instruction caused better understanding 

of the rate of reaction concepts and was more effective in reducing students’ difficulty or 

misconceptions. The experimental group students still have few difficulties as observed in the 

statistical analyses and the conducted interviews. There are evidences supporting this result that 

misconceptions are robust and resistant to change [7, 19, 37].  

In general, it can be said that there are several reasons behind the effectiveness of analogical 

instruction in this study. The analogy-based learning was effective means of teaching concepts of 

rates of reactions when compared with the traditional way of instruction. This may because the 

analogical instruction was designed by considering students’ difficulties related to the rate of 

reaction concepts. With analogical instruction students were able to compare their pre-existing 

concepts and scientific knowledge through analogies [16]. During the start of each analogical 

instruction the experimental group students were asked some related questions in order to activate 

their previous knowledge. After discussing these questions, correct scientific knowledge was given 

by analogies. According to Samara [35] analogies can help students relate new information to prior 

knowledge, to integrate information for one subject area into another, and to relate classroom 

information to everyday experiences. In control group the students were not participate actively, 

the researcher explained concepts without considering analogies and students’ misconceptions, 

spend most time by explanations and occasionally allowed them to ask questions in the mean time 

of the instruction, and the researcher gave explanation for their questions and the interaction 

between students and the researcher/ teacher was little, teacher-centered approach. Yan and 

Subramaniam [29] revealed that it is clear that conventional teaching has not managed to address 

the alternative conceptions on the reaction kinetics.  
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The steps in Glynn’s [23] teaching with analogy (TWA) model were helped to use 

analogies effectively and systematically. The students in experimental group had a chance of 

involvement actively during the analogical instruction. Teaching with analogies (TWA) allows 

students to actively participate in the learning process [35]. The learning plan in the current study, 

developed by the researcher based on TWA model with FAR guide, was served as a teacher guide 

to control the analogical instruction as a result enabled the teacher/ researcher to teach the students 

with confidence. Harrison and Treagust [22] argued that analogy is a powerful way to think, 

construct ideas and test new knowledge. However, they warned that when TWA not presented 

effectively and in systematic way, there are possible misconceptions associated with each analogy. 

The teaching with analogies model shows how to use an analogy systematically and helps to 

explain fundamental concepts in a meaningful way [21]. Generally, the steps in TWA model with 

FAR guide and the learning plan are played the main role for the effectiveness of the analogical 

instruction in the current study as well. 

 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

In this study, the effect of analogy approach on the concepts of rates of chemical reactions 

on students’ achievement and attitude has been studied in comparison with the lecture/ usual 

teaching method of chemistry. Based on the results of the study the following conclusions have 

been drawn:  

1. The analogically instructed students’ conceptual understanding was better than the students 

taught in lecture method. The analogical instruction was effective way in enhancing of 
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students’ conceptual understanding of rate of chemical reaction and for helping students 

correct their misconceptions. 

2. The experimental group students’ conceptual understanding and knowledge retention of 

the rates of reactions were better than that of control group students. The analogical 

instruction was also effective means to retain knowledge of concepts of rate of reaction for 

long period of time. 

3. Experimental group students’ comments given in interviews showed that they have positive 

attitude towards the analogy-based learning. The analogy-based-learning was effective 

means to improve students’ interest/ attitude towards the concepts of rate of reaction. 

 

Recommendations 

    Based on the results of this study, the following recommendations have been made: 

1. It is better that high school chemistry teachers’ design analogy-based instruction as 

instructional strategy at the time of teaching concepts of rate of reaction to enhance students’ 

conceptual understanding, interest/ attitude and knowledge retention, and overcome their 

misconceptions. 

2. Researchers can replicate the study on performances of female and male students on rate of 

reaction concepts. This may help the researchers to find out whether or not there are significant 

differences between female and male students’ conceptual understanding of rate of reaction. 

3. Analogical instruction is more effective method in enhancing students’ conceptual 

understanding of rate of reaction when comparing with traditionally designed chemistry 

instruction. However, the current study revealed that the students who were taught with 

analogies still have few difficulties/ misconceptions. Therefore, it is better future researches 
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may focus on a combination of analogical approach with another conceptual change strategy. 

This may help the researchers to have better result upon enhancing students’ understanding of 

reaction rate concepts.  

4. The study was limited to the concepts of rate of a chemical reaction, specifically to the effect 

of nature of reactants, surface area of reactants, concentration of reactants, and temperature of 

reactants and presence of catalysts on the rate of a chemical reaction. Therefore, researchers 

can replicate the study on other concepts of rate of reaction such as ‘orders of reaction’. 

5. Analogy can cause misunderstandings, thus applying teaching with analogies (TWA) model 

with FAR guide can help chemistry teachers to use analogies effectively and reduce the 

occurrence of misconceptions due to analogies. 

6. Curriculum developers may better design analogy-based-learning approach for the rate of 

reaction concepts in high school chemistry syllabus. 
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Appendix-A –Rate of Reaction Conceptual Test (RRCT) 

DIRECTION: For the First Tier Item Choose the Best answer and in the Second 

Tier Item Choose the Reason or Write the Reason for Your Choice in the First Tier 

(Each has 1.5 points). 

Question 1:`Consider the following reaction: 

N2 (g) + 3H2 (g)                         2NH3 (g) 

1.1. The rate of formation of NH3 is 9.0 x 10 -4mol/s, the rate of consumption of N2 is ____ 

A. 4.5 x 10 -4mol/s                B. 9.0 x 10 -4mol/s                         C. 1.4 x 10 -3mol/s 

1.2. Please show your calculation method ________________ 

Question 2: Consider the rate of a chemical reaction using the same masses of marble and 

powdered CaCO3 with similar amount of hydrochloric acid. 

 

CaCO3(s) + 2HCl (aq)                   CaCl2 (aq)+ H2O(l) + CO2(g). 

2.1. Which chemical reaction will faster? ______ 

A. The reaction between marble CaCO3 and hydrochloric acid 

B. The reaction between powdered CaCO3 and hydrochloric acid 

2.2. Why? Because_____ 

A. Substances with big particle size move slower than those with small particle size, their reaction 

rate decreases. 

B. The powdered CaCO3 has a greater surface area, thus rate of reaction increases. 

C. If thesurface is small then the reaction will be faster, and if a large surface area, the reaction 

will be slower. 

D. As the size of a solid reactant decrease the surface area decrease, thus rate of reaction increases.  

Question 3: Consider the rate of the reaction of copper and magnesium with hydrochloric acid. 

3.1. Which metal reacts faster with hydrochloric acid? ______ 

A.Copper (s)                                   B.Magnesium (s) 

3.2. Because ____ 

A. Reactions involving the breaking of stronger bonds proceed faster. 

B. Generally, alkaline earth metals are more active than transition metals. 

C. When the particle size of a solid reactant is decreased, its volume is decreased, and therefore 

rate ofreaction increases. 
 

