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EDITORIAL
CHEMISTRY EDUCATION IN AFRICA
Temechegn Engida
Editor-in-Chief of AJCE
Email: eic@faschem.co.za
Dear AJCE Community,

Africa's chemistry education is at a crucial juncture. Modern chemistry education frequently
suffers from out-of-date curricula, scarce resources, and inadequate teacher preparation, despite the
continent's rich history of indigenous chemical knowledge, which includes everything from ancient
Egyptian alchemy to traditional metallurgy and medicinal practices. We must embrace creative,
context-relevant methods for the future while drawing inspiration from the past if we are to
revolutionize chemistry education in Africa.

Although often disregarded, Africa made significant contributions to early chemistry. Pre-
colonial societies showed a profound comprehension of chemical processes by developing methods
for metal extraction, soap production, and fermentation. Chemistry can become more relatable to
students and promote cultural pride when this heritage is incorporated into the curriculum. By
portraying chemistry as a dynamic, changing science influenced by many cultures, historical case
studies also humanize the subject.

It will take a team effort to transform chemistry education in Africa, respecting traditional
roots while utilizing contemporary pedagogical innovations. We can equip the upcoming
generation of African chemists to tackle regional and worldwide problems by encouraging
curiosity, critical thinking, and inventiveness. Let's create a future in which chemistry education in
Africa is as dynamic and inventive as it has been in the past. AJCE calls for papers in this exiting
area for publication.

Enjoy reading the July 2025 issue of our Journal!
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COMPARATIVE ANALYSIS OF THERMAL DEGRADATION AND
CURING REACTION KINETICS OF TRADITIONAL PHENOL-
FORMALDEHYDE (PF) AND SUSTAINABLE BIO-PHENOL
FORMALDEHYDE (BPF) RESINS

Olayiwola Yetunde Bolarinwal and Lajide Labunmi2

1.. Wood Chemistry Section, Forest Product Development and Utilization Department, Forestry
Research Institute of Nigeria, Jericho, Ibadan.
2. Department of Industrial Chemistry, Federal University of Technology, Akure, Nigeria.
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ABSTRACT

This study investigates the thermal degradation kinetics and post-curing behavior of phenol-
formaldehyde (PF) and bio-phenol formaldehyde (BPF) resole resins using thermo gravimetric
analysis (TGA). The analysis was conducted at four heating rates (5, 10, 15, and 20°C/min) over a
temperature range of 25 to 700°C. The curing reaction kinetics of the resole resins were found to be
approximately first-order, with activation energies of 132.2 kJ/mol and 131.6 kJ/mol for BPF resins
with 25 wt% and 50 wt% bio-phenol replacement, respectively. These values are comparable to that
of laboratory-synthesized pure PF resin (131.0 kJ/mol) but lower than that of commercial PF resin
(138.1 kJ/mol). The thermal degradation kinetics revealed that the post-curing thermal stability of
25 and 50 wt% BPF resins is similar to that of commercial and laboratory-synthesized pure PF resin,
whereas the 75 wt% BPF resin exhibits different thermal stability properties. [African Journal of
Chemical Education—AJCE 15(2), July 2025]
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INTRODUCTION

Phenol, being the most costly chemical raw material for the manufacturing of Phenol
Formaldehyde PF resins, a thermosetting resins classified as exterior adhesive because of its
resistance to water, weathering, and high temperature in the cured glue line Dwindling of petroleum
resources as well as increasing demands for petroleum by developing economies, political and
environmental concerns over fossil-based resources has necessitated the interest in exploring and
developing alternative renewable resources for both energy and chemical production. [1]. The
lignocellulosic biomass used to produce bio-phenol precursor is Detarium senegalense which is
composed of lignin, an amorphous micromolecule comprising three phenyl-propanols that is, p-
hydroxyl-phenyl propanol, guaiacylpropanol, and syringyl-propanol, linked together by condensed
linkages and ether linkages. This macromolecule can be decomposed/de-graded into the oligomeric
and monomeric phenolic compounds through thermochemical technology such as direct liquefaction
[2], [3. In this regard, lignocellulosic biomass can be a potential source of bio-phenolic compounds
to replace petroleum-based phenol in the production of PF resins.

D. senegalense is a lesser-utilized tropical hardwood species in Nigeria, and among the
properties that will qualify bark of wood as a potential raw material in the developing bio refinery
and chemical industries are the percentage of bark they contain and the extent of within and between
species variation in bark percentages. Ten (10) tropical hardwood species were studied for variation
in their bark percentages within trees of the same species and those of different species, D.
senegalense performed best [4].

Thermosetting adhesives are usually monitored by exothermic or endothermic behavior

during gelling and hardening modifications of PF resins with renewable phenol from barks and other

additives to improve the reactivity of PF resins has necessitated studying the post-curing thermal
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stability of PF resin at higher temperatures. Thermal analysis and testing of polymers and lifecycle
is a powerful means of measuring physical properties, transitions, ageing processes, the effect of
additives, and the influence of diverse production conditions on materials. The properties of
polymers, raw materials, and finished products must be well understood as they are integral to
enhancing the performance of materials to meet specifications for the desired end-use, and within
the remit of product failure analysis

Thermal analysis is, therefore, a powerful technique for studying kinetics of the
physicochemical processes. Thermogravimetric analysis TGA is a technique in which the mass of a
substance is measured as a function of temperature while the substance is subjected to a controlled
temperature program. In this definition, a controlled temperature program means heating or cooling
the sample at some predetermined and defined rate. TGA is a common technique for characterizing
polymer thermal degradation behavior [5], [6]. Kinetic studies during the thermal degradation
process have been used to acquire fundamental understanding of the structural changes in phenolic
resins [7] . Depending on whether a single or multiple-heating rate is used, the technique used to
obtain the kinetic parameters is differential or an integral method [8] Multiple heating rates method
gives more reliable results than the single heating rate method with smaller experimental errors [9].
“Modelfree” isoconversional method is a widely adopted technique for deriving relevant kinetic
parameters using thermogravimetric (TG) and Differential Thermogravimetric (DTG) curves
measured at different heating rates of mass change per pre-selected temperature interval that makes
no presumption about the reaction function and reaction order [8]; [10]. Thermogravimetric data can
be presented in two ways. The TG curve is a plot of mass against time or temperature, with the mass
loss on the ordinate plotted downward and mass gains plotted upward relative to a baseline.

Alternatively, data can be presented as a Derivative Thermogravimetric (DTG) curve, which is a
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plot of the rate of change of mass (m) with respect to time (t) or temperature (T) against time or
temperature. [11].

Ability to analyze the structure and network formation of these resins with modern
instrumental techniques increases our understanding of these phenomena transitions, ageing
processes, the effect of additives, and the influence of diverse production conditions on materials,

thereby allowing for better product quality control.

MATERIAL AND METHODS

Synthesis of BPF Resole Resins Using the Phenol Bark Component of Detarium Senegalense
Bark
Bio-phenol formaldehyde resole resin was synthesized using bark phenolic compound from
D. senegalense (forest biomass) via the solvolysis liquefaction method. The bio-oil obtained was
successfully incorporated into the synthesis of bio-phenol formaldehyde (BPF) resins up to 75
percent replacement by weight substitution for petroleum-based phenol.
The resin synthesis was carried out in a laboratory glass reactor equipped with a stirrer, a
thermometer, and a reflux condenser. The mixture of phenol and 37% aqueous formaldehyde was
heated up to a temperature of 45°C, and then the catalyst, a 10% sodium hydroxide solution as was
added. After the components were heated to 90°C over a period of 30 min, the temperature was

kept at 90°C for 60 min. The experiment was repeated for 25 %, 50% and 75 % phenol replacement.

Commercial PF Resins
In order to understand how the bark phenolic compounds affect the resulting resin properties,

a conventional commercial pure phenol formaldehyde is used as control for the study.
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Curing Characterization:

The thermal curing properties of the resins were evaluated with a Differential Scanning
Calorimetry TA DSCQ200, TA Instruments, Auburn University, Alabama. USA) under (50-60)
ml/min N at four different heating rates (5, 10, 15 and 20 °C/min) between 120 °C and 200 °C in a

sealed Aluminum crucible

Post Curing Thermal Stability of the PF Resins Using Thermal Gravimetric analyzer (TGA)

The phenol formaldehyde resins and the bio-based phenol formaldehyde resins, that were
previously cured in an oven at 80 °C for 24 hours using DSC technique. The cured resins were
ground into fine powders that were able to pass through a 100 mesh screen. About 10 mg of each
cured resin sample was placed on a platinum pan and heated from 25 °C to 700 °C at the rate of 10
°C /min under N> atmosphere using a thermal gravimetric analyzer (TGA-Q500, TA Instruments,
Auburn University; Al. USA). For the removal of moisture from the resins, they were mounted in a

vacuum-dried oven at 40°C for 48h.

Curing Kinetics Mechanisms for the PF and BPF Resins

The non-isothermal DSC methods have been widely used for investigating the curing kinetics

of thermosetting phenolic resins [12]; [3]; [5], [14], [7], [15], [16]. The results from a single heating rate

of (10 °C/min) may be inconsistent [12]; [17]. The multiple-heating rate method was employed with four

different heating rates varying between 5 °C/min and 20 °C/min (Table 2). By assuming that the cure

reaction pathway does not change with the heating rate, the curing kinetic parameters of the curing

reaction of the resins were calculated using Kissinger equation. (Kissinger, 1957). The equation is written

as:
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Where, Tj, is the maximum exothermic temperature in the DSC profile, Ea is the activation energy
(kJ/mol), and R is the gas constant (= 8.314 J/mol/K). The activation energy (Ea) and reaction order
(n) was calculated from the slope of the regression line of plots of In (B/Ty?) vs. 1/Tp, respectively.
The working plots are shown in Figure 1, and the calculated results presented in Table 1. The curing

reaction for all the resole resins is approximately 1% order (n = 0.94~0.95)

Kinetic Analysis of the PF Resins and Bio-Based PF Resins Thermal Degradation Process Using
Kissinger Equation
The nth-order and autocatalytic kinetics are the two reaction mechanisms used to describe
curing reactions. They can be expressed as follows. For nth order kinetics,

The rate of the solid-state reaction is given by

do _
E? = kf(a) )

K is the rate constant a — it is the fraction of reaction, or extent of reaction, f (a) is the differential

form of the reaction model.

The extent of reaction is determined by

mi—mg

Where:
m; is the initial mass of the reaction.
myis the mass at time t.

myis the final mass at the end of the reaction.
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The rate constant k, largely depends on temperature and it is the most important parameter as is

directly related to activation energy and pre-exponential factor by the Arrhenius Equation which is

as follows:

K=Ae" Ew/RT (4)

Ea is the activation energy, A is the pre-exponential factor, T is the absolute Temperature and R
is the gas constant. By rearranging and integrating equation (4)

We obtain

g (o) =kit )

where g (a) is the integral form of the kinetic model and t is the time.

From equation (4) and (5)

g (@) = Ae (E/RTy/! (6)

Taking logarithm and rearranging the terms, the following equation is obtained:

- In () = In (A) - In (g()) --=& ™

Since the value of In (g () is very small as compared to In (A), it can be neglected and the
value of Ea and A can be obtained from the plot of — In (t) against 1 / T.
The value of Ea and A as obtained will correspond to the specific value of a and the time related

to that a value.
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In solid state decomposition reaction, the rate of reaction, using Equations (4) and (5) can be written

' . _do — Ae ™ /RT
in the following form: dt

f (0)
®)
The Kissinger method is based on the study of the rate equation at the maximum reaction rate in

non-isothermal system. At the maximum reaction rate, d’a / dt*> is equal to zero and thus the

following is obtained:

da _ %GT% T AF (am) e =T )(c(ji?)mzo

de ©

This can be re-written as:

d(da/dt)dt=Aexp (-Ea/R/T)(Ea/R/T> (1 -a)"dT/dt—n(1-0)®® DAexp

(Ea/R/T) da/ dt

By further assuming n (1 —a) ®~P=0

a number close to unit, and dT / dt =B (heating rate) is a constant. Kissinger reached T is the
temperature at which the maximum reaction rate is observed, and am is the fraction reached at the

maximum reaction rate. Taking logarithm and re-arranging, 3

In(#:2) - In(4AR r'@m) - £& (10)

For the first-order reaction f !(a) = — 1 and Eq. 10 becomes

In(4)- @) =%
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RESULTS AND DISCUSSION

The Kissinger plot thus says that for a given DSC curve with the heating rate, 3, one observes
the maximum reaction rate at the peak temperature Trm: for a set of DSC Curves with different heating
rates, one can plot the quantity of In (B /Tm?) against 1/Tm to obtain the Kissinger plot. From the
slope of the Kissinger plot, the Activation Energy Ea is obtained; also, from the intercept, one obtains

the pre-exponential factor A as well.

106 .
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Figure 1: Curing Kinetic Parameters for the Resins as Calculated by the

Kissinger Equation (Kissinger, 1957)
Thermal Stability Characterization of PF and BPF Resins

The thermal stability of the non-volatile contents of the BPF and PF resole resins were
evaluated by TGA technique. Figure 2 shows the TG-DTG results of the resole resins between 25
°C and 700 °C. The decomposition temperatures and mass loss values of the thermal events, and
mass residue at 700 °C are listed in Table 1. As shown in Figure 2, all the PF resins present similar
thermal decomposition patterns, showing three major thermal event. From the table, the first thermal
event for the commercial PF resin was observed at temperature range between 70 and 300 °C, and 7

% mass loss was recorded. The second thermal event was observed at temperature range between

10




AJCE, 2025, 15(2) ISSN 2227-5835

365 and 500 °C, and a 7 % mass loss was recorded. The last thermal event was detected at
temperature range between 500 and 650 °C and the overall mass loss of 12 % was obtained. Also,
for the laboratory synthesized pure PF resin, the first thermal event was observed at temperature
range between 71 and 300 °C, and 8 % mass loss was recorded. The second thermal event was
obtained at temperature range between 305 and 500 °C with a mass loss of 5 %. The last thermal
event was detected at temperature range between 500 and 649 °C and the overall mass loss of 11 %
was obtained. With 25wt% BPF resin, three decomposition events also took place. The first event
ranges between 150 and 300 °C leading to 5 % mass loss. The second event ranges between 300 and
460 °C, leading to 8 % mass loss; and the third event ranges between 460 and 650 °C leading to the
overall mass loss of 15 %.For the 50 wt% BPF resin, three decomposition events were also recorded.
The first event ranges between 150 and 300 °C leading to 6 % mass loss, the second event ranges
between 300 and 430 °C leading to 9 % mass loss; and the third event ranges between 430 and 650
°C leading to the overall mass loss of 18 %.

However, 75 wt% BPF, degradation processes occurred at higher temperatures, i.e.; the
first thermal event was observed between 150 and 300 °C, leading to 7 % mass loss, the second
thermal event, between 300 and 600 °C leading to the main loss region, (41 % mass loss) and the
third event was obtained, between 600 and 690 °C leading to 9 % mass loss. Also, from Table 1, the
residual carbon contents at 700 °C were 73, 71, 68, 65 and 42 % for the commercial PF resin;
laboratory synthesized pure PF resin, 25 wt% BPF, 50 wt% BPF and 75 wt% BPF resins,

respectively.

11
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Figure 2: Thermogravimetric (TG) and Derivative

Thermogravimetric (DTG) profiles of the resins

It is known that the degradation of phenolic resins has three steps: post-curing, thermal
reforming, and ring stripping [7], [3]. From Figure 2, The first event of the commercial PF resin was
observed in the range of 70 °C to 300 °C (7 % mass loss), which could be ascribed to the post-curing
reactions of the resin (the removal of terminal groups and further crosslinking or condensation
reactions); the second event was obtained from 365 °C to 500 °C (7 % mass loss), which could be
attributed to the breaking down of the bridged methylene linkage; and the last event was detected in
the range of 500 °C to 650 °C (the main mass loss region, 12 % mass loss) due to the breakdown of
the ring network. Also for the laboratory synthesized pure PF resin, the first event was observed in
the range of 150 °C to 300 °C (8 % mass loss), which could be ascribed to the post-curing reactions
of the resin (the removal of terminal groups and further crosslinking or condensation reactions); the
second event was obtained from 365 °C to 500 °C (5 % mass loss), which could be attributed to the
breaking down of the bridged methylene linkage; and the last event was detected in the range of 500

°C to 650 °C (the main mass loss region, 11 % mass loss) due to the breakdown of the ring

12
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Table 1: Thermal Stability Characterization of Resins Showing the Decomposition
Temperatures and Mass Loss Values of the Thermal Events, and Mass Residue at

700 “c for the Resins

Resin Ts1/Tpl/Tel Ts2/Tp2/Te2 (0C) | Ts3/Tp3/Te3 | Mass Residue at 700
00) 00) 0C (%)
Mass loss in
parentisis

Comm PF 70/219/300 365/448/500 500/592/650 73 (£0.1)
(7%) (7%) (12%)

Lab PF 71/220/300 305/447/500 500/593/649 71 (£0.5)
(8%) (5%) (11%)

25 wt% BPF 150/220/300 300/422/460 460/551/650 67 (£0.4)
(5%) (8%) (15%)

50 wt% BPF 150/242/300 300/390/430 430/500/650 65 (£0.2)
(6%) (9%) (18%)

75 wt% BPF 150/242/300 300/463/600 600/648/690 42 (£0.2)
(7%) (41%) (9%)

When the bio-oil substitution in the BPF resole resins was 50 wt% and lower, that is 25
%wt, the three decomposition ranges were 150 °C to 300 °C (around 5% mass loss), 300 °C to 460
°C (9 % mass loss), and 460 °C to 650 °C (the main mass loss region, i.e. 15 % mass loss for the 25
% BPF, and 18 % mass loss for the 50 % BPF). The ranges of the thermal events for 75 % BPF,
however, were transferred to higher temperatures, i.e., 150 °C to 300 °C (7 % mass loss), 300 °C to
600 °C (the main loss region, 41 % mass loss), and 600 °C to 690 °C (9 % mass loss). As discussed
previously in the DSC analysis, substituting phenol with bio-oil at a ratio higher than 50 wt% would
lead to the synthesis of BPF resin whose properties are governed by the less reactive bio-oil.
Therefore, the large mass loss (41 %) for the 75 % BPF resin at temperature ranges of 300 to 600 °C
could be explained by the degradation of side chains present in the bio-oil molecules, and the
breakdown of the methylene linkage, as was similarly observed by [3]. From Table 1, the residual
carbon contents at 700 °C were 73, 71 and 68, 65, 42 % for the commercial PF; laboratory

synthesized pure PF and 25 wt% BPF, 50 wt% BPF, 75 wt% BPF resins, respectively. The decrease

13
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in the carbon residue for BPF resins at an increased bio-oil ratio was due to the loss of numerous
side chains from the bio-oil molecules [3]. BPF resins with up to 50 wt% bio-oil displayed

comparable thermal resistance to the pure PF resole resin

CONCLUSIONS

The thermal stability and thermal degradation kinetics of the PF resins were significantly
affected by the resin synthesis conditions. The inclusion of the bark phenolic compound in the PF
resin synthesis affected the thermal degradation and overall mass loss of the resin at 75wt%

The inclusion of thermal properties and modeling concepts in school curriculum is essential for
product development, particularly in the context of polymeric materials. Understanding the thermal
degradation and glass transition temperature (Tg) of materials is critical for optimizing their
performance, processing, and manufacturing.

Thermal degradation mechanisms impact polymer performance in different environments.

The glass transition temperature (Tg) is a critical parameter that affects the mechanical, thermal, and
electrical properties of a material. Below Tg, a polymer is typically hard, brittle, and glassy, while
above Tg, it becomes softer, more flexible, and rubber
Establishing mathematical models help establish relationships between the chemical structure of
polymeric materials and their properties, including Tg. The Kissinger equation is a useful tool for
calculating kinetic parameters, such as activation energy (Ea) and pre-exponential factor (A), from
non-isothermal curing reactions.

Implications for Chemical Education
Incorporating thermal properties and modeling concepts into the school curriculum provides

students with a deeper understanding of materials science and its applications. This knowledge is

14
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essential for designing and optimizing materials for various industrial applications, including
aerospace, automotive, and energy storage, as it has interdisciplinary connections to fields such as
biology and medicine, where understanding the relevance of Tg in biological systems and its
applications in biomaterials and medical devices is crucial, as well as environmental science, where
discussing the impact of Tg on environmental sustainability, including biodegradable materials,
recycling, and waste management, is vital, and engineering and technology, where examining the
role of Tg in various engineering applications and its implications for material selection, design, and
processing is critical.

Incorporating thermal properties and modeling concepts into the school curriculum is crucial
for product development and provides students with a comprehensive understanding of materials
science and its applications. By covering topics such as thermal degradation, glass transition
temperature, and kinetic parameters, students can gain the knowledge and skills necessary to design

and optimize materials for various industrial applications.
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ABSTRACT

We investigated the hydrogen bonding in isopropanol-water and t-butanol-water mixtures
in the mole fraction range 0.1 to 0.9 through the application of infrared spectroscopic technique.
The inherent high intensity of the C-O band helps detect small changes in the hydrogen bonding
associations. The integrated areas of the C-O stretching band versus mole fractions were plotted
for both mixtures. The C-O plot areas were used to explain the molecular associations in the
mixtures studied. [African Journal of Chemical Education—AJCE 15(2), July 2025]
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INTRODUCTION

Hydrogen bonding has a history of almost 100 years [1]. It plays a crucial role in
understanding biological properties. The two commonly employed techniques in studying hydrogen
bonding are vibrational [2] and nuclear magnetic resonance [3] (NMR) spectroscopies. Traditionally,
the vibrational spectroscopy studies respecting hydrogen bonding in alcohol-water mixtures focus
on the frequencies and intensities of the O-H stretching band [4].

However, this can be a problem, because the water O-H stretching band overlaps with the
alcohol O-H stretching band. In the current study, we used an alternative approach of observing the
C-O stretching band intensity to study the hydrogen bonding associations, since this method
overcomes the overlapping of OH bands from water and alcohol contributions. Moreover, the
intrinsic high intensity of the C-O band helps detect small changes in the hydrogen bonding
associations [5]. We used the Fourier transform infrared (FT-IR) spectra of isopropanol-water
mixtures and t-butanol-water mixtures in the mole fraction range of 0.1 to 0.9 to see if the C-O

stretching band can be used to study hydrogen bonding associations.

EXPERIMENTAL

One drop (about 20 microliters) of the isopropanol-water and t-butanol-water mixtures was
placed on the ZnSe crystal of the MIRacle® ATR accessory (PIKE technologies, Madison, WI)
fitted in the Bruker Vector 33 FT-IR Spectrophotometer. The spectrometer was equipped with a
KBr beam splitter and deuterated triglycine sulfate (DTGS) room temperature detector. All spectra
were recorded with a resolution of 4 cm™ and an average of 256 scans was used to obtain each

spectrum. The spectra were run and processed with Bruker OPUS software.
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FIGURE 5 Integrated area plots of C-O stretching bands of isopropanol- TABLE 1 The assignments of major peaks in the spectra of normal alcohol-
water and t-butanol-water mixtures in the mole fraction range 0.1 to 0.9. water mixtures.
RESULTS AND DISCUSSION

The infrared spectra of isopropanol-water and t-butanol-water mixtures in the mole fraction

range of 0.1 to 0.9 are displayed in Figures 1 and 2 respectively. The major peaks of the two

alcohol-water mixtures are shown in Table 1. The expanded spectra of the C-O stretching

absorptions of the isopropanol-water and t-butanol-water mixtures are shown in Figures 3 and 4,

respectively. It is noteworthy that the C-O group has three bands in the isopropanol-water
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mixtures, but only two bands in the t-butanol-mixtures. This may be due to different rotational
conformers in the isopropanol and t-butanol molecules [5]. However, it has also been discovered in
the past that t-butanol has less hydrogen bonding than simpler alcohols like methanol and ethanol
due to steric and packing effects, so this may contribute to less bands [6]. The plot areas for both
mixtures are shown in Figure 5.
CONCLUSION

The integrated areas of the C-O stretching band versus mole fractions were plotted for both
mixtures. In the isopropanol-water mixtures, the C-O stretching band intensities were about 50%
of the t-butanol-water C-O band areas at each mole fraction. Additionally, in both mixtures, the C-
O area plots were observed to have two distinct slopes that switched at the 0.5 mole fraction in the
isopropanol-water mixture and the 0.3 mole fraction in the t-butanol-water mixture. These results
indicate two nonequivalent hydrogen bonding clathrates in the mixtures. The C-O band plot
intensity in isopropanol-water mixtures was lower than the t-butanol-water mixtures, and this is

explained in terms of carbon branching in the two alcohols.
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ABSTRACT

This study aimed to evaluate the current practices in the use of chemical simulation and
modeling tools (SMT) in the context of chemical education at the University of Burundi. A survey
was conducted among chemistry teachers of the whole faculty of sciences to assess their utilization
of these tools, while also gathering data on factors such as age, gender, professional title, area of
expertise in chemistry, computer ownership, and understanding of tool usage. The analysis of the
collected data revealed insights into the prevailing trends and highlighted areas for potential
enhancements in the integration and utilization of these tools in chemistry education at this
university. It was found that chemical SMT are not effectively incorporated in the chemistry
teachers’ pedagogical approaches. The main challenges identified are the lack of teacher training in
the pedagogical use of these tools, the inadequacy of available hardware and software resources, and
the absence of clear institutional policies favoring their integration. These obstacles hinder the full
potential of simulations and modeling to develop chemistry students' conceptual and technical skills.
Recommendations for improvement are proposed based on the findings of this study. [African
Journal of Chemical Education—AJCE 15(2), July 2025]
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INTRODUCTION

Since more than two decades ago, STEM (science, technology, engineering, and
mathematics) are recognized to drive innovation, to promote economic development, and to enhance
the understanding of the world.[1], [2], [3], [4] Indeed, high quality STEM education provides
students with knowledge and skills to solve problems, gather and evaluate evidence, and make sense
of information. Today, scientists agree that computer simulation is a useful tool for improving
student’s performance in sciences and promoting meaningful learning.[5], [6], [7], [8], [9] The
research results in education revealed a statistically significant difference between the performance
of students trained by computer simulation and those trained by the traditional lecture method.[9],
[10]. While research work in education pointed out that much can be learned from the vast work on
the use of computer simulations for inquiry learning for the integration of simulation and modeling
practices (SMP) in engineering education,[11] engineering workplaces are more frequently using
SMP providing professionals with the ability to effectively complement experimental and theoretical
approaches to discovery and innovation processes.[12], [13]

The African Development Bank has reported that less than 25% of African higher
education students pursue STEM related career fields, with more students pursuing social sciences
and humanities [14] and that leading to limited STEM skills in the STEM related career pool and
limited domestic STEM workforce.[14] Computational simulations and modeling have improved
performance by enhancing teaching and learning processes.[15] According to Sanger M. J, chemical
simulations and molecular modeling tools provide students with dynamic, interactive visualizations
of molecular structures, chemical reactions, and other abstract concepts.[16] These tools can help
students to visualize and interact with chemical phenomena, enabling them to develop a deeper

understanding of the underlying principles.[17] Rutten, N. et al. have reported that interactive
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simulations and modeling tools can make learning chemistry more engaging and interactive for
students[6] while helping students explore the consequences of changing various parameters,
empowering them to develop problem-solving skills.[18] Simulations and modeling tools can help
bridge the gap between the theoretical concepts taught in the classroom and the real-world
applications of chemistry.[19] Although chemical phenomena can be observed at the macroscopic
level, the explanation often lies at the submicroscopic level. Additionally, it is also represented
symbolically at the submicroscopic level, and there is no way to observe atomic/molecular
changes.[24] As a result, students cannot directly experience and see the submicroscopic level,

making it difficult to visualize a reaction.[25], [26]

Table 1. Demographic profile of survey participants.

Pseudonym® Age  Gender Visiting teacher in other
(years) Professional Experience’ Specialization Professional title institutions”
P01 30-40 Man 5-10 Physical Chemistry Lecturer One
P02 > 50 Man >20 Polymers chemistry ~ Associate Professor One
P03 41-50 Man 10-15 Analytical Chemistry  Associate Professor One
P04 > 50 Man >20 Analytical Chemistry Professor One
P05 41-50 Man 10-15 Analytical Chemistry  Associate Professor One
P06 >50  Women >20 Organic Chemistry ~ Associate Professor Two
P07 > 50 Man 15-20 Physical Chemistry Professor Two
P08 41-50 Man 10-15 Biochemistry Lecturer Two
P09 >50  Women >20 Biochemistry Professor Two
P10 41-50 Man 15-20 Organic Chemistry Lecturer Two
P11 41-50 Man 10-15 Organic Chemistry Assistant Lecturer Two
P12 41-50 Man 10-15 Biochemistry Lecturer Two
P13 Man Environnemental Two
>50 >20 Sciences Lecturer
P14 > 50 Man >20 Analytical Chemistry ~ Assistant Lecturer Two
P15 Man Environmental Two
30-40 10-15 chemistry Lecturer
P16 > 50 Man >20 Organic Chemistry Lecturer Two
P17 30-40 Man <5 Analytical Chemistry ~ Assistant Lecturer Two
P18 > 50 Man >20 Analytical Chemistry ~ Associate Professor One

£P01-P18 stand from participant number 01 to 18. $ Number of years of teaching experience. * Number of local institutions employing
the teacher as visiting.
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Ultimately, students will build their new knowledge with their previous knowledge. [27]
However, if the new knowledge does not support existing prior knowledge, students tend to reject
it.[28] From the research viewpoint, chemical simulations and molecular modeling are often
necessary when real experiments are too difficult, dangerous, costly, time consuming, too fast,
ethically unacceptable, or even impossible to conduct. The increasing integration of SMT in
chemical education represents a significant step forward in the pedagogical approach to the chemical
sciences. Many tools have been developed by professionals to assist chemistry teachers in their noble
profession. These include Molecular Workbench,[29] ChemCollective,[30] Spartan Student,[31]
Chemcraft,[32] Molymod,[33] Periodic Table Live,[34] Chemicool, Chemogenesis,[35]
ChemSketch,[36] Wolfram Demonstrations Project,[37] Molview,[38] Avogadro,[39] Phet
Interactive Simulations,[40] 3DMol,[41] Pymol,[42] WebMO,[43] GabEdit,[44] ChemDraw and
more. Some of these tools and related user manuals are available even free of charge.

The University of Burundi (UB: Universit¢é du Burundi in French), the only publicly
funded university, was founded in 1964 and comprises eight faculties and eight institutes based in
seven campuses, four of which are in Bujumbura (economic capital), one in Gitega (political capital),
and the rest in the countryside. The faculty of sciences, one of its height faculties, comprises five
departments, among which is the department of Chemistry. A bachelor’s and a master’s programs
in chemistry have been set up in this department since 2012 and 2017 respectively. In the context of
the university, nothing is yet known about the integration of simulation and modeling tools (SMT)
in chemical education, their potential impact on student learning, and the challenges and
opportunities they present for chemistry teachers. The main aim of this study was to measure the
level of use of these tools in university chemistry teaching at the University of Burundi and to

identify the factors influencing this use. The results of this study are expected to allow a better
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understanding of current practices in the use of chemical SMT, while identifying areas for

improvement.

METHODOLOGY
Sampling

A survey was conducted among teachers of the department of chemistry at the faculty of
sciences. This enables us to gain insights from teachers from a variety of areas of chemistry, at
various stages in their career, allowing for a broader scope and range of responses. Participants
ranged from 0 to more than 20 years of teaching experience, representing diverse areas of expertise
and professional titles. The demographic profile of the participants is summarized in Table 1. In
total, 18 teachers participated in the survey, representing 90% of all the chemistry teaching staff of
the whole faculty during the 2023-2024 academic year. This investigation received ethical approval
from the head of the department of chemistry, while verbal consent was obtained from each
participant before the survey was conducted.
Survey

The survey instrument was designed to gather data on the frequency and extent of SMT

usage, as well as to capture information on demographic factors such as age, gender, and professional
title. Additionally, the survey included questions related to the possession of a personal computer,
the area of expertise, the teaching experience, the involvement as visiting teachers in other higher
education institutions, and the teachers' understanding of the usage of these tools. The survey data
was collected using both online and in-person methods, ensuring a broad representation of teachers

across different teaching experiences and professional titles. The responses were then compiled and
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subjected to rigorous analysis to identify patterns and correlations between the use of SMT and
demographic and professional characteristics.

Furthermore, qualitative data was collected through open-ended questions in the survey,
allowing instructors to provide additional insights into their experiences with using SMT in their
teaching practices. These qualitative responses were analyzed to complement the quantitative
findings and provide a more comprehensive understanding of the factors influencing the use (or the
lack of use) of simulation and modeling tools. In addition to the survey, informal interviews and
discussions were conducted with a subset of instructors to gain further qualitative insights into the
challenges and opportunities associated with the integration of SMT in chemistry education. These
qualitative inputs were instrumental in providing a nuanced understanding of the factors influencing
the utilization of these tools and in shaping the recommendations put forth in the study. Overall, the
combination of quantitative survey data, qualitative responses, and informal discussions provided a
robust foundation for analyzing the utilization of chemical SMT among high chemical education and
for identifying areas for potential improvement in their integration and effectiveness in teaching

practices. The survey protocol is provided in the supporting information file.