Question 4: Consider the reaction of magnesium ribbons and Sulphuric acid. 

 

                          Mg (s) + H2SO4 (aq)                              MgSO4 (aq) + H2 (g) 

         The volume of H2 (g) measured from the initial to 5.00 cm3 is shown below. 
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Volume (cm3) of H2 (g) 1.00 2.00 3.00 4.00 5.00 

Time (s) 4.00 6.00 9.00 14.00 20.00 

 

4.1. What is the average rate of H2 (g) production? _______ 

A. 0.17 cm3/s                      B. 0.25 cm3/s                    C. 0.50cm3/s 

4.2. Please supply your calculation method________________________________  

Question 5: Consider the following reaction 

                      2H2O2 (l)                        2H2O (l) + O2 (g) 

5.1. Which graph shows the relationship between rate of consumption of H2O2 and time?___ 

 

A. 

[H2O2] 

 

 

Time 

 

 

B. 

[H2O2] 

 

 

                       Time 

 

 

 

C. 

[H2O2] 

 

 

                Time 

 

 

5.2. Because _____ 

A. The rate of a reaction is the same at any time during the reaction. 

B.The rate of a reaction decreases with passage of time as the concentration of reactants decreases. 

C. The concentration of a reactant is directly proportional to the time of a reaction. 

D. The reaction rate is constant because noadditional concentration. 

 

 

Question 6: Assume that youstored some food in a fridge to preventspoilage.  

6.1. What factor were you applying to slow the rate ofreaction? _____ 

A. Effect of temperature.                      B. Effect of concentration of a reactant. 

6.2. Explain your answer? Because _____ 

A. Reaction rate is independent of reactants’ concentration. 

B. As temperature decreases the activation energy, it enables the reaction to decrease its rate. 

C. Decreasing in temperature decrease in frequency ofcollision, thus rate of reaction decreases. 

D. When temperature increases, rate of reaction decreases. 

Question 7: Consider the following reaction : 
 

Zn(s) + 2HCl (aq)                      ZnCl2 (aq) + H2(g) 
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7.1. When the concentration of HCl increased, the rate of the reaction_____  

A. Remain the same.                  B. Increases.                  C. Decreases. 

 

 

7.2. Because ________ 

A. When concentration of a substance increases, its kinetic energy increases, thus the rate of 

reaction increases. 

B. Decreasing in concentration of one of the reactants increases the concentration of the 

otherreactant; thus, reaction rate is constant. 
C. The number of effective collisions increases, thus the rate of reaction increases. 

D.When concentration increases, surface area increases; thus, reaction rate increases. 

 

 

Question 8: Consider the following reaction: 
 

           Mg(s) + 2HCl(aq)                                MgCl2(aq) + H2(g)  
 

 

8.1. If you want to increase the rate of the overall reaction, what would you do? _____ 

A. Increase the surface area of the Mg wire, and dilute the concentration of the HCl.  

B. Cut Mg wire into small pieces, while using the same concentration of HCl.  

C. Cut Mg wire into small pieces, and increase the concentration of HCl.  

D. Use the same amount of Mg wire, while increasing the concentration of HCl.  

 

 

8.2. Because ______ 

A. When the concentration of a reactant increases, its kinetic energy increases, thus the rate of the 

reaction increases. 

B. When the surface area of a solid reactant increases, the number of collisions per second 

increases, thus the rate of the reaction increases. 

C. When the concentration increases, the surface area increases, thus the rate of the reaction 

increases.  

D.When particle size of reactant is decreased, its volume is decreased and therefore rate ofreaction 

increases. 

 

 

 

Question 9: Consider the following chemical reaction rate Vs. time graph. 
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9.1. Which of the following is true? ______ 

A. The reaction rate increases with time.            B. The reaction rate decreases with time. 

9.2. This is because ______ 

A. Rate of reaction is theperiod of time in which reactant undergoes a reaction or products are 

formed in a reaction. 
B. Rate of reaction is the change in concentration of a reactant or a product over a given period of 

time.  

C. Reaction rate is the time between the beginning and finishing of a reaction. 

D. Reaction rate is the number of reactions that take place per unit of time. 

Question 10:When a lit match is touched to the wick of a candle, the candle (C20H42) begins to 

burn. 

2C20H42 (s) + 61O2 (g)                        40CO2 (g) + 42H2O (g) + heat 

10.1. In this reaction, the match ________ 

A. Increases the temperature.       B. Acts as a catalyst.     C. Supplies activation energy. 

10.2. This is because ________ 

A. In exothermic reactions, heat from outside is needed and the reaction is faster. 

B. Activation energy is the energy required for the particles in the reaction to collide in 

theappropriate direction. 

C. The catalyst facilitates the collisions. 

D. Activation energy required to initiate a chemical reaction. 

Question 11: A student placed 3.0 g of Mg into some HCl in two different experiments. In each 

case, it reacted according the following equation: 

 

Mg (s) + 2HCl (aq)                   MgCl2 (aq) + H2 (g) 

In the first experiment, it took 3.2 minutes for all of the Mg to react. In the second experiment, it 

took 5.4 minutes for all of the Mg to react.  

 

 

 

 

Rate 

  

 

 

Time 
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11.1. Which of the following could account for the change in rate of the second experiment? 

A. The magnesium was powdered.                          B. The temperature was decreased. 

11.2. Because_____ 

A. When temperature decreases, the frequency for collision decreases, thus the time required for 

the reaction increases. 
B. If a surface area is large, the reaction will be slowerand the time required for the reaction 

decreases. 

C. If thesurface is small then the reaction will be faster, and and the time required for the reaction 

increases. 

D. A change in temperature does not affect reaction rate. 

Question 12: Consider a chemical reaction system described by the diagram below: 
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Reaction progress 

 

12.1. Which of the following expressions describe the graph properly? _____ 

A.The forward reaction is endothermic.            B. The forward reaction is exothermic. 

C. The reverse reaction is exothermic. 

12.2. Because ______ 

A. PE reactants > PE activated complex > PE products. 

B. PE activated complex > PE reactants > PE products.  

C. PE activated complex > PE products > PE reactants. 

D. PE products > PE activated complex > PE reactants. 

 

 

Question 13: Consider the following reaction mechanism:  

 Step 1: NO (g) + O3 (g)                         NO2 (g) + O2 (g) 
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 Step 2: O (g) + NO2 (g)                         NO (g) + O2 (g)                       

13.1. The species NO is a______ 

A. Catalyst                                          B. Reaction intermediate 

13.2. Because _______ 

A. Catalyst is a substance which is formed and then consumed during a reaction. 

B. The substance which participates in a reaction and gets out as the same substance is 

anintermediate substance. 

C. A catalyst is a substance which accelerates the rate of a reaction and may be recovered 

unchanged at the end of the reaction. 

D. Catalyst is an intermediate substance which participates in a reaction as a reactant but getsout 

without affecting the reaction. 

Question 14: Consider the following reaction: 

                          Zn (s) + 2HCl (aq)                           ZnCl2 (aq) + H2 (g) 

Solid zinc was added to 1.0M HCl. In 20.0s, the temperature of the container increased at 0.5 ᴈ 

and 25.00mL of H2 was produced. 

14.1. The rate of this reaction was _____ 

A. 1.0M HCl/s                        B. 1.25 mLH2/s                       C. 0.050 mol HCl/s 

14.2. Show your calculation method_______________________________________ 

Question 15: A student has prepared 10M, 5M, 1M and 0.5M nitric acid solutions in four test 

tubes and he put 2cm long magnesium ribbon in each test tube; then he observed the fastest 

consumption of magnesium ribbon in the test tube that contains 10M solution. 

15.1. What does the fastest reaction rate indicate? ______ 

A. Temperature dependence of the reaction         B. Concentration dependence of the reaction 

C. Surface area dependence of the reaction 

15.2. Because_____ 

A. When temperature of a substance increases, its kinetic energy decreases; thus, rate ofreaction 

increases. 

B. While a reaction occurs, concentration of products increases in time; thus, reaction 

rateincreases. 
C. When particle size of reactant is decreased, its volume is decreased and therefore rate 

ofreaction increases. 

D. When concentration of a reactant increases, the number of collision between the reacting 

species per second increases, thus, rate of reaction increases. 

Question 16: Consider that individual properties of substances or nature of reactants could affect 

the rate of a reaction.  

16.1. Which of these reactions react rapidly at room temperature?______ 

A. Pb (NO3)2 (s) + 2KI (s)                       PbI2 (s) + 2KNO3(s) 

B. Pb2+ (aq) + 2I-(aq)                    PbI2(s) 

 

16.2. Because_______ 

A. In solid reaction, the ionic bonding in each compound is weak, thus rate of reaction is fast.   
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B. Generally, reactions involving ionic species tend to proceed faster than solids.  

C. The surface area in solid reaction is greater, thus the rate of the reaction is fast. 

D. Reactions between ions occur usually faster. 

 

Question 17: Consider the following reaction.  

2H2O2 (aq)                        2H2O (l) + O2 (g) 

17.1. Which factor explains why the above reaction speeds up in the presences of MnO2 (s)? 

A. Nature of reactant               B. Presence of catalyst             C. Change in concentration 

17.2. Because _____ 

A. When solid substance added to aqueous solution, increases the concentration, thus the rate of 

reaction increases. 

B. Reaction involving solid tends to faster than aqueous solution. 

C. A catalyst provides an alternative pathway to reaction mechanism, thus the rate of reaction 

increases. 

D. Catalysts accelerate the reaction rate and ease of collision. 
Question 18: Consider the following reaction: 

 

                                     N2 (g) + 3H2 (g)                       2NH3 (g) 

18.1. When a catalyst is added to the reaction, which effect does the catalyst have on the reaction?  

______ 

I. It changes the ЎH of a reaction.   

II. It increases the kinetic energy of the reactants. 

III. It provides a reaction mechanism with lower activation energy.    

A. I and II only                                B.III only                            C. I, II and III          

18. 2. Because ________ 

A. The catalyst facilitates the collision and affects the reaction rate is higher ЎὌ, thus the rate of 

the reaction increases. 

B.When a catalyst added, its kinetic energy increases; thus, rate ofreaction increases. 

C. In a reaction with mechanism, activation energy of the fast step is smaller than that of slow step. 

D. When activation energyof a reaction decreases, reaction rate decreases as well. 

Question 19: Consider the following reaction: 

  CH4 (g) + 2O2 (g)                             CO2 (g) + 2H2O (g) 

 

 

 

19.1. Which graph shows the relationship between activation energy (Ea) and temperature? 
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19.2. The reason for my answer is, because______ 

A. The activation energy of a reaction decreases with an increase in temperature. 

B. Activation energy is the energy required for the particles in the reaction to collide in 

theappropriate direction. 

C. The activation energy of a reaction in solution does not change with an increase in temperature. 

D. Increase in temperaturemay affect the activation energy. 
 

 

Question 20: Consider the following potential energy diagram that represents two different 

reactions. 

 
 

20.1. Which of the following statements is correct? _____ 

A. Reaction A and B are both exothermic. 

B. Reaction B is exothermic. 

C. Reaction A is exothermic. 

 

20.2. Because_____ 

A. The potential energy = enthalpy (ЎH). 

B. The products have more potentialenergy than the reactants. 

C. The activation energy (Ea) = enthalpy (ЎH). 

 

    A. 

  Ea 

 

 

Temperature 

 

 

 

B. 

 Ea 

 

 

                 Temperature      

 

C. 

  Ea             

 

 

Temperature 
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D. Thereactants have morepotential energy than theproducts. 

 

Appendix-B –Semi-Structured Interview 

Semi-structured Interview Questions (Part A) 

Purpose: aimed to gather detail information about the students’ understanding of the rate of 

reaction concepts and to assess the effect of treatments on students’ knowledge retention or long 

term effect of the treatments.  

Q1. What is the rate of a reaction? Could you give some examples of the factors that affect the rate 

of a reaction? 

Q2. Do the individual properties of substances (nature of reactants) affect the rate of a reaction? 

Please give some of these properties. 

Q3. What is the effect of change in a surface area of a solid reactant on the rate of a chemical 

reaction? Please explain. 

Q4. Does any change in concentration of reactants affect the rate of a chemical reaction? How?  

Please explain. 

Q5. Compare and contrast the effect of change in concentration and pressure of reactants?  

Q6. Does any change in temperature of reactants affect the rate of a chemical reaction? How?  

Please explain. 

Q7. How catalysts affect the rate of a chemical reaction? Is there any difference between a catalyst 

and a reaction intermediate? Please explain. 

Q8. According to collision theory, what are the main requirements that required for all successful 

collisions? Please explain. 

Semi-structured Interview Questions (Part B) 

Purpose: aimed in order to determine the students’ attitude towards the analogy learning 

approaches on the concept of rate of a reaction and to evaluate what the students gained from the 

lessons conducted in the analogical approach. 

Q1. What is your attitude towards the analogy-based learning approach on the concepts of rate of 

reaction? Please explain.  

Do you like your teacher to use analogies more often in the class? Please explain? 

Q2. What did you gain from analogy-based instruction? Please explain. 
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Did the analogies help you to understand the rate of reaction concepts better? Why? 