RESULTS AND DISCUSSION

The results presented here are the fruit of an in-depth analysis of participants' responses to a
questionnaire designed specifically to assess their utilization of chemical SMT, and to identify the
factors influencing this use. In this study, a representative sample of university chemistry teachers
took part in the evaluation, offering significant diversity in terms of age, gender, professional title,
computer ownership, and understanding of the use of chemical simulation tools and molecular

modeling. Participants came from a wide range of age groups, reflecting both the presence of
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younger teachers, newly integrated into the profession, as well as more experienced teachers,
bringing with them expertise accumulated over the years
Demographic profile of survey participants

The survey revealed a diverse age distribution among the participants, with the majority
falling within the 50-65 age group (50%), followed by the 41-50 age group (33.3%), and the 30-40
age group (16.7%). This distribution indicates relatively old demographic characteristics of
educators involved in the survey, which may have implications for their familiarity and comfort with
utilizing SMT in teaching chemistry. In terms of gender representation, the survey results indicated
an unbalanced distribution, with 89% of respondents identifying as male and 11% as female. This
unbalanced gender representation is noteworthy as it provides insights into the perspectives and
experiences of both male and female educators regarding the integration of SMT in the teaching of
chemistry. Such an unbalanced distribution of men and women observed within the sample does not
enable the analysis of possible variations in tool use according to gender.

The survey captured a wide range of academic and professional ranks among the participants,
including teaching assistant (16.7%), lecturers (38.8%), associate professors (27.8%), and full
professors (16.7%). This distribution of academic and professional ranks offers a comprehensive
view of the perspectives and experiences of educators at different career stages about the integration
of SMT in chemistry education. From the area of expertise viewpoint, the survey data reveal a large
spectrum of area expertise that includes 33.3% of analytical chemists, 22.2 % of organic chemists,
16.7 % of biochemists, 11.1 % of physical chemists, 5.6 % of polymer chemists, 5.6 % of
environmental chemists, and 5.6 % of environmental sciences. The results of this survey also show
that all but one of the chemistry teachers at the faculty of sciences are visiting lecturers at one or two

other local higher education institutions.
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Table 2. Distribution of answers from the participants to questions regarding the use and
knowledge of chemical simulation and molecular modelling tools.

Answers
Q7 Are you aware of the availability of simulation and YES 15
modeling tools that can support chemistry teaching? NO 3
Never 7
Q8 How often do you use them? Rarely 4
Sometimes 6
Often 1
Gaussian 6
Q9 Chem3D 5
PyMo 1
WebMO 1
Chemsketch 1
GabEdit 1
Which tool(s) do you use in your teaching activities? None 6
YES 15
Q20 Do you have your own computer? NO 3
To what extend do you think the use of SM tools would Very well 10
facilitate the students learning process of chemical
Q25 concepts? Well 8

Numbers of users

Gaussian Chem3D

GabEDit None

Figure 1. Simulations tools used by chemistry teachers from the department of chemistry (None in

this figure means that 6 participants don’t use any tool).

Assuming that participants do not change the teaching methodologies in the inviting

institutions, the same degree of integration of SMT will impact the quality of chemical education in

institutions of first affiliation and the inviting institutions.
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Level of knowledge of SMT and their integration in teaching activity

The level of use of chemical simulation and molecular modeling tools was examined in the
diverse cohort of chemistry teachers, encompassing a wide spectrum of age groups and professional
experience. The results are summarized in Table 2, while the type of tools in use and frequency of
utilization by the participants of this survey are shown in Figures 1 and 2. The survey revealed that

83% of the participant chemistry teachers are aware of the SMT available to support chemistry

teaching (see Table 2).
I Never
I Rarely I Never
Il Sometimes Bl sometimes
[ Often 33.33% B Rarely 22.22%

22.22Y%, [ Joften

1.11%

5.56%
5.56%
61.11%

38.89%

Figure 2. Frequency in the use of simulations (left) and modeling (right) tools by chemistry teachers
from the department of chemistry.

While 38.89% of the respondents admitted that they use no tools at all, the rest of the
teachers indicated that they prefer to use five software programs or applications, namely, the
Gaussian,[45] Chem3D, Pymol,[42] WebMO[43] and GabEdit[44]. Although most of the
participants claim to be aware of the existence and the use of the tools, the results summarized
in Figures 1 and 2 suggest that more than 35% do not use simulation tools in the teaching
activities, while about 25% rarely utilize them for this end. Only 6 % often use these tools in
their teaching activities while 35% of them often use them for the same purpose. More than
61% claimed to never use modeling tools in their pedagogical activities, while 11% claimed

to utilize them rarely. Only 6% claimed they often use them, and 22% utilize the tools
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sometimes. It may be possible that many of them use the tools under consideration more in
their research activities than in their teaching activities. The analysis of the survey data results
did not show any correlation (relationships) between demographic factors (age, gender, and
area of expertise), professional characteristics, and the utilization of SMT in the teaching of

chemistry at the University of Burundi.

Main challenges in the integration of SMT in teaching chemistry.

The distribution of participants’ answers regarding the impact of institutional
infrastructures and teachers' training on the use of SMT is summarized in Table 3 and Figure
3 for the ease of interpretation. Accordingly, the infrastructures do not allow the use of SMT:
indeed, more than 66% (on figure 3: 50% + 16.67%) consider that infrastructures (strongly)
hinder their integration in the chemical education, while 25% were neutral about this. Only

5.5% consider institutional infrastructures facilitate integration.

Table 3. Distribution of the answers from the participants to questions regarding challenges and
potential remediation.

Question Answers

Q21 Would the salary conditions allow you to buy another one once it fell YES 2
out of use? NO 16

Q24 Great hindrance 8

To what extent do these infrastructures facilitate or hinder the use of Hindrance 3

chemical simulation tools and quantum computing in your teaching? Neutral 5

Facilitate 1

Never 9

Neutral 6

Is the quality assurance department of the institution involved in Not very 2

Q27 integrating the tools into chemistry teaching? Moderately 1
Q25 Do you think that training chemistry teachers in the use of simulation YES 18

and modeling tools would improve the quality of chemical education? NO 0

Q26 YES 4
Would you be willing to take such a course? NO 14
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7.78%

Bl Very well
B el 44.44%

5.56%
Il Great hindrance

I Hindrance

- Neutral
[ | Facilitate 55.56%

Figure 3. Distribution of responses from the participants on the questions (Q24 and Q25) regarding the impact
of institutional infrastructures (left) and teachers’ training on the integration of SMT in the teaching (right).
Q24 = To what extent do these infrastructures facilitate or hinder the use of chemical simulation tools and
quantum computing in your teaching? Q25 = To what extent do you think that training university teaching
staff in how to integrate these tools into your teaching methods would improve their quality?

50%

The lack of computational resources and good quality internet was pointed out by
most of them. All participants in the survey expressed the need for training on the integration
of SMT in chemical education. Indeed, the teachers' understanding of the usage of SM tools
was found to be challenging. Moreover, the chemistry teachers who participated in this survey
claimed that no institutional support is provided in terms of professional (chemical) simulations and
modeling software, and no related capacity building in terms of training in the use of SM tools in
their teaching activities. In return, no request is addressed to them in the sense of integrating the SM
tools in their pedagogical activities. Indeed, 52.9 % of the participants claimed that the quality
assurance department is not involved in this aspect of teaching, while 29.4 % were neutral to this
question. 5.6 % of the participants consider that the involvement is not very perceivable, while 11.4%
think that the involvement is poor. Although no direct correlation has been derived from the results
of the current investigation between teachers' salary conditions and the integration of SMT, there is
areal risk that many of them may no longer have their own computer in the future. Indeed, the results
of this survey revealed that only 5.6% of teachers would be able to afford a new computer if theirs
were no longer usable. This would further complicate the situation, given that today's teacher needs
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a computer for the preparation of lessons. From this analysis, it is more likely that the main factors
influencing the lack of effective integration of SMT in chemistry teaching are the (i) inadequate
institutional infrastructures in terms of computer resources, high quality internet and SMT, (ii) lack
of training as building capacity in the use of SM tools in chemical education and (iii) the absence of

clear institutional policies favoring their integration.

Implications for the teaching of chemistry

The study's findings carry significant implications for the teaching of chemistry within the
university setting. The absence of correlation between any of the presumed factors (age, teaching
experience, professional title and area of expertise) and the frequency of tool utilization suggests
that tailored support and training initiatives should be designed to address the diverse needs of
chemistry teaching staff at different career stages, ensuring that all educators can effectively
integrate chemical simulation and molecular modeling tools into their teaching practices. Moreover,
the influence of participants' self-rated understanding of the tools on their reported usage underscores
the importance of promoting comprehensive training programs to enhance proficiency and
confidence in leveraging these technological resources within the classroom. By considering these
implications, the faculty of sciences via its chemistry department can develop targeted interventions
and support mechanisms to empower chemistry teachers in effectively incorporating chemical SMT
into their pedagogical approaches, ultimately enriching the learning experiences and outcomes for
students in the field this field. Otherwise, the lack of effective incorporation of chemical simulation
and molecular modeling tools into the teaching activities exposes students to well-known risks such
as the lack of (or reduced) visual understanding,[16] difficulties in conceptual learning,[46] a
disconnection between theory and practice,[19] limitations in problem-solving skills.[18] Moreover,

students may not benefit from the reduced engagement and motivation[6] and the reduced

32




AJCE, 2025, 15(2) ISSN 2227-5835

preparation for future studies and careers which have been linked to the use of chemical simulations
and modeling tools.
Study limits

The study's findings reported herein should be interpreted within the context of some
limitations. Firstly, reliance on self-reported data introduces the potential for biases or inaccuracies,
highlighting the need for objective measures of tool usage and proficiency to enhance the robustness
of the findings. Secondly, the cross-sectional nature of the study may limit the ability to assess
changes in usage patterns over time or to establish causal relationships. Moreover, the study may not
fully account for external factors, such as institutional policies, technological advancements, or
changes in educational practices, which could influence the use of simulation and modeling tools.
Finally, the depth of analysis regarding the influence of infrastructure and understanding on SMT
usage, as well as comparisons between participant groups, may be limited, potentially overlooking
nuanced factors that could impact the usage of simulation and model. Considering these limitations,
future research endeavors could address these aspects to strengthen the findings of the present study
and broaden the applicability of its conclusions within the realm of chemical education at the

University of Burundi.

CONCLUSION AND PERSPECTIVES

In light of the study's findings and limitations, some recommendations can be proposed to
promote or enhance the integration and utilization of chemical simulation and modeling tools within
university chemistry teaching. Firstly, efforts should be made to complement self-reported data with
more objective measures of tool usage and proficiency, thereby strengthening the reliability of the

study's insights. In the meantime, regular professional development workshops and training sessions
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for chemistry teachers should be organized to educate them on the pedagogical use of SMT and
encourage teachers to share best practices and successful strategies with their peers to foster a
collaborative learning environment. Furthermore, a review and alignment of the chemistry
curriculum should be envisaged to explicitly incorporate the use of SMT at appropriate stages and
provide guidelines and resources for teachers to effectively incorporate simulation and modeling
activities into their teaching practices. Moreover, the institution should identify and procure high-
quality simulation and modeling software that are user-friendly and aligned with the curriculum and
ensure that the necessary technical support and maintenance are available for the effective use of
these tools. The development of clear institutional policies that encourage and support the integration
of SMT in chemistry education is desirable. Finally, the creation of interdisciplinary teams (e.g.,
chemistry teachers, educational technologists, curriculum developers) to design and implement
effective strategies for the integration of SMT can accelerate the process. By addressing these key
areas, the authors think that the institution can create a conducive environment that supports the
effective incorporation of chemical SMT in chemistry teachers' pedagogical approaches, ultimately
enhancing the learning experiences and outcomes for chemistry students.

This study provided an in-depth assessment of the level of integration of SMT in chemistry
teaching at the University of Burundi. The results show that, although some teachers claimed the use
of these tools, their effective integration in the pedagogical activities is still limited. The main
challenges identified are the lack of teacher training in the pedagogical use of these tools, the
inadequacy of available hardware and software resources, and the absence of clear institutional
policies favoring their integration. These obstacles hinder the full potential of simulations and
modeling to develop chemistry students' conceptual and technical skills. To remedy this situation, a

number of recommendations have been put forward. It is essential to set up in-service training
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programs for teachers, invest in the necessary technological infrastructure and develop institutional
strategies aimed at effectively integrating SMT into university chemistry teaching. The success of
this pedagogical integration is expected not only to enhance student learning, but also to prepare
them for contemporary scientific and technological challenges. The University of Burundi, the only
one which offers Bachelor and Master Programs in the whole country, has a key role to play in
developing the digital skills of their chemistry students and equipping them with the tools they need
for their future careers. This study provides a sound basis for guiding decision-makers and teachers
towards optimal use of SMT in chemistry teaching in Burundi. The results and recommendations
presented may also serve as a reference for other African university contexts facing similar

challenges.
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ABSTRACT

This study investigates the practices and challenges of implementing practical activities in
the chemistry curriculum in selected secondary schools in the Dire Dawa Administration. A
descriptive survey approach was used to examine the effectiveness and challenges of practical work
in nine schools (six government and three private) selected through purposive sampling. Data was
collected from a diverse sample, including grade 11 and 12 students, chemistry teachers, department
heads, principals, lab technicians, and educational officers, totaling 240 students and various school
staff. Primary data collection methods included questionnaires, interviews, document analysis,
checklists, and laboratory observations. Quantitative data were analyzed using percentage
distributions and chi-square tests, while qualitative data were thematically analyzed to support the
findings. Key findings revealed that practical activities in secondary schools are limited, with
chemistry teaching methods primarily lecture-based and minimal student engagement in hands-on
activities. Major barriers to effective practical work include a lack of laboratory facilities,
insufficient equipment and reagents, undertrained laboratory personnel, low teacher motivation, and
limited time for practical sessions. Additional challenges include poor planning, irregular lab
sessions, and the absence of practical assessments in grading systems. The study emphasizes the
need for awareness initiatives, regular workshops, and training to enhance chemistry teachers'
practical skills. Participants also supported incorporating practical assessments into the grading
system. The study recommends increased government support and targeted strategies to improve
practical science instruction in secondary schools, in line with recent educational policy objectives.
[African Journal of Chemical Education—AJCE 15(2), July 2025]
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INTRODUCTION

Science education is integral to developing a nation’s intellectual capital, especially in fields
like chemistry that underpin numerous technological and industrial advancements. Practical
laboratory work in chemistry is crucial for enhancing students' comprehension and application of
scientific concepts, fostering analytical and problem-solving skills, and encouraging scientific
inquiry [1]. Through hands-on experimentation, students develop deeper conceptual understandings,
are more engaged, and are better prepared to connect theoretical knowledge to real-world
applications [2]. However, across various educational systems, challenges in implementing effective
laboratory practices persist, particularly in resource-limited settings such as many secondary schools
in Ethiopia. Practical activities are often constrained by inadequate resources, limited teacher
expertise, and curriculum demands [3]. These challenges diminish students' engagement and hinder
their understanding of core scientific principles

This study aims to explore and address these issues within the context of secondary schools
in the Dire Dawa Administration. Practical laboratory experiences have long been recognized as
essential in science education, as they encourage active learning and stimulate curiosity [2]. In
chemistry, practical activities allow students to observe chemical reactions, analyse substances, and
understand complex concepts through direct interaction. According to [4} [3], hands-on practical
sessions in Ethiopian secondary schools are often limited by constraints such as insufficient
laboratory infrastructure, inadequate provision of chemicals, and a lack of trained laboratory
personnel. These limitations undermine the effectiveness of science education and the development
of critical skills among students. Without proper laboratory experience, students may struggle to
understand abstract concepts, perform poorly in science subjects, and ultimately show less interest

in pursuing scientific careers [5].

40




AJCE, 2025, 15(2) ISSN 2227-5835

Despite the recognized benefits of practical laboratory work in chemistry, many secondary
schools in Ethiopia, particularly in the Dire Dawa Administration, are challenged in providing
adequate and consistent laboratory experiences. Studies in the region have highlighted issues
including a shortage of basic lab equipment, insufficient quantities of reagents, a lack of trained
laboratory technicians, and time constraints in the school curriculum [3] [6]. Furthermore, the
lecture-dominant teaching approach in these schools limits student engagement in hands-on
activities, resulting in passive learning and inadequate preparation for higher education or careers in
science [3].

This study investigates the current state of practical chemistry education in selected
secondary schools within the Dire Dawa Administration, with a focus on identifying the primary
obstacles to effective laboratory work and offering potential solutions. Addressing these challenges
is essential not only for improving science education in the region but also for aligning with national
educational goals aimed at fostering scientific literacy and encouraging students to pursue STEM

fields.

OBJECTIVES OF THE STUDY
The primary objective of this study is to examine the practices and challenges associated with
implementing practical activities in chemistry teaching in selected secondary schools in Dire Dawa
Administration. Specific objectives include:
1. To assess the current status and frequency of practical chemistry sessions in these secondary
schools.
2. To identify the major barriers affecting the implementation of practical laboratory work in

chemistry education.
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3. To explore teachers’ and students’ perceptions regarding the importance and effectiveness
of practical activities in chemistry learning.
4. To provide recommendations for enhancing the quality and consistency of laboratory-based
education in chemistry.
RESEARCH QUESTIONS

This study is guided by the following research questions:

1.

What is the current status and frequency of practical activities in chemistry teaching within
the selected secondary schools in Dire Dawa?

What challenges are faced by teachers and schools in implementing effective laboratory work
in chemistry?

How do students and teachers perceive the role of practical activities in enhancing chemistry
learning?

What potential solutions and recommendations can improve the integration of practical work
into chemistry education in secondary schools?

This research contributes to the ongoing discourse on improving science education,

specifically through practical learning experiences, and aims to offer evidence-based

recommendations that can inform policy and practice in Ethiopia's secondary education system.

Addressing these challenges effectively is essential for preparing students with the scientific literacy

and practical skills required in the global economy and in addressing local challenges.
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LITERATURE REVIEW

The significance of practical activities in chemistry education has been underscored by
numerous studies, highlighting their role in enhancing students' understanding and retention of
scientific concepts, as well as fostering critical thinking and problem-solving skills [1]. Laboratory
work allows students to engage in experiential learning, where they can apply theoretical concepts,
make observations, and draw conclusions based on empirical evidence. According to [5], well-
designed practical activities in chemistry foster inquiry and curiosity, helping students to connect
classroom knowledge with real-world phenomena.

However, multiple studies have identified significant challenges to implementing practical
work in chemistry education. For instance, [2]. notes that resource limitations, including inadequate
laboratory equipment, insufficient materials, and lack of trained personnel, significantly impact the
frequency and quality of laboratory work. This is particularly relevant in low-income regions, where
schools face substantial resource constraints [4]. In Ethiopia, research by [6] and [3] highlights the
prevalence of resource limitations and infrastructure issues in secondary school science laboratories.
These constraints not only limit the scope of practical activities but also often force educators to rely
on theoretical instruction at the expense of hands-on experiences, which impedes students' ability to
fully understand complex chemistry concepts.

Teachers' attitudes and expertise also play a critical role in determining the quality and
frequency of practical activities.[3] suggest that teachers who are well-trained in laboratory
management and inquiry-based teaching methods can provide more effective and engaging lab
experiences. Furthermore, studies have found that students’ perceptions of science are heavily

influenced by the quality of practical experiences they encounter [7].
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Engaging practical sessions are linked to increased student motivation, improved attitudes
toward science, and higher enrolment rates in advanced science courses [8]. Therefore, enhancing
the quality of practical activities in chemistry is not only a matter of improving science education

but also of inspiring a new generation of scientists.

THEORETICAL FRAMEWORK

This study is guided by the Constructivist Learning Theory, which posits that learners
actively construct their knowledge through experiences and reflections on those experiences [10][9].
In the context of chemistry education, constructivist theory suggests that students gain a more
profound understanding of concepts when they engage directly in laboratory work and interact with
the material [1]. The laboratory environment, in this view, serves as an experiential learning space
where students can observe chemical phenomena, test hypotheses, and make sense of abstract
concepts through active engagement and collaboration.

According to [10], social interaction and collaboration are integral to the learning process. In
a practical chemistry setting, students often work in groups, fostering collaborative learning and
peer-to-peer interaction, which can enhance understanding. Furthermore, this theoretical framework
emphasizes the role of teachers as facilitators who guide students in constructing their own
understanding rather than as mere transmitters of knowledge [1]. Therefore, the Constructivist
Learning Theory supports the importance of laboratory work in chemistry education, as it aligns

with the theory’s emphasis on active, hands-on engagement with learning materials.

44




AJCE, 2025, 15(2) ISSN 2227-5835

CONCEPTUAL FRAMEWORK

" The conceptual framework for this study is constructed around three primary variables that
influence the effectiveness of practical activities in secondary school chemistry education: Resource
Availability, Teacher Preparedness, and Student Engagement (see Figure 1). These factors
contribute to understanding how practical activities are implemented and the challenges that impede
their effectiveness.

1. Resource Availability: This variable encompasses the material and infrastructural resources
necessary for conducting laboratory work, such as laboratory equipment, chemicals, and
adequate laboratory space [4]. Limited resources are a primary barrier in many Ethiopian
schools and often result in reduced or entirely absent laboratory sessions [6].

2. Teacher Preparedness: This factor includes teachers’ qualifications, training, and
experience in conducting and supervising laboratory activities [1]. emphasize that teachers
who are well-prepa.red and trained in laboratory pedagogy are more likely to provide
engaging, inquiry-based practical sessions. Teacher preparedness is also critical for ensuring
student safety and effective use of limited resources in laboratory settings.

3. Student Engagement: This refers to students' level of interest and active participation in
laboratory activities. Engaging students through practical work can foster curiosity, improve
their understanding of chemistry, and enhance their attitudes toward science [2]. Student
engagement is influenced by both the quality of the practical activities and the support
provided by teachers [8].

These three factors are interdependent and collectively influence the quality and impact of
practical work in chemistry education. For instance, resource availability directly affects teacher

preparedness and, by extension, student engagement. Similarly, engaged students may be more
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motivated to learn and make use of limited resources effectively, creating a positive feedback loop.
This framework serves to guide the study’s exploration of the challenges and opportunities for
improving chemistry practical work in secondary schools in Dire Dawa.

In summary, this study’s conceptual framework integrates insights from the Constructivist Learning
Theory and existing literature, emphasizing the interconnectedness of resources, teacher
preparedness, and student engagement in achieving effective practical chemistry education in

secondary schools.

Resource Availability

Figure 1: Conceptual Framework for Practical Activities in Secondary School Chemistry
Education.

RESEARCH METHODOLOGY

This study employed a mixed-methods research design to provide a comprehensive analysis
of the challenges and opportunities associated with practical chemistry activities in secondary
schools in Dire Dawa. Mixed methods were chosen to integrate both quantitative and qualitative
data, which allowed for an in-depth examination of complex factors influencing practical activities

in chemistry education [11]. The methodology consists of research design, population and sampling
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strategies, data collection methods, data analysis techniques, and ethical considerations, each of

which is detailed below.
Research Design

The study utilized an explanatory sequential mixed-methods design, which involves
collecting and analysing quantitative data first, followed by qualitative data to provide further
insights [12]. This design was appropriate for understanding both the prevalence of challenges, such
as resource limitations, and the underlying reasons behind these issues. The initial quantitative phase
involved structured questionnaires to capture the frequency and distribution of challenges across
schools, while the qualitative phase employed interviews, document analysis, and laboratory
observations to gather in-depth information on these findings.

Population and Sampling

The population of this study included chemistry teachers, laboratory technicians, and school
administrators from 20 secondary schools in Dire Dawa, Ethiopia. Based on school records, these
secondary schools serve approximately 12,000 students, with a significant portion enrolled in
science streams requiring chemistry laboratory work. Given the study’s objective, stratified
random sampling was used to ensure representation across schools of varying resource levels,
including both urban and rural locations [13].

A sample of 120 respondents was selected, consisting of:

e Teachers: 60 chemistry teachers to provide insight into the teaching and facilitation of
laboratory work.
o Laboratory Technicians: 30 laboratory staff to understand laboratory resources and

maintenance issues.
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e School Administrators: 30 administrators for perspectives on school policies and resource
allocation.
The sampling was based on criteria such as teaching experience, the availability of laboratory

resources, and the extent of administrative involvement in laboratory management.

DATA COLLECTION METHODS

Data collection was conducted from September to December 2023 and involved multiple
methods to triangulate findings and enhance the study’s validity and reliability (14). The data
collection methods included:
Questionnaires

A structured questionnaire was designed for quantitative data collection, addressing issues
such as the availability of laboratory resources, frequency of practical sessions, and teachers’
perceptions of laboratory activities. The questionnaire employed closed-ended questions with a
Likert scale ranging from "strongly agree" to "strongly disagree" to quantify attitudes and practices.
The questionnaire was piloted with a small group of teachers to refine questions for clarity and
relevance [15].
Interviews

Semi-structured interviews were conducted with teachers, laboratory technicians, and school
administrators to gather qualitative data. The interview questions focused on challenges encountered
in conducting practical work, resource management, and perceptions of the effectiveness of
laboratory activities. Semi-structured interviews allowed flexibility in exploring participants'

perspectives in depth, which is essential for understanding nuanced factors influencing laboratory
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practices [16]. Interviews were audio-recorded with participants' consent and transcribed verbatim
for analysis.
Document Analysis

Document analysis involved reviewing school records related to laboratory equipment,
maintenance logs, and budgets allocated to laboratory supplies. Document analysis provided
contextual data on resource allocation patterns and enabled a comparison of reported versus actual
resource availability [17].
Checklists

A laboratory resource checklist was developed to systematically assess the availability and
condition of laboratory equipment, chemicals, and safety gear in each school. This checklist helped
in documenting the extent of laboratory preparedness and identifying specific areas where resources
were lacking [18].
Laboratory Observations

Observational data were collected during laboratory sessions to examine how teachers
conducted practical activities and how students engaged with these activities. Observations followed
a non-participant approach, with the researcher recording notes on teaching approaches, student
interactions, and any resource limitations that impacted the practical activities. Laboratory
observations allowed the researcher to capture real-time challenges and interactions, adding a layer

of contextual understanding to the quantitative and interview data [19].

DATA ANALYSIS TECHNIQUES
The data analysis involved both quantitative and qualitative techniques, aligning with the

mixed-methods approach to provide comprehensive results.
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Quantitative Analysis

Quantitative data from questionnaires were analyzed using descriptive statistics, including
percentages and frequencies, to identify patterns and trends. Additionally, Chi-square tests were
applied to examine relationships between variables, such as the frequency of practical activities and
the availability of resources [18]. The statistical analysis was performed using SPSS software to
ensure accurate and efficient data handling.
Qualitative Analysis

Qualitative data from interviews, document analysis, and observations were analysed using
thematic analysis. This involved coding the data to identify recurring themes, such as resource
shortages, teacher training gaps, and student engagement levels. Thematic analysis facilitated the
organization of complex data into meaningful categories that aligned with the research objectives
[19]. Coding was conducted manually and cross-checked by a second researcher to enhance
reliability.
Ethical Considerations

The study followed stringent ethical guidelines to ensure the rights and confidentiality of
participants were protected [20]. Key ethical considerations included:

1. Informed Consent: Participants were fully informed about the study’s objectives,
procedures, and their right to withdraw at any point. Consent forms were provided and signed
before data collection.

2. Confidentiality: Personal information was anonymized, and all data were stored securely.

Only the research team had access to identifiable information.
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3. Data Security: Digital data, including audio recordings and transcripts, were stored on a
secure, password-protected platform. Hard copies of data, such as completed checklists, were
stored in locked cabinets.

4. Respect for Participants: Care was taken to conduct interviews and observations without
disrupting regular school activities. Participants were assured that the findings would be used
solely for research purposes to improve educational practices.

This research methodology provided a robust framework for investigating the factors
influencing practical chemistry activities in secondary schools. The mixed-methods design allowed
for a comprehensive exploration of both the prevalence of challenges and the contextual factors
underlying them, thereby contributing valuable insights into chemistry education in resource-limited

settings.

RESULTS AND ANALYSIS

The results of this study provide an in-depth look at the challenges and opportunities for
conducting practical chemistry activities in secondary schools in Dire Dawa. Data were gathered
from questionnaires, interviews, document analysis, checklists, and laboratory observations, and
analyzed through quantitative (percentage, chi-square) and qualitative (thematic) techniques.

Findings are presented below with supportive tables, figures, and graphs for clarity.

1. Demographic Profile of Respondents

The study sampled a total of 120 participants, comprising chemistry teachers, laboratory

technicians, and school administrators.
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Table 1. Demographic Distribution of Respondents

Respondent Type Frequency Percentage (%)
Chemistry Teachers 60 50%
Laboratory Technicians 30 25%
School Administrators 30 25%
Total 120 100%

2. Availability of Laboratory Resources

The results indicate significant challenges in resource availability across secondary schools.
As shown in Table 2, essential laboratory materials and equipment were severely lacking,

particularly in rural schools.

Table 2: Availability of Laboratory Resources across Schools

Laboratory Resources Available Pgrtially Not Available
(%) Available (%) (%)
Chemical Reagents 45% 30% 25%
Glassware (e.g., beakers, test tubes) 55% 20% 25%
Laboratory Manuals 35% 15% 50%
Safety Equipment (gloves, goggles) 30% 20% 50%

Analysis of Resource Availability

The chi-square analysis revealed a significant association between resource availability and
school location (y*> = 23.6, p < 0.05), indicating that rural schools experience greater shortages in
laboratory equipment than urban schools. Teachers cited inadequate funding as a primary constraint,

corroborated by school budget documents showing less than 10% allocation to laboratory

maintenance.

3. Frequency of Practical Chemistry Activities
Table 3 presents findings on the frequency with which practical activities are conducted in

chemistry classes.

Table 3: Frequency of Practical Chemistry Sessions in Urban and Rural Schools
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Frequency of Laboratory Sessions Urban (%) Rural (%)
Weekly 40% 15%
Bi-Weekly 30% 25%
Monthly 20% 30%
Rarely 10% 30%

4, Teacher Preparedness and Training

Table 4 below illustrates the self-assessed preparedness levels of chemistry teachers to

conduct laboratory sessions effectively.

Table 4: Teacher Preparedness to Conduct Practical Sessions

Preparedness Level (FI:‘:;]E)ency Percentage (%)
Well-prepared 15 25%
Somewhat prepared 30 50%
Not prepared 15 25%

From interviews and document analysis, it emerged that teachers in rural areas were less
prepared than their urban counterparts due to limited professional development opportunities.
Teachers also expressed a need for more hands-on training focused on laboratory safety and
experimental procedures.

5. Themes from Qualitative Data Analysis

Table 5 shows themes derived from thematic analysis of qualitative data, including key

challenges and opportunities related to practical chemistry.

Table 5: Themes from Qualitative Data

Theme

Description

Example Quotes

Resource Limitations

Lack of sufficient laboratory resources,
especially in rural schools.

“We often run out of chemicals and
have to cancel lab sessions”

Safety Concerns

Insufficient safety gear, such as gloves
and goggles, raising safety risks during
experiments.

“We don’t have enough safety
glasses, so students take turns
using them.”

Student Engagement

Practical activities enhance student
interest but are limited due to resource
and time constraints.

“Students are very engaged when
we do lab work, but we don’t have
enough materials for everyone.”

Training Needs for Teachers

Teachers expressed a need for additional
training in laboratory techniques and
safety protocols.

“Many of us have not received
formal training on the new lab
equipment.”
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6. Observations of Laboratory Sessions

Laboratory observations revealed several procedural gaps:

Lack of Safety Protocols: Safety protocols, such as wearing gloves and goggles, were
inconsistently followed due to resource shortages.

Limited Student Participation: In larger classes, only a fraction of students participated
directly in experiments, while others observed from a distance, reducing hands-on learning

opportunities.

7. Summary of Findings and Implications

The study identified that:

Resource Deficiencies: Urban schools are generally better equipped than rural schools,
though both face challenges in obtaining adequate materials and safety equipment.
Infrequent Practical Activities: The lack of resources directly impacts the frequency of
laboratory sessions, particularly in rural schools, where lab sessions may only occur monthly
or less.

Teacher Training Gaps: Teachers in rural areas lack sufficient training, limiting their
capacity to conduct effective and safe laboratory activities.

The implications of these findings suggest an urgent need for increased funding and resources

in secondary schools, particularly in rural areas. Enhanced teacher training programs focusing on

laboratory skills and safety protocols could also improve the quality of chemistry education.