 

Appendix-C- Some Analogies Used In This Study 

Definition of rate of a chemical reaction  

Biking a bicycle with different speeds, but in equal distance 

Peeling banana fruits with different speeds, but equal time 

Effect of nature reactants 

Boiling of tomatoes and potatoes 

Riding a horse and a donkey with limited distance 

Effect of surface area of reactants 

Cooking small and large size potatoes 

Drying small and large size meat in air at normal temperature 

Effect of concentration of reactants 

Making a house with two and more people 

Ploughing a limited land with two and four oxen 

Effect Of temperature 

Boiling of eggs with high and low temperature 

Baking bread with low and high temperature  

Effect of a catalyst 

Riding a bicycle in lower and higher up hill 

Walking to school with common road and short cut 

 

 

 

 

 

 

 

 

 



AJCE, 2020, 10(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

78 

 

 

 

NUCLEAR STABILITY: 

WHAT DOES CHEMISTRY HAVE TO DO WITH IT? 

 

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 

This paper presents a possibility of approaching the theme "nuclear stability of the 

elements" that can be used in university courses of basic chemistry, or even in high school. 

[African Journal of Chemical Education—AJCE 10(2), July 2020]  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:robdefarias@yahoo.com.br


AJCE, 2020, 10(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

79 

 

 

 

INTRODUCTION 

 As is well known, as far as the constitution of the atomic nucleus is concerned, chemistry 

is usually focused only in the number of protons, which in turn determines the number of electrons 

in the electrosphere and therefore the chemical properties of the elements.  

However, since chemistry is based on the study of chemical reactions, understands, even 

in a simplified way, aspects of nuclear stability is interesting (after all, without stable elements we 

wouldn't even exist, right?). 

This paper presents a possibility of approaching the theme "nuclear stability of the 

elements" that can be used in university courses of basic chemistry, or even in high school. 

 

METHODOLOGY 

For each element only the key (most abundant, hence, most stable) isotope was considered. 

The atomic data were those available at the Royal Society of Chemistry Periodic Table [1].  

For technetium, the radio isotope with large half live was considered [2]. To radon, the 

isotope 222Rn was chose due to its larger half live (3.8 d) in comparison with 211Rn (4.6 h) and 

220Rn (55.6 s) [1]. To uranium it was considered the most abundant (99,3%) isotope: 238U [1]. To 

americium and curium, the isotopes with larger half live were chose: 243Am and 248Cm [1]. The 

same reasoning was used for other synthetic elements with more than one isotope. The chosen one 

was always the one with the longest half live (ie the most stable; the half-live is associated with 

the radioactive decay mode. Alpha decay was chosen).  

The task to be performed by the students can be subdivided into the following steps: 

a) Search the indicated sites (see references) for the main isotopes for the elements from Z = 1 to 

Z = 118; 
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b) Set up a Table (like Table 1); 

c) Plot for the 118 elements the number of neutrons in the nucleus as a function of the atomic 

number (as in Figure 1); 

d) Analyzing the Table as well as the graph produced, point out conclusions that can be obtained 

regarding the stability of the chemical elements. 

 

RESULTS AND DISCUSSION 

The employed data are summarized in Table 1. A plot of the number of neutrons in the 

nucleus as a function of the atomic number for elements 1-118 is shown in Figure 1.  

  

Table 1. Key isotopes for the known chemical elements (1 to 118). Np (Z) and Nn are, respectively, 

the number of protons and neutrons in the key isotope. 

Element Key isotope Np (Z) Nn Nn/Np 

hydrogen 1H 1 0 0 

Helium 4He 2 2 1 

Lithium 7Li 3 4 1.3 
Beryllium 9Be 4 5 1.3 
Boron 11B 5 6 1.2 

Carbon 12C 6 6 1.0 

Nitrogen 14N 7 7 1.0 

Oxygen 16O 8 8 1.0 

Fluorine 19F 9 10 1.1 

Neon 20Ne 10 10 1.0 

Sodium 23Na 11 12 1.1 

Magnesium 24Mg 12 12 1.0 
Aluminium 27Al 13 14 1.1 

Silicon 28Si 14 14 1.0 

Phosphorus 31P 15 16 1.1 

Sulfur 32S 16 16 1.0 

Chlorine 35Cl 17 18 1.1 

Argon 40Ar 18 22 1.2 

Potassium 39K 18 21 1.2 

Calcium 40Ca 20 20 1.0 

Scandium 45Sc 21 24 1,1 



AJCE, 2020, 10(2)                                                                                                             ISSN 2227-5835                                                                                                                                               

81 

 

 

 

Titanium 48Ti 22 26 1.2 

Vanadium 51V 23 28 1.2 

Chromium 52Cr 24 28 1.2 

Manganese 55Mn 25 30 1.2 

Iron 56Fe 26 30 1.2 

Cobalt 59Co 27 32 1.2 

Nickel 58Ni 28 30 1.1 

Copper 63Cu 29 34 1.2 

Zinc 64Zn 30 34 1.1 

Gallium 69Ga 31 38 1.2 

Germanium 73Ge 32 41 1.3 

Arsenic 75As 33 42 1.3 

Selenium 80Se 34 46 1.4 

Bromine 79Br 35 44 1.3 

Krypton 84Kr 36 48 1.3 

Rubidium 85Rb 37 48 1.3 

Strontium 86Sr 38 48 1.3 

Yttrium 89Y 39 50 1.3 

Zirconium 90Zr 40 50 1.3 

Niobium 93Nb 41 52 1.3 

Molybdenum 95Mo 42 53 1.3 

Technetium 98Tc 43 55 1.3 

Ruthenium  101Ru 44 57 1.3 

Rhodium 103Rh 45 58 1.3 

Palladium 106Pd 46 60 1.3 

Silver 107Ag 47 60 1.3 

Cadmium 114Cd 48 66 1.4 

Indium 115In 49 66 1.3 

Tin 120Sn 50 70 1.4 

Antimony 121Sb 51 70 1.4 

Tellurium 130Te 52 78 1.5 

Iodine 127I 53 74 1.4 

Xenon 132Xe 54 78 1.4 

Caesium 133Cs 55 78 1.4 

Barium 138Ba 56 82 1.5 

Lanthanum 139La 57 82 1.4 

Cerium 140Ce 58 82 1.4 

Praseodymium 141Pr 59 82 1.4 

Neodymium 142Nd 60 82 1.4 

Promethium 145Pm 61 84 1.4 

Samarium 152Sm 62 90 1.5 

Europium 153Eu 63 90 1.4 

Gadolinium 158Gd 64 94 1.5 
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Terbium 159Tb 65 94 1.4 