DISCUSSION

The results of this study highlight significant challenges faced by secondary schools in Dire

Dawa, Ethiopia, regarding the availability and implementation of chemistry practical activities,
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resonating with findings from similar studies across various contexts. The overarching issues—
resource scarcity, inconsistent laboratory session frequency, safety concerns, and limited teacher
preparedness—are shared by schools in other low-resource settings globally, as well as in some
higher-resource contexts where disparities between urban and rural institutions prevail.
Availability of Laboratory Resources

The lack of essential laboratory materials observed in this study, such as chemical reagents,
glassware, safety equipment, and laboratory manuals, parallels findings from studies in low-income
settings across Africa, Asia, and Latin America. For instance, [7]. reported that schools in rural
regions of sub-Saharan Africa often lack even the most basic materials for science experiments,
severely hindering the quality of hands-on science education. Similarly, a study by [4] on science
education resources across Aftrica indicated that 50-70% of rural schools surveyed had insufficient
resources to conduct basic science experiments, a finding that aligns closely with the 55% deficiency
in critical equipment observed in this study.

Moreover, research from Nigeria and Kenya has revealed that such scarcity of resources
affects not only students' ability to engage in scientific experimentation but also impacts their overall
performance and enthusiasm in science subjects [20] [21. The lack of safety equipment is also a
concern shared by schools in these regions, where the absence of items like gloves and goggles
compromises student safety and prevents certain types of experiments, echoing findings in the
current study (Table 2).

Frequency of Practical Chemistry Activities

The frequency of practical sessions is another area where this study’s findings resonate with

international research. Practical chemistry sessions were less frequent in rural schools compared to

their urban counterparts, with rural schools reporting only monthly or rare sessions in many cases
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(30%). This inconsistency between urban and rural areas is well-documented in studies from various
regions, including South Africa, India, and parts of Latin America, where rural schools often lag in
hands-on science due to fewer resources and trained personnel [22] [23].

In line with these findings, the work of [24] highlights how limited laboratory access and
practical sessions directly correlate with poorer science outcomes for students in rural schools across
Ethiopia. A recent study by [26] also points out that less frequent practical sessions lead to "learning
gaps" in critical thinking and experimental skills among students, as they miss repeated opportunities
to apply theoretical knowledge practically. This observed gap reinforces findings from the present
study, where students in rural areas lacked sufficient exposure to regular practical chemistry
activities.

Teacher Preparedness and Training

Teacher preparedness emerged as a critical factor influencing the quality of chemistry
practical’s, with only 25% of teachers in this study expressing full confidence in their ability to
conduct practical sessions. This concern aligns with findings from other studies, particularly in low-
resource environments. [21] highlighted that teachers’ lack of confidence in managing laboratory
activities and enforcing safety protocols is a widespread issue. According to [26], professional
development significantly affects science teachers' competence, especially in laboratory
management and safety, an area where many teachers in developing countries report minimal
training.

Similar patterns were observed in the study by [27], who found that teachers who were not
sufficiently trained to handle lab equipment or lacked confidence in managing lab sessions tended
to avoid practical exercises altogether. In a comparable study in Ghana, [28] reported that most

teachers lacked formal laboratory training, which compromised the quality of chemistry education.
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This finding aligns with the 50% of teachers in the present study who felt only "somewhat prepared,"
underlining the need for ongoing professional development initiatives.
Comparative Analysis of Resource Disparities: Urban and Rural Contexts

This study's finding that urban schools in Dire Dawa are comparatively better resourced than
rural schools is a pattern observed in many regions globally. This discrepancy is highlighted in
studies from countries like India and Brazil, where significant differences in funding and
infrastructure between urban and rural schools impact students' learning outcomes [23] [29]. A chi-
square analysis in the current study confirmed statistically significant disparities in laboratory
resources and frequency of sessions between urban and rural schools, echoing similar disparities
reported by [20] in Nigeria, where urban schools often receive prioritized funding and infrastructure
investments compared to their rural counterparts.

As with the present study’s findings, [30] found that in India, urban schools were equipped
with more extensive laboratory resources and provided more frequent lab sessions. They reported a
direct correlation between resource availability, lab session frequency, and student performance, as
well as student attitudes toward science. In both studies, students in urban areas, with greater access
to resources, showed more enthusiasm for science subjects, which correlates with increased
academic success.
Implications for Policy and Practice

The evidence from this study, when viewed in the context of international findings,
underscores the urgent need for policy interventions aimed at bridging the urban-rural resource gap.
Policies should prioritize equipping rural schools with the necessary laboratory materials and
establishing training programs to enhance teachers’ confidence and skills in conducting laboratory

sessions. Several researchers have argued for similar policy measures: [23] advocates for equitable
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resource distribution policies, while [21] highlight the importance of rural-targeted training
programs to improve laboratory management skills among science teachers.

Research by [31] also emphasizes the role of culturally relevant and contextually adapted training
for teachers in low-resource settings, which can help them overcome challenges specific to their
environments. Additionally, increased emphasis on teacher training in safety protocols could address

safety concerns, as observed in both this study and others in similar contexts.

CONCLUSION

This study’s findings align with global research, highlighting persistent challenges in
practical science education in resource-limited settings. Disparities in laboratory resources,
frequency of hands-on sessions, and teacher preparedness between urban and rural schools illustrate
systemic issues affecting student engagement and learning in chemistry. The study advocates for
targeted interventions to improve educational quality and access to practical science education across
diverse regions, aiming to meet international standards.

Addressing these challenges requires a multi-dimensional approach, combining increased
resources, enhanced teacher training, curriculum adjustments, and innovative resource utilization.
These strategies are essential for bridging the urban-rural divide and fostering a hands-on learning
environment that enhances student outcomes and engagement. Implementing these
recommendations can support a more equitable and effective science education system, preparing
students for advanced study and nurturing a culture of scientific inquiry and innovation across Dire
Dawa and similar regions.

This study examined obstacles in conducting chemistry practical in secondary schools in the

Dire Dawa region, focusing on urban-rural disparities. Data from surveys, interviews, and
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observations collected from September to December 2023 provided quantitative and qualitative
insights. Key findings highlighted major limitations in practical chemistry education, such as
inadequate laboratory resources, infrequent practical sessions, safety concerns, and low teacher
confidence in handling laboratory activities.

The analysis showed that rural schools face more significant shortages in lab equipment,
resulting in fewer practical sessions and reduced student engagement in chemistry. Teacher
preparedness was a critical factor, with many educators lacking confidence in managing lab
experiments and ensuring safety, further impacting students’ learning experiences and interest in the
subject.

Chi-square analysis confirmed substantial differences in resource availability and session
frequency between urban and rural schools, while thematic analysis of interview data underscored
recurring issues related to insufficient training and resource scarcity. These findings echo similar
research in other low-resource settings, indicating that the challenges identified in Dire Dawa are

part of a larger pattern affecting science education in many regions.

RECOMMENDATIONS
To address the challenges identified, the following recommendations are proposed to
improve the quality and accessibility of practical chemistry education in secondary schools in Dire
Dawa and similar regions:
1. Resource Allocation and Equity in Funding
o Policy Reform: Establish equitable funding mechanisms to ensure that rural schools
receive proportionate resources for laboratory equipment and materials.

Policymakers should consider adjusting funding models to allocate additional
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resources to rural and low-income schools, enabling them to match the standards of
urban schools.

Resource Distribution: The government and local educational authorities should
prioritize the distribution of basic lab equipment, chemicals, and safety materials to
under-resourced rural schools. Such resources should include the essentials for basic
chemistry experiments and be regularly replenished to prevent interruptions in

practical sessions.

2. Improved Teacher Training and Professional Development

@)

Laboratory Management and Safety Training: Implement specialized training
programs for chemistry teachers, particularly those in rural areas, focusing on
laboratory management, safe handling of chemicals, and best practices in conducting
experiments. In-service training sessions could help boost teachers’ confidence and
competence, ultimately leading to more effective lab sessions.

Incorporate Green Chemistry Principles: Given the limitations of traditional lab
materials in resource-constrained settings, green chemistry approaches could be
integrated into teacher training programs. These methods focus on using safer and
more sustainable materials, which can provide alternatives when standard chemicals

and reagents are unavailable.

3. Frequency and Structuring of Laboratory Sessions

o

Curriculum Adjustments: The curriculum should mandate a minimum number of
lab sessions per term, ensuring that all students have adequate exposure to practical

chemistry regardless of their school’s location. For rural schools with severe time or
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resource constraints, schools could adopt virtual labs or mobile science units to
provide hands-on experience.

o Inter-School Collaborations: Encourage partnerships between urban and rural
schools, allowing students from under-resourced schools to access better-equipped
laboratories. Such collaborations could include periodic joint lab sessions or "science
day" events, fostering knowledge sharing and practical exposure for rural students.

4. Development and Use of Alternative Resources

o Innovative Learning Materials: Utilize cost-effective alternatives, such as micro-
scale chemistry kits and local materials, that enable students to perform basic
experiments safely. Micro-scale kits have been successfully used in low-resource
settings to teach fundamental chemical principles with minimal materials and safety
concerns.

o Virtual Laboratories and Simulation Tools: Introduce virtual lab resources and
online simulations for students to practice experimental techniques digitally. This
recommendation aligns with studies that demonstrate virtual labs as effective
supplementary tools, especially when actual lab access is limited.

5. Ongoing Monitoring and Evaluation

o Assessment of Intervention Effectiveness: Educational authorities should regularly
monitor the impact of these interventions through assessments of students’ laboratory
skills, practical chemistry knowledge, and teacher feedback. Evaluating outcomes
will help adapt and refine strategies based on effectiveness and the evolving needs of

schools.
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o

Continuous Feedback from Educators and Students: Schools should establish
feedback mechanisms for both students and teachers to report on practical session
effectiveness, resource adequacy, and areas needing improvement. This feedback can
inform responsive adjustments, ensuring ongoing support aligns with on-the-ground

needs.

6. Community and Private Sector Engagement

o

Public-Private Partnerships: Explore collaborations with private sector
stakeholders, including local industries and educational foundations, to support
chemistry education. These partnerships can fund lab resources, sponsor training
programs, or provide equipment donations, particularly in rural schools.

Community Involvement: Engage community members to foster a supportive
environment for science education. Parents and local leaders can help maintain lab
facilities, ensure safety protocols are followed, and advocate for sustained funding

for science resources.
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ABSTRACT

Many research studies in chemistry education have been geared towards improving the mode
of chemistry instruction delivery. Some of these efforts have resulted in the development of online
resources for chemistry instruction. This study was conducted to find out the extent to which
chemistry teachers in the study area were aware of the existence of these online resources. The
survey research involved 234 chemistry teachers captured by the census sampling method. A
research instrument, the Online Chemistry Instructional Resources Questionnaire (OCIRQ), was
used to collect data from the teachers. The instrument was duly validated, and the reliability index
was found to be 0.71. The data obtained were analyzed using frequency counts, mean, percentage,
and Chi-square at 0.05 significance level. Findings revealed that Chemistry teachers were fully
aware of only one of the forty-six online instructional resources, fairly aware of 27, and not aware
of 18 of them. So also, there was no significant difference in the level of awareness of the online
chemistry instructional resources between male and female chemistry teachers (X?p3s) =4.341,
p>0.05), between highly experienced, moderately experienced, and less experienced chemistry
teachers (X%234)=1.196, p>0.05), and between qualified and unqualified chemistry teachers (X234
=4.194, p>0.05). Therefore, it is recommended that awareness of the existence of online chemistry
instructional resources be created by school proprietors, educational professional bodies, and
designers of such resources so that the teachers can make use of them in the classroom. [African
Journal of Chemical Education—AJCE 15(2), July 2025]
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INTRODUCTION

As a science subject, Chemistry has been acknowledged as one of the subjects upon which
the scientific and technological advancement of any nation is hinged. This is why the subject is given
prominence by the Nigerian education system, which makes it a core science subject at the secondary
school level[1]. It is a pre-requisite subject for entry into science-based courses at the tertiary level;
hence, the need to teach the subject effectively. By its nature, the teaching and learning of Chemistry
should be student-centered. This calls for willingness on the part of the students and the disposition
of the teachers to use appropriate methods and resources in teaching the subject [2]. Studies [3, 4]
have advocated for knowledgeable, efficient, properly trained, and skillful teachers as a way of
keeping up with the rapid advancement in science and technology, while at the same time
emphasizing appropriate use of relevant instructional resources.

Instructional resources are varieties of resources in various forms that influence the way the
teacher teaches and the way the students learn[5-7]. These include textbooks, teacher manuals,
periodicals, slides, kits, pamphlets, games, media collection of library books, art prints, pictures,
transparencies, study prints, filmstrips, Internet materials such as e-lesson notes, virtual laboratory,
simulations, experimental demonstration, online instructional resources, etc. Instructional resources
are used to facilitate students’ understanding, improve their skills and abilities as well as track their
level of assimilation as a means of enhancing their overall progress [8, 9]. According to [10]
instructional resources are said to be those modern science equipment, library, printed materials,
projected media, real and simulated aids, visual and audiovisual aids, science resources, and school
environment.

According to [11], instructional resources are concrete objects that appeal to both senses of

hearing and sight during a lesson. [10] stated that meaningful science learning can only be assured
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when enriched with necessary instructional resources. Other researchers [12-14] also opined that
instructional resources are effective tools, that have the propensity to enhance the learning
experiences of learners when used to communicate science. [14] also appraised the importance of
using instructional resources for teaching and learning. They asserted that 10% of what we hear is
learned and remembered; we learn 40% of what we discuss with others, whereas we learn as much
as 80% of what we experience. This suggests that students' learning could be heightened
efficaciously by using the right instructional materials.

The Internet has transformed the world significantly and it has equally had a great impact on
education. In the contemporary world, there has been a shift in the role technology plays in education
from ‘learning from technology’ to ‘learning with technology.’[15]. The use of various online
chemistry instructional resources results from the need to teach Chemistry with appropriate
instructional resources, which will allow the students to achieve the goals of education [16].

Online chemistry instructional resources are those resources that can be accessed on the
internet and for use by chemistry teachers in the effective delivery of instructions to students[17,
18]. Online chemistry instructional resources include but are not limited to chemeduresearch.com,
chemdex, chem.libretexts.org, Ptable, chemicalbook.com, chemgapedia.org, chemistryguide.org,
masterorganicchemistry.org, chemicalelements.com, etc.

Science education is undoubtedly one discipline upon which the economic transformation of
any society rests. Despite its importance to mankind, educators are continually concerned about the
necessity of improving students’ performance in the discipline. Furthermore, shreds of evidence
abound in the literature, indicating that the predominant instructional methods for science and

chemistry in Nigerian secondary schools do not give the desired result [19-21]. [22] reported that
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the teaching of science in Nigerian secondary schools laid more emphasis on the subject matter
content through the ‘chalk and talk’ method without the required complementary practical activities.

This jettisoning of the activity-oriented method of instruction could reduce students’
attention in class and promote rote learning. The Internet contains a lot of instructional resources
that teachers could utilize to enrich their lessons and improve their students’ performance in
chemistry; hence, it is important to find out whether chemistry teachers are aware of these resources
or not. The data obtained from the study would provide school authorities and concerned agencies
with information on the extent of teachers’ awareness of online chemistry resources to formulate
appropriate policies on the use of online resources by chemistry teachers and science teachers in
general. While access to instructional resources such as online tools is crucial for improving students'
performance in subjects like chemistry, it is equally important to examine other factors, such as
teacher characteristics, that may influence educational outcomes across different subjects and
contexts.

Scholars in the field of education have sought to identify the sources of gender differences
in educational outcomes. [23] study finds that the stereotypical view of gender roles held by students
and parents has a significant impact on the mathematical capability of both sexes, with a positive
effect on male students and a negative effect on female students. [24] suggested Female teachers
held more positive attitudes toward teaching and were rated more positively in terms of practices by
their students. While reporting on gender differences in ICT use, [25] stated as follows:

“Evidence from Europe and North America indicates that some teachers assume that boys

will have more aptitude for computing and offer boys more encouragement than girls. Studies

have found male teachers to be more self-confident in using computers and female teachers
to rate their skills lower on a self-assessment scale. Male teachers of IT greatly outnumber

female teachers and technicians, resulting in fewer female role models for girls. .....
Research from all contexts reveals gender difference in computer use”. (p. 40).
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Specifically focusing on gender disparity in ICT use by teachers, [26] asserted that despite
the attention paid to the use of ICTs in Nigeria, women were underrepresented in access to and use
of ICT. A study conducted by [27] found no gender disparity in ICT use among teachers in Model
Primary Schools in River State, Nigeria. A similar study by [28] revealed that more male teachers
used ICTs for teaching than female counterparts. Similarly, [29] found out that female teachers
utilized ICT applications less than their male counterparts.

It is believed that teachers gather extensive, successful, and unsuccessful experiences of
performance in their career years. This has led to some in-depth research into how teachers with
varying years of teaching experience perceive their teaching [30-32]. [33] found that teacher
experience had a significant positive effect on students’ achievement, rapidly within the initial few
years but later slowed down gradually as the years of teaching experience increased further.

[34] discovered that in-service science teachers who had more than 15 years of teaching
experience were the least knowledgeable on the use of computers. They also affirmed that the
importance of technology in science instruction was appreciated by both in-service and pre-service
science teachers. A study reported that very experienced teachers would integrate broad, deep, and
creative sets of knowledge and skills to enhance understanding and capture the attention of the
learners[35].

Teachers’ professional qualification is a vital factor to be considered when it comes to
effective teaching. In this study, professional qualification is defined in terms of acquisition of
teaching qualification. For instance, a Chemistry teacher who holds a Bachelor of Science Education
degree [B.Sc.(Ed)] is considered a qualified teacher while one with only a Bachelor of Science
(B.Sc.) degree in Chemistry is considered unqualified if he has no Postgraduate Diploma in

Education (PGDE). The availability of enough qualified science teachers can therefore not be
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neglected for any science program to succeed. According to [36], resources that are of instructional
value and which other people consider as rubbish would easily be identified by a qualified teacher.
The academic competence of the teachers is crucial to the efficiency of any institution as no
educational system can grow above the qualities of its teachers. [37] also asserted that better learning

takes place with teachers who possess good academic skills and more experience.

THEORETICAL FRAMEWORK FOR THE STUDY

The constructivist theory of learning provides the theoretical basis for this study.
Constructivism posits that learners can construct their knowledge based on the experience they have
in interacting with their environment. When people encounter something new, by having a deep
reflection on it based on past ideas and experiences, they could be able to synthesize new knowledge
through a rigorous process of reasoning. It could equally lead to the jettisoning of an existing belief
and conception. To do this successfully, there is a need to ask questions, search for new information,
and subject what they already know to scrutiny [38].

One of the earliest proponents of the use of technology in promoting meaningful teaching
and learning was Papert [39, 40] who believed that the Internet and the computer could serve as
powerful tools for teaching and learning. Papert observed that schools were oblivious to the immense
roles that computers and the Internet could play in enriching classroom instruction for better
students’ understanding. Hence, schools were not integrating computers and the Internet into
classroom instruction as expected.

A constructivist learning environment is one where learners are brought together in
cooperation to learn and solve problems, by using different types of learning tools and information-

gathering resources [41]. Different types of media and technologies are frequently utilized in
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constructivist learning environments [42-44]. The learning environments that emerge from this are
engaging for the learners and provide a platform for unimpeded interaction and collaboration among
learners within a sociocultural context. Learners’ achievements can be enhanced as a result of the
synergy created through the interactions facilitated by the constructivist environment [45].

When constructivism is used effectively, teachers bring students’ ideas to bear in their
lessons as a way of assisting them in constructing their knowledge. Teachers now deploy technology
to promote students’ reasoning and problem-solving ability. According to [46], teachers utilize
technology to bring about experiential learning which instinctively translates students from a state
of awareness to a state of genuine action. He stated further that the use of appropriate technology
could facilitate the development of higher cognitive and thinking skills like reasoning, problem-
solving, scientific inquiry, and decision-making. The deployment of appropriate technology into the
classroom can lead to the emergence of constructivist learning environments.

In the contemporary world, learning is no longer seen as a result of knowledge transmission,
and the era when teachers are conceived as knowledge transmitters is gone. Teachers are now seen
as facilitators of knowledge rather than knowledge transmitters. Nowadays, ICT-based pedagogical
strategies are associated with constructivism. Constructivism posits that knowledge is constructed
both individually and socially. It emphasizes that learning involves the acquisition of useful
capabilities that are contextualized within the needs of the learner and the society at large and that it
is brought about through the experiences gathered by learners in a cooperative environment and
which is premised on the interest of the learners [47]. This is why the emphasis should be on the
creation of an appropriate environment for knowledge construction rather than knowledge transfer.

This is an ICT-driven environment in which constructivist innovations could ultimately emerge.
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The idea of learning how to learn is deeply rooted in constructivism. It reflects a learner-
centered learning environment which emphasizes learning through experience leading to discovery
and is closely guided by the learners’ experience with strategies for problem-solving [48]. The use
of online instructional resources requires learners themselves to engage with instructional materials
and thereby discover things by themselves.

An ICT-driven constructivist classroom assigns new roles for teachers, hence, setting up an
ICT-driven constructivist classroom environment requires teachers themselves to acquire some
competence in the use of technology for classroom instruction. This will go a long way in building
up the confidence of the teachers in the potential of ICTs as constructivist learning tools. This is why
courses on ICTs are being advocated for inclusion in teacher training programs, and which also have
the potential to broaden teachers’ knowledge and drive for innovative instructional strategies [47].

The incursion of ICTs into classroom instruction requires that teachers advance themselves
beyond the traditional instructional methods and embrace modern instructional methods, especially
those that are technology-based. This will enable them to be able to utilize these technology tools
for instruction [49, 50]. This cannot be possible if they are not even aware of the existence of these

technologies.

LITERATURE REVIEW

Research has shown that learning is facilitated significantly by the use of instructional
materials provided that the conditions of learning are identified, the objectives well stated, and the
abilities of the students are matched with the instructional functions of the materials [5-7, 9]. [51]
pointed out that instructional resources help in focusing the attention and motivation of learners

when they are appropriately used to facilitate a teaching and learning process. The ICT revolution
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led to the emergence of online instructional resources across subjects, and this has opened a new
window of research in the field of education. Several studies have been conducted around the
utilization of online instructional resources to facilitate appropriate development and use of these
resources for enhancing students’ learning.

[52]conducted a study to find out the awareness of teachers and their utilization of ICT
for science and health education instruction in Oyo State, Nigeria. The research involved 240
science and health education teachers in 40 secondary schools in 10 Local Government Areas of
Oyo State. Their findings show that the level of their utilization of ICT resources for teaching science
and health education was found to be very low. So also, significant differences existed between the
male and female science teachers in their level of utilization of ICTs, in favor of the males.

[53] carried out a study to assess the level to which Yobe State secondary school teachers are
aware of and use e-learning resources. Two hundred and forty (240) were surveyed from six
secondary schools in the state. The result of the study showed that most of the teachers were not
computer literate and were not aware of e-learning resources. The few who were aware and those
who could access e-learning resources encountered problems like poor network, lack of Internet, and
high cost of e-learning facilities.

Studies concerning teachers’ gender and ICT use have produced different results; for
instance, studies conducted by [54] and [55] showed that female teachers applied ICT more than
their male counterparts. However, more studies have indicated that male teachers applied ICTs than
female teachers. [56] found out that, resulting from female teachers’ low access to technology,
interest, and skill, their level of computer use was low. Similarly, some other research findings [57,

58] indicated that male teachers deployed ICT more frequently in their teaching than females. This
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further indicated that female teachers were not integrating technology into their teaching as much as
male teachers.

[29] sought to find out the influence of gender on ICT application by secondary school
teachers from the states of Bandung, Yogyakarta, and Pekanbaru in Indonesia. In a study involving
847 teachers, gender differences in terms of ICT knowledge, skills, and application were determined.
The result of the study indicates that female secondary school teachers demonstrated a lower level
of knowledge and skills in ICT and also used ICT applications less than male teachers. [28]
compared ICT use by secondary school teachers in Dodoma Municipality in Tanzania on a gender
basis. The study involved 231 teachers from 16 secondary schools using a questionnaire as the
research instrument. They found out that there was a gender imbalance in the use of ICT among the
teachers. The results also showed that more male teachers used ICTs than their female counterparts
in all subjects. Furthermore, they found out that teachers who had taught for over 30 years
demonstrated better use of ICTs.

Some other studies showed that gender as a variable did not influence the integration of ICT
into teaching [59]. Similarly, [27] sought to determine whether gender influenced ICT use by
teachers who work in Model Primary Schools in Rivers State, Nigeria, based on gender. The
descriptive study involved 200 teachers selected from 25 model primary schools selected from two
local government areas (LGA) of Rivers State. Findings revealed no gender disparity in ICT use
among teachers. Similar reports were reported by [60] and [61].

Teaching experience has always been a variable of interest in teaching and learning
situations. The number of years of teaching experience of the teacher could influence the way the
teacher thinks and adapts to changes in educational programs. [33] believed that teacher’s years of

experience determine their quality and are crucial to students’ academic achievement. Another study
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revealed that teachers’ experience and expertise influence their use or non-use of real instructional
materials for teaching.

[34] reported that science teachers with more than 15 years of teaching experience had the
least knowledge and competence in the use of computers. Teachers’ teaching experience coupled
with a good knowledge of pedagogy expectedly enhances their ability to organize lessons that are
thoroughly enriched with diverse instructional materials to suit the needs of the learners. In a survey
of almost 3000 teachers, [62], established a relationship between the quality of ICT integration and
teachers’ number of years of teaching experience. Although some findings contradict this finding.

Teachers’ professional qualification is an important factor in effective instructional delivery.
Professional development is a continuous exercise and must be so seen by teachers. [59] identified
the teaching profession as one for which training should be sought from institutions that are
specifically designed for it as a way of guaranteeing the required level of competence in practice. A
study by [63] revealed significant differences in teachers' competence in ICT instructional material
utilization between teachers who were professionally trained and those who were not. Earlier studies
also pointed in the same direction.

This study specifically focuses on online instructional resources and hence sought to find out
how the teacher variables of gender, qualification, and experience would impact this specific group
of ICT instructional resources. The main purpose of this study was to investigate chemistry teachers’
awareness and utilization of online chemistry instructional resources for teaching chemistry in Ilorin,

Nigeria.
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RESEARCH QUESTIONS
To achieve the stated objective of this study, the following questions were answered:

1. To what extent are chemistry teachers aware of online chemistry instructional resources?

2. To what extent does the awareness of online chemistry instructional resources of male
chemistry teachers differ from that of female chemistry teachers?

3. To what extent does the awareness of online chemistry instructional resources of
experienced chemistry teachers differ from that of moderately experienced and less
experienced chemistry teachers?

4. To what extent does the awareness of online chemistry instructional resources of
qualified chemistry teachers differ from that of unqualified chemistry teachers?

Research Hypotheses

The following hypotheses were tested:
HO;. There is no significant difference in the level of awareness of the online chemistry
instructional resources by male and female chemistry teachers.
HO,. There is no significant difference in the level of awareness of the online chemistry
instructional resources among highly experienced, moderately experienced, and less experienced
chemistry teachers.
HO:s: There is no significant difference in the level of awareness of the online chemistry instructional

resources by qualified and unqualified chemistry teachers.

METHODOLOGY
This study was descriptive research of the survey type. The population for this research

consisted of all chemistry teachers in Kwara State secondary schools. Three hundred and thirty (330)
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of them were in the Kwara State Civil Service (Kwara State Bureau of Statistics, 2016) while the
population of their counterparts in private schools was not available to the researchers. However, all
available chemistry teachers in Kwara Central Senatorial District, Nigeria which comprises Ilorin
West, East, South, and Asa Local Government Areas were targeted for the study. Due to the low
number of teachers, all the available chemistry teachers in the senatorial district were sampled,
implying that the census sampling technique was employed. In the end, two hundred and thirty-four
(234) chemistry teachers from public and private senior secondary schools in the region responded
to the questionnaire.

The instrument utilized for data collection was adapted from

https://www.similarweb.com/top-websites/category/science-and-education/chemistry (a website for

top online chemistry resources) and tagged ‘Online Chemistry Instructional Resources
Questionnaire (OCIRQ)'. The questionnaire was adapted to suit this study. Although some of these
online resources are not common among teachers in this context, the researchers make them
available to them since they are mostly online (internet) resources. The questionnaire contains two
sections. Section A focused on the personal biodata of each respondent such as gender, teaching
qualification, years of experience, name of school, and school’s location. Section B of the
questionnaire sought to find out the level of awareness of Online Chemistry Instructional Resources
by chemistry teachers. The responses to the items in the questionnaire were rated as follows: Fully
Aware (FuA=3), Fairly Aware (FA=2), and Not Aware (NA=1).

Three lecturers in the Department of Science Education and the Department of Educational
Technology, University of Ilorin, executed the face and content validity of the research instruments
(OCIRQ). Suggestions and corrections were utilized to enhance the instruments before the reliability

test was carried out. The instrument was then administered to 25 respondents who were not part of
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the sample population to ascertain its reliability using Cronbach’s Alpha. A reliability index of 0.71
was obtained, indicating the instrument’s reliability.

The researchers, first of all, sought the help of four research assistants who are practicing
teachers to assist with the research. Necessary information and guidelines were given to them on
how the study would be conducted. Official permission was sought from the principals of the
sampled schools, seeking their permission to engage their chemistry teachers in the study. An
informed consent form was then issued to the chemistry teachers seeking their permission and
cooperation to participate in the research.

After the preliminary introduction and explanation of the researcher’s intention, the
questionnaire was administered to the chemistry teachers. In the schools visited during the first week,
some of the teachers attended the research and returned the filled questionnaires immediately while
the others asked the researchers to come back at a later date.

During the second week, the researchers continued with the administration of the instrument
in various locations, assisted by research assistants. The researchers and the research assistants
continued with this process for the third and fourth weeks until the instruments were all retrieved.
This process lasted for four weeks. The data collected was analyzed using descriptive and inferential
statistics. The research questions were answered using frequency count, percentage, and mean, while
inferential statistics of Chi-square was used to determine the differences between the responses of
chemistry teachers based on the variables of gender, experience, and qualification. Mean awareness
and utilization were put at 2.0 and above. The IBM-SPSS statistics version 21.0 was used for

analysis.
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Research Question 1: To what extent are chemistry teachers aware of online chemistry instructional

resources?

Table 1 revealed that a small percentage of online chemistry instructional resources, such as

Chemicaleements.com and Chemcollective.org, had more than 30% of teachers fully aware.

However, the majority of resources were categorized as "fairly aware," with over 50% of teachers

Fairly aware of online chemistry instructional resources like Chemdex.org, Chemgapedia.org, and

Iupac.org. On the other hand, a significant portion of resources, such as Meta-Synthesis.com,

Wiredchemist.com, and Emolecoles.com, had more than 50% of teachers not aware.

Table 1

Frequency, Percentages, and Mean of Chemistry Teachers’ Level of Awareness of Identified Online

Chemistry Instructional Resources

S/N Online Chemistry Fully Fairly Not Mean
Instructional Resources Aware (%) Aware (%) Aware (%) Awareness
1. Chemeduresearch.com 29(12.4) 160(68.4) 45(19.2) 1.93
2. Chemdex.org 40(17.1) 168(71.8) 26(11.1) 2.06
3. Chem.libretexts.org 14(5.98) 109(46.6) 111(47.4) 1.56
4. Ptable.com 46(19.7) 106(68.4) 28(11.9) 2.08
5. Acs.org 55(23.5) 122(52.1) 57(24.4) 1.99
6. Webqc.org 23(9.8) 135(57.7) 76(32.5) 1.77
7. Chemicalbook.com 65(27.8) 137(58.5) 24(13.7) 2.14
8. Chemgapedia.org 59(25.2) 151(64.5) 24(10.3) 2.15
9. Chemistryguide.org 115(49.1) 113(48.3) 6(2.6) 2.46
10. Chemcollective.org 74(31.6) 144(61.6) 16(6.8) 2.25
11. Chem-station.com 54(23.1) 133(56.8) 47(20.1) 2.03
12. Chemicaleements.com 83(35.5) 137(58.5) 14(6.0) 2.29
13. Meta-Synthesis.com 20(8.5) 96(41.0) 118(50.5) 1.58
14. Preparatorychemistry.com 32(13.7) 151(64.5) 51(21.8) 1.91
15. Cheml.com 12(5.1) 54(23.1) 168(71.8) 1.33
16. Chemistryexplained.com 42(17.9) 146(62.4) 46(19.7) 1.98
17. Periodictable.com 19(8.1) 183(78.2) 32(13.7) 1.94
18. Iupac.org 64(27.4) 162(69.2) 8(3.4) 2.24
19. Wiredchemist.com 2(0.9) 64(27.3) 168(71.8) 1.29
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S/N Online Chemistry Fully Fairly Not Mean
Instructional Resources Aware (%) Aware (%) Aware (%) Awareness
20. Inchem.org 6(2.6) 58(24.8) 170(72.6) 1.29
21. Emolecoles.com 4(1.7) 43(18.4) 187(79.9) 1.22
22. Chemtube3d.com 10(4.3) 161(68.8) 63(26.9) 1.77
23. Chemistry-chemists.com 23(9.8) 161(68.8) 50(21.4) 1.88
24, Sciencenotes.org 17(7.3) 135(57.7) 82(35.0) 1.72

Research Question 2: To what extent does the awareness of online Chemistry instructional
resources of male chemistry teachers differ from that of female chemistry teachers?

Hypothesis 1 was formulated based on research question 1.

Hypothesis 1: There is no significant difference in the level of awareness of the online chemistry
instructional resources by male and female chemistry teachers.

The item-by-item analysis of chemistry teachers’ level of awareness of online chemistry
instructional resources shows that there is no significant difference between male and female
chemistry teachers’ level of awareness of online chemistry instructional resources. Table 2 shows
that the calculated Chi-square of the average overall response was 4.34 and the calculated p (Sig.
value) of 0.114 was more than the 0.05 levels of significance at which the hypothesis was tested
meaning that there was no significant difference in the level of awareness of the online chemistry

instructional resources by male and female chemistry teachers, hence the hypothesis is retained.

Table 2

Chi-Square Analysis of Average Overall Chemistry Teachers’ Level of Awareness of Online
Chemistry Instructional Resources Based on Gender

Fully Fairly Not
Aware Aware Aware
Gender Observed No. of teachers (Expected) Total 2 df SigValue Remark
Male 35.5(29.3)  62.8(66.3)  29.7(30.4) 126
4341 2 0.114 NS
Female 20.4(24.7)  63.3(55.7)  24.3(25.6) 108

NS=Not Significant

80




AJCE, 2025, 15(2) ISSN 2227-5835

Research Question 3: To what extent does the awareness of online chemistry instructional resources
of experienced chemistry teachers differ from that of moderately experienced and less experienced
chemistry teachers?

Hypothesis 2 derives from research question 3.

Hypothesis 2: There is no significant difference in the level of awareness of the online chemistry
instructional resources among experienced, moderately experienced, and less experienced chemistry
teachers.

Table 3 shows that the average overall calculated Chi-square value was 1.20 and the
calculated p (Sig. value) of 0.879 was higher than the p-value of 0.05 at which the hypothesis was
put to test, therefore, overall, the null hypothesis formulated for this variable was retained.

Table 3

Chi-square analysis of the average overall of chemistry teachers’ level of awareness of online
chemistry instructional resources based on experience

FULLY FAIRLY NOT
AWARE AWARE AWARE
Experience Observed No. of teachers(Expected) Total 2 df Sig Rem
value ark
L.E. 14.2(13.3) 25.6(28.1) 8.2(6.6) 48
M.E. 27.5(28.6) 61.8(60.3) 13.7(14.1) 103 1.196 4 0.879 NS
H.E. 25(23.1) 48(48.6) 10(11.4) 83

NS=Not Significant, M.E.=Moderately Experienced, L.E.=Less Experienced, H.E. =Highly Experienced.
Research Question 4: There is no significant difference in the level of awareness of the online
chemistry instructional resources by qualified and unqualified chemistry teachers.
Hypothesis 3 derives from research question 4.
Hypothesis 3: There is no significant difference in the level of awareness of the online chemistry
instructional resources by qualified and unqualified chemistry teachers.

The item-by-item analysis of chemistry teachers’ level of awareness of online chemistry

instructional resources shows that a significant difference does not exist between qualified and
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unqualified chemistry teachers’ level of awareness of online chemistry instructional resources. Table
4 shows that the average overall calculated Chi-square value was 4.19, and the calculated p of 0.123
is greater than the 0.05 level of significance at which the hypothesis was put to test, therefore, overall,

the null hypothesis was retained.

Table 4
Chi-square analysis of the average overall chemistry teachers’ level of awareness of online
chemistry instructional resources based on qualification.
Fully Fairly Not
Aware Aware Aware
Qualification  Observed No. of teachers(Expected) Total > df  Sig Rem
value ark

Qualified 58.6(60.7) 121.2(118.2) 12.2(13.1) 192
4.194 2 0.123 NS
18(13.3) 20(25.8) 4(2.9) 42
Ungqualified
NS=Not Significant

DISCUSSION

Findings from this study revealed that chemistry teachers were fully aware of only a few
online chemistry instructional resources and majorly were fairly aware of many of the resources but
not aware of others such as chemcool.com, Cas.org, Emolecules.com, etc. From this result, the
teachers probably used only the online resources they were fully aware of. It is most unlikely that a
teacher will respond to be just fairly aware of a resource he has been utilizing for classroom
instruction. This finding is not in agreement with that of [5] who found out that the majority of the
teachers involved in their study were aware of the required resources for effective teaching. The
finding is also not in tandem with that of [53] who revealed that most teachers were aware of the e-
learning resources listed in their study, for teaching.

The findings also showed no significant difference in the level of awareness of the online

chemistry instructional resources between male and female chemistry teachers. Hence, gender had
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no significant influence on the teachers’ awareness of online chemistry instructional resources.
Similar results were obtained by [27, 59, 61] who also found out that gender could not be used to
predict ICT integration into teaching by teachers. However, this finding is at variance with those of
[10, 60] who reported that more female teachers utilization of ICT than their male counterparts. It is
also not in tandem with the findings of [29, 56-58, 64] who indicated that male teachers integrated
ICTs more than their female colleagues. The finding thus implies that the gender gap in ICT
integration is being bridged.

The findings also showed no significant difference in the level of awareness of the online
chemistry instructional resources between highly experienced, moderately experienced, and less
experienced chemistry teachers. This finding is at variance with that of [34] who found out that
science teachers with over fifteen years’ experience had the least knowledge and competence in
computer use. The variation in this result could be explained by the fact that the use of ICTs in
education has been popularized and more and more teachers are beginning to embrace them as
efficient tools for instruction. Hence, the disparity between experienced and less experienced
teachers could have been bridged over time.

No significant difference was found in the level of awareness of the online chemistry
instructional resources between qualified and unqualified chemistry teachers. Hence, teaching
qualifications did not influence the teachers’ awareness of online chemistry instructional resources.
This is although the qualified teachers would have undergone some courses on instructional
resources during their training period. This finding is not in agreement with that of [63] who found
that professionally trained teachers differed significantly from their untrained counterparts in their

ICT instructional material utilization competencies. It is also at variance with previous similar
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studies that reported in their studies that professional teachers demonstrated integrated ICTs better
in education than their non-professional colleagues[33, 59, 63, 65].

The fact that training on ICT literacy has become part and parcel of advanced education could
have contributed to this result. Hence, even though unqualified chemistry teachers might not have
received formal training on the use of ICT in education, they possibly have been bringing whatever

ICT knowledge they had to bear on their job, making them search for instructional materials online.

CONCLUSION AND RECOMMENDATIONS

This study concluded that while a majority of teachers demonstrated only fair awareness of
these resources, very few were fully aware, suggesting limited engagement with the instructional
tools available online. The findings reveal no significant differences in awareness levels based on
gender, teaching experience, or professional qualifications, indicating that factors such as ICT
literacy training and increased accessibility to digital tools may have bridged gaps traditionally
linked to these demographics.

The following recommendations are made based on the findings:
1. Proprietors of schools and professional bodies such as the Science Teachers Association of
Nigeria (STAN) should put up programs that will sensitize chemistry teachers on the availability of
these online instructional resources. This is expected to improve their level of awareness.
2. The educational resource centers should join hands with State Ministries of Education to
create awareness about online instructional resources and how useful they can be to teachers. Also,
both parties should organize workshops and seminars for in-service teachers irrespective of their
gender, experience, and qualification on the application of online instructional resources for the

effective delivery of instructions.
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3.

Internet facilities should be readily available in all secondary schools and accessible to

teachers. This will facilitate better access to online chemistry instructional resources and this will

improve teachers’ access to them. Alternative sources of power should also be provided in these

schools to take care of epileptic power supply that could impede access to the Internet.
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ABSTRACT

The merge training programs process is challenging the academic core of teacher education.
For this purpose, content of chemical knowledge is important both in teacher training and in schools
teaching/learning. This article investigates the effects of chemistry programs' merger on the training
competencies, objectives, disciplinary content knowledge, and feelings of trainees on resultant
modules. Methodology includes mixed research combining content analysis based on purposive
sampling, including four documents, and the quantitative survey research involving thirty-six
prospective physics-chemistry teachers. Data collected show that the merger process affects the
teaching context required to define the training competencies, orients the training objectives towards
the cognitive domain, and changes the levels of representation exploited in chemistry modules. Also,
trainees’ reactions show higher overall satisfaction in terms of meeting needs, improving levels of
knowledge acquisitions, and using knowledge during the field placements. Four research
perspectives were identified at the end of the paper. [African Journal of Chemical Education—AJCE
15(2), July 2025]
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INTRODUCTION

The merger of institutions is one of the most common phenomena widely used in many
systems to modernize public services [1]. Teacher training and educational organizations were
positioned around the world as the main motivations of a large number of recent mergers [2, 3]. This
act, attempting to combine two or more institutions into one single entity, aims to achieve efficiency
in administration and the improvement of social and academic experiences of learners [4, 5]. Mergers
have led to huge reductions in the number of school district institutions in many countries [6]. Three
favor merger types have been described between very similar institutions, structurally isomorphic
institutions, and universities and research institutes [3]. However, the merger process affects the
quality of instruction offered to students [7] and the school merging has been qualified as the most
dramatic trend in American education [8]. Also, mergers can have positive or negative effects on the
quality of education, depending on the institutional incentives [9]. This formal joining affects
numerous aspects of education from curriculum/program to students, staffing, and organizational
and physical integrations [10, 11]. Nevertheless, the training curriculum is considered secondary in
merger processes to larger financial and organizational benefits [11, 12]. The resolution of
curriculum problems is rarely targeted in mergers [11]. Thus, it is important to understand the
influence of teachers' training programs' merger on the content of subject matter knowledge.

In Morocco, since the beginning of the second decade of the 21st century, four types of mergers
have been conducted in the teacher training sector [13]. Heading to enhance the quality of teachers
and students’ acquisitions, the first one consists of merging regional educational centers (REC) and
teachers training centers (TTC), leading to the creation of region one institution called regional
center for education and training jobs (RCETJ). Through the second merger, two different

competitions for the recruitment of middle and high school teachers have been replaced with one
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single teacher recruitment for secondary school. Another merger involves the legal combination of
two professional statuses of middle and high school teachers into one target unified status that
continues to exist. The last merger is based on the use of the same training curriculum for two
different fields of employment. Some teachers work in middle schools (age 12-15) and others in
high schools (age 15-18). For a long time, the secondary teacher training system was characterized
by the existence of two streams: middle school education teacher (MSET) and high school education
teacher (HSET). Since 2016, a single secondary school education teacher (SSET) curriculum has
replaced both MSET and HSET curricula, and one unified training teachers’ system has been

designed to address the unique needs of all prospective teachers (Figure 1).

Middle school
education teacher

Secondary school

— | Merger Training |—> i
education teacher

High school
education teacher

Figure 1: Teacher training merging process

To implement SSET system, different teacher education models have been adopted [14]. The
resultant training curriculum obtained from partial compromise showed notable differences in
several variables, such as the training system structuration, purposes, the duration of training, course
modules, the content disciplinary knowledge, and evaluation approaches [15]. However, school
discipline features according to education cycles constitute a major challenge that prospective
teachers are asked to take into account.

In the case of prospective physics-chemistry teachers (PPCTs) training, several modules
described using syllabuses are included in curricula (Table 1). Those devoted to the specialty

disciplines that teachers will teach in schools appear in curricula before (M5, M6, M11, M12) [16,
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17] and after (M1, M2, M10, M11) [15] the training merger. The contents of these modules aim to

enhance the degree of academic and intellectual understanding of matter related to teacher education

at each school level. Thus, four modules have been dedicated to strengthening the physics and

chemistry teachers’ knowledge for each specific specialty (MSET, HSET). After the merger process,

all modules dedicated to support knowledge in the teaching subjects have been replaced in SSET by

four other modules aiming to reinforce the teaching discipline knowledge of the new generation of

teachers [18]. The reinforcement modules before and after merger are divided between physics and

chemistry. These teaching matters require the assistance of theoretical and practical courses to help

trainees deepen their understanding of fundamental knowledge. The difficulties that result from the

combination of support chemistry modules' contents into only two modules constitute a real

challenge for physics-chemistry teacher training.

Table 1: Teacher training modules before and after merging

MSET

Semester-1: Planning (M1); management-1 (M2); methodology of educational action
research (M3); information and communication technology in education (M4); training
supplement-1 (MS5); training supplement-2 (M6); Semester-2: Management-2 (M7);
Evaluation (M8); professional legislation and ethics (M9); School life (M10); training
supplement-3 (M11); training supplement-4 (M12)

Before merger (34 h)

HSET

Semester-1: Planning (M1); management-1 (M2); methodology of educational action
research (M3); information and communication technology in education (M4); training
supplement-1 (M5); training supplement-2 (M6); Semester-2: Management-2 (M7);
Evaluation (MS8); professional legislation and ethics (M9); School life (M10); training
supplement-3 (M11); training supplement-4 (M12)

After merger (34 h)

SSET

Period-1: Initial training supplement-1 (M1); initial training supplement-2 (M2);
educational sciences (M3); didactics (M4); planning (M5); management-1 (M6);
educational research methodology (M7); information and communication technology
in education (M8); field internship-1 (M9)* (64 h)

Period-2: initial training supplement-3 (M10); initial training supplement-4 (M11);
Management-2 (M12); evaluation (M13); didactic production (M14); professional
practices analysis of (M15); School life (M16); professional legislation and ethics
(M17); field internship-2 (M18)*

* Duration: 64 h
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RESEARCH PROBLEM

The obsession to implement a single secondary school teacher education in Morocco must be
viewed with a broader lens to achieve an efficient institutional structure landscape. The negative or
positive influences of the teacher training combined systems can be studied according to numerous
aspects. The generalization of this novel training system involves the mergers of curricula and
programs that have becoming the subject of an intense core challenge [14, 15, 18]. The research
object will focus on the curricula combining two primitive secondary teacher training systems. This
innovative program targeting to improve the quality of teacher training requires comparison with
those used before the merger process. Therefore, the effects of program mergers on the contents of
the chemistry modules planned for physics chemistry teachers’ education constitute a relevant
research problem.
Purpose and research questions

This work is carried out to examine the effects of training programs merger on the teachers’
chemistry content knowledge in the light of the Moroccan secondary curriculum. The purpose was
focused on the exploration of the effects of the combined training program on teacher performances.
The paper will take a closer look at the experience of using one single secondary teacher training
curriculum in Morocco, and the implications that may have, in the first hand, on the module contents,
especially the skills, objectives, and scientific knowledge targeted by the curriculum, and in the
second hand, on the trainees' satisfaction. Consequently, our attention was guided by two research
questions: (i) How does the merging of training teacher programs affect the scientific chemistry
modules' contents? (i) What are the feelings of future teachers about the merging of training

programs?
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Relevance of research

Everywhere in the world, the literature on the merger of institutions and curricula is more
abundant. However, according to our knowledge, no studies have been focused on the effects of
merger on the discipline content knowledge. Two key types of relevance explain the motivations for
conducting the present research. The first scientific relevance aims at the pursuit of knowledge and
career development for teachers. The study builds new knowledge on curriculum mergers, promotes
teacher learning, and the findings help to resolve problems generated by the merger of teacher
training programs. The study certainly increases the scientific understanding of the teacher training
curricula merger process. This article takes an original look at the studied object and raises the
question of the chemistry curricula merger of secondary school teacher training programs focused
on the development of skills. The second motivation includes local relevance. Research as well as
country reports allow determining whether physics-chemistry teacher training merger has achieved
its intended objectives. The current available studies don't provide answers to the questions raised
during the training of secondary school teachers based on the resulting program of the combined
training course [14, 19].
METHODOLOGY
Research Methods

This work integrates a mixed research method combining both qualitative and quantitative
approaches, including two separate sections to provide a better understanding of the research
problem than each alone data by itself [20]. Research was conducted using content analysis and
survey based on Kirkpatrick model case study method integrating a questionnaire to answer the
research questions [21-23]. The first method refers to content analysis as a method of analyzing
written, verbal or visual communication messages belonging to several areas, such as teacher

education [24]. It involves pre-analysis, the use of material, the results treatment, inference and
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interpretation [25-27]. The second method found justification since the case research study is
appropriate for in-depth, particular research involving a single individual cohort of prospective
teachers. The case study has been reported as very effective to attain fixed goals in a reasonable and
short time [28].

Sampling
Content analysis samples have been selected using a non-probabilistic strategy based on

purposive sampling, which is suitable to collect best knowledge concerning the research topic [29].
The sample size was determined based on unit of analysis, inducing competencies, objectives, and
chemistry knowledge needed to address the research question [30, 31]. Aiming at the effects of
programs training merger on chemistry content knowledge, official disciplinary syllabi are used.
After the merger, two chemistry modules' syllabi were included in the sample [32, 33]. However,
before the merger, syllabi describing the chemistry training supplement modules in MSET and
HSET courses were not currently available. For this reason, two ancient chemistry training “modules
guides” including chemistry syllabuses were exploited [34, 35].

Survey research data were collected from thirty-six (36) prospective physics-chemistry
teachers PPCT volunteers aged 21-30 years, accounting for a return higher rate of 73.5% and lower
mean rates of item nonresponse (8.5%). There were more female (52.8%; 19) than male (47.2%; 17)
respondents. All respondents graduate with a license (bachelor) diploma in the areas of physics
(72.2%), chemistry (19.5%), and education (8.3%). They have obtained the license grade between
2023 and 2017, and they have undertaken at least three years of university studies from eight
Moroccan institutions. Nineteen (52.8%) of PPCTs have a level of master’s degree attainment. The
respondents successfully passed the training center entrance exam in Morocco (year 2023). Then,
people recruited follow training courses for teaching physics-chemistry in secondary school
(2023/24) in the Eastern regional center for education and training jobs (ERCETJ). Obtaining an

Educational qualification certificate degree enables employment as secondary school teachers.
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Data Collection Tools
Content analysis approach involves three main categories generated from the documents

studied in this research [36]: prospective teachers’ competencies [37]; objectives of a training
modules using Bloom's taxonomy of learning domains [cognitive knowledge (COK), psychomotor
learning (PSL) and affective knowledge (AFK)] [38]; and levels of chemistry knowledge
[macroscopic knowledge’s (MAK), sub-microscopic knowledge’s (SMIK), symbolic knowledge’s
(SYK)] [39, 40].

The research questionnaire conducted in French is based on thirteen closed-ended questions
[23] which are developed in three steps. The first one includes the development of a set of questions.
Research items were classed into three sections related to the effect of training programs' merger on
the chemistry content knowledge (Table 2). The first section aims to understand PPCTs’ reactions
to their feedback towards the two chemistry modules (Q1-4). The main types of accumulated
acquisitions were identified in the second section (Q5-10). Questions (Q11-13) belonging to the third
part aim to assess the usefulness of chemistry knowledge in middle school (MS) and high school
(HS) during the field placements under the supervision of a practicing teacher in educational
establishments.

Table 2: Questionnaire Items

Items Contents
| Trainees' reactions to chemistry modules (TRCM)
Ql Objectives sparked trainee interest
Q2 Contents meet trainee needs for teaching
Q3 Contents cover the knowledge taught in MS
Q4 Contents cover the knowledge taught in HS
Knowledge acquired through chemistry training (KATCM)
Q5 Development of COK
Q6 Development of PSL
Q7 Development of 4FK
Q8 Improvement of MAK
Q9 Improvement of SMIK
Q10 Improvement of SYK
Usefulness of acquisitions during field placements (UADFP)
Ql1 Theoretical knowledge teaching
Q12 Conduction of practical knowledge teaching
Q13 Management of personal qualities
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The three variables explored in the present paper (TRCM, KATCM, UADFP) were measured
using a modified literature scale [41]. Responses to all questions were scored on a four-point Likert
scale measuring respondents’ agreement or disagreement with the item [4 = strongly agree (SA), 3
= agree (A), 2 = disagree (D), 1 = strongly disagree (SD)]. Items with no response (NR) have not
been scored.

The second step aims to check the validity and reliability of a questionnaire. Thus, two experts
and two experienced secondary school teachers were asked to comment on the questionnaire tool.
Analyzing whether the items measure the content of the studied object and their validity to answer
research questions was commented. The third step consists of pilot testing of the first questionnaire
[23]. Three (3) PPCTs enrolled during 2022/23 in teacher qualifying training at the ERCETJ were
invited to complete the instrument that sought research data on the program's merger on the
chemistry content knowledge. The pilot tested whether the questions were well defined,
comprehensible and appropriate, clearly understood, and presented consistently [42], and the time
required to complete the survey was estimated to be about 10 minutes. Pilot study helps to ensure
the adequacy and ordering of the questions, comprehensiveness of the contents, instructions are clear
and adequate [43]. Based on identified pilot testing problems, and experts' and teachers' comments,
errors were amended, and a revised questionnaire has been produced. Research data were collected
from a target population including PPCTs at the end of the training year (13 July 2024 to 31 July
2024) using an online survey as the most cost-effective, straightforward in its implementation, and
leading to the collection of large amounts of data efficiently within relatively short time frames [43].
Participants were invited via email to complete the questionnaire, and they were warned that they

could refuse to answer any item or withdraw from participation.
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Data Analysis
Data analysis transforms collected information using two different methods into meaningful

insights. The content analysis data involves making sense of the three categories studied. From the
data, inferences and presentation of reconstructions of meanings were made. This activity involves
the exploration of the properties and dimensions of categories, identification of probable
relationships between categories [44]. This analysis has been performed two times to maintain the
quality and trustworthiness of the results. Analysis and discussions were conducted separately, and
a consensus on the results has presented [30].

Quantitative data collected from the survey involving numerical values (Frequencies) and
structured responses has been analyzed to ensure it aids towards the end research objective.
Histograms plotted using Excel 2010 software program have been created to visualize the
distribution of responses for each categorical variable. Data analysis involves extraction,
interpretation, and conclusion on the results. The percentages and correlations were computed to
uncover statistically significant relationships. Quantities have been determined independently by
two researchers. Results have been verified, analyzed and discussed within our laboratory group,

and a consensus was reached on the reported data.

RESULTS AND DISCUSSION

The effects of training programs' merger on the content of chemical knowledge in the case of
PPCT have been investigated. This section starts with the effects of merger on the content of
chemical knowledge and ends with the feelings of future teachers about the merging of chemistry

programs.
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Effect of merger on the content of chemical knowledge

The chemistry PPCT training programs before the merger were replaced by two modules after
the merger process. Orientations describing chemistry in both MSET and HSET training pathway
programs were linked to the middle [45] and high [46] school physics-chemistry curricula. The
effects of merger on the content of chemistry training were studied according to three components:
firstly, analysis of core competencies targeted by the chemistry training modules; secondly, study
training objectives assigned to the chemistry modules; and finally, exploring chemistry academic
content knowledge.
Competencies analysis

It is important to point out that the studied competencies are focused on mastery of the teaching
discipline which constitutes the main required condition to exercise the profession of teacher [47].
Table 3 shows the main competencies defined for the chemistry modules before [34, 35] and after
[32, 33] the merger of teacher training systems. This training system has generated multiple
characteristics. Indeed, the specialized training process in MSET and HSET includes modules
aiming to complete or support the university's initial training in chemistry. The fundamental aim of
chemistry teacher training programs is to enable PPCTs to acquire the basic unit or components of
chemistry and to use them competently in a classroom setting. The competencies were identified
according to daily activities that future physics-chemistry teachers will perform in professional
situations to practice of a profession [48]. Achievement of trainees’ chemistry competencies requires
the development of school knowledge within one single educational cycle (middle education or
secondary education). At each level of education, chemistry courses cover a wide specific particular
of basic concepts for which the descriptions and explanations are very different. Moreover, official

Moroccan curricula show several notable differences between chemistry teaching in middle and high
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school [45, 46]. Thus, the competency that should be built in chemistry over the MSET course is
structured around the chemistry experiments that allow the mastery of knowledge related to the
content taught in MS, and to successfully pass the chemistry exam. A similar result is obtained in
the case of HSET. The prospective teachers in chemistry curriculum must develop skills of
adaptation and development relating to the teaching of physics and chemistry in secondary school.
Thus, the competency that should be developed in trainees is described according to the chemistry
knowledge taught in the classroom in a well-defined professional environment. These results are in
good agreement with the literature reporting that competencies integrate know-how covering a wide
range of skills mobilized during the authentic learning situations requiring a real school context [49].

In contrast to this finding, after the course’s merger, training chemistry programs have
seriously underestimated the role of the establishment category as a privileged main environment to
build competencies. From this perspective, definitions of competencies did not consider the type of
education environment as an essential exercise factor to accomplish the tasks required in indoors in
classrooms [50]. The aim of module M1 is to focus on the design of experimental protocols, carrying
out organic syntheses and extraction of organic compounds from natural substances. Regarding M10
content, the attention was directed towards qualitative and quantitative analysis of reactions in
aqueous solutions, in particular acid-base, oxidation-reduction, and precipitation reactions, and their
evolution over time. This strategic institutional framework for competency acquisition conditions
raises a major challenge for the contribution of the school environment to acquiring skills in
chemistry. However, competency requires reflection in school daily practice for the benefit of the
trainee and the students being served. Consequently, this approach to managing chemistry
competence acquisition can't be in favor of improving the learning of scientific processes involving

the development of cognitive, affective, and psychomotor skills [51, 52]. The competency in the

101




AJCE, 2025, 15(2) ISSN 2227-5835

physics-chemistry teaching “refers to the ability of a teacher to exhibit on-the-job skills and
knowledge gained because of training” [53, 54].

In summary, the training chemistry programs merger has neglected the workplace to acquire
chemistry competencies. The absence of this work environment probably leads to a decrease in the

ability to innovate and adapt to professional changes.
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Table 3: Chemistry competencies before and after merging

ISSN 2227-5835

Before merger (2016)

After merger (2016)

At the end of the module, the trainee teacher must be able to carry out

At the end of this module, the trainee is able to mobilize resources related to the structure

E chemistry experiments enabling them to assimilate a set of knowledge — of matter and organic chemistry in order to design an experimental protocol, carry out an
% and concepts relating to the courses offered in college: Solution = organic synthesis and extract organic compounds from natural substances
chemistry and organic chemistry.
Develop the trainee teacher’s adaptability and development At the end of this module, the trainee is able to mobilize necessary resources to
competencies in teaching physical sciences: Design and carry out qualitatively and quantitatively analyze reactions in aqueous solutions, in particular acid-
experiments using teaching tools in their professional environment; Use E base, oxidation-reduction and precipitation reactions and their evolutions over time.
the results of an experimental activity to compare the predictions of a 3
E theoretical model with experimental results and use these results to —
cﬁ refine a theoretical model; Master the process of constructing the =
knowledge taught and promote the sense of observation which is at the
origin of great discoveries and develop in the student a taste for
experience and the concrete; Recognize their mediating role in the
development of ideas in class.
Table 4: Objectives before and after merging
Before merger (2016) After merger (2016)
. . . N To appropriate the concepts of particle, atom and molecule; Master the nomenclature
Describe and carry out decantation, filtration, distillation, etc.; Know pp ‘p . p. P . . . .
. . . . of families of organic and inorganic compounds; Establish the electronic configuration
how to explain the chemical behavior of some materials; Prepare .. .
. . . of atoms; Represent a molecule taking into account geometry and stereochemistry;
— colored indicators and titrated solutions; Become aware of the . . . L.
m . . . . —  Know the different types of chemical bonds: covalent, ionic, metallic, inter and
vn  dangerous properties of solutions that are very acidic or very basic.; = . . . . . .\
s e . . . intramolecular; Know the types of synthesis reactions in organic chemistry (addition,
Carry out oxidation-reduction and combustion experiments; Carry out . o oy . . .
. .. . . . elimination, substitution, oxidation, reduction) and their applications; Understand the
a quantitative and qualitative analysis of air; Prepare a gas in the . . . . . . .
. . . methods of extraction, purification and identification of natural organic compounds;
laboratory; know how to explain the meaning of balanced equations . . . .. . . .
E Know the physicochemical and structural particularities of certain organic species.
7 Promote the experimental approach to physical and chemical phenomena of solutions;
Identify and exploit the physical quantities controlling the chemical phenomena of
Use of safety measures in the laboratory; measure a chemical aqueous solutions ; Analyze qualitatively and quantitatively chemical reactions in
S quantities and estimate uncertainties,; handling technique; analyze and ©  aqueous solutions; Master general knowledge of chemical equilibrium and control the
Ef-; use the structure of matter; determine the enthalpy of a chemical = direction of evolution of a chemical system; List the species present in a solution;

reactions; analyze the evolution of a chemical system over time

Define chemical kinetics and express the volumetric rate of a chemical reaction;
Appropriate the physicochemical methods for monitoring the evolution of a reaction;
Know the kinetic factors and their influence on the speed of a chemical reaction.
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Changes in training objectives

Table 4 presents the training objectives described for the chemistry modules before and after
the merger process. Comparative study is based on Bloom's taxonomy using actions verbs as
analyzed indicators [55-57]. According to this approach, the objectives of teaching chemistry in
training institutions were classified into three domains of learning (cognitive, affective and
psychomotor) which are affected by the merging curricula process. Indeed, the chemistry programs
in MSET aim to develop the trainees' basic cognitive knowledge in chemistry, leading to influence
students’ science achievement [58]. Several actions verbs such as describe, know and explain
(separation operations taught in middle school, chemical behaviors, the meaning of balance
equations) are exploited. Also, the psychomotor domain includes carrying out some routine
laboratory activities: perform separation operation, preparation of gas in laboratory, performing
analyses. The last affective domain reflects the awareness of the dangerous properties of
concentrated product such as acid or basic solutions. Concerning the HSET, the training objectives
in chemistry were based on two domains of learning. The cognitive domain has been built based on
two action verbs: determine, analyze. A second psychomotor level aims to develop the motor skills
induced during the teaching of chemistry as the use of safety measures, and measurement of
quantities during practical activities.

After the merger of training system, the objectives of chemistry modules were mainly focused
on the cognitive domain, making the mastery of chemistry knowledge’s, skills and intellectual
capacities as the learning priority areas. Indeed, for the organic chemistry module (M1), five action
verbs (to appropriate, master, establish, represent, know) have guided the formulation of the training
objectives. The term "know" has scored the highest using frequency (three quotes). These results

can constitute a major obstacle to developing trainees’ practical skills in chemistry, requiring
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practical training as well as theoretical studies [54]. Likewise, in module M10 named “Chemistry in
solutions and kinetics”, training knowledge was oriented towards the cognitive domain (identify,
analyze, master, list, define, express, appropriate, and know). However, two exceptions have been
distinguished. The first case aims to promote the experimental approach to physical and chemical
phenomena of solutions; and the second exception emphasizes the exploitation of physical quantities
controlling the chemical phenomena of aqueous solutions.

To conclude this section, the MSET and HSET merger has reduced the domains of chemistry
learning. The training within SSET courses gives priority to cognitive knowledge. The psychomotor
and affective objectives are rarely cited in the syllabuses of modules M1 and M10. In addition, the
importance given to disciplinary knowledge may be relevant for the training of a specialist in this
subject while the modules are planned to support the mastery of disciplinary knowledge among
future teachers [59, 60]. Finally, knowledge-based training was the key to choosing training
objectives.

Scientific knowledge’s comparison of module contents

The disciplinary knowledge of the chemistry modules before and after the merger begins with
a description of the academic content and ends with a comparison of the levels of knowledge in
chemistry. Regarding the MSET course offered from teacher training centers, the chemistry
curriculum aims to improve the basic scholarly knowledge of future teachers in MS education
according to several areas (supporting data). The first subject envisages characterizing the states of
matter using examples from everyday life. Also, water separation and purification techniques
constitute other chemistry training themes. Scientific chemistry contents also examine the
mobilization of the basic principles of thermometer uses in the study of changing states of water and

choose appropriate glassware for solution preparation. The differences between the physical states
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of matter on the one hand, and between the object and the material on the other hand constitute other
training themes. In addition, the program deals with the explanation of chemical behavior of some
materials in nature. Also, the chemistry training content gives great importance to combustion
reactions (plastics), and to their chemical modeling (balance equations equation). Otherwise, the
preparation and titration of solutions from commercial chemicals, and preparation of colored
indicators are other knowledge of the chemistry program. Therefore, considering the dangerous
properties of very acidic or very basic solutions as well as their action on metals is described by the
content. Carrying out oxidation-reduction experiments and preparing gases in the laboratory are also
planned to enhance PPCTs acquisitions. Other knowledge, such as the identification of constituents
of a solution, the quantitative and qualitative analysis of air, test for water, and lime water test, is
reported as other skills in chemistry. The chemistry in HSET program provides an initial training
supplement targeting five units. Courses begin with safety measures in the laboratory and the
quantities used in qualifying secondary school. The second unit plans to develop scholarly
knowledge relating to the structure of matter. Then the program presents the basic notions of
quantitative analysis of reactions and follows by the study of energy aspects and the laws of evolution
of chemical systems. The last unit aims the temporal analysis of the evolution of chemical systems.
After the merger processes, the chemistry modules become more specialized. The first module (M1)
focuses on the field of organic chemistry and articulates five parts. The first one deals with the
structure of matter and the stereochemistry of organic molecules. The second part stipulates
deepening the knowledge aimed at the study of the macroscopic and microscopic aspects of a
chemical transformation. The subject of the last part articulates the processes of extraction of organic
products from natural substances. Another part provides for the study of the synthesis and reactivity

of some families of organic compounds. The module is closed by the study of safety and
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environmental preservation instructions. The second module (M10) entitled “solution chemistry and
chemical kinetics” is structured around five units. Content begins with the study of the states of
matter and its macroscopic characteristics. Then, it presents generalities on aqueous solutions.
Another unit develops scholarly knowledge relating to acid-base reactions. The fourth unit deals
with precipitation and dissolution reactions. The final unit examines chemical equilibrium and
oxidation-reduction reactions. In short, chemistry in MSET and HSET courses plan to develop the
basic knowledge that future teachers will use in MS and HS. But, after the merger, the training
content in chemistry became more specialized and did not focus on the scholar knowledge that future
teachers need to master.