Dysprosium 164Dy 66 98 1.5 

Holmium 165Ho 67 98 1.5 

Erbium 166Er 68 98 1.4 

Thulium 169Th 69 100 1.4 

Ytterbium 172Yb 70 102 1.5 

Lutetium 175Lu 71 104 1.5 

Hafnium 177Hf 72 105 1.5 

Tantalum 180Ta 73 107 1.5 

Tungsten 182W 74 108 1.5 

Rhenium 187Re 75 112 1.5 

Osmium 192Os 76 116 1.5 

Iridium 193Ir 77 116 1.5 

Platinum 195Pt 78 117 1.5 

Gold 197Au 79 118 1.5 

Mercury 202Hg 80 122 1.5 

Thallium 205Tl 81 124 1.6 

Lead 208Pb 82 126 1.5 

Bismuth 209Bi 83 126 1.5 

Polonium 209Po 84 125 1.5 

Astatine 210At 85 125 1.5 

Radon 222Rn 86 136 1.6 

Francium 223Fr 87 136 1.6 

Radium 226Ra 88 138 1.6 

Actinium 227Ac 89 138 1.6 

Thorium 230Th 90 140 1.6 

Protactinium 231Pa 91 140 1.5 

Uranium 238U 92 146 1.6 

Neptunium 237Np 93 144 1.5 

Plutonium 238Pu 94 144 1.5 

Americium 243Am 95 148 1.6 

Curium 248Cm 96 152 1.6 

Berkelium 247Bk 97 150 1.5 

Californium 251Cf 98 153 1.6 

Einsteinium 252Es 99 153 1.5 

Fermium 257Fm 100 157 1.6 

Mendelevium 258Md 101 157 1.6 

Nobelium 259No 102 157 1.5 

Lawrencium 262Lr 103 159 1.5 

Rutherfordium 265Rf 104 161 1.5 

Dubnium 268Db 105 163 1.6 

Seaborgium 271Sg 106 165 1.6 

Bohrium 272Bh 107 165 1.5 
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Hassium 270Hs 108 162 1.5 

Meitnerium 276Mt 109 167 1.5 

Darmstadtium 281Ds 110 171 1.6 

Roentgenium 280Rg 111 169 1.5 

Copernicium 285Cn 112 173 1.5 

Nihonium 286Nh 113 173 1.5 

Flerovium 289Fl 114 175 1.5 

Moscovium 289Mc 115 174 1.5 

Livermorium 293Lv 116 177 1.5 

Tennessine 294Ts 117 177 1.5 

Oganesson 294Og 118 176 1.5 

 

 

 

Figure 1. Number of neutrons in the nucleus (Nn) as a function of Z, for elements 1-118.  
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CONCLUSIONS 

Based on both (Table and graph), some conclusions (some here, as examples, but, of 

course, the teachers and students could obtain another ones) can be pointed out: 

1. The theoretical interpretation that the function of neutrons is to stabilize the atomic nucleus, 

acting as a "glue" that compensates for repulsion between protons makes sense, since the 

only element that has no neutrons in its nucleus is the one that has only one proton (H); 

However, we must remember that hydrogen has two more isotopes: 2H and 3H with one 

and two neutrons respectively; 

2. For all elements (with the obvious exception of hydrogen), the number of neutrons is equal 

to or greater than the number of protons; 

3. The ratio (number of neutrons) / (number of protons) slowly increases over the periodic 

table, from 1.0 to 1.6. This shows that it becomes progressively harder to "compensate" for 

interprotonic repulsion as the element becomes heavier;  

4. The curve obtained (Figure 1) shows that the relationship between the increase of the 

number of protons and the number of neutrons is linear (r = 0.9980), illustrating the 

importance of neutrons to nuclear stability. 
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ABSTRACT 

Analysis of textbooks in different aspects is pivotal to improvise the overall expected goal 

and outcome of textbooks. The overall information accumulated as a nation on different textbooks 

is also scanty. Therefore, the objective of this study was to analysis grade 8 chemistry student 

textbook contents vis-á-vis bloom’s revised taxonomy for the cognitive domain. The six levels of 

BRT cognitive domain were used as framework for undertaking the content analysis. The BRT 

content analysis result revealed that the learning objectives and activities of the textbook mainly 

focus on the lower order thinking levels, while experiments are more of at the higher order thinking 

levels of BRT. Moreover, the chi-square test result showed the difference between lower and 

higher BRT level of learning objectives, experiments and activities are statistically significant. 

This value indicated that the content of the textbook is not encouraging students to be active. 

Therefore, the learning objectives, somehow experiments and activities of the textbook should be 

organized in a manner that equips students with higher order thinking level of learners in the 

learning process. This implies grade 8 chemistry student textbook should be revised in a way 

scaffolding students to higher order thinking level. [African Journal of Chemical Education—

AJCE 10(2), July 2020]  
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INTRODUCTION 

Textbooks play a very crucial role in supporting specific types of curricula and have a 

major influence on students' learning and the nature as well as type of learning activities used in 

the classroom [10]. The textbooks are organized in a purposeful way, and consequently their 

content and structure are very key for the promotion of a particular vision of a curriculum [24]. 

Textbooks serve as medium of instruction to increase the effectiveness and efficiency in the 

teaching and learning process. In choosing an interesting  textbook to be used in classroom for the 

teaching and learning process, textbook analysis is very crucial and key [4]. Besides, if textbooks 

are not used appropriately, they may spoil the process of teaching and learning [18]. In contrast to 

this, some scholars argue that if the students’ involvement is limited or very low in the textbooks, 

the teaching approach is textbooks-based teaching which is teacher-centered approach [1, 4, 13]. 

Chemistry is a branch of science, which deals with the properties, the composition, the 

structure and the transformation of matter [17].  It is a toll language or backbone for industries. 

Chemistry as a school subject has passed through various patterns concerning the science 

curriculum. Until early 1980s, chemistry was offered as part of the subject called Physical Science 

until the end of Grade 10. Later, it became a discrete subject starting from Grade 9. Currently, 

Chemistry is offered as a discrete school subject starting from Grade 7, and continued to be given 

as one subject starting from Grade 7 to 12  [17]. Moreover, by its subject nature, chemistry must 

focus on all levels of Bloom’s Revised Taxonomy; however, it should be more of higher levels of 

Bloom’s Taxonomy.  

The attention given to the development and organization of textbooks determines the 

mental development of the students in particular and the community at large. The developed 

countries pay a great attention to their curricula in line with their sustainable development goal 
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[5]. The differences in between well-developed countries and under developed countries are not 

climate, weather condition, or natural resources; it is the difference in the educational system. 

Literatures revealed that the weakness of most African countries curricula is more of a mere theory, 

outdated and teacher-centered [26]. 

In a country like Ethiopia, which is plan to transforming from agriculture-led economy to 

industrialized economy, the quantities as well as the quality of well-equipped professional 

chemists are required. To achieve this, we need to prepare the textbook from the grass root level. 

Therefore, the objectives, experiments, and activities of the textbooks should show high thinking 

order in BRT process dimension. The science education reform calls for pedagogical shift from a 

traditional, textbook-based instructional paradigm to active learning inquiry-based [1, 13].  