To compare the training modules contents, three levels of representation in chemistry (MAK;
SMIK; SYK) were recorded [39, 40]. Table 5 presents the percentages of level knowledge reported
in chemistry programs.

Table 5: Effect of merger on the evolution of levels of representation

Levels\Courses MSET HSET SSET-M1 SSET-M10

MAK 90.0% 38.7% 54.2% 84.0%
SMIK 2.5% 29.0% 20.8% 4.0%
SYK 7.5% 32.3% 25.0% 12.0%

Results obtained for the chemistry modules in the case of specialized training cycles show a
diversity of scholarly knowledge. Indeed, before the merger process, the knowledge planned for
future college teachers in MSET presents a dominance of the macroscopic aspect (90.0%). The
chemistry content attributes priority to the physical aspect of matter relating to perceptible
phenomena. The sub-microscopic (2.5%) and symbolic (7.5%) levels scored very low percentages.
Few concepts (balanced equations, molecular models, air composition) describing these levels are
examined in chemistry modules. Conversely, the training in the case of qualifying cycle is based on

a program that articulates the three levels of knowledge with identical rates (MAK: 38.7%; SMIK:

107




AJCE, 2025, 15(2) ISSN 2227-5835

29.0%; SYK: 32.3%). These results highlight the importance given to the mastery of skills to
mobilize the multiple facets in the teaching of chemistry. This diversification of knowledge levels
can also be very useful to overcome the difficulties encountered by teachers in the interpretation of
phenomena that can harm student learning. After the merger process, all trainees in SSTE are subject
to a single training course. The program contents for M1 are divided into three levels of knowledge
[MAK (54.2%) > SYK (25.0%) > SMIK (20.8%)]. More than half of the contents belong to the
macroscopic level, and a quarter belongs to the symbolic level. Knowledge belonging to the sub-
microscopic level represents 20.8% of the training program. As for module M10, which aims to
deepen the acquisitions of trainees in the field of solution chemistry and chemical kinetics, we note
an increase in the use of the macroscopic level (84%) compared to the symbolic (12%) and sub-
microscopic (4%) levels. Briefly, the training merger process influences the levels of representation
exploited in chemistry courses. Before the merger, the contents were dominated in MSET by the
macroscopic level of representation, and showed a diversity of levels according to similar
percentages in the case of HSTE. After the merger, contents of M1 cover the three levels of
representations, and those of M 10 are centered on the macroscopic level of representation.
The feelings of PPCTs about the merging of chemistry training programs

Trainees' reactions to training merger, referring to subjective evaluations, are based on how
well a training program is liked. As the first level of Kirkpatrick’s Model [61], the PPCT satisfaction
identifies the feelings of future teachers toward the overall training program. The measurement
taking place at the end of chemistry course includes three main dimensions: Trainees' reactions to
chemistry modules, knowledge acquired through chemistry training, and the use of acquisitions

during field placements.
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Trainees' reactions to modules M1 and M10

Trainees' satisfaction with chemistry training modules studied after the merger is the subject
of four items. Table 6 displays the response percentages, means (M), and standard deviation (STD)
scores for the whole sample.

Table 6: Chemistry modules satisfaction scores for whole sample

Items SA A D SD NR M  STD
Q1 30.6% 52.8% 13.9% 2.8% 0.0% 3.11 0.74
Q2 13.9% 52.8% 30.6% 28% 0.0% 278 0.65
Q3 19.4% 16.7% 25.0% 5.6% 333% 183 0.30
Q4 16.7% 333% 19.4% 5.6% 25.0% 211 040

Indeed, the coherence between the chemistry training that participants have received and their
interests (Q1) has exhibited a high level of overall satisfaction. The mean score for the whole sample
was 3.11 (STD = 0.74) out of a maximum score of 4. Respectively 16.7% and 83.4% of respondents
scored below and high the midpoint of the overall satisfaction with training objectives scale. The
majority of PPCTs agree (52.8%) and strongly agree (30.6%) with the relevance of the learning
objectives set for the chemistry modules. Thus, PPCTs’ interest in training chemistry might be a
crucial factor in effective science teaching, inducing an increase in motivation [62]. Only 16.7% of
the population believes that training objectives do not correspond to their expectations. These results
can be linked to the diversity of trainees’ university courses, where the majority (72.2%) come from
physics courses, and 20% have initial training in chemistry. The item Q2 measures the link between
the scientific content of the chemistry modules and the needs for providing teaching. The average
score on the measure of perceived training efficiency was less positive (M = 2.78, STD = 0.65), but
still above the midpoint on the scale. The survey data revealed that 66.7% of participants are satisfied
with the content of courses in chemistry, implying that the PPCTs can easily engage with the

students, and allow them to focus on the learners' problems and dominate all aspects of the teaching
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activity. Also, this significant satisfaction processes a higher demand on PPCTs to improve their
practical and teaching skills [63]. The learning service received in the chemistry learning process is
appropriate to the expectations of the trainees. This result generates an improvement in satisfaction,
leading to an increase in the quality of the training [64]. However, more than a quarter share of
trainees (33.4%) perceive that the disciplinary content in chemistry did not meet their needs to
provide teaching. Thus, these contents are not adapted to the level of scholarly knowledge mastered
by this population. The last two items (Q3 and Q4) explore the links between the training contents
and the chemistry school knowledge, respectively, middle and high schools. As can be seen,
significant non-response rates were obtained for Q3 (33.3%) and Q4 (25.0%). The average score of
the relationship of chemistry training modules with the knowledge taught in classrooms was
significantly higher for the HS (M =2.11, STD = 0.40) compared to the MS (M =1.83, STD = 0.30),
which has obtained a result slightly lower than the midpoint. The learning subjects have scored a
higher average percentage of knowledge planned for HS (50.0%) than MS (36.1%). However, an
important percentage of the trainees surveyed (MS: 30.6%; HS: 25.0%) indicate that the
reinforcement learning preparation they received in chemistry does not allow them to have a broad
knowledge of the content of the chemistry subject they teach. The divergence between the training
knowledge and the chemistry school programs is very pronounced for college teaching (30.6%).
This discrepancy between the contents proposed for the training with the school knowledge can
constitute a source of problems in chemistry teaching. Future teachers will be confronted with
conceptual foundations instability, which can lead to alternative conceptions, incorrectly explaining
the behavior of matter and making inaccurate predictions in chemistry [65, 66].

Finally, the trainees’ satisfaction with their qualifying chemistry training shows a high effect

on trainees’ interests (83.4%), good satisfaction (66.7%) of individual needs for educational
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intervention, and different relationship between the chemistry training courses and the school content
to work with students in MS and HS who have recorded respective satisfactions of 36.1% and 50.0%.
Knowledge construction through chemistry training modules

PPCTs outcomes are a very important part of this paper because they highlight the effects of
training modules in enhancing trainees’ chemistry skills, leading to improved teaching practice and
learning process. The objectives of chemistry initial training supplement modules are to provide a
solid conceptual basis for the PPCTs who will teach chemistry in classrooms. The contribution of
chemistry programs in trainees’ knowledge building was studied using two components. The first
one measures the COK (Q5), PSL (Q6), and AFK (Q7) acquired after the application of chemistry
modules. Results are presented in Table 7.

Table 7: Development of cognitive, psychomotor, and affective skills

Items SA A D SD NR M STD
Q5 333% 52.8% 83% 28% 28% 3.11 0.79
Q6 16.7% 30.6% 333% 11.1% 83% 236 034
Q7 25.0% 41.7% 11.1% 5.6% 16.7% 2.53  0.58

The basic chemistry contents planned in chemistry modules were very useful to improve
trainee’s acquisitions and learning outcomes. Indeed, participants show in COK a high value of
overall satisfaction with the chemistry training (M = 3.11, STD = 0.79). This satisfaction remains
low for personal qualities (4FK) (M = 2.53, STD = 0.58) and lower in the case of PSL (M = 2.36,
STD = 0.34). For this last component, about half (44.4%) of the sample has expressed their
disagreement with the contribution of chemistry content to the development of their practical skills.
Minor parts of trainees [2.8% (Q5), 8.3% (Q6), 16.7% (Q7)] were unable to self-evaluate their
abilities at the end of the training process, probably due to their uncertainties about their performance
improvements. The second component (Table 8) evaluates the effect of chemistry courses mergers

on the deep-level knowledge [67] involving the levels of representations, requiring in teaching
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chemistry to move between the symbolic, the macroscopic world and to understand what is
happening at an atomic level [68].

Indeed, the training made a positive contribution to enhancing the trainees' acquisition of
apprentices at all levels of representation. The overall mean satisfaction ranges between 2.25 and

2.83.

Table 8: Improvement of knowledge linked to levels of representation in chemistry

Items SA A D SD NR M STD
Q8 333% 36.1% 194% 28% 83% 283 0.60
Q9 83% 41.7% 30.6% 5.6% 13.9% 2.25 0.51
Ql0 25.0% 41.7% 19.4% 2.8% 11.1% 2.67 0.56

The chemistry training knowledge contributes favorably to improving the acquisitions of
trainees. MAK had the highest score (M = 2.83, STD = 0.60) followed by SYK (M =2.67, STD =
0.56) and SMIK (M = 2.25, STD = 0.56). Global satisfaction changes in the following order: MAK
(69.4%) > SYK (66.7%) > SMIK (50.0%). However, dissatisfaction percentages varying between
22.2% and 36.2% believe that these trainees failed to build knowledge including the levels of
representations in chemistry at macroscopic, symbolic, and sub-microscopic levels. Their
understanding remains unchanged over time after the chemistry training. The highest non-response
percentage (13.9%) was scored in the case of the sub-microscopic level of representation.

In short, the combined chemistry modules have been very efficient to enhance the future
teacher’s acquisitions of in terms of cognitive knowledge (86.1%). The lowest satisfaction towards
knowledge’s related to the levels of chemical representation was recorded for the level based on

particulate properties (50.0%).
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Uses of acquisitions during field placements
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This paragraph shows and discusses the usefulness of PPCT knowledge acquired in chemistry

courses in field placements during three types of activities: teaching theoretical knowledge (TTK),

carrying out practical works (CPW), and managing behaviors in classrooms (MBC). Tables 9 and

10 describe the global and results scored in MS and HS chemistry classrooms. Three different

teaching activities were studied: theory lessons, practical work activities, managing classroom

behavior. Globally, results show a global average (M = 2.89) of using chemistry knowledge closer

to level 3. The differences in overall satisfaction depending on the educational level (MS: 2.69; HS:

2.98) and the nature of the activities (77K: 2.83; CPW: 2.76; MBC: 2.92) are not very large.

Approximately more than a quarter (30.1%) of the population formulates a negative judgment about

the usefulness of the content accumulated in chemistry during field placements.

Table 9: Global acquisitions use

TTK CPW  MBC M
MS 272 258 2.78 2.69
HS 294 294 3.06 2.98
Average  2.83 2.76 2.92 2.84

Table 10: Particular future teachers' acquisition uses during field placements

Items School SA A D SD NR M STD
011 MS 25.0% 41.7% 194% 83% 5.6% 2.72 0.54
HS  33.3% 38.9% 16.7% 11.1% 0.0% 294 0.60
012 MS  83% 472% 222% 16.7% 5.6% 2.58  0.55
HS 27.8% 30.6% 25.0% 16.7% 0.0% 294 041
Q13 MS 25.0% 444% 194% 5.6% 5.6% 278 0.58
HS 30.6% 50.0% 13.9% 5.6% 0.0% 3.06 0.70

For the details, a very low non-response rate (5.6%) was obtained for the three categories of

knowledge in the case of MS. Acquired knowledge has led to significant uses and benefits for

individual needs in classroom teaching. Uses have recorded high satisfaction percentages for the
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three components studied in the case of high schools (BMC: 80.6%; TTK: 72.2%; CPW: 58.4%).
Also, all studied components show slightly higher usefulness level in the case of qualifying
secondary schools compared to middle schools. The gap is higher for the behaviors management
(MS: 69.4%; HS: 80.6%) and weaker in the case of conducting practical works (MS: 55.5%; HS:
58.4%). However, the uselessness changes between the high value of 41.70% (HS, CPW) and to
lower value of 19.50% (HS, MBC). For the teaching of theoretical knowledge, this variable remains
the same for both MS (27.70%) and HS (27.80%). These unsatisfactory scores obtained for the low
levels of the measurement scale raise profound questions about the relevance of the merged
chemistry content for this population of trainees. Personal factors can probably explain this result.
To sum up, knowledge built from the chemistry modules merged shows very encouraging uses
during field placements. The higher overall mean of usefulness (3.06) has been scored for MBC in
the case of HS, and 80.6% of trainees are satisfied with the use of affective knowledge to manage
behaviors in chemistry classrooms. Furthermore, the highlighted uselessness may be related to

factors specific to the trainees.

CONCLUSION AND PERSPECTIVES

The merger of secondary school teacher training systems has been embarked by abandoning
specialized training according to school cycles and implementing one single transversal curriculum
for both MSET and HSET. Chemistry knowledge is very important as well as in MS and HS, and in
teacher training. This paper explores the merger of chemistry training programs and investigates its
effect on the trainees’ knowledge and the reactions of trainees about chemistry modules.
Methodology based on mixed research involves the content analysis of a corpus of four official
documents and the survey questionnaire including thirteen questions distributed to a sample of thirty-

six PPCTs. The merger of chemistry training programs considerably affects the competencies of
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learning modules, the training objectives and the academic content knowledge’s. The chemistry
competencies in ancient training system were defined according to activities that future teachers will
perform in MS or HS. After the merger, competencies did not consider the work environment as an
important factor in accomplishing the tasks required in classrooms. Also, objectives of chemistry
modules in the case of MSET and HSET describe cognitive, affective, and psychomotor domains of
learning. However, after the training merger, the objectives were focused on cognitive knowledge,
promoting the mastery of academic chemistry knowledge. Lastly, the training merger influences the
levels of representations used in chemistry modules. In the case of training specialized per scholar
cycles, results show several particularities in the chemistry contents. The macroscopic level of
representation dominates the chemistry knowledge planned for the trainees in MSET. However, the
chemistry training program in HSET includes three levels of representations according to similar
percentages. After the merger process, all trainees in SSTE are subject to a one single training course.
The contents of M1 are distributed over the three levels of representations, and most of the
knowledge in M10 belongs to the macroscopic level of representation.

The satisfaction measurements about the chemistry content merging based on the first level
of Kirkpatrick’s Model include three variables. For the first one (TRCM), high level (83.4%) of
overall satisfaction has been obtained toward the link between the objectives of M1 and M10
chemistry modules and the own training interest of trainees. The content of chemistry training has
generated a satisfaction of 66.7% to meet the necessary needs of providing education. The average
score showing the relationship of chemistry courses with school knowledge is significantly higher
in the case of HS (2.11) compared to the MS, revealing a lower average than the midpoint of 1.83.
The second variable aiming to quantify KATCM shows that the chemistry contents contribute to

improving trainees’ acquisitions related to three levels of knowledge as the following descending
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order COK (3.11, 86.1%) > AFK (2.53, 66.7%) > PSL (2.36, 47.3%). The chemistry training
modules are very efficient at enhancing the trainees’ acquisition at all levels of representation where
the overall satisfaction means are 2.83, 2.67 and 2.25 respectively for MAK, SYK and SMIK. The
last variable (UADFP) highlights that the chemistry acquisitions are used during the field placements
with an overall mean closer to level 3. The means of satisfaction depend on the level of education
(MS: 2.69; HS: 298), and the nature of the activities (COK: 2.83; PSL: 2.76; AFK: 2.92) are not very
large.

To close this research, four pertinent perspectives focusing on the merger of teacher training
programs are drawn up. Firstly, the determination of difficulties that trainees encounter to using their
acquired knowledge during the exercise in classrooms. Secondly, the exploitation of the second level
of Kirkpatrick to evaluate the trainees’ acquisitions submitted to the merged programs. Then, the
influence of the merger process on the evolution of future teachers' manipulative skills to ensure the
chemistry practical teaching in secondary school. Finally, the long-term consequences of the merger
for educational systems are important to highlight the benefits or weaknesses of this strategy. Thus,
the effects of teacher training merger on the academic performance of learners in middle and high
schools constitute a pertinent challenge for educational actors.
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ABSTRACT

Artificial intelligence (Al) has been a topic of growing interest and investigation in various
fields, including higher education. This research article explores the impact of Al on higher
education by examining its effects on teaching and learning, assessment, ethics, required skills, and
future careers. This study determined the influence of Al on higher education. The study further
investigates its impact on the teaching and learning process, examines its effect on assessment and
grading, and predicts its influence on graduates' future careers. This study employed a survey
research design, consisting of fifty (50) Science and Technology Education students. Participants
were selected using a purposive sampling technique. Data were sourced using questionnaires and
were analyzed using a t-test and Pearson product Moment Correlation (PPMC). The results indicate
a significant difference in academic performance between undergraduate students who use Al-
powered chatbots and those who do not {t(48) =2.984, p <0.05}. The result indicates a significant
difference in undergraduate students' learning experiences and engagement based on the use of Al-
powered chatbots {F(1,48)=6.898, p<0.05}. The result indicated a significant difference in students'
retention based on the use of Al-powered chatbots {t(48)=2.346, p<0.05}. The findings imply that
using Al-powered chatbots positively influences academic performance, with students who utilize
these tools demonstrating significantly higher performance levels than those who do not.
Additionally, integrating Al-powered chatbots enhances undergraduate students' learning
experiences and engagement, as evidenced by the significant difference in engagement levels.
Furthermore, the use of Al-powered chatbots contributes to improved retention among students, with
those using the technology exhibiting significantly better retention outcomes. [African Journal of
Chemical Education—AJCE 15(2), July 2025]
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INTRODUCTION

Artificial Intelligence (AI) has emerged as a disruptive force that is profoundly reshaping
various aspects of modern society [1]. Since its inception in the 1950s, Al has evolved through
groundbreaking interdisciplinary developments. Defined broadly, Al refers to computer systems
capable of human-like processes such as learning, adaptation, synthesis, self-correction, and
complex data processing [2]. Al has also been elaborated as a set of technologies designed to sense,
comprehend, and act—competencies underpinned by experiential learning and adaptability [3]. In
education, Al-powered technologies are redefining how teaching and learning occur. This
transformation is especially critical in disciplines like chemistry, where abstract concepts and
complex problem-solving present significant cognitive demands for learners. Challenges such as
insufficient lecture time, overcrowded classrooms, and inflexible schedules continue to impact
students’ academic performance adversely [4]. In response, Al-powered solutions including
intelligent tutoring systems, adaptive learning environments, and chatbots offer innovative avenues
for personalized and scalable academic support [5][6].

Among these tools, “Al-powered chatbots” stand out for their ability to offer real-time,
context-sensitive, and personalized academic assistance. These virtual agents not only support
students in acquiring and retaining knowledge but also enhance reasoning, provide immediate
feedback, and foster active engagement [7][8]. Their user-friendly interfaces significantly lower the
barrier to adoption for both students and educators, especially in higher education settings where
technological literacy levels vary widely. The impact of chatbots in higher education is gaining
attention for its capacity to bridge learning gaps, particularly among disadvantaged student
populations [9]. Studies reveal that chatbots can significantly enhance learning outcomes, yet

findings remain mixed on aspects such as motivation and critical thinking. While some suggest
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chatbots may not significantly influence motivation [10], others observe increased student
motivation and engagement linked to chatbot use [11][12]. In chemistry education, where content
often requires sustained conceptual reinforcement and timely intervention, the integration of Al
chatbots presents a promising strategy to redefine academic performance. Tools such as ChatGPT
and domain-specific tutoring bots assist students in navigating complex topics, designing
experiments, engaging in group problem-solving, and accessing instant clarification outside
classroom hours [13][14][15].

However, the expansion of Al in education also raises significant ethical, pedagogical, and
technical considerations. Scholars outline critical risks including bias, lack of transparency,
pedagogical misalignment, and data privacy concerns [16]. These challenges necessitate a balanced
approach to Al integration; one that combines innovation with thoughtful risk management and
inclusivity. Against this backdrop, this study seeks to assess the role of Al-powered chatbots in
redefining the academic performance of chemistry students in higher education. By exploring how
these tools shape engagement, knowledge acquisition, and students’ perceptions of learning support,
the research contributes to a deeper understanding of AI’s pedagogical value and implications
specific to Chemistry as a science subject. In doing so, it provides evidence-based practices for
integrating intelligent technologies into chemistry education and other science subjects.

Statement of Hypothesis

The hypotheses tested the following alternative hypotheses:

1. HI: Undergraduate students who use Al-powered chatbots will show a significant
improvement in academic performance compared to those who do not.
2. H2: Al-powered chatbots will significantly enhance undergraduate students' learning

experiences and engagement.
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3. H3: The use of Al-powered chatbots will significantly improve undergraduate students'
retention.
Significance of Study
The significance of this study lies in its potential to contribute meaningfully to the
understanding of how Al-powered chatbots can redefine undergraduate students' academic
performance in higher education. By exploring the impact of Al-powered chatbots on student
learning outcomes, engagement, and success, this research can inform educators, administrators, and
policymakers about the effective integration of Al-powered chatbots in undergraduate education.
This study can also advance research in the field of Al in education, exploring new avenues for
investigation and contributing to the development of personalized learning experiences. Ultimately,
this research has the potential to enhance student success, improve teaching practices, and shape the
future of undergraduate education. Additionally, it can help address ethical considerations,
scalability, and cost-effectiveness, ensuring that Al-powered chatbots are leveraged to support

undergraduate students' academic performance responsibly and sustainably.

METHODOLOGY

This study employed a descriptive survey design to investigate the roles of artificial
intelligence (AI) in enhancing the academic performance of undergraduate students at Olabisi
Onabanjo University.
Population, Sample and Sampling Technique

The target population consisted of all undergraduate chemistry education students from the
Faculty of Education in a public university in Ogun State, Nigeria. A simple random sampling

technique was employed to ensure equal representation and minimize selection bias. A total of 80
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questionnaires were distributed, with 50 valid responses collected and analyzed, resulting in a 62.5%
response rate.
Instruments and Data Collection Procedure

A structured questionnaire adapted by the researchers, based on related literature and
validated Al usage frameworks [18][19] was used to gather information from the participants. The
instrument contained two sections: Section A focused on demographic information, while Section B
explored students' usage and perceptions of Al-powered tools such as ChatGPT and Grammarly. To
ensure reliability and validity, the questionnaire was subjected to expert review and a pilot test
involving 30 students from a neighboring institution. The Cronbach’s alpha reliability coefficient
for internal consistency was calculated at 0.82, indicating high reliability.
Data Analysis

Quantitative data collected were analyzed using descriptive statistics (frequency counts,
percentages, mean, and standard deviation) and inferential statistics (Pearson’s Product Moment
Correlation) to test the hypotheses. This allowed the researchers to determine the strength and
significance of the relationship between AI tool usage and perceived academic performance
improvements. The methodological framework was further informed by prior empirical studies,
which highlight the increasing role of Al in educational engagement and performance across
Nigerian universities [20], as well as the challenges and opportunities presented by Al integration in
tertiary institutions [18]. The research adhered to ethical guidelines, and participation was voluntary,
with informed consent obtained from all respondents. Confidentiality and anonymity were

maintained throughout the research process.
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RESULTS AND DISCUSSION
Socio-Demographic of Respondents

Table 1: Socio-demographic of the respondents in the study area

VARIABLES GROUP FREQUENCY PERCENTAGE

(%)

Gender Male 21 42.0
Female 29 58.0

Total 50 100

Age 18-24years 28 56.0
25-29years 15 30.0

30-35years 7 14.0
Total 50 100.0

Source: Field Work (2024)

Table 1 shows the socio-demographics of the respondents. It was revealed that 21 of the
respondents, representing 42.0% were male, and 29 of the respondents, representing 58.0% were
female, which implies majority of the respondents were females, with 58.0%. It was also revealed
that 28 of the respondents, representing 56.0% between the age group of 18-24, 15 of the
respondents, representing 30.0% were 25- 28 years age group and 7 of the respondents,
representing 14.0% were 30-35 years.

Analysis of Hypotheses 1
Hi: Undergraduate students who use Al-powered chatbots will significantly improve their academic

performance compared to those who do not.

Table 2: Summary Table of Independent t-test of Al-powered chatbots on academic performance

Variable Al-powered chatbots N Mean S.D Df T P
Academic performance  Users 44 4134 0.567 48 2984 <.05
Non-Users 6 3.875 0.456

{t4s) = 2.984, p<0.05}
Table 2 indicates a significant difference in academic performance between undergraduate

students who use Al-powered chatbots and those who do not. It recorded t(48) = 2.984, p < 0.05.
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These results suggest that the use of Al-powered chatbots plays a significant role in improving
academic performance, with students who use Al-powered chatbots (M = 4.134, SD = 0.567)
showing a higher mean academic performance score compared to those who do not (M = 3.875, SD
=0.456). This difference in mean scores implies that integrating Al-powered chatbots may enhance
academic performance among undergraduates in the sample.

Analysis of Hypothesis 2

H2: Al-powered chatbots will significantly enhance undergraduate students' learning experiences
and engagement.

Table 3: ANOVA Table showing the significance of Al-powered chatbots on undergraduate
students' learning experiences and engagement.

Sum of Squares Df  Mean Square F Sig.
Between Groups 0.852 1 852 6.898 <.05
Within Groups 43.988 48 449
Total 44.840 49

The results displayed in Table 3 indicated a significant difference in undergraduate students'
learning experiences and engagement based on the use of Al-powered chatbots. It
recorded (F(1,48y=6.898, p<0.05). The null hypothesis, which states that Al-powered chatbots will not
significantly enhance undergraduate students' learning experiences and engagement, is rejected, and
the alternate hypothesis is accepted. This suggests that the use of Al-powered chatbots significantly
improves learning experiences and engagement among undergraduates, emphasizing the importance
of integrating such tools into educational practices.

Analysis of Hypothesis 3

Hs: The use of Al-powered chatbots will significantly improve undergraduate students' retention.
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Table 4: Summary Table of Independent t-test of Al-powered chatbots on students' retention

Variable Mean S.D Df T P
Al-Powered Chatbots 4.143 0.568 48 2.346 <.05
Students' Retention 3.987 0.457

{t@g) = 2.346, p<0.05}

The results displayed in Table 4 indicated a significant difference in students' retention based
on the use of Al-powered chatbots. It recorded (t4s=2.346, p<0.05). The hypothesis, which states
that the use of Al-powered chatbots will significantly improve undergraduate students' retention, is
accepted. This suggests that the use of Al-powered chatbots significantly enhances students'
retention, highlighting the potential of these tools to improve academic outcomes by reinforcing

learning and information retention.

Discussion of Findings

This study assessed the role of Al-powered chatbots in enhancing the academic performance
of chemistry students in higher education. The results suggest that Al chatbots, such as ChatGPT,
have the potential to significantly improve students’ academic outcomes, engagement, and learning
experiences, particularly in disciplines such as chemistry that present complex cognitive demands.
The integration of Al-powered solutions, including intelligent tutoring systems and chatbots, into
education has been increasingly recognized as a transformative tool, particularly in bridging the gaps
caused by overcrowded classrooms, insufficient lecture time, and rigid schedules [4][5][6]. These
findings align with the growing body of literature highlighting the potential of Al technologies to
offer personalized, scalable, and real-time support for students, fostering a more adaptive and
responsive learning environment.

The study found that students who engaged with Al-powered chatbots reported

improvements in their academic performance, mirroring the findings of previous studies which
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indicate that Al tools can assist in enhancing knowledge retention, improving problem-solving skills,
and providing immediate feedback [7][8]. The positive impact of Al chatbots on student learning
aligns with earlier research suggesting that such technologies not only facilitate content
comprehension but also foster greater student engagement and active participation [9][11]. In
particular, Al chatbots’ real-time, context-sensitive interactions enable learners to access
personalized academic support outside of traditional classroom hours, addressing the need for
flexible learning opportunities in higher education.

However, despite the promising outcomes, the study also identified challenges in using Al
chatbots, particularly with regard to motivation and critical thinking. While some students expressed
satisfaction with the immediate support offered by the chatbots, the study found that, in line with
some literature, Al chatbots did not significantly influence intrinsic motivation for learning [10].
These findings are consistent with previous research that questioned the extent to which Al tools,
including chatbots, can positively impact motivation and critical thinking [10]. On the other hand,
other studies have suggested that chatbots can foster greater student motivation by creating an
interactive, personalized learning environment [11][12], which was reflected in the responses of
some participants in this study. It is likely that the impact of Al chatbots on motivation may vary
depending on the specific context of the learning environment and the design of the chatbot
interactions.

One notable advantage of Al chatbots, particularly in chemistry education, is their capacity
to provide targeted support on complex topics that require sustained conceptual reinforcement. This
aspect is especially critical in chemistry, where students often struggle with abstract concepts and
problem-solving tasks. By offering instant clarification and adaptive learning pathways, Al-powered

chatbots serve as valuable tools for reinforcing content outside classroom hours, as demonstrated by
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the success of tools like ChatGPT and domain-specific tutoring bots [13][14][15]. The results of this
study further emphasize the importance of using Al chatbots to support personalized learning, as
they offer immediate feedback, helping students to stay on track with their academic goals.

The ethical, pedagogical, and technical considerations surrounding the use of Al in education cannot
be overlooked. Previous studies have raised concerns about the potential risks associated with Al
technologies, such as bias, lack of transparency, and data privacy issues [16]. While Al-powered
chatbots can significantly enhance learning, these tools must be developed and implemented
thoughtfully to avoid exacerbating existing educational inequalities. In this study, the use of Al in
balancing chemical equations inadvertently introduces biases by relying on pre-programmed
algorithms and standard reaction templates that may overlook or inadequately address variations in
the oxidation states, stoichiometric coefficients, and intermediate species, potentially leading to
oversimplified or erroneous representations that do not align with nuanced experimental conditions
or more complex reaction mechanisms. For example, in the balancing of the chemical equation of:
NH3s (g) + NO2 — N2 (g) + H20 (g) , Al generated a response of : 4NH3(g) + 6NO2—5N2(g) + 6H2
O(g) whereas, the number of Oxygen on the right hand side still lacks 6 atoms of Oxygen. The
correct equation should have been: 4NH3(g)+7NO2—4N»(g)+6H20(g).

Therefore, a balanced approach to the integration of Al is neccessary, to ensure that
technologies are used responsibly and inclusively, addressing both the benefits and risks associated
with their implementation [16]. The findings of this study underscore the need for ethical guidelines
and a clear understanding of how Al can complement existing educational practices without

replacing human interactions or pedagogy.
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CONCLUSION AND RECOMMENDATION

The findings of this study reveal that both teachers and students perceive the impact of
artificial intelligence (AI) as moderate on education. This shared viewpoint highlights the
importance of adopting a balanced approach to Al integration—one that positions technology as a
complementary tool rather than a replacement for human instruction. Teachers recognize that their
role in the classroom remains vital, while students view Al as a supportive resource that enhances,
rather than substitutes, personal interaction and guidance. Such alignment in perception creates an
opportunity for collaborative engagement, where both teachers and students can co-identify areas
where Al can enhance learning. This mutual understanding fosters a more synergistic educational
environment, where Al and traditional teaching methods work hand in hand to improve learning
outcomes and pedagogical effectiveness.

Building on these insights, several recommendations are proposed to guide the effective
implementation of Al in higher education. Firstly, universities should incorporate Al-powered
chatbots into their academic support systems to provide students with 24/7 access to learning
resources, address frequently asked questions, and offer timely academic guidance. Secondly,
developers should focus on enhancing the personalization capabilities of these chatbots to cater to
individual learning styles, preferences, and academic goals, thereby ensuring a more tailored and
impactful educational experience. Thirdly, institutions need to organize training workshops for both
students and faculty to build digital literacy and confidence in using Al tools effectively. This will
foster wider acceptance and utilization of technology. Furthermore, robust data protection measures
must be put in place to safeguard students’ personal and academic information, complying with

ethical standards and privacy laws to build trust in Al systems.
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In addition, universities should establish feedback mechanisms that allow students to

regularly evaluate the performance of Al tools. This will ensure continuous improvement and

relevance in meeting evolving academic needs. Finally, Al-powered tools should be designed to

extend their support beyond academics by including features that address mental health, career

counseling, and administrative assistance, offering a holistic model of student support.
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ABSTRACT

The objective of this study was to analyze grade 7 student chemistry textbook contents vis-
a-vis the cognitive domain of Bloom’s revised taxonomy (BRT). Quantitative approach content
analysis design was used. Six levels of BRT cognitive domain were employed as instruments for
document analysis. The BRT content analysis result revealed that the learning objectives and
activities of the textbook mainly focuses on the lower order thinking levels, while experiments are
more of at the higher order thinking levels of BRT. Out of 99 learning objective - 93 (93.939%)),
lower levels while 6 (6.061%) higher level. From 137 Activity - 132 (96.350%) lower levels while
5 (3.649%) higher levels. From 13 Experiments - 4 (30.769%) lower while 9 (69.231%) higher levels
of BRT. The chi-square test result showed the difference between lower and higher BRT level of
learning objectives and activities are statistically significant while an experiment is no statistically
significant. This value indicated that the content of the textbook is not encouraging students to be
active. Therefore, the learning objectives and activities of the textbook should be organized in a
manner that equips students with higher order thinking level. [African Journal of Chemical
Education—AJCE 15(2), July 2025]
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INTRODUCTION

The textbooks are organized purposefully, and consequently, their content and structure are
very key for the promotion of a particular vision of a curriculum [32]. 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 [13]. Textbooks serve as a
medium of instruction to increase effectiveness and efficiency in the teaching and learning process.
In choosing an interesting textbook to be use in classroom for the teaching and learning process,
textbook analysis is very crucial and key [6]. Besides, if textbooks are not used appropriately, they
may spoil the process of teaching and learning [25]. In contrast of this, some scholars argue that if
the students’ involvements are limited or very low in the textbooks, the teaching approach is
textbooks-based teaching which is teacher-centered approach [1, 6, 16, 23].

In a country like Ethiopia, which is 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, texts, figures and diagrams, questions at the ends of the chapters,
chapters’ summaries and activities of the textbooks should show high thinking order in BRT process
dimension and high students’ involvement in each aspect of the textbooks. The science education
reform calls for pedagogical shift from a traditional, textbook-based instructional paradigm to active
learning inquiry-based [1, 16, 33].

Chemistry is a branch of science, which deals with the properties, the composition, the
structure and the transformation of matter [10, 24]. It is a toll language or backbone for industries.
Chemistry as a school subject has passed through various patterns concerning the science

curriculum. Until the early 1980s, chemistry was offered as part of the subject called Physical
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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 [10, 24]. 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.

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.

Conceptual Framework of the Study: The Analysis of the Textbooks

For 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 [12].

Different techniques can be employing to analyze textbooks. The most common techniques
are:

v" Bloom’s taxonomy [19, 27]
v Students involvement analysis [6, 46, 14].
v" The analysis of conceptual development of the textbooks [46]

V' Analysis of the inquiry level of the textbooks [46]
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v Analysis of the degree of Science Technology Society (STS) orientations of the textbooks

[46]

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 to analyze the current Ethiopian curriculum grade
7 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 [3, 36].
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Figure 1: Terminology changes between Bloom’s Taxonomy and Bloom’s Revised Taxonomy

Adopted from (Anderson, 2016, Table 1.1 — Bloom vs. Anderson/Krathwohl)

The concepts of the six hierarchical components of BRT cognitive process dimension in the

form of diagram were described as follows:
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Evaluation
Analyze
Application

Figure 2: Hierarchical component of BRT cognitive process dimension

Policy makers, textbooks and syllabus designers of a country require plenty of research-
driven information. Thereby, this research has been designed to generate appropriate evidence-based
data on Grade 7 Chemistry student textbook. 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 was employed to analyze the learning objectives, experiments and
activities that exist at each chapter of grade 7 current Ethiopian curriculum chemistry students’
textbooks.

Textbooks are considered as sources of organized scientific knowledge and bases for
planning and conducting instructional design. Therefore, the qualities of textbooks have fundamental
roles that determine the success or failure as well as the effectiveness and efficient of the teaching
and learning process [17].

Khine (2013) stated that textbooks help to define school subjects as students experience them
represent school disciplines to students. Textbook analysis is a means by which positive and negative
features can be identified and hence, the effectiveness and efficiency of textbooks should be

established.
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The role of textbooks greatly varies from classroom to classroom and teacher to teacher.
Hence, [30] provide a basic outline for the intermediary role of the textbook.

The researcher had a look towards the textbook arrangements and organization from his 4
years of primary school teaching and learning experience. The opportunity that triggers the
researcher towards evaluating these books using standardized modalities has encountered when he
was learning about the teaching of specific subjects during his graduating course work-study in
2018-second semester. Therefore, the main motive of the researcher was to conduct this research
was to minimize the problems that students encountered in school teaching as well as in self-learning.
Thereof, the researcher planned to analyze and suggest points about the textbooks to be improved
based on the results of the analysis of learning objectives, experiments and activities of the textbook
in order to maximize the higher order thinking skills.

From the researcher’s point of view, education is a key for development and optimized
curricula while the curricula are keys for education. The attention given to the development and
organization of textbooks determines the mental development of the students and the community at
large. The developed countries pay a great attention to their curricula in line with their sustainable
development goal [7]. The differences between well-developed countries and underdeveloped
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 32].

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 [28].
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However, the scientific curriculum related studies on textbooks analysis are very few. As far as the
researcher’s 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 7 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 has 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.

The study seeks answers to the following research question. Therefore, the basic research
questions of this work were:

v" How are the current Ethiopian curriculum (Grade 7 Chemistry student textbook) learning
objectives, experiments and activities distributed in terms of the six levels of Bloom’s Revise
Taxonomy cognitive process dimensions?

v" s there any significant difference between lower and higher levels of BRT cognitive domain
process dimensions in Grade 7 chemistry student textbook?

The general objective of this study was to analyze the contents of the current Ethiopian Grade 7
chemistry student textbook against the six levels of BRT.

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 future use as an initial step for other researchers to
depend on to analyze others textbooks in different classes and subjects.

Helps to improve the content (objectives, experiments and activities) of Grade seven

chemistry student textbook which is in line with the educational reformation and stemmed from the
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fact that according to the distribution of learning objectives, experiments and activities among the
six levels of Bloom Revised Taxonomy process dimension.
Operational Definitions of Terms
Bloom’s Revised Taxonomy (BRT): is a multi-tiered model of classifying thinking skills
according to six cognitive levels of process dimension complexity; the lower levels of thinking skills
are remember, understand and apply while higher levels of thinking skills are analyze, evaluate and
create.
Grade 7 chemistry students' textbook: is one of the many kinds of instructional material
used in the teaching and learning process. It contains learning objectives, experiments and activities.
The six components of BRT
» Remember: The students can recall, restate and remember learned information
» Understand: The students seize the meaning of information by interpreting and translating
what has been learned
» Apply: The pupils make use of information in a new situation from the one in which it was
learned
» Analyze: the students break the learned information or ideas into its kinds or parts to
understand how the kinds or parts relate to one another particularly and to an overall or
general structure or purpose through differentiation, organization, and attribution.
» Evaluate: The students make decision based on in-depth or detailed reflection, criticism and
assessment
» Create: The students create new ideas or phenomena and information or ideas using what has

been previously learns.
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Delimitations and Limitation of the Study

The scope of this research is concerned only the analysis of the current Ethiopian Grade 7
chemistry student textbook written in English language and published in 2013 by Federal
Democratic Republic of Ethiopia, Ministry of Education.

The criteria focus only on Bloom’s Revised Taxonomy - cognitive domains process
dimension. Moreover, the other important limitation is that the study uses only English language

reference articles and journals.

METHODOLOGY
This research aimed at analyzing the current Ethiopian curriculum Grade 7 chemistry student
textbook contents vis-a-vis bloom’s revised taxonomy. Quantitative approach content analysis
design was applied. The Content analysis is one of the research methods of design; it defined as
content analysis as a systematic and replicable technique for compressing many words of text into
fewer content categories based on explicit rules of coding [40].
The data were obtained from the current Ethiopian textbooks. The researchers have selected
Grade 7 chemistry student textbook written in English language and published in 2013. The reason
is that the researcher has focused on Grade 7 chemistry in order to suggest possible corrections or
improvements for student textbook [10, 24] 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 7. All the
learning objectives, experiments and activities of the textbook were included in the analysis.
The data gathering instrument that the researcher has applied to analyze the current Ethiopian
curriculum Grade 7 chemistry student textbook was Document Analysis by applying The six
thinking levels of Bloom’s Revised Taxonomy Cognitive Domain which were adapted from the

literature [10, 26, 36]. Thus, six categories of the process dimension Bloom’s Revised Taxonomy
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(BRT) were used to analyze the learning objectives, experiments and activities exist in the Grade

seven chemistry student textbook by counting the frequencies and calculating percentages each level

of BRT using the action verbs adopted from the literatures.

Bloom’s Revised Taxonomy cognitive process dimension consists of six levels namely and

labeled as lower and higher order thinking skill.

Lower-Order cognitive thinking skill levels: 1) remember 2) understand and 3) apply

Higher-Order cognitive thinking skill levels: 4) analyze 5) evaluating, and 6) creating

Table 1: The coding scheme for distributions of objectives, experiments and activities by BRT

Grade 7 text
Book

Remember

Understand

Apply

Analyze

Evaluate

Create

Total

F

%

F

%

F

%

F

%

F

%

F | %

F| %

Objectives

Experiments

Activities

Total

NB: F = frequency and % = percentage

The data were collected by coding the manifest content and counting the frequency in the

criterion. The data required for BRT by coding, counting frequency and calculating percentages of

each level using the action verbs were collected from analysis of the current Ethiopian curriculum

Grade seven chemistry students’ textbook. All learning objectives, experiments and activities were

participated.

After gathering the quantitative data from the contents of Grade 7 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.
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The Chi- Square test was calculated to answer the significance differences 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).
Reliability and validity of the study
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 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 seem vague were corrected as it was valid for use in this study.
Reliability of the study
Inter-rater Reliability: To ascertain the inter-rater reliability of the research, 30 items that were not
included in the sample textbooks took for Bloom’s Revised Taxonomy cognitive domain process
dimension were analyzed by two instructors of education and curriculum studies. 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 — PAg)/ (1 —PAEg), PAo = A/n and PAE = (1/n%) (pm;)

Where PAo - stands for proportion agreement observed

PAE - Stands for proportion of agreement expected

A — Stands for number of agreements between two coders

n - Stands for number of units in common by coders

pmi . Stands for each product of marginal’s
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Based on the above-mentioned formulas, the obtained calculated Cohen’s Kappa value was
0.93 (93%). The substantial values (k > 75) [29] 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 [29]. To ascertain the
intra-rater reliability of the research, 30 items that were not included in the sample textbook for BRT
cognitive domain process dimensions were selected. 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.

RESULTS

The results obtained from BRT analysis were mentioned based on the three groups of items
which are learning objectives, experiments and activities. Finally they were split in to the six
components of BRT cognitive process dimension in the Grade 7 current curriculum chemistry
student textbook. The results of the textbook analysis using Bloom’s Revised Taxonomy in the
Grade 7 chemistry student textbook were tabulated and presented as bellows.
Documents Analysis: BRT cognitive process dimension

The analysis of chemistry Grade 7 student textbook contents Vis-a-Vis bloom’s revised

taxonomy cognitive process dimension arrangements were mentioned as follows.
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The learning objectives, experiments and activities are categorized in six levels, based on it,
categorized as lower and higher levels of BRT cognitive domain process dimension by using the
action verbs adopted from literature.

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 7

chemistry student textbook were tabulated and summarized in the following tables and graphs.

Grade 7 chemistry student textbook
140

120
100 -
80 72
60 | 51

123

E Obejctives
= Experiments
40 28 Activities
20 14 18 g 14 Total

Figure 3: The distributions of Grade 7 learning objectives, experiments and activities by
BRT

Figure 3 presents the frequencies and percentages distribution learning objectives,
experiments and activities according to the current Ethiopian curriculum Grade 7 chemistry student
textbook and each six levels of BRT process dimension thinking skill such learning objectives were

designed to measure. The results showed that in Grade 7 chemistry student textbook out of 99
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learning objectives: 51 (51.51%) Remember, 28 (28.28%) Understand, 14 (14.14%) Apply, 5
(5.05%) Analyze, 1 (1.01%) Evaluate and finally, 0 (0%) Create frequency and percentage
respectively, from 13 experiments: 0 (0%) Remember, 2(15.38%) Understand, 2(15.38%) Apply,
9(69.23%) Analyze, 0(0%) Evaluate and finally, 0 (0%) under Create frequency and percentage
respectively while, from 137 activities: 72 (52.55%) Remember, 58 (42.34%) Understand, 2 (1.46%)
Apply, 0 (0%) Analyze, 5 (3.65%) Evaluate and finally, 0 (0%) under Create frequency and

percentage respectively.

250 - 229
200 -
150 - 132 E Obectives
= Experiments

00 >

Activities

| T
50 20 otal
K nn
0 ‘ |

lower level cognitive process higher level cognitive process
skill skill

Figure 4: Distributions of Grades 7 objectives, experiments and activities in lower and higher
levels BY BRT.

Figure 4 presents the distributions of learning objectives, experiments and activities of the
current working Grade 7 chemistry student textbooks with the lower and higher order skill of BRT
cognitive process dimension. In Grade 7 chemistry students’ textbook from 99 learning objectives:
93 (93.939%) are categorized under lower levels of BRT while 6 (6.061%) are categorized under
higher levels and from 13 experiments: 4 (30.769%) are categorized under lower levels of BRT

while 9(69.231%) are categorized under higher levels. In addition, from 137 activities: 132
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(96.350%) are categorized under lower levels of BRT while 5 (3.649%) are categorized under higher
levels of BRT cognitive process dimension.

The chi-square test for learning objectives, experiments and activities of in Grade 7 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, it means that there is no statistically
significance difference between lower and higher levels of BRT in learning objectives. However,

the results are listed below.

Table 2: Chi-square test for Grade 7 objectives with lower and higher levels of BRT

BRT | Observed | Expected | Observed (Observed (Observed — Expected)?2
levels — Expecte | — Expected)2 Expected
Lower | 93 49.5 43.5 1892.25.25 38.23
level
Higher | 6 49.5 -43.5 1892.25.25 38.23
level
Chi-square value 76.46

As the test showed in Table 4 there is a statistical significance difference between the lower

and higher levels of BRT cognitive process dimension in Grade 7 chemistry students’ textbook (chi-

square value = 76.46, P — value <<<<0.001).

Table 3: Chi-square test for Grade 7 experiments with lower and higher levels of BRT

BRT Observed | Expected Observed (Observed (Observed — Expected)?2
levels — Expecte — expected)?2 Expected
Lower | 4 6.5 -2.5 6.25 0.962
level
Higher | 9 6.5 2.5 6.25 0.962
level
Chi-square value 1.924
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From the chi-square test were obtained as showed from Table 5 there is no statistically
significance difference between the lower and higher levels of BRT cognitive process dimension in

Grade 7 chemistry students’ textbook experiments (chi-square value = 1.926, P — value = 0.16542).

Table 4: Chi-square test for Grade 7 activities with lower and higher levels of BRT

BRT | Observed | Expected | Observed (Observed (Observed — Expected)?2
levels — Expecte | — expected)2 Expected
Lower | 132 68.5 63.5 4032.25 58.865
level
Higher | 5 68.5 -63.5 4032.25 58.865
level
Chi-square value 117.720

From the chi-square test were obtained (Table 6) there is statistical significance difference
between the lower and higher levels of BRT cognitive process dimension in Grade 7 chemistry

students’ textbook activities (chi-square value = 117.720, P — value <<<<<<0.001).

DISCUSSIONS
Discussions on BRT Results for Learning Objectives of Grade 7 Chemistry Students® Textbook
Learning objectives of Grade 7 chemistry student’ textbook were categorized based on the
action verbs that were adopted from the literatures.
Out of 99 learning objectives of Grade 7 chemistry student textbook, 93 (93.939%) were
under lower order of thinking levels of BRT for instance 51 (51.51%) Remember, and 14 (14%)
Apply, the remaining 6 (6.061%) belongs to higher order thinking levels of BRT with 5 (5.05%)

Analyze, 0 (0%) Create (Figure 3 and Figure 4) and from the chi-square test was obtained there is a
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statistically significance difference between the lower and higher levels of BRT cognitive process
dimension of learning objectives (chi-square value = 76.46, P — value <<<<0.001) (Table 2).

The result of Grade 7 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
results indicate that the learning objectives have little influence to develop the creativity potential of
students.

The results are in line with a study done by [36], and [26] 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 alarming for the concerned body
to take a measure to make chemistry education objective is as expected to be. The 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 [34] 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.
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Experiments

The experiments to be practiced by students in Grade 7 chemistry student textbook were
categorized based on the action verbs that were adopted from the literature. The good news in Grades
7 chemistry student textbook is that experiments lay in improving the higher order thinking levels.
In Grade 7 chemistry student textbook from 13 experiments: 4 (30.769%) are categorized under
lower levels of BRT while 9 (69.231%) are categorized under higher levels of BRT cognitive process
dimension as an examples 0 (0%) Remember, and 0 (0%) Create (Figure 3 and Figure 4) 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 = 1.926, P — value = 0.16542)
(Table 3).

Unfortunately, most of the experiments focus on improving the analysis potential of
students; There is not 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 resources are invested, it is better to think on how we can formulate experiments towards
creativity, which is the thinking level, that leads and steps up the world from the prehistoric era until
now, 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 notes 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 7 chemistry student textbook
were categorized based on the action verbs that were adopted from the literatures (Appendix A). Out

of 137 activities: 132 (96.350%) are categorized under lower levels of BRT for example, 72 (52.55%
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Remember, and 2 (1.46%) Apply, while 5 (3.649%) higher levels of BRT example; 0 (0%) Analyze,
and 0 (0%) Create (Figure 3 and Figure 4). Additionally, the chi-square test (Table 14) shows as
there is statistically significant difference between the lower and higher levels of BRT cognitive
process dimension (chi-square value = 117.720, P — value <<< 0.001) (Table 4).

The result in lines with a study done by [44], [43], [25] in Iran, [18] in Turkey and [38] and
[41] in Jordan.

The result is not in agreement with study done by [8] and [9]. 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 in teaching and learning process.

CONCLUSION, RECOMMENDATIONS AND FUTURE DIRECTIONS
Conclusions

Out of 99 learning objectives of Grade 7 chemistry student textbook, 93 (93.939%) were
lower order of thinking levels and 6 (6.061%) higher order thinking levels of BRT and there is
statistically significant difference between the lower and higher levels of BRT cognitive process
dimension in the textbook.

In Grade 7 chemistry student textbook, from 13 experiments: 4 (30.769%) lower levels and
9 (69.231%) higher levels of BRT. Moreover, the chi-square test showed that there is no statistically
significance difference between the lower and higher levels of BRT.

In Grade 7 chemistry student textbook, out of 137 activities: 132 (96.350%) are categorized

lower levels, and 5 (3.649%) were higher levels of BRT and there is statistically significance
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difference between the lower and higher levels of BRT cognitive process dimension in the activities
of Grades 7 chemistry student textbook.

Recommendations

For curriculum and textbooks designers

The learning objectives and activities of the textbook are not designed for fostering high
levels of thinking process; therefore, policy makers, syllabus and curriculum designers should revise
the 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 the 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 that 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.
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For NGOs and governmental organizations working towards education: Short-term in-
service training, symposiums, workshops and conferences play a pivotal role in changing the
paradigm of teachers, students and supportive staff. Therefore, organizations are expected to design
strategies towards curriculum development, monitoring and evaluation to foster quality education
that in line 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 7 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.

ACKNOWLEDGMENTS

We would like to thank All power full All -knowing Almighty God and St Virgin Mary,
Bahir Dar University/College of Behavioral and Educational Sciences, and the Norwegian Agency
for Development Cooperation (NORAD) for financially supporting this study at Bahir Dar
University and funding this research work.

REFERENCES

1. Ahtineva, A. (2015). Textbook Analysis in The Service of Chemistry Teaching. Enero-Junio,
10, 2533.Retrievedfromhttps://www.researchgate.net/publication/238587051%0A

2. Amer, A. (2006). Reflections on Bloom ’ s Revised Taxonomy. Electronic Journal of
Research in Educational Psychology, 14(8), 213-230.

3. Anderson, L.W., & Krathwohl.D.R. (2001). Understanding the New Version of Bloom ’ s
Taxonomy. Leslie Owen Wilson, 721(2001). https://doi.org/10.1088/0965-0393/15/1/S06

4. Ayoub Rahpeyma, A. K. (2015). The Analysis of Learning Objectives in Iranian Junior High
School English Text books based on Bloom ’ s Revised Taxonomy. International
JournalofEducation&LiteracyStudies,3(2),44 .https://doi.org/10.7575/aiac.ijels.v.3n.2p.44

5. Churches, A. (2008). Bloom " s Digital Taxonomy. Retrieved
fromAachurches@kristin.school.nz

6. Dalim, S. F., & Yusof, M. M. M. (2013). Quantitative Method of Textbook Evaluation for

154




AJCE, 2025, 15(2) ISSN 2227-5835

10.
11.
12.
13.

14.

15.

16.

17.

18.

19.
20.

21

24.

25.

26.

27.

Chemistry (Kbsm) Form 4 Textbook. In Proceeding of the International Conference on
Social Science Research (pp. 1038—1046). Selangor: World Conferences.net. Retrieved from
http://worldconferences.net/proceedings/icssr2013/toc/240

Derek Osborn, A. C. and F. U. (2015). Universal Sustainable Understanding the
Transformational Challenge for Developed Countries Report of a Study by Stakeholder
Forum. Retrieved from www.stakeholderforum.org

. Enero, U. J., & Akangbe, J. M. (2015). Classification of End-of-Chapter Questions in Senior

School Chemistry Textbooks used in Nigeria. Electronic Journal of Science Education,
19(7), 1-16.

Febrina, & Muslem, B. U. A. (2019). Analysis of Reading Comprehension Questions by
using Revised Bloom’s Taxonomy on Higher Order. English Education Journal, 10(1), 1—
15.

Federal Democratic Republic of Ethiopia, M. of E. A. (2013).

Forehand, M. (2010). Bloom’sTaxonomy,19.Retrievedfromhttp://cbhealinginstitute.com/
Gholami, R., Noordin, N., & Rafik-galea, S. (2017). A Thorough Scrutiny of ELT Textbook
Evaluations : A Review Inquiry, (c), 82-91.

Gordani, Y. (2010). An Analysis of English Textbooks Used at Iranian Guidance Schools in
Terms of Bloom’s Taxonomy, 7(2), 249-278.

Haji, S. J. (2016). The Degree of Students Involvement In The Social Studies Textbook For
Six Intermediate Basic School In Kurdistan Region ’ Study And Analysis’. The Eurasia
Proceedings of Educational & Social Sciences, 5, 328-338.

Kazempourfard, E. (2010). On The Representation of Bloom’s Revised Taxonomy in
Interchange Textbooks.

Khine, M. S. (2013). Critical Analysis of Science Textbooks. https://doi.org/10.1007/978-94-
007-4168-3

Khoja, S., & Ventura, F. (1997). An Analysis of the Content and Questions. ERIC, 2(2), 119—
130.

Kocatepe, A. (2019). Evaluation of Activities in Secondary School Level Turkish
Workbooks According to Types of Memory and Revised Bloom ’ s Taxonomy. International
Education Studies, 12(4), 185—197. https://doi.org/10.5539/ies.v12n4p185

Krathwohl, D. R. (2002a). A Revision of Bloom ’ s Taxonomy : An Overview, 41(4).
Krathwohl, D. R. (2002b). A Revision of Bloom ’ s Taxonomy, 4/(4), 212-219. Retrieved
from http://dx.doi.org/10.1207/s15430421tip4104 2%0

. Krathwohl, D. R. (2010). A Revision of Bloom’s Taxonomy :, (November 2012), 37-41.
22.
23.

Machamer, P. (1998). Philosophy of Science : An Overview for Educators, 1-11.

Mergo, T. (2012). The Extent to Which the Chemistry Textbook of Grade 11 Is Appropriate
For Learner-Centered Approach. Afrocam Journal of Chemical Education, 2(3), 92—108.
Ministry of Education Federal Democratic Republic of Ethiopia. (2013). Chemistry Syllabus
Grades 7 and 8. Adiss Abeba, Ethiopia.

Mizbani, M., & Chalak, A. (2017). Analyzing Listening and Speaking Activities of Iranian
EFL Textbook Prospect 3 Through Bloom’s Revised Taxonomy. Advances in Language and
Literary Studies, 8(3), 38. https://doi.org/10.7575/aiac.alls.v.8n.3p.38

Mozafari, V. (2016). Exporing Bloom’s Revised Taxonomy of Educational Objectives in
TPSOL Textbooks. Journal of Teaching Persian to Speakers of Other Languages, 5(1), 65—
93.

Nafa, F., Othman, S., & Khan, J. (2016). Automatic Concepts Classification based on Bloom

155




AJCE, 2025, 15(2) ISSN 2227-5835

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44,

> s Taxonomy using Text Analysis and the Naive Bayes Classifier Method. In Proceedings
Ofthe 8th International Conference on Computer Supported Education, 391-396.
https://doi.org/10.5220/0005813303910396

Negassa, O. (2014). Ethiopian Students’ Achievement Challenges in Science Education,
4(January), 2—18.

Neuendorf, K. A. (2002). The content Analysis Guidebook. (M. H. SeaweU, Ed.). Thousand
Oaks * London * New Delh: international Educational and Professional Publisher.

Okeeffe, L. (2013). A Framework for Textbook Analysis. International Review of
Contemporary Learning Research, 2(1), 1-13. https://doi.org/10.12785/irclr/020101
Okeeffe, L. (2016). A Framework for Textbook Analysis. International Review of
Contemporary Learning Research, 2(1), 1-13. https://doi.org/10.12785/irclr/020101

Otara, A. (2012). The Future of Education and Its Challenges in Africa. International Journal
of Humanities and Social Science, 2(9), 151-156. Retrieved from © Centre for Promoting
Ideas, USA www.ijhssnet.com

Oyelekan, Oloyede Solomon , Igbokwe, Emoyoke Faith,Olorundare,A.S.[.(2017).Science
Teachers * Utilisation of Innovative Strategies for Teaching Senior SchoolScience inllorin ,
Nigeria. Malaysian Online Journal of Educational Sciences, 5(2), 49-65.

Paleeri, S. (2015). Setting Objectives of Value Education In Constructivist Approach In The
Light of Revised Blooms Taxonomy (RBT). Journal of School Educational Technology,
10(3), 7-12.

Parsaei, 1., Alemokhtar, M. J., & Rahimi, A. (2017). Learning Objectives in ESP Books
Based on Bloom’s Revised Taxonomy, 5(1), 14-22. Retrieved from
https://www.researchgate.net/publication/318723595%0A

Rahpeyma Ayoub, A. K. (2015). The Analysis of Learning Objectives in Iranian Junior High
School. International Journal of Education & Literacy Studies, 3(2), 44-54.
https://doi.org/10.7575/aiac.ijels.v.3n.2p.44

Richard K. Fletcher, J. E. D. (1974). An Application of Romey s involvement Index and a.
Standard Reading Formula to Representative “Modern” and “Traditional” Science
Textbooks for Grades 7-10.

Roohani, A., Taheri, F., & Poorzangeneh, M. (2014). Evaluating Four Corners Textbooks in
Terms of Cognitive Processes Using Bloom ’ s Revised Taxonomy. RALs, 4(2), 52-67.
Singh, A., Subhashini, N., Sharma, S., & Mallick, B. N. (2013). Involvement of the al-
adrenoceptor in sleep-waking and sleep loss-induced anxiety behavior in zebrafish.
Neuroscience, 245(1972), 136—147. https://doi.org/10.1016/j.neuroscience.2013.04.026
Stemler, S., & Colors, P. (2001). An Overview of Content Analysis. - Practical Assessment,
Research & Evaluation, 7(17), 1-6.

Sulaiman, M., & Abdelrahman, B. (2014). An Analysis of the Tenth Grade English Language
Textbooks Questions in Jordan Based on the Revised Edition of Bloom ° s Taxonomy.
Journal  of  Education and  Practice, 5(18), 139-151. Retrieved from
https://www.researchgate.net/publication/301205529%0A

Swanepoel, S. (2010). The assessment of the quality of science education textbooks.

Upahi, J. E., Issa, G. B., & Oyelekan, O. S. (2015). Analysis of senior school certificate
examination chemistry questions for higher-order cognitive skills. Journal of Educational
Sciences, 10(3), 218-227. https://doi.org/http://sproc.org/ojs/index.php/cjes/

Upahi Johnson Enero, David Oluwadamilare Israel, A. S. O. (2016). Analysis of the West
African Senior School Certificate Examination Chemistry Questions according to Bloom ’ s

156




AJCE, 2025, 15(2) ISSN 2227-5835

Revised Taxonomy. Eurasian Journal of Physics & Chemistry Education, 8(2), 59-70.
https://doi.org/10.12973/ejpce.2016.00006a

45. Wilson, O. (2016). The Second Principle The work of Leslie Anderson and Krathwohl-
Bloom’s Taxonomy Revised Understanding the New Version of Bloom’s Taxonomy.