Ethiopia changes curricula and textbooks as the government changes. Currently, the 

Ethiopian government has determined and introduced what is now as a “70:30 professional mix”- 

70% for Science and technology - 30% for Social Sciences and Humanities streams at higher 

education. This shows that the government has given much consideration for science education 

[21].  However, the scientific curriculum related studies on the textbooks analysis are very few. 

As far as researcher knowledge this is a specialized and unique study in its field; no similar study 

were conducted in this context, this means that there is no any published data about the current 

Ethiopian Grade 8 chemistry student textbook by using BRT. Hence, analyzing the textbooks in a 

scientific manner and providing appropriate feedback to stakeholders is the current homework for 

scholars in the field. Therefore, the researcher analyzed the levels of learning objectives, 

experiments and activities in each unit of the selected textbook using the six levels of Bloom’s 

Revised Taxonomy cognitive domains process dimension.  
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According to the revised syllabus of MOE, (2013), teaching chemistry is important that a 

student acquires factual knowledge, and  skills such as application, analysis, synthesis and 

evaluation. Since chemistry is an experimental science, experimental and investigative skills 

should be also acquired in a sufficient way that makes students much more familiar with advanced 

chemistry laboratories in their future endeavor. Therefore, this study has focused on the analysis 

of textbooks’ contents. 

The significance of this study can provide useful information and identify the gaps and 

gives invaluable recommendations and suggestions to stakeholders, decision makers, curriculum 

and syllabus designers, teachers and students as well for the future use;  an initial step for other 

researchers to depend on to analyze others textbooks in different classes and subjects. Helps to 

improve the contents (objectives, experiments and activities) of Grade 8 chemistry student 

textbook which is in line with the educational reformation and stemmed from the fact that 

according to the distribution of learning objectives, experiments and activities among the six levels 

of Bloom Revised Taxonomy process dimension. 

 

Conceptual Framework of the Study: The Analysis of the Textbooks 

For the purpose of this study, “Analysis” is a detailed examination or test of anything 

complex in order to understand its nature or appearances’; to determine its essential features or 

elements and statements of such examinations. Evaluation refers to systematically collecting data 

with the intention of making paramount decisions. To suit this purpose, evaluation then includes 

certain procedures to obtain adequate data about a course or curriculum leading in their 

improvements [9]. Policy makers, textbooks and syllabus designers of a country require plenty of 
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research-driven information. Thereby, this research has been designed to generate appropriate 

evidence-based data on Grade 8 Chemistry student textbook.  

Different techniques can be employing to analyze textbooks. The most common techniques 

are:  

V Bloom’s taxonomy [2, 16, 20]. 

V Students involvement analysis [4, 11, 34].  

V The analysis of conceptual development of the textbooks [34] 

V Analysis of the inquiry level of the textbooks [34] 

V Analysis of the degree of Science Technology Society (STS) orientations of the textbooks [34] 

However, selecting an appropriate technique of analyzing textbooks is dependent up on at 

our contexts or situations. Therefore, the researcher was selected the six levels of Bloom’s Revised 

Taxonomy - cognitive domain process dimension in order to analyze the current Ethiopian 

curriculum grade 8 chemistry student textbook content (learning objectives, experiments and 

activities) which was written by English language and published in 2013 G.C by MOE. 

According to Lorin Anderson and David Krathwohl the process dimension of Bloom’s 

Revised Taxonomy Cognitive Domain Educational Objective has six hierarchically arranged 

categories [2, 16].   
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Figure 1: Terminology changes between Bloom’s Taxonomy and Bloom’s Revised Taxonomy   

Adopted from [2; Table 1.1 – Bloom vs. Anderson/Krathwoh]  

 

These BRT categories are; remember, understand, apply, analyze, evaluate and create.  In 

terms of thinking order skills remember, understand and apply are lower orders thinking skills 

while, analyze, evaluate and create are under in higher order thinking skills. This criterion were 

employed to analyzed the learning objectives, experiments and activities that exist at each chapter 

of grade 8 current Ethiopian curriculum chemistry students’ textbooks.  

Research question are a frame of the whole activities of the research work and the study 

seeks answer the following research question.  Therefore, the basic research questions of this study 

were: 

V How are the current Ethiopian curriculums (Grade 8 Chemistry student textbook) learning 

objectives, experiments and activities distributed in terms of the six levels of Bloom’s Revise 

Taxonomy cognitive process dimensions? 

V Is there any significant difference or association between lower and higher levels of BRT cognitive 

domain process dimensions in Grade 8 chemistry student textbook?  
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The purpose of this study was to analyze the contents of current Ethiopian Curriculum Grade 8 

chemistry student textbook contents against the six levels of BRT. 

 

METHODOLOGY 

This research aimed at analyzing the current Ethiopian Curriculum Grade 8 chemistry 

student textbook contents vis-á-vis bloom’s revised taxonomy.  Quantitative approach content 

analysis design was applied in this research. The Content analysis is one of the research methods 

of design; [30] defined content analysis as a systematic and replicable technique for compressing 

many words of text into fewer content categories based on explicit rules of coding. 

From the current Ethiopian curriculum textbooks, the researcher has selected Grade 8 

chemistry student textbook written in English language and published in 2013 G.C.  The reason is 

that the researcher has focused on Grade 8 chemistry in order to suggest possible corrections or 

improvements for student textbook [17] and to determine the status of the student  textbook from 

the grass root levels, since chemistry is given as a sole linear subject starting from Grade 8. All the 

learning objectives, experiments and activities of the textbook were included in the analysis. The 

data gathering instrument was Document Analysis using  the six thinking levels of Bloom’s 

Revised Taxonomy Cognitive Domain [2, 3, 12, 19]. These six categories of the process dimension 

Bloom’s Revised Taxonomy (BRT) were used to analyze the learning objectives, experiments and 

activities exist in the Grade 8 chemistry student textbook by counting the frequencies and 

calculating percentages each levels of BRT using the action verbs adopted from the literatures. 

 

Table 1: The coding scheme for distributions of objectives, experiments and activities by BRT 

Grade 8 text Remember  Understand  Apply  Analyze  Evaluate  Create  Total  
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Book F % F % F % F % F % F % F % 

Objectives                

Experiments                

Activities                

Total                

NB: F = frequency and % = percentage  

After gathering, the quantitative data from the contents of Grade 8 chemistry student 

textbook in different parts, the data was analyzed via Bloom’s Revised Taxonomy, the frequency 

and the percentage of each one of the six levels of learning objectives, experiments and activities 

in the textbook were identified. The Chi- Square test was calculated in order to answer the 

significance differences or association between the frequencies of different lower and higher 

thinking levels of BRT in the textbook of learning objectives, experiments and activates (p _ value 

< 0.05 was considered as statistically significant). 