46. Zewdie, Z. M. (2014). Analysis of Grades 7 and 8 Physics Textbooks: A Quantitative
Approach.  American  Journal  of  Educational  Research, 2(1), 44-49.
https://doi.org/10.12691/education-2-1-8

157




AJCE, 2025, 15(2) ISSN 2227-5835

HISTORY OF CHEMISTRY FOR CHEMISTRY-TEACHER STUDENTS

Hans-Dieter Barke
Muenster University, Germany

ABSTRACT

The history of chemistry is so interesting and exciting for lecturers and insiders that it seems
senseful to give students of chemistry education an initial overview of important historical
milestones to understand chemistry better, especially in following the processes of knowledge
development from alchemy to scientific chemistry. The following pages provide a beam of historical
dates that depict historical figures and describe their insights with a few keywords. Political events
are also mentioned to sketch connections to world history. [African Journal of Chemical
Education—AJCE 15(2), July 2025]
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INTRODUCTION

The German version of the new book “Chemistry Didactics Compact” (Springer 2025) offers in 15
chapters the full texts concerning history of chemistry in an electronic appendix which you can open under

the link www.springer.com/de/book/978-3-662-56491-2, and will find many portraits of the scientists, their

new ideas and apparatuses — but the texts are still in German language. Chapters and authors in the German-

written book “Chemiedidaktik kompakt” (Springer, 2018) are the following:

Kap. 10: H.-D. Barke: Robert Boyle — Vater der experimentellen Chemie

Kap. 11: H.-D. Barke, J.-B. Haas: Cavendish, Scheele, Priestley und Lavoisier — zur Entdeckung der
Gase

Kap. 12: G. Harsch, Ch. Biinte: Lavoisier — Oxidationstheorie und Erhaltung der Masse

Kap. 13: G. Harsch, J. Jonssen: Richter und Dalton — Elemente, Atome und Atommassen

Kap. 14: H.-D. Barke: Gay-Lussac und Avogadro — Gase, deren Molekiile und die Volumengesetze
Kap. 15: H.-D. Barke: Galvani, Volta, Davy und Faraday — der Einstieg in die Elektrochemie

Kap. 16: E. Daoutsali, M. Setter: Berzelius — die chemische Symbolsprache

Kap. 17: G. Harsch, N. Harsch: Liebig — Elementaranalyse, Formelsprache, Agrikulturchemie

Kap. 18: G. Harsch, N. Harsch: Wéhler — Aluminium, Harnstoff und mehr

Kap. 19: H.-D. Barke: Kekulé und van’t Hoff — Struktur der Molekiile

Kap. 20: E. Daoutsali, H. Schliephake: Meyer und Mendelejew — das Periodensystem der Elemente
Kap. 21: H.-D. Barke, Ch. Pieper: Arrhenius und Bronsted — Ionenbegriff und neue Saure-Base-
Vorstellungen

Kap. 22: H.-D. Barke, F. Béuerle, M. Krasenbrink: Werner — Schopfer der Komplexchemie

Kap. 23: H.-D. Barke, R. Rolleke: Rontgen, Laue und Bragg — die Struktur von Kristallen

Kap. 24: H.-D. Barke: Watson, Crick und die DNA-Doppelhelix — Nobelpreistriager spielen mit
Modellen
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THE HISTORY
Chap. 10: ROBERT BOYLE — Chap. 11: CAVENDISH, SCHEELE, PRIESTLEY and LAVOISIER
Father of experimental chemistry Discovery of important gases

BOYLE CAVENDISH SCHEELE PRIESTLEY
(1627-1691) (1731-1810) (1742-1786) (1733-1804)
1654 1661 1766 1772 1774
| | I 1 |
Theory-guided experimentation Discovery of Discovery of Discovery of
pressue-volume-law hydrogen oxygen oxygen
air and combustion synthesis of water by nitrate-acid by decomposing
idea of elements by the elements reactions mercury oxide
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England became a republic by Cromwell (1648) Start of the industrial revolution in England
30-years war ends with Westfalian peace (1648)  Frederic of Prussia and the 7-years war (1756-63)
In France King Ludwig der XIV. (1661-1715) Katharina the Great Emperor of Russia
(1762-96)

Chap. 12: LAVOISIER — Oxidation Chap. 13: RICHTER and DALTON —

Theory and conservation of mass Atoms and atomic masses

LAVOISIER RICHTER DALTON

(1743-1793) (1762-1807) (1766-1844)
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1774 1789 1792 1808
| | | |

Discovery of oxygen Law of

atoms
oxidation theory

law of conservation of mass

Retorte mit
Quecksilber

Quecksilber
zur
Absperrung
\| der Luft

Ofen

Declaration of independence of the USA (1776)
(1806)
French revolution (1789)

Chap. 14: GAY-LUSSAC and AVOGADRO —

Gases, molecules and gas laws

constant ratio of

masses in compounds

idea of elements and

first atomic symbols

first table of atomic masses

ELENMENTS
@) wyarses T]€D) Stowtion  F
(D ‘Avaie 5’0 Bayies 6
. Cacten S @ Tion ¢
O Oxygen 7 @ Zine &
@ Pheapborus p @ Copper s
@ Salgher J3 @ Lead o
Q@ M 2:?@ Silver v
@ Lime ¢T3 Cold 4

Soda 28 ® Platina fgo

@
@ Potash 41§ 0 Mercury &7

Barrier against England by Napoleon

Napoleon and his wars in Europe (until 1815)

Chap. 15: GALVANI —

start of electrochemistry
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GAY-LUSSAC
(1778-1850)

1802 1808
I I

AVOGADRO
(1776-1856)

1811
I

ISSN 2227-5835

GALVANI
(1737-1798)

1780

Composition of air
them

temperature-volume law

ratio of volumes of different

gases by simple numbers

lightning

Same volumes of

different gases contain
under standard conditions

same number of particles

Frog legs twitch by touching
with different metals, i.e. copper

and iron

investigation of flashes of
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Wasserstoff (g) + Sauerstoff (g) ———» Wasserdampf (g); exotherm
o
-0 =N
p e/% & e i
N 5. Qo i Q
=2y N A\ » O H/ \
o % % & (@) \i W )"
/ 7 4 /o O
X N O N \H T
Ao
£ 6 H, + 30, E— 6 H,0
J 2H, + 0, — 2 H,0

Napoleon rules in Europe, battles of Austerlitz (1805), of Jena and Auerstedt (1806),

End of the Roman-German Empire, last Roman-German Emperor (1806)

Chap. 15: GALVANI, VOLTA, DAVY and FARADAY — development of elctrochemistry

VOLTA DAavy FARADAY
(1745-1827) (1778-1828) (11791-1867)
1800 1808 1834

1 I 1
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First sources with elektrolysis of molten salts Faraday‘s laws for
higher voltages by and discovery of alkaline electrolysis,
layers of silver and zinc and alkaline-earth metals first idea of ions

LR IR

Napoleons loses battles in Russia (1812), Congress of Vienna (1805)

in Leipzig (1813), in Waterloo (1815) and new borders of European countries

Chap. 16: BERZELIUS — chemical symbols and table of atomic masses
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BERZELIUS
(1779 — 1848)

1828
I

1856

Symbols of atoms and molecules
for elements and compounds,

dualistic theory, dualistic symbols

o 2
e o] v 50" —— 50,

00O

Dalton Berzelius Modern

analysis of ratio of masses of elements in
organic compounds,

combustion analysis, correct atomic masses

Das Kupferoxydul besteht aus:
Procente.  Alome.

Kupfer } o BBT8 housaed
Sauverstoll : 11,22 il
Atomgewicht: 891,390 = €u0 oder Gu.

Das Kupferoxyd besteht aus:

Procente, Atome,
Kupfer ., .. .4 983 ... 14
Sauerstoff , . . 2047 . . {

Atomgewicht: 495,695 = CuO oder Cu,
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Peace of Kiel (1814), attachement of Norway to Sweden,
first King of Sweden from the Bernadotte‘s (1818 until today)

Chap. 17: LIEBIG — combustion analysis, Chap. 18: WOHLER — discovery of aluminium,

Chemistry terminology, Agricultural Chemistry synthesis of urea, and more

LIEBIG WOHLER
(1803 — 1873) (1800 — 1882)
1828 1838 1849 1827 1837
I I I I I
Combustion analysis of organic compounds Discovery of aluminum
with ,,five-spheres apparatus® for absorption of CO2 SOs-catalysis for sulfuric-acid production
Definition of acids on base of ,,hydrogen* Synthesis of urea by inorganic compound
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German revolution and National assembly in Frankfurt, Germany (1848/49): unsuccessful try to combine
single small states to a union and to create a new constitution.

Chap. 19: KEKULE and VAN’T HOFF — structure of molecules

KEKULE VAN’T HOFF
(1829 — 1896) (1852 —-1911)
1860 1865 1874
I I I
Differenciation of the structure of the tetrahedron modell of the
ideas of atom and molecule, benzene molecule, = methane molecule,
C atom and four valencies, oscillation theory, = asymmetric C-Atom,
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chain of C atoms, first molecular set molecular modelling stereo chemistry

o ~-ardt
:ntheorie)

| Brown

War of Northern and

Southern states of USA
(1861 — 65) USA bought Alaska from Russia (1867)
End of slavery by law (1868)

Wave of immigrants from Europe to USA

Chap. 20: MEYER and MENDELEJEW — Periodic table of the elements

MEYER
(1830 — 1895)

1864
I

MENDELEJEW
(1834 —1907)

1869

First design of a Periodical system

of all known elements,

Periodic table of known elements,

prediction of properties of
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hypothesis of gaps for not Scandium, Gallium and Germanium,
discovered elements which later have been confirmed
wa
g Gruﬁ)e L Gru;fge 1L Gruple lll.[Gx.'u%pleBIV.
4-werthig 3-werthig 2-werthig & R20 RO RO | RO
1 H=—1
2|Li=7 Be=9,4 B=11 C=12
o - - |
3| Na—23] Mg—24| A1=27,3] 8i=28
C= 12,0 N=1404 0=16 4|lK—39 Ca—40 —_— =44 Ti —=48
16,5 16,96 16,07
Si= 28,5 P= 310 S=32.07 5| (Cu==63) Zn=659 — =68 —9=72
ﬂ: 44.55 44.0 46.7 6/Rb=285 Sr=87 ?Yt—88 Zr=290
L 7| (Ag==108) Cd=112| In=—113| Sn=118
- As= 750 Se=178.8 8l0s—133 |Ba—137 [?Di=138 |PCe—140
5.4 9 (—) o S —
= =35 495 42 10— i PEr—178 [PLa— 180
Sn=_117.6 Sb=_120.6 Te=12833 11 (Au=199)‘ Hg=—200 TI=204| Pb=207
12— — = Th—231

[]
Krim war (1853/54) und Russian-Turkish war (1877/78) against the Osmanian Empire

Abolition of slavery in Russia (1861), assassination of emperor Alexander II (1861).
Chap. 21: ARRHENIUS and BRONSTED — Ionic idea and new acid-base theories

ARRHENIUS BRONSTED
(1859 —1927) (1879 — 1947)
1884/87 1923
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I I
,,active molecules* = ions in salt solutions, acids are molecules or ions, which transfer H' ions
salt solutions, acidic and basic solutions, (protons) to other particles = proton donors,
adcidic solutions contain H' ions, bases are molecules or ions, which take H" ions
alkaline solutions contain OH™ ions from other particles = proton acceptors

Prussia’s war against Danmark (1864) Prussia‘s war against France (1870-71)
and against Austria (1866) proclamation of German Emperor in Versailles
(1871)

Chap. 22: ALFRED WERNER — Creator of the complex chemistry

FE=- 6502

// rer— Prémio Nobel
/ ',__/ da Quimica

NHy
Alfred Werner
(1866-1919)
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WERNER
(1866 — 1919)

1892
I

Historical chain theory: ligands form a long chain starting with one metal ion,
coordination theorie: metall ion as central particle, ligands surround geometrically,

coordination number: number of ligands around the central particle, mostly 2, 4, 6 or 8

Europes system of alliances by chancellor Bismarck, congress of Berlin (1878)
Dismissal of Bismarck through Emperor Wilhelm II (1890)
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Chap. 23: RONTGEN, VON LAUE and BRAGG — structure of crystals

RONTGEN
(1845 — 1923)

1895
I

VON LAUE
(1879 — 1960)

1912

Discovery of new radiation:
X-rays, Rontgen beams,
properties of X-rays, but unsuccessful

try to show interferences of X-rays

laboratories of Munich University are showing supposed
lattice structures of some salt crystals, they initiate the
idea to take a salt crystal as an interference lattice for

proving that X-rays make interferences like light beams.
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a)

R RantgenrShre
B Blende

K Kristall

P Phatoplatte

German colonies in Southwest Afrika, Kamerun, assassination of Sarajewo (Juni 1914),
Togo und East Afrika (1890) First world war starts (August 1914)
Chap. 24: WATSON, CRICK and the DNA-double helix — Nobel-Prize winners play with models

WATSON CRICK
(1928 — heute) (1916 —-2004)
1953
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Knowledge of four bases and Chargaff’s rules: c(Adenin) = ¢(Thymin) and c¢(Guanin) = ¢(Cytosin),

X-ray pattern of DNS-crystals (Rosalind Franklin und Maurice Wilkins), idea of the double helix of

sugar- and phosphoric-acid molecules which are hold together by the base pairs Adenin-Thymin und

Guanin-Cytosin.

Zucker

Adenin

B e . B
A uT ] ¢
il
ol g

Guanin Cytosin

Foundation of the European Economic community EWG in Roma (1957),

accession of Great Britain, Ireland und Danmark (1973).
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EDUCATION FOR SUSTAINABLE DEVELOPMENT: MALI SECONDARY
SCHOOL TEACHERS’ PERCEPTIONS AND INTEGRATION OF THE
GREENHOUSE EFFECT IN CHEMICAL BONDING

Sidi Mohamed Tounkara! and Mohamed Soudani?
'LISDiS, Ecole Normale Supérieure, Physics and chemistry Department; Bamako, Mali.
2Universite Claude Bernard Lyon 1 ; S2HEP UR 4148 ; Villeurbanne, 69622, France.
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ABSTRACT

The Mali Government has taken part in several initiatives, especially the one aiming at
reducing greenhouse gases (MEADD, 2017). In line with UNESCO recommendations on education
for sustainable development (ESD) and Mali's curriculum, we surveyed 70 teachers (high school and
training institutes (IFMs)). The results showed that over 87% of the teachers surveyed faced a lack
of resources, and 85% (IFM) just evoked general topics that were familiar to their pupils. However,
almost 89% supported the idea of integrating ESD into chemistry, and 15% (IFM) contextualized
ESD from a didactic point of view. Based on these results, a resource was co-constructed on chemical
bonding (microscopic register), integrating the greenhouse gas effect (macroscopic register), by two
trainees and the researcher based on the Lewis model, and experimented at a high school. This

approach is also recommended for initial and ongoing teacher training. /African Journal of Chemical
Education—AJCE 15(2), July 2025]
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INTRODUCTION

The greenhouse effect, or global warming phenomenon, is a major topic in education for
sustainable development (ESD). ESD is considered by the United Nations (UN) to be a fundamental
tool for environmental protection and sustainable development [1]. The UN has declared (2005-
2015) the United Nations Decade of Education for Sustainable Development. At the end of this
period, the Member States committed to integrate sustainable development into their education
systems. According to UNESCO, to save our planet we need to transform the way we live. The
Organisation therefore recommends integrating education for sustainable development in all
learning programmes by 2025, to prepare learners to understand the current environmental crisis and
shape the world of tomorrow [1]. In the same report, the Organisation recommended that biodiversity
and climate change be considered, given that 2020 was the hottest year on record and that a million
species are under the threat of extinction because we are using more resources than the planet can
generate each year. Various models, based on satellite climate data, gaseous emissions and acid rain,
predict a rise in water levels in all oceans because of a global rise in temperature of 3°C (by 2100),
the frequency of heavy rainfall increasing the risk of flooding, the formation of urban ozone and
deforestation [2,3].

Globally, educational research is being mobilised to achieve environmental education
objectives, using various forms of approach, as evidenced by several works on the design,
implementation of sessions, teaching practices and teacher training in ESD, particularly on climate
change and its consequences [4-13].

Mali is also concerned by the global problem of global warming, both in terms of causes and
consequences [14]. But teaching and learning about the greenhouse effect in the Malian educational

system can only be done by exploring the disciplinary aspect [11]. This is because the greenhouse
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effect, an object of knowledge in environmental chemistry, is not yet an object of study in secondary
education. Thus, the greenhouse effect could be integrated into the theme of chemical bonding and
molecules according to the Lewis model. In addition to the curriculum constraints, the recent
introduction of the CBA at secondary level in 2011 could make teaching practice more complex,
with new recommendations for the implementation of problem situations, the scientific approach
and socio-constructivism. This is likely to cause trouble to teachers whose training tends to focus on
disciplinary knowledge in the strict sense, with little emphasis on didactics [15].

Hence our objective, which is to develop a didactic approach to chemical bonding that
incorporates the greenhouse effect. In the light of a few examples of work dealing with the
phenomenon in EE and ESD in general and specifically on the greenhouse effect, we will present
the results of the survey of teachers, the main stages in the co-construction of the resource (by two
trainees and the researcher) on chemical bonds in grade 10 integrating the greenhouse effect
phenomenon, as well as those in the session implemented by the trainee teacher. After
experimenting, the improved resource will be the subject to a concrete proposal for teaching practice

implementation, as well as research prospects.

PROBLEM STATEMENT AND THEORETICAL FRAMEWORK
Greenhouse gases emissions and their effects

Several environmental problems in Mali are related to the greenhouse effect, both in terms
of causes and consequences, like desertification and recurrent floods. In Mali, according to the
Ministry of the Environment, Sanitation and Sustainable Development, the economy is based on the
exploitation of natural resources, and their over-exploitation, pursuant to demographic growth

(3.36% per year), leads to the phenomenon of desertification coupled with the impact of climate
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change : repeated droughts, floods, strong winds, bush fires, destabilisation of the rainfall regime
[14]. The importance given to the problem of desertification is explained by the dangerous desert
encroachment, which has become a concern in the sub-region. A Permanent Inter-State Committee
for Drought Control in the Sahel (CILSS) was set up in 1973 to control this phenomenon.

Besides extensive livestock farming also emphasises the desert encroaching. Both types of
cattle farming, extensive and intensive, contribute equally to methane emissions, a gas whose
greenhouse effect is much greater than that of carbon dioxide and water vapour "molecule by
molecule". Cattle breeding is responsible for around 14.5% of global anthropogenic greenhouse gas
emissions, in the form of methane (44%), nitrous oxide (29%) and carbon dioxide (27%) [16]. These
farms produce beef and cow's milk (61%). While feed supplements and alternatives are still
controversial as a means of mitigating methane gas emissions from cattle, new and renewable
sources of energy are quite feasible [17].

Given that climate scenarios by 2100 predict an average temperature rise of 3°C and a 22%
reduction in rainfall across the country, Mali has revised its nationally determined contribution
(NDC) in order to meet the objectives of the 2015 Paris Agreement on climate change. Thus, Mali
government has participated in several initiatives, including that on the greenhouse effect. This
concerns CO» sequestration, reducing greenhouse gases by 31% for energy, 25% for agriculture,
39% for forests and 31% for waste [14]. In fact, Mali has had to contend with long periods of
heatwaves during the dry season for several years. Awareness campaigns are carried out during these
periods to ensure that old people drink water constantly. Timetables are also being changed in
elementary and secondary schools, so that students do not have to attend afternoon classes.

Like the rest of the world, Mali is also affected by the effects of climate change, with

recurrent heavy rainfall followed by floods [3]. As a result, the start of the 2021-2022 school year
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has been postponed from 1 October to 1 November. These increasingly frequent meteorological and
environmental conditions provide a conducive context for tackling EE and ESD at school, at all ages,
where learners would be receptive to understanding the anthropogenic causes and the issues at stake
for the present and the future, and would be involved in studying possible and sustainable solutions.
On the one hand, this requires teachers who are sufficiently trained to feel able to do this. On the
other hand, there is a need for an institutional framework that defines the content and procedures, at
school level, that will enable such education to be implemented and continue to promote it at
curricular level. To what extent do IFMs and High Schools contribute to this promotion?
Chemical bonds and molecules in IFM and high school

The IFMs train specialist and generalist student teachers. Generalists teach in the first cycle
of basic education (primary, grades 1 to 6), and specialists teach in the second cycle of basic
education (junior high, grades 7 to 9). The curricula of general secondary schools prepare students
for higher education. This explains, in part, why in 10th grade (age, 16-17) at secondary school, we
start with the microscopic (discontinuity of matter, atoms, elements and chemical bonds, chemical
reactions, etc.), whereas in Ist year [IFM we start with the macroscopic (immediate analysis:
decantation, filtration, distillation, analysis of water into hydrogen and oxygen gases, chemical
bonds, chemical reactions, etc.). The Lewis model is studied at both high school and IFM, where the
geometry of molecules is also specified. Teachers need to be trained in the teaching methods they
are supposed to use in the classroom. Otherwise, they will be inclined to teach as they have been
taught. However, the problem situation is still considered by general secondary teachers as a mere
hook or just to introduce the session [15]. There is not a great deal of work on the contextualisation
of chemistry teaching through environmental issues, given the dual importance of this

contextualisation. We present below a few that we feel are close to our aim.
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Some examples of work on the greenhouse effect

The existing work in the field of physical sciences is mainly focused on demonstrations and
modelling in terms of energy balances. Experiments have been carried out on the difference between
absorption and emission of infrared radiation, using an infrared detector; either directly by CO, or
by analogy using various materials [6,9]. All these experiments are in the macroscopic realm, which
in turn can become an obstacle, like confusion between the greenhouse effect and the phenomenon
of convection or conduction in gases [9]. For other students, oxygen, hydrogen and nitrogen are
greenhouse gases [13]. That’s why authors have suggested the use of the microscopic level (atoms
and molecules) in the context of climate change [10]. This allows to deal with interactions between
photons and molecules. On the other hand, authors drew up a table of molecules with their dipole
moment to explain the greenhouse effect, including N> (0), Oz (0) CHs (0), CO2 (0) and H>O (1.85)
[12]. Misconceptions can also arise here because carbon dioxide and methane, which also have a
zero-dipole moment, are greenhouse gases. However, the macroscopic and the microscopic, far from
being opposed, are rather complementary in the interrelation of the three levels of chemistry, for a
better understanding of this discipline and of the greenhouse effect phenomenon [18]. In this
interrelationship, the greenhouse effect phenomenon could go beyond the level of evocation and the
a-disciplinary character to become a real melting pot in which the concepts of chemistry can find a
didactic transposition that provides meaning to learning: this orientation requires specific
professional skills of the teacher.

That’s why we try to know to what extents do teachers integrate EE/ESD into their chemistry
teaching and learning?

According to what model do they think they can ensure the integration of EE/ESD into their

chemistry teaching/learning?
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How can this integration be achieved in the context of the CBA, in the case of the greenhouse
effect in grade 10 CG (common general)?
Environmental problems and theoretical trends

In the context of environmental problems, sixteen theoretical trends, including the
conservationist/resourcist, systemic and resoltic trends, have been described, in terms of aims
(problem-solving, systems thinking, conservation behaviour, etc.), approaches (cognitive,
pragmatic, etc.) and approaches (analysis of problem situations, system, problem-solving
experience, code of behaviour, management) [19]. In the context of integrating ESD into chemistry
lessons, we link the abovementioned theoretical trends to awareness-raising, systems thinking and
problem-solving, respectively. This leads to modelling activities. In fact, knowing a situation is about
representing it with a model [20]. This modelling consists of interpreting signs from the macroscopic
register (such as changes in colour, temperature, texture, gas release, etc.) by constructing new ideas,
establishing formulas, structures and links, chemical or mathematical equations, graphs or diagrams,
from the microscopic and symbolic register.

We are wondering about the tendency of teachers to provide EE and ESD, by subscribing to
one or other of these three theoretical trends. Therefore, it seems relevant to us to know their opinion
on this subject, in the name of their pedagogical freedom on the one hand, but also in the name of
their civic commitment and responsibility on the other hand. We assume that, in the absence of any
official framework for this issue from the public authorities, teachers will limit themselves to raising
awareness, for those who can/want to, in the same way as they themselves receive 'training'. We
know that it is not possible to add specific hours for ESD in curricula that are known, as everywhere
else in the world, to be always overloaded with regard to statutory time [21]. Hence the construction

of a resource integrating the greenhouse effect in the chemical bonding on the basis of declared

182




AJCE, 2025, 15(2) ISSN 2227-5835

practices. The aim of this integration is to enable a relevant ESD that goes beyond a simple sporadic
mention, and in return a better understanding of the chemistry concepts involved. This would

contribute to restore the image of chemistry and attract more students to it.

METHODOLOGY

We used the methodology of didactic engineering: access, by survey, to the declared
practices of teachers and a priori analysis, design of the resource by co-construction, implementation
of the resource, a posteriori analysis and improvement of the resource.
Target Participants and survey location

Our target participants for the survey consisted of 70 secondary school physics and chemistry
teachers, all volunteers, 50 of whom worked in high schools and 20 in IFMs (as teacher trainers).
These teachers work in high schools and IFMs in the towns of Kayes, Koulikoro and Sikasso, the
Ist, 2nd and 3rd Regions respectively, as well as in the District of Bamako, the capital city of Mali
(chosen for convenience).
Survey instruments

Our survey instruments are paper/pencil questionnaires. All questions are closed-ended,
"Yes" or "No", except for questions Q5 and Q6 (Table 2). Some of the questions are common, while
others are not, due to the different curricula at the two levels of education. The following two tables

list the questions in our questionnaire.
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Table 1: Questions addressed to secondary school teachers.

Common questions addressed to teachers
Q1. Have you received training in environmental education? yes U non U

Q2. Do you have any textbooks or teaching guides that deal with environmental education? yes
U non U

Q3. Can environmental problems be used to promote students' understanding of chemistry? yes
U non U
Q4. Is climate change linked to :

Q4.1. Rising global temperature? yes 4 no U

Q4.2. Deforestation? yes 4 no 4

Q4.3. Acid rain? yes 4 no U4

Q4.4. Extensive cattle breeding? yes 14 no U
Q4.5. Intensive cattle breeding? yes 14 no U

Table 2: Questions addressed to IFM teachers.

Questions for IFM teachers (teacher trainers)
Q5. What integration strategies do you use in EE?
Q6 What problems do you raise during the following sessions?
Q6.1. Immediate analysis in 1st year [IFM? yes 4 no U
Q6.2. Fertilisers in 2nd year IFM? yes 4 no U
Q6.3. Natural water in 3rd year IFM? yes 4 no U

Conduct of the survey and data analysis
The survey was carried out using the resources available: the forms handed in on site were
collected three days later, while those sent by post to the regions were collected by post a week after

they had been sent. Data analysis is based on quantitative and qualitative data processing.

Co-construction of the resource and its implementation

After a week, two trainee teachers (TT1 and TT2) drew up a three-hour sequence sheet, which
the teacher-researcher-trainer (TRT) helped to develop during three-way discussions. These
discussions were led by the TRT. They focused on the choice of topic (chemical bonding), linked to

the progress of the programme at secondary school level, the prerequisites on the origin of carbon
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dioxide (carbon cycle) and the Lewis structure of atoms, the PS and its implementation according to
the CBA. The idea was to provide them with a finalised example of PS, as well as extracts from what
had taken place in class, so that they would know how to improve it and optimise management and
learning. The choice of the two ES was explained by the fact that, out of those who had received
teaching on environmental chemistry and CBA during their initial training, but not on the
disciplinary integration of ESD, they were the only ones in charge of grade 10 CG. The TRT and
TT2 attended the session implemented by TT1. The class consisted of 36 students (aged 15-16),
divided into six groups. TT1 distributed Table 3 sheets in and the PS below. He then got the students
to establish the Lewis structures of molecules from those of the atoms they had already established
in the previous session on the Periodic Classification of the Elements, and to define chemical bonds

and types of bond.

Table 3: (to be completed) Lewis structure of the molecules.

Gas Greenhouse Molecular name and Lewis structure of
effect formula molecules

Hydrogen No HydrogenH. ...
Chlorine No ChlorineCL, ...
Oxygen No DioxygenO. ...
Nitrogen No Nitrogen N> ...
Hydrogen Yes Hydrogen fluoride HF ...
fluoride

Carbon dioxide Yes Carbon dioxide CO, ...,

PS. According to the table, H>, Clz, O2 and N; are molecular formulae for gaseous substances
that do not have a greenhouse effect. On the other hand, HF, CO; and H>O are molecular formulae
for greenhouse gases, i.e. they store heat and increase the temperature of the planet Earth. Q1. What
is the difference between the Lewis structures of the molecules of these two categories of gas? Q2.
How can we reduce carbon dioxide emissions from fossil fuels and firewood? Q3. Why do you think

that it is necessary to reduce carbon dioxide emissions, unlike water vapour? The students were
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asked to fill in Table 3 and answer the questions in the MS before receiving a document on the

greenhouse effect.

We present and discuss the following: the results of this survey, the three-way discussion
between the ECF and the ES during the co-construction of the resource on integrating the greenhouse

effect into chemical bonding.

RESULTS
Results of the survey

The answers to each of the questions are presented individually before being discussed.
How many teachers had received training in environmental education (Q1)

40% of the teachers surveyed (13 from secondary schools and 15 from [FMs) said that they
had received training in environmental education. On this basis, we think that they would be in
favour of integrating ESD into chemistry lessons and would have fewer difficulties than the other
60% and would be better able to do so in their classes. But nothing is certain, and at this stage of our

survey it is not possible to say it for sure.

Are there any school textbooks or teaching guides dealing with environmental education (Q2)

50 high school teachers out of 50 and 11 IFM teachers out of 20 stated that they did not have
any textbooks on the environment, i.e. more than 87% of the teachers surveyed. This result is not
surprising, given the absence of an institutional framework in which textbooks would have been a
link in the chain of didactic transposition in high schools, and a pedagogical resource for teachers at

this level.
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Do teachers use environmental problems to promote students' understanding of chemistry (Q3)?
To this question, 42 out of 50 high school teachers and all the 20 IFM teachers answered in
the affirmative. These results show that more than 88% of the 70 teachers surveyed support the idea

of integrating ESD in chemistry as a didactic contextualisation of chemical contents.

What links do teachers make between climate change and global warming (Q4.1), deforestation
(04.2), acid rain (Q4.3), extensive livestock breeding (Q4.4), intensive livestock breeding (Q4.5)?

These questions were addressed to the 50 secondary school teachers. Regarding the climate
change, 98% linked it to rising temperatures and deforestation respectively; 62% to acid rain; 46%
to extensive livestock breeding and 38% to intensive livestock breeding. This last result, which was
not expected, can be explained by the emission of methane, a greenhouse gas, by cattle breeding.

Rising temperatures and acid rain has an impact on plant cover and alters biogeochemical cycles.

Integration strategies used by IFM teachers (Q5)
We have already emphasised the importance given to EE training in IFMs. Out of the 20
teachers surveyed, 85% stated that they used integration strategies by addition and partial integration

for raising awareness of environmental pollution.

Do teacher trainers raise student teachers' awareness of ESD using immediate analysis (06.1),
fertilisers (Q6.2) and natural water (06.3)?

These questions were addressed to IFM teachers, in line with the programmes they were
implementing. The environmental problems raised in connection with these sessions are: turbid
waters (Q6.1); soil acidification (Q6.2) and the greenhouse effect (Q6.3). For the first two results,
turbid water is a serious problem at the start of the rainy season, which is torrential; soil acidification

in the cotton-growing zone, where large quantities of fertiliser are used, is always a topical issue.
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All of these results are at the level of teachers' declarations. teachers' support for integrating
ESD and the absence of an institutional framework. It was with this in mind that we wanted to draw
up a proposal for resources.
Design and planning of the session on chemical bonds integrating the greenhouse effect

The following are some extracts from these activities after the choice of chemical bonding

as the topic for integrating the greenhouse effect phenomenon.

[TRT]: [addressed to TT1] the first activity on your sequence sheet is as follows: define the chemical
bond. The second is to do a partial synthesis based on these definitions. But how do you think the
students would manage to give such a definition straight away?

[TT2]: If they've done some research beforehand.

[TRT]: so, we need to get them to build the model, which will enable them to give a definition. But
to do this, what prerequisites will you need?

[TT1]: the distribution of electrons in the shell K, L, M, etc.

[TRT]: but this model seen in the 9th year of basic education (14-15 years) is replaced by the
electronic configuration using the quantum numbers and the orbitals. What other prerequisites are
needed to deal with polarised bonds, for example?

[TT1]: the Lewis structure of atoms to establish that of molecules and the electronegativity of
elements.

[TRT]: How then can the greenhouse effect be explained on the basis of chemical bonding? How
will the session be implemented in line with the CBA?

[TT1]: Explanation based on CO; and the CBA by focusing the learning on the pupils.
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[TRT]: Excess anthropogenic carbon dioxide is a crucial example because it is responsible for global
warming. There are other greenhouse gases, although their discharge shafts cannot be developed at
this level; the example of water vapour is also necessary.

[TT2]: This can be done from the types of bond or molecules.

[TRT]: This is not an easy approach. In the Lewis model, oxygen has a double bond, but oxygen is
not a greenhouse gas, unlike hydrogen fluoride, which has a single bond and is a greenhouse gas.
Similarly, oxygen is made up of identical atoms, whereas ozone, which is a greenhouse gas, is also
made up of molecules of identical atoms. The difference in electronegativity (polarization) is
therefore the key to separating the two molecules. But what are the centring variables in the CBA
that need to be taken into account?

[TT1 and TT2]: the problem situation based on conceptions, group work, investigation, formulation
of hypotheses and their validation.

Sequence of events
TT1 first asks the students (stu) to draw up the Lewis structures of various atoms (these are
the atoms in Table 3). He puts together the two single electrons of the two Lewis structures of the

chlorine atoms by drawing a hyphen.

[TT1] What I've just done is a chemical bond. So, who can define a chemical bond?

[stul]: A chemical bond is the union of two electrons, each belonging to a different atom.

Next: groups of 6 pupils were formed; he distributed the sheets (Table 3 and PS) to the different
groups to fill in as they went along; the first instruction concerned the establishment of the Lewis
structures of the other molecules by entering them in Table 3 as they went along; the second
concerned the number and nature of the bonds in the molecules, while proceeding with the

institutionalisation each time. He then addresses the class.
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[ES1]: Who has heard of the greenhouse effect or global warming? What is it?

[stul]: me.

[TTI]: Who else? Yes, you.

[stu2]: We also talk of climate change, of extreme heat.

[TT1]: Fill in the last column of the table on the log and define the greenhouse effect, which is
question 1 of the PS. (Moving between the groups).: Haven't you understood? Then look at the Lewis
structures of the molecules of the different gases. Is there any difference in electronegativity between
the atoms? Then, what is the difference between the two types of gas? The representative from each
group will go over and report their results on the board.

During the pooling of results, the greenhouse effect was interpreted in terms of the electronegativity

difference of molecules (trioxygen, O3).

DISCUSSION
Teachers' declared practices

The questions addressed to high school and IFM teachers throughout this research are
intertwined in environmental chemistry, through greenhouse effect phenomenon [21-25].

For example excessive logging of wood for energy purposes leads to deforestation; burning
wood produces carbon dioxide; excess carbon dioxide increases the greenhouse effect and the
formation of acid rain; acid rain destroys vegetation, hence the initial deforestation; cattle rearing
also leads to deforestation and produces methane, a greenhouse gas; the greenhouse effect, by
increasing global temperature, leads to climate change, which in turn leads to heavy rainfall and
flooding; and excess fertiliser, washed away by run-off, finds its way into natural waters, where the

resulting salinisation through eutrophication threatens aquatic life.
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Mahaffy et al., came to the same conclusions: integration of ESD into chemistry courses
based on climate change, such as gases (greenhouse effect) and acids and bases (acidification of
oceans by carbon dioxide) [26]. Their declared practices regarding the integration of ESD,
highlighting the contextualisation of their teaching with environmental issues, justify the importance
of our project, which advocates systematic teacher training in this area. In fact, training in the CBA,
an official local requirement, and in ESD, a UNESCO recommendation (2021), is the main lever for
integrating ESD. However, 60% of them say that they have not received any environment-related
training. This would have enabled them to achieve two fundamental objectives at the same time:
share the concepts of chemistry experience with their pupils in a concrete and meaningful way, and
educate about the environment and sustainable development. Anyolo et al., got at a similar result
from a survey on the practices of nine secondary school teachers in Namibia [27]. These teachers
stated that they had received no training in ESD or in approaches to teaching it. This is a barrier to
the schooling of ESD issues.