 

Validity of the Research Tool or Instrument 

  The research tool was presented to three members of the Department of Education and 

Curriculum study in Begemidir College of Teacher Educations in Debre Tabor Town in order to 

establish its validity. They were asked to examine the definitions of the various levels in 

accordance with the skills and behaviors demonstrated by each level of BRT. The professionals 

assessed the research tool and some items that seems vague were corrected as it was valid for use 

in this study.  

 

Reliability of the study 

Inter-rater Reliability: In order to ascertain the inter-rater reliability of the research, 30 items 

that were not included in the sample textbook took for Bloom’s Revised Taxonomy cognitive 
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domain process dimension were analyzed by two instructors of education and curriculum studies. 

The Kappa’s value measure of agreement was calculated based on the classification of the coders, 

for each levels of BRT cognitive process by using the formula:  

Cohen’s kappa = (PAO – PAE)/ (1 –PAE), PAO = A/n and PAE = (1/n2) (pmi)  

Where, PAO - stands for proportion agreement observed      

PAE - Stands for proportion agreement expected  

A – Stands for number of agreement between two coders  

n - Stands for number of units in common by coders  

pmi - Stands for each product of marginal’s  

 

Based on the above-mentioned formulas, the obtained calculated Cohen’s Kappa value was 

0.93 (93%). The substantial values (ᴋ > 75) [22] for the Bloom’s Revised Taxonomy cognitive 

process dimensions. The obtained Kappa value indicated excellent measure of agreement between 

the two coders, which guaranteed a high inter-rater reliability for the research. 

Intra-rater Reliability: Intra-rater reliability is similar to inter-rater reliability, except that the 

comparisons are made between two data collection efforts by the researcher itself in two different 

phases and the way of calculations are the same fashions of inter-reliability [22]. In order to 

ascertain the intra-rater reliability of the research, 30 items those were not included in the sample 

textbook for BRT cognitive domain process dimension. Therefore, the obtained Cohen’s Kappa 

value was 0.98 (98%) for BRT cognitive process dimension in the textbook. The obtained Kappa 

value indicated excellent measure of agreement between the two phases, which guaranteed high 

intra-rater reliability for the research. 
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RESULTS  

Learning objectives, Experiments and Activities analysis  

 The results obtained from the analysis and computation of various learning objectives, 

experiments and activities of BRT as manifested in the current Ethiopian curriculum Grade 8 

chemistry student textbook were tabulated and summarized in the following tables and graphs.  

 
Figure 2: The distributions of Grade 8 learning objectives, experiments and activities by BRT 

 

Figure 2 presents the frequencies and percentages distribution learning objectives, 

experiments and activities according to the current Ethiopian curriculum Grade 8 chemistry 

student textbook and each six levels of BRT process dimension thinking skill such learning 

objectives were designed to measure.  
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Figure 3: Distributions of Grades 8 objectives, experiments and activities with lower and higher 

levels BY BRT. 

 

Figure 3 presents the distributions of learning objectives, experiments and activities of the 

current working Grade 8 chemistry student textbooks with the lower and higher order skill of BRT 

cognitive process dimension. 

The chi-square test for learning objectives, experiments and activities of in Grade 8 

chemistry student textbook with lower and higher levels of BRT mentioned under. Since null 

hypothesis assumed that 50% of learning objectives, experiments and activities were categorized 

under lower and the rest 50% of them are under higher levels of BRT.  Mean that there is no 

statistically significance difference between lower and higher levels of BRT in learning objectives 

(p _ value < 0.05 was considered as statistically significant). However, the results listed under 

below.  
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Table 2 Chi-square test for Grade 8 objectives with lower and higher levels of BRT 

BRT 

levels 

Observed  Expected  /ÂÓÅÒÖÅÄ 
 %ØÐÅÃÔÅ 

/ÂÓÅÒÖÅÄ
ÅØÐÅÃÔÅÄς 

/ÂÓÅÒÖÅÄ%ØÐÅÃÔÅÄς

%ØÐÅÃÔÅÄ 
 

Lower 

level 

123 64.5 58.5 3422.25 53.06 

Higher 

level 

6 64.5 -58.5 3422.25 53.06 

Chi-square value 106.12 

 

From the chi-square test were obtained as tabulated in Table 2 there is statistically 

significant difference between the lower and higher levels of BRT cognitive process dimension in 

Grade 8 chemistry students textbook learning objectives (chi-square value = 106.12,  P – value 

<0.05) 

Table 3: Chi-square test for Grade 8 experiments with lower and higher levels of BRT 

BRT 

levels 

Observed  Expected  /ÂÓÅÒÖÅÄ 
 %ØÐÅÃÔÅ 

/ÂÓÅÒÖÅÄ
ÅØÐÅÃÔÅÄς 

/ÂÓÅÒÖÅÄ%ØÐÅÃÔÅÄς

%ØÐÅÃÔÅÄ 
 

Lower 

level 

7 12 -5 25 2.08333 

Highe

r level 

17 12 5 25 2.08333 

Chi-square value 4.167 

Table 3 shows the chi-square test were obtained there is a statistical significance difference 

between the lower and higher levels of BRT cognitive process dimension in Grade 8 chemistry 

students textbook experiments (chi-square value = 4.167,  P – value < 0.05) 

Table 4: Chi-square test for Grade 8 activities with lower and higher levels of BRT  

BRT 

levels 

Observed  Expected  /ÂÓÅÒÖÅÄ 
 %ØÐÅÃÔÅ 

/ÂÓÅÒÖÅÄ
ÅØÐÅÃÔÅÄς 

/ÂÓÅÒÖÅÄ%ØÐÅÃÔÅÄς

%ØÐÅÃÔÅÄ 
 

Lower 

level 

155 80.5 74.5 5550.25 68.95 

Highe

r level 

6 80.5 -74.5 5550.25 68.95 

Chi-square value 137.9 
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From the chi-square test were obtained as mentioned Table 4 there is statistically 

significance difference between the lower and higher levels of BRT cognitive process dimension 

in Grade 8 chemistry students’ textbook activities which mean that reject the null hypothesis (chi-

square value = 137.9, P – value < 0.05). 

 

DISCUSSIONS 

Using the results, discussions were made whether the textbook is more focus on the lower 

or higher order, six levels of BRT.   

Learning Objectives 

Learning objectives of Grade 8 chemistry student textbook were categorized based on the 

action verbs that were adopted from the literatures. Out of 129 learning objectives of Grade 8 

chemistry student textbook, 123 (95.349%) were under lower order of thinking levels of BRT for 

instance 51 (39.53%) Remember, and 17 (13.18%) Apply, the remaining 6 (4.351%) belongs to 

higher order thinking levels of BRT with 5 (3.88%) Analyze, 0 (0%) Create (Figure 2 and Figure 

3) and from the chi-square test was obtained there is a statistically significance difference between 

the lower and higher levels of BRT cognitive process dimension of learning objectives (chi-square 

value = 106.12, P – value < 0.05) (Table 2).  

The result of Grade 8 chemistry student textbook learning objectives showed that most of 

the learning objectives are focusing on triggering remembering or lower levels of BRT followed 

by understanding, apply, analyze, evaluate and create- which is the least touched learning level. 

The result indicate that the learning objective have little influence to develop the creativity 

potential of students.   
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 The results in lines with a study done by [3, 19] in Iraq.  The central concern of chemistry 

is not merely remembering the elements of the periodic table or it is not the mere grasping of the 

atomic and molecular weight of an element; the central theme is to encourage new synthesis and 

production of compounds that are viable for the world’s socio economic developments. Knowing 

about fuel and producing/filtering fuels is different. It is an alarming for the concerned body to 

take a measure to make chemistry education objective is as expected to be. The main focus of 

teaching Chemistry is not to know what type of minerals are found in soil and how much is it, It’s 

goal is to cultivate students on how to purify and process it to create/ produce essential goods that 

eases the life of the people in the globe.   

 However, this result is not similar with a study done by [27] in India. The results showed 

that promote or increase effective transaction of values in modern way or methods and innovative 

approach in the value education programs at school level and the teaching and learning objectives 

are prepared in using the Revised Bloom’s Taxonomy the students are highly engaged in the 

delivered lesson. It shows that high involvements of students. The possible reasons for the 

difference might be the quality of the materials, the quality of curriculum, facility and 

infrastructure. 

Experiments  

The experiments to be practiced by students in Grade 8 chemistry student textbook were 

categorized based on the action verbs that were adopted from the literatures. The good news in 

Grades 8 chemistry student textbook is that experiments lay in improving the higher order thinking 

levels. In Grade 8 chemistry student textbook from 24 experiments: 7 (29.167%) are categorized 

under lower levels of BRT while 17(70.833%) are categorized under higher levels of BRT 

cognitive process dimension as an examples 0 (0%) Remember, and 0 (0%) Create (Figure 2 and 
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Figure 3) while the chi-square test indicated there is no significance difference between the lower 

and higher levels of BRT cognitive process dimension of experiments (chi-square value = 4.167,  

P – value < 0.05) (Table 3).  

              Unfortunately, most of the experiments focus on improving the analysis potential of 

students; There is no any experiment that pushes students to the ladder of creativity in the textbook. 

Experiments are resource and labor intensive as well as time consuming in their nature, as much 

time and resource is invested, it is better to think on how we can formulate experiments towards 

creativity, which is the thinking level, that leads and step up the world from the prehistoric era 

until know, the technology era. It is difficult to expect “creators” for this developing country from 

chemistry textbook with no experiments that triggers creativity. Any concerned stakeholder should 

take a note and participate in modifying things towards a roadmap that initiates the thinking level 

of creativity at primary schools.  

Activities  

As for learning objectives and experiments, activities of Grade 8 chemistry student 

textbook were categorized based on the action verbs that were adopted from the literatures. Out of 

161 activities: 155 (96.273%) are categorized under lower levels of BRT for example; 70 (43.48%) 

Remember, and 18 (11.18%) Apply, while 6 (3.73%) higher levels of BRT example; 0 (0%) 

Analyze, and 0 (0%) Create (Figure 2 and Figure 3). Additionally, the chi-square test shows as 

there is statistically significant difference between the lower and higher levels of BRT cognitive 

process dimension (chi-square value = 137.9, P – value < 0.05) (Table 4).  

The result is in line with a study done by [18, 32, 33] in Iran, [15]  in Turkey and [28, 31] 

in Jordan.   
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The result is not in agreement with study done by [6, 7]. The possible difference for the 

contradictory result would be the difference in subjects incorporated at the study, the 

socioeconomic development of the country that directly and indirectly influences the quality of 

education, the standard of the curriculum, level of education, the accessibility of infrastructures as 

well as facility that plays a pivotal role on teaching and learning process. 

 

CONCLUSION, RECOMMENDATIONS AND FUTURE DIRECTIONS 

Conclusions  

In Grade 8 chemistry student textbook: 

¶ Out 129 learning objectives: 123 (95.349%) are categorized in lower levels of BRT while 6 

(4.351%) are categorized higher levels of BRT cognitive process dimension and there is 

statistically significant difference between the lower and higher levels of BRT cognitive 

process dimension in the textbook. 

¶ From 24 experiments: 7 (29.167%) are categorized under lower levels of BRT while 

17(70.833%) are categorized under higher levels of BRT cognitive process dimension. 

Moreover, chi-square test showed that there is no statistically significance difference between 

the lower and higher levels of BRT. 

¶ From 161 activities: 155 (96.273%) are categorized lower levels of BRT while 6 (3.727%) are 

categorized higher levels of BRT cognitive process dimension and there is statistically 

significance difference between the lower and higher levels of BRT cognitive process 

dimension in the activities of Grades 7 chemistry student textbook.  
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Recommendations 

For curriculum and textbooks designers  

The learning objectives and activities of the textbook are not responsible for fostering high 

levels of thinking process; therefore, policy makers, syllabus and curriculum designers, is better 

to amend learning objectives and activities in a way that equip students in analyzing, evaluating 

existing knowledge and creating new ideas and phenomena. The experiments mainly emphasize 

on the analysis levels of BRT; hence, it is better to build up on it to incorporate evaluate and create 

levels of BRT for both textbooks. 

Overall, every aspect of the textbook should be organized in a manner to facilitate active 

engagement of learners in the teaching and learning process to make students visionary, productive 

and creative. 

After all, it is recommended, stakeholders should take their parts and parcels to make the 

textbook as expected to be. 

Ministry of Education and regional education bureau: The Ministry and regional education 

bureaus better to give especial attention in amending the student textbook to make it more creative 

and allow students to practice self-learning.  Moreover, Teachers play an important role in shaping 

students in a manner that is required to be for the future prospect of the country. Qualified teachers 

can implement the real content of the textbooks in different aspects and can fill the gap of the 

textbook. Therefore, a special attention has to be given in producing “up to/above the standard” 

teachers from Universities and teacher education colleges, starting from selection up to graduation 

and thereupon.  

For NGOs and governmental organizations working towards education: Short-term in-

service trainings, symposiums, workshops and conferences plays a pivotal role in changing the 
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paradigm of teachers, students and supportive staffs. Therefore, organizations are expected to 

design strategies towards curriculum development, monitoring and evaluation to foster quality 

education that in lines with countries development. 

The current education has multifaceted problems and the government should think of a 

multifaceted solution. 

 

Future Directions  

This study could be further explored through the following suggestions for further research 

V Affective and psychomotor domains of BRT should be studied in Grade 8 chemistry 

student textbook. 

V Another study ought to be conducted on the BRT knowledge dimension, to further arterial 

evidence-based information on the textbooks, which serves as an important source for 

policy makers, textbook and syllabus designers. 
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