Mining drainage did not appear in the responses, nor did the other environmental problems
associated with mining. This phenomenon can be explained by the fact that the (elementary)
treatment of ores by coating or magnetic sorting is studied in the IFMs, without taking the
environmental impact into account. The toxic effect of heavy metals on flora, fauna and the human
body has been proven [27].

School textbooks that deal with environmental education, as teaching resources, are in turn
levers for integrating ESD into subject courses. For efficiency reasons, these textbooks may not be
purchased. The fact that 85% of teachers say they are raising awareness among their students shows
their awareness of these problems, their civic responsibility and their desire to make their students

aware of their responsibilities. In this case, changing practices from simple awareness-raising to
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genuine didactic contextualisation requires an official framework and a form of training engineering

to support teachers. That's why we proposed that teachers experiment with a co-constructed resource.

Session implemented: benefits and difficulties observed

The momentum of the class was not affected by the presence of the TRT and the second TT,
because the students were used to seeing the supervisors during this internship period. The same
approach was adopted by a trainee on pH-metric modelling of acid-base determination in the SE
final year class [28]. In the past, outside the training periods, we have given preference to video
recording [29]. The session focused on the chemical bond that makes it possible to explain, at the
microscopic level, the macroscopic phenomenon of the greenhouse effect. Experiments on the
greenhouse effect, linked to the nature of materials, were designed by authors in the physical sciences
[6,9, 10, 29]. These experiments highlighted the greenhouse effect and its variation as a function of
radiation intensity. Our work therefore appears to be complementary to this work, because of the
explanatory nature of the differences linked to the nature of the molecules.

In fact, homonuclear diatonic such as oxygen (0,), hydrogen (H,), chlorine (Cl,), or nitrogen
(N,), are those of gas that do not have any greenhouse effect. Infrared spectroscopy and
asymmetrical elongation vibration types or chemical bond angle deformation are not part of the high
school curriculum. It is therefore not possible to explain the ranking, from molecule to molecule, by
the following descending order: CH4> CO2> H>O. The proposals that the students have to complete
are therefore based on the difference in electronegativity of the atoms in the molecules. The bonds
in the molecules presented in the table filled in by the students are studied in the grade 10 high school
and 1st year IFM. They have therefore been chosen on this basis.

Difficulties with integration during this session meant that question 3 could not be answered:

unlike carbon dioxide, water vapour condenses. In IFM, this question can be integrated into the study

192




AJCE, 2025, 15(2) ISSN 2227-5835

of steam tensions. There were also difficulties with learner-centredness (CBA): TT1 should have
asked the groups of students to explain (imagine) how the atoms in the molecules (whose formulae
are given in the table) are intertwined? This autonomy, given to the students, would lead to critical
thinking on their side, which would in turn lead to various proposals. These could relate to the
number of bonds, the types of bonds, identical or non-identical atoms, the phenomena of repulsion
between electrons or attraction between electrons and protons, the difference in electronegativity
between atoms, and so on. The first approach led ES1 to guide the students on the difference in
electronegativity. Similar works have shown that instructions can be a source of difficulty for trainee
teachers [30]. Although this experiment was the very first for both TT1 and the students, it was a

success in terms of didactic contextualisation of chemistry by environmental problems.

CONCLUSION

In the Malian context, marked by immeasurable and worsening environmental problems
affecting natural resources and public health, EE and ESD are more than necessary, they are essential
for the present and the future. Although Mali is politically committed to including UNESCO's SDGs
in its political and educational priorities, the curriculum does not yet reflect this commitment. Yet
schools are an excellent vehicle for tackling these issues, to train generations of citizens who are as
aware as they are competent, capable of meeting the challenge of preserving the environment on a
national scale and contributing to sustainable development on a wider regional and global scale. As
these problems are multifaceted and multifactorial, they can be tackled in different school
disciplines, such as the physical and chemical sciences, life and earth sciences and the sciences of
the universe, history and geography, and so on.

In this vein, Sund et Gericke studied how science, social science and language teachers can

contribute to teaching ESD within teams of teachers in a cross-curricular context [31]. The teachers,
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benefiting from pedagogical freedom, are thus surrounded by numerous concrete situations, well
known to the students, that can contextualise the CBA that is recommended in the Malian
curriculum. In this context, we wanted to find out to what extent physics and chemistry teachers
contextualise their teaching in this way. Using the paper-and-pencil questionnaire, we were able to
access their declared practices, in which they appear to talk to their students about pollution
problems. This shows their awareness of environmental problems and their susceptibility to take on
a scientific and general interest role by including them into their teaching.

While waiting for these issues to be officially integrated into the curriculum, in agreement
with UNESCO’s ESD for 2030, teacher researchers have a forward-looking role to play in the
professionalization of teachers, by thinking about ESD training in the curriculum. Concerted
reflection between research and teaching practice could lead to interesting proposals. In fact, by
administering such a questionnaire to teachers can have an awareness-raising and reminder effect,
stimulating their desire to do better and their didactic creativity.

Besides, as teacher trainers and researchers in the didactics of science, we have implemented
didactic engineering on the phenomenon of the greenhouse effect integrated into the session on
chemical bonding in grade 10 GC. This meets the three dimensions of teaching, namely the 'what'
(content: precise concepts), the 'how' (methods: problem-solving approach including CBA) and the
'why' (precise objectives: development of embedded skills relating to ESD, based on knowledge of
chemistry). It did not require any specific adjustments, either in terms of additional timetable volume
or official content. The next stage of our research is to propose this resource to high school and IFM
teachers to study its acceptability, in the form of in-service training in the subject, as recommended

in green chemistry [32]. The development (through didactic transposition) of resources on
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environmental chemistry that integrate ESD and their implementation will certainly pave the way

for the establishment of official documents to accompany its integration.

Finally, this study has certain limitations, inherent to its objectives, which further research

could take into account: extending the survey tool to other teachers in other regions and to students

in order to assess the relationship between what teachers think they do and say in class and what

students perceive, on the one hand, and what they wish to deal with in class as an issue, on the other

hand. Reaching out to students' interest in teaching is a good way of ensuring their motivation and

promoting the learning and skills they are aiming for.
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ABSTRACT

Africa’s burgeoning youth population, rich indigenous knowledge, and urgent
developmental needs position chemistry education as a pivotal driver of sustainable growth in the
21% century. This review examines the continent’s chemistry education landscape, revealing a
paradox of resilience and systemic inequity. While enrollment rates have risen, access to quality
education remains fragmented, with urban-rural divides, gender gaps, and colonial-era curricula
stifling progress. Yet, Africa’s dynamism shines through grassroots innovations including virtual
labs in Rwanda, ethno-chemistry integration in Ghana, and mobile learning in Kenya, that redefine
pedagogy through technology and cultural relevance. The analysis underscores the potential of pan-
African collaboration, industry-academic partnerships, and digital leapfrogging to align education
with global sustainability agendas like the SDGs. However, formidable challenges persist:
underfunded infrastructure, brain drain, and political instability threaten to undermine
advancements. The review calls for urgent, context-sensitive reforms such as decolonizing curricula,
scaling gender-responsive STEM policies, and prioritizing infrastructure investments to transform
chemistry education into a catalyst for equitable development. By leveraging Africa’s demographic
dividend and indigenous ingenuity, stakeholders can empower a generation to tackle local challenges
in healthcare, energy, and environmental sustainability while positioning the continent as a global
hub for inclusive scientific innovation. This review serves as a roadmap for policymakers, educators,
and international partners to bridge aspiration and action in Africa’s chemical sciences renaissance.
[African Journal of Chemical Education—AJCE 15(2), July 2025]
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1. INTRODUCTION

In the 21% century, chemistry education has emerged as a pivotal catalyst for fostering
scientific literacy, driving technological innovation, and advancing the principles of sustainable
development, as annotated in Fig. 1, particularly in regions contending with intricate socioeconomic
and environmental challenges. The continent’s rapid population growth—projected to account for
25% of the global population by 2050 [1] amplifies the need for scalable, context-sensitive
educational frameworks. However, there are disparities in persistence. Urban-rural divides in access
to laboratories and digital tools [2], gender gaps in STEM enrollment [3], and curricula that often
prioritize colonial-era Eurocentric content over local applications [4] continue to hinder progress.
For instance, a 2021 UNESCO report revealed that 37% of Rwandan secondary schools have
functional chemistry labs [5], while internet penetration for e-learning remains below 30% in most
Sub-Saharan countries [6]. Meanwhile, the COVID-19 pandemic exacerbated existing inequalities,
exposing the fragility of under-resourced education systems and catalyzing debates on the role of
hybrid learning models in science education [7].

Emerging reports highlight promising innovations that offer a roadmap for reimagining
chemistry education across Africa. Initiatives such as the deployment of virtual laboratories in South
Africa [8], mobile learning platforms like Kenya’s Eneza Education [9], and the curricular
integration of indigenous knowledge systems, such as ethno-chemistry in traditional medicine and
agroecological practices [10], underscore the continent’s growing capacity for contextually
grounded, innovative educational models. Complementing these grassroots efforts, pan-African
initiatives such as the African Union’s Science, Technology, and Innovation Strategy for Africa

2024 (STISA-2024), along with international partnerships like the Royal Society of Chemistry’s Pan
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Africa Chemistry Network (PACN), are advancing cross-border collaboration, research, and
capacity-building in the chemical sciences.

Despite encouraging developments, significant structural challenges persist. The ongoing
brain drains of skilled educators, chronic underinvestment in research and development, Africa
allocates only 0.45% of its GDP to research and development compared to the global average of
1.7% [11], and recurrent political instability in regions such as the Sahel and the Horn of
Africa.Africa collectively undermine sustained progress. While the United Nations Sustainable
Development Goals (SDGs), particularly SDG 4 (Quality Education) and SDG 9 (Industry,
Innovation, and Infrastructure), offer a strategic blueprint for advancing science education, their
localized implementation across the continent remains uneven and often fragmented [12, 13].

This review synthesizes contemporary literature published between 2015 and 2023 to chart
the dynamic evolution of chemistry education in Africa within the broader context of 21 century
through an examination of regional disparities, technological innovation, and policy interventions.
Enhancing chemistry education in Africa requires a multifaceted approach. This involves
decolonizing curricula to reflect local contexts and knowledge systems, and embracing digital
leapfrogging to overcome infrastructural challenges. Equally important is fostering strong
collaborations among academic institutions, industry stakeholders, and community organizations to
drive innovation and ensure that educational advancements are grounded in local realities. By
integrating these strategies, policymakers, educators, and development partners can unlock Africa's
scientific and educational potential in an era of both significant challenges and transformative

opportunities.
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Fig. 1: Chemistry Education: A catalyst for Development in Africa [14]

Methodologically, the review adopts a systematic and multidisciplinary approach to
examining 21% century chemistry education in Africa. It integrates both quantitative and qualitative
data drawn from peer-reviewed literature accessed through databases such as Web of Science,
Scopus, Google Scholar, and African Journals Online, as well as relevant grey literature, including
reports from UNESCO, the African Union, and the World Bank. The search strategy prioritized
publications from 2015 to 2023, with a particular focus on post-2018 studies aligned with the
Sustainable Development Goals (SDGs). Keywords included “chemistry education Africa,” “STEM
equity,” and “decolonial pedagogy in chemistry”. To ensure broad continental representation, the

review incorporates case studies from all five African regions. Exclusion criteria were applied to
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omit non-empirical studies, non-English publications lacking translation, and literature predating
2015, except where foundational historical context on colonial legacies was necessary.
1.1. The Strategic Importance of Chemistry Education

Initiatives such as the Young Scientists of Africa exemplify this potential, empowering youth
to drive innovation in agro-processing and renewable energy sectors, addressing unemployment,
energy poverty, and food security simultaneously [15]. At a macro level, chemistry education aligns
closely with the Sustainable Development Goals (SDGs). It supports medical advancements for
diseases like malaria (SDG 3), drives clean energy innovation through biofuel projects in Kenya
(SDG 7), and contributes to climate action through green chemistry curricula, as seen in Morocco
(SDG 13). On a national scale, African institutions are already demonstrating the transformative
power of chemistry. For instance, Uganda’s Makerere University has pioneered low-cost HIV
diagnostics, while Nigerian student-led innovations in biodegradable packaging from cassava waste
offer scalable solutions to plastic pollution. At the global level, Africa is increasingly asserting its
scientific presence through projects such as Ethiopia’s antimalarial plant-based research [16] and
South Africa’s ambitious green hydrogen initiatives [17], both of which contribute meaningfully to
global sustainability efforts.

Equally important is the integration of indigenous knowledge systems into chemistry
curricula. Examples include Ghana’s use of traditional medicine and the Maasai’s metallurgical
practices, which provide culturally relevant content that bridges scientific theory with community-
based knowledge. Such contextualization not only enriches the learning experience but also
enhances cultural identity and local ownership of scientific progress. To fully realize these
opportunities, chemistry education must be anchored in Africa’s unique ecological, industrial, and

socio-economic realities. By prioritizing innovation, equity, and global collaboration, African
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nations can cultivate a generation of chemists equipped to tackle local challenges while contributing
to the broader scientific discourse of the 21st century. Chemistry education serves as a linchpin for
Africa’s scientific, economic, and social transformation in the 21st century. As a foundational pillar
of STEM (Science, Technology, Engineering, and Mathematics), it equips learners with the
analytical and practical skills to innovate across disciplines, from materials science and
biotechnology to renewable energy and climate resilience. By fostering critical thinking and
problem-solving skills, it empowers youth to tackle pressing challenges while driving
industrialization and technological self-reliance.

1.1.1. Catalyst for STEM Advancement

Chemistry’s inherently interdisciplinary nature positions it as a foundational pillar across
STEM domains, linking engineering, medicine, and environmental science. This integrative capacity
is increasingly being harnessed to drive innovation and socio-economic development across Africa.
The Young Scientists of Africa initiative, for example, utilizes chemistry-focused curricula to spur
youth-led advancements in agro-processing and waste-to-energy technologies, directly confronting
challenges such as unemployment and energy poverty in Nigeria [18]. Similarly, South Africa’s
Decadal Plan for Science, Technology, and Innovation underscores the strategic importance of
chemistry education in strengthening national capacity in advanced manufacturing and mining
sectors critical to economic diversification and resilience [19, 20].

Despite these efforts, the continent continues to face a pronounced shortage of STEM
professionals. Africa contributes a mere 2% to global scientific research output [21], reflecting both
systemic underinvestment and the need for targeted educational reforms. Strengthening chemistry
education, therefore, is not only a pathway to bridging the STEM gap but also a prerequisite for

cultivating homegrown scientific leadership and innovation.
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1.1.2. Enabler of Sustainable Development

Chemistry education is a key enabler of sustainable development, intersecting with multiple
Sustainable Development Goals (SDGs) and offering tangible solutions in health, energy, and
environmental sectors. In the context of SDG 3 (Good Health and Well-being), training in medicinal
chemistry and drug discovery is vital for addressing persistent health burdens such as malaria and
HIV/AIDS in Sub-Saharan Africa. A notable example is Ghana’s Kwame Nkrumah University of
Science and Technology, which integrates chemistry into clinical research to advance diagnostics
and localized treatment options through the study of antimalarial plant compounds [22].

For SDG 7 (Affordable and Clean Energy), chemistry underpins electrochemical innovation
and renewable energy development. Kenya’s M-KOPA Solar program equips chemists with the
skills to develop decentralized, off-grid solar technologies for low-income households [23], while
Tanzania’s BioEnergy Africa project applies catalytic chemistry to produce sustainable biofuels
tailored for rural communities [24]. In advancing SDG 13 (Climate Action), green chemistry
education is gaining traction across African universities. Curricula increasingly incorporate
sustainable practices such as carbon capture, biodegradable materials, and plastic upcycling,
equipping students with practical tools to address both local environmental issues and global climate
imperatives [25]. By embedding SDG-aligned content into chemistry education, Africa not only
tackles urgent regional priorities but also contributes meaningfully to global sustainability. This
localized yet globally resonant approach highlights the transformative power of chemistry education
as both a development tool and a vehicle for scientific diplomacy.

1.1.3. Addressing Local and Global Challenges
Chemistry education plays a critical role in equipping African societies to tackle a spectrum

of urgent local and global challenges across healthcare, environmental sustainability, and energy
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access. In the health sector, advancements in analytical chemistry and pharmaceutical sciences have
enabled context-relevant innovations. At Uganda’s Makerere University, for instance, researchers
have developed low-cost HIV diagnostic kits using locally sourced reagents, significantly reducing
reliance on imported materials and expanding access to essential health services [26]. Increasingly,
ethno-chemistry is being integrated into higher education curricula, bridging indigenous knowledge
systems with scientific research. This approach has catalyzed the development of novel antimalarial
therapies based on traditional medicinal plants such as Artemisia annua, enhancing both cultural
relevance and pharmaceutical innovation [27]. In the realm of environmental sustainability,
chemistry-driven innovation is helping address ecosystem fragility and plastic pollution. Students at
the University of Kyambogo in Tanzania, for example, have created biodegradable packaging from
cassava waste, an initiative that not only mitigates plastic use but also promotes circular bio-
economies and supports food security [28]. In Botswana, the Okavango Delta Conservation Project
has deployed chemists trained in environmental monitoring to analyze industrial effluents and
preserve freshwater ecosystems threatened by runoff and pollution [29].

In a significant stride towards sustainable energy solutions, a UK-led consortium is
pioneering the development of perovskite solar modules (PSMs) tailored for tropical climates across
Africa. The Resilient Renewable Energy Access Through Community-Driven Holistic Development
in Perovskite Solar Module Manufacturing (REACH-PSM) initiative, spearheaded by Swansea
University and funded by the UKRI Ayrton Challenge Programme, brings together academic
institutions such as Kenya’s Strathmore and Egerton Universities, Nigeria’s Federal University of
Technology Owerri, and South Africa’s University of Cape Town, North-West University, and

University of KwaZulu-Natal. This collaborative effort aims to establish Africa’s first full-scale
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demonstration of next-generation solar manufacturing, focusing on scalable, cost-effective
alternatives to traditional photovoltaics [30].

Concurrently, South Africa's Hydrogen South Africa (HySA) initiative is fostering the
growth of a new generation of chemists through advanced electrochemical training programs. These
programs are designed to scale green hydrogen production, particularly to serve off-grid rural
communities. HySA's efforts include demonstration projects, such as the deployment of a 2.5kW
fuel cell system powered by renewable hydrogen at Poelano High School in the North-West
province, showcasing the viability of clean energy solutions in areas lacking reliable electricity
access [31]. Collectively, these initiatives illustrate how chemistry education, when locally
contextualized, can empower African innovators to design sustainable, culturally relevant, and
scientifically robust solutions to interconnected development challenges
1.2. Cultural Relevance and Global Competitiveness

Africa's diverse indigenous knowledge systems, ranging from Nigeria’s traditional dyeing
techniques to Maasai metallurgy, present a largely untapped pedagogical reservoir for
contextualizing and enriching chemistry education. Integrating these culturally embedded practices
into modern curricula enhances both engagement and relevance, fostering a learning environment
that resonates with students’ lived experiences [32]. For instance, Senegal’s Ecole Supérieure
Polytechnique has embedded cashew nut processing into organic chemistry modules, transforming
a local agro-industry into a platform for applied learning and entrepreneurship [33].

The case for strengthening chemistry education in Africa is therefore multifaceted: it serves
as a catalyst for STEM-driven economic growth, a cornerstone of sustainable development, and a
strategic vehicle for solving both localized and transboundary challenges. Yet, to unlock this

transformative potential, chemistry curricula must be deliberately designed to reflect Africa’s
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ecological richness, economic aspirations, and cultural specificity. Anchoring science education in
innovation, cultural relevance, and global scientific collaboration will not only empower learners
but also position Africa as a proactive contributor to 21 century scientific progress, shifting its role
from knowledge consumer to global knowledge producer.
1.3. Contextualizing chemistry curricula to African Schools

Any meaningful discourse on chemistry education in Africa must be situated within the
continent’s broader sociocultural, historical, and demographic contexts. Africa’s extraordinary
heterogeneity, shaped by colonial legacies, linguistic diversity, and rapid population growth,
demands context-sensitive educational strategies that are locally anchored yet globally informed.
Addressing this complexity is critical to designing responsive chemistry education systems that are
equitable, resilient, and future-ready.
1.3.1. Diversity as a Dual Challenge and Opportunity in African Chemistry Education

Africa’s unparalleled diversity, encompassing 54 nations, over 2,000 languages, and
ecosystems ranging from arid deserts to biodiverse rainforests, presents a dual challenge and
opportunity for advancing chemistry education. Culturally, indigenous knowledge systems, such as
Ethiopia’s ethnobotanical practices in traditional herbal medicine and the Dogon people’s
metallurgical expertise in Mali, provide culturally resonant frameworks to contextualize chemical
principles. However, curricula dominated by colonial languages (English and French for instance)
often marginalize rural learners, exacerbating educational disparities. Evidence-based interventions,
such as Tanzania’s bilingual STEM programs (Swahili and English), have demonstrated enhanced
comprehension and knowledge retention among students [34], highlighting the pedagogical

imperative of linguistic inclusivity.
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Africa's chemistry education landscape is marked by pronounced regional disparities. In
North Africa, universities benefit from relatively robust funding and infrastructure. Conversely,
many Sub-Saharan institutions grapple with limited resources, impeding the adoption of modern
pedagogical approaches. Francophone countries, such as Senegal, often retain colonial-era
educational frameworks, which can hinder the integration of contemporary, student-centered
methodologies. In contrast, Anglophone nations like Kenya have initiated reforms, notably the
Competency-Based Curriculum (CBC) introduced in 2017, aiming to enhance critical thinking and
practical skills among learners [35].

Africa's abundant natural resources present unique opportunities to tailor chemistry curricula
to regional ecological and industrial contexts. For instance, the Department of Chemistry at Kwame
Nkrumah University of Science and Technology (KNUST) in Ghana offers programs that
encompass various sub-disciplines of chemistry, providing students with hands-on experience and
research opportunities. Such initiatives equip graduates with the skills necessary to address
challenges in sustainable resource extraction and environmental management [36]. To harness this
diversity, systemic decolonization, linguistic pluralism, and regionally tailored pedagogies are
essential to align chemistry education with Africa’s ecological and industrial realities.

1.3.2. Colonial Legacies: Structural Inequities and Curricular Misalignment

The enduring impact of colonialism continues to shape chemistry education in Africa through
systemic inequities and curricular disconnects. Colonial-era curricula, designed to prioritize
Eurocentric knowledge, remain entrenched, emphasizing abstract theories, such as the atomic
structure, over contextually relevant applications such as agro-chemistry for smallholder farmers, a
disconnect underscored by movements like South Africa’s “Science Must Fall,” which advocates

integrating indigenous practices like Zulu fermentation techniques into STEM education [37].
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Infrastructure deficits rooted in colonial neglect persist. For instance, Nigerian universities face
overcrowded laboratories, while rural Mozambican schools lack basic reagents, stifling experiential
learning. Linguistic hierarchies further alienate non-elite populations where Rwanda’s 2008 shift to
English-medium instruction fostered global integration, marginalized Francophone educators and
students, revealing tensions between modernization and inclusivity [38]. These legacies demand
decolonial reforms that recenter African epistemologies, prioritize multilingual instruction, and align
curricula with local socio-economic needs.
1.3.3. Demographic Dynamics: Balancing Potential and Peril

Africa’s demographic surge, projected to reach 2.5 billion by 2050, with 60% under 25 [1],
poses critical challenges and opportunities for chemistry education. The youth bulge offers a
potential innovation dividend, exemplified by the mobile learning platforms, such as Zambia’s
Eneza Education that democratize access to chemistry content in underserved regions. However,
rapid population growth strains infrastructure. Uganda’s Makerere University, for instance, enrolls
35,000 students despite a 5,000-student capacity, severely limiting laboratory access [39]. Labor
market mismatches further complicate this trajectory as exemplified with 30% of Algerian chemistry
graduates face unemployment due to skills gaps [40], while urban-rural divides persist. Urban hubs
like Nairobi benefit from specialized training, yet rural vocational schools lack essential equipment.
Strategic investments in infrastructure, industry-aligned curricula, and rural STEM equity are
imperative to transform this demographic wave into an engine of sustainable development.
1.3.4. Decolonial Innovation: Pathways to Equitable Transformation

Addressing Africa’s educational paradoxes requires leveraging its diversity as a catalyst for
innovation. Botswana’s Chemistry for Community Development program aligns curricula with local

industries like diamond processing, while Cameroon’s University of Yaoundé collaborates with
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traditional healers to document the chemistry of medicinal plants, like the Prunus africana, bridging
indigenous and academic knowledge [41]. Decolonial pedagogical shifts, such as Kenya’s
competency-based curriculum (CBC), prioritize applied skills like water purification over rote
learning. South-South collaborations, Nigeria’s partnership with India on affordable lab equipment,
offer alternatives to Eurocentric models, emphasizing tropical climate resilience. Rwanda’s
collaboration with BioNTech to train graduates in mRNA vaccine production exemplifies education
aligned with emergent healthcare industries [42]. Digital leapfrogging, via virtual labs such as the
South Africa’s Labster and Al-driven tutoring tools in Ghana, mitigates infrastructure gaps. These
strategies, grounded in cultural relevance and technological adaptation, position Africa to redefine
chemistry education as a driver of inclusive growth and global scientific leadership.

Africa’s diversity, colonial history, and demographic dynamism are not impediments but
catalysts for reimagining chemistry education. By centering indigenous knowledge, embracing
linguistic pluralism, and aligning curricula with industrial and ecological realities, the continent can
transform challenges into opportunities. Realizing this vision demands political commitment,
equitable funding, and rejection of homogenized models. As African institutions pioneer
nanotechnology applications for drought-resistant crops such as South Africa, Kenya, Nigeria, the
continent’s chemistry education future lies in solutions as diverse and innovative as its people, a
testament to its potential for global scientific impact.

1.4. Purpose of the Review

This systematic review is driven by the imperative to synthesize fragmented scholarship,
address critical lacunae in policy-practice alignment, and propose an integrated roadmap for
advancing chemistry education across Africa’s heterogeneous sociocultural and geopolitical

landscapes. Existing literature predominantly examines isolated challenges such as infrastructural
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deficits or regional success stories like South Africa’s virtual laboratory initiatives, but yet lacks a
holistic, continent-wide interrogation that synergizes empirical data, grassroots innovations, and
global educational frameworks, including the Sustainable Development Goals (SDGs). By adopting
an interdisciplinary lens to dissect the interplay of historical path dependencies (colonial legacies),
demographic transformations (youth population surges), and technological disruptions (Al-driven
learning tools). The focus of this review is to:
(1) critically analyze the contemporary state of African chemistry education,
(2) delineate emergent opportunities and systemic barriers,
(3) propose context-responsive policy and pedagogical interventions, and
(4) establish a timeline for achieving measurable progress.
As demonstrated in Fig.2, this review paper positions itself as a seminal contribution by bridging
localized empirical insights with transnational educational paradigms, thereby reframing Africa’s
challenges as catalysts for globally relevant innovation.
1.4.1. Analyzing the Current State of Chemistry Education in Africa: Mapping Disparities and
Pedagogical Realities

Leveraging empirical analyses and cross-national data (2015-2023 It should be consistence
with introduction part), this review interrogates the multifaceted realities of chemistry education in
Africa, characterized by profound inequities in access, resource allocation, and curricular relevance.
While primary education enrollment has improved, tertiary chemistry programs remain
exclusionary: women constitute only 30% of STEM graduates in Sub-Saharan Africa, and conflict-
affected regions such as Somalia lack functional chemistry departments entirely [43]. Resource
deficiencies cripple experiential learning where 60% of secondary schools in Rwanda’s Nyarugenge

district, for instance, operate without basic laboratory equipment [44], compelling educators to
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employ improvisational methods including the use of clay for acid-base demonstrations that
highlight systemic underinvestment. Curricular misalignment exacerbates these challenges: a 2023
survey of Nigerian universities revealed that 78% of chemistry syllabi prioritize theoretical
constructs over applied competencies such as agro-chemistry or pollution mitigation, leaving
graduates ill-equipped to tackle regional crises like soil degradation or water contamination [45].

These disparities are contextualized within historical frameworks, including colonial-era
pedagogical paradigms that valorize Eurocentric content (e.g., abstract atomic models over
indigenous metallurgical knowledge) and post-independence underfunding that entrenches urban-
rural divides. The analysis underscores the urgency of dismantling these structural barriers to harness
Africa’s demographic dividend. With 60% of its population under 25 and projected to dominate the
global workforce by 2050, the continent demands education systems that transform aspiration into
actionable and context-specific skills. By mapping these realities, the review advocates for a radical
reimagining of chemistry education, one that aligns pedagogical outcomes with Africa’s industrial,
ecological, and sociocultural imperatives.
1.4.2. Identifying Prospects: Leveraging Innovation and Indigenous Capital

Africa’s chemistry education landscape is ripe with untapped potential, driven by
technological innovation and the strategic integration of indigenous knowledge. Technological
leapfrogging is mitigating infrastructural limitations. Platforms like Tanzania’s Shule Direct deliver
mobile-based  chemistry content to rural students, while Ghana’s partnership
with LabXchange employs virtual reality [46] laboratories to simulate advanced experiments such
as chromatography, circumventing physical resource constraints. Concurrently, digital platforms
like eLearn Africa have witnessed a 45% surge in chemistry enrollments since 2020, reflecting a

growing demand for flexible, technology-driven learning models. Indigenous knowledge systems
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further enrich pedagogical frameworks, as seen in Guinea-Bissau’s integration of Moringa
oleifera research into water purification modules aimed at bridging ancestral practices with
academic rigor [47, 48]. Pan-African collaborations amplify these efforts, exemplified by the African
Research Universities Alliance (ARUA), which fosters cross-border initiatives such as
the Chem4Energy Consortium. This consortium leverages Africa’s abundant mineral resources to
design sustainable energy materials, including catalysts and semiconductors, through a synergy of
computational and experimental methodologies [49]. By reframing Africa’s diversity as a strategic
asset, these innovations challenge deficit narratives and position the continent as a vanguard of
context-driven scientific advancement.
1.4.3. Actionable Recommendations: Bridging Policy and Practice

To effectively align educational policy, teaching methods, and collaborative efforts in Africa,
it's essential to implement strategies that are sensitive to local contexts. For instance, Angola’s
chemistry curriculum need to focus on petrochemistry while Madagascar’s should emphasize on
phytochemistry to align their chemistry education with local economic demands. Collaborative
models, such as Tanzania’s education reform demonstrated how teacher-researcher partnerships can
democratize access to practical learning [46]. Micro-credentials in emerging fields like green
chemistry and computational modeling could enhance graduate employability in climate-resilient
sectors, while international partnerships must shift from short-term grants to sustained capacity-
building programs, as exemplified by the European Union’s Horizon Africa initiative, which
prioritizes green transition and digital innovation [50]. South-South collaborations, such as Nigeria-
Brazil biofuel refinement projects and Morocco-India ventures in desert agriculture chemistry, offer

alternatives to Eurocentric dependencies, fostering localized innovation. Collectively, these
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strategies position chemistry education as a dynamic driver of inclusive development, equipping
Africa’s youth to address both local challenges and global scientific frontiers [51].
1.4.4. Unique Contributions and Timeliness

This review distinguishes itself through an intersectional, regionally nuanced analysis that
positions chemistry education as a cornerstone of climate justice, gender equity, and decolonial
praxis. By contrasting Francophone systems constrained by colonial-era rigidity such as Senegal
with Anglophone innovations and Kenya’s competency-based curriculum reforms, which prioritize
applied skills over rote memorization, this review highlights divergent educational trajectories. The
analysis further contextualizes disparities between conflict-affected regions (Somalia’s defunct
chemistry departments) and stable states, framing inequities within historical and geopolitical
frameworks. Recommendations align with Africa’s Agenda 2063 and the UN’s Education Plus
Initiative, advocating for curricula adaptable to global disruptions (Al and pandemics, for instance)
and localized priorities. By translating insights into actionable roadmaps, this review elevates
chemistry education from a peripheral concern to a linchpin of Africa’s sustainable development,

empowering its youth to lead in local problem-solving and global scientific leadership.

2. CURRENT STATE OF CHEMISTRY EDUCATION IN AFRICA

The current state of chemistry education across Africa is characterized by a paradoxical
duality of advancements and entrenched systemic disparities. While primary and secondary
enrollment rates have surged over the past decade—propelled by initiatives such as the African
Union’s Continental Education Strategy for Africa (CESA 2016—-2025)—access to quality chemistry
education remains fragmented along geographic, institutional, and demographic lines. Persistent

urban-rural divides, gender inequities, and colonial-era curricular frameworks continue to undermine
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equitable learning outcomes. For instance, Sub-Saharan Africa reports a significantly lower
proportion of secondary schools offering laboratory-based chemistry instruction compared to North
Africa, where resource allocation and infrastructure are comparatively robust. At the tertiary level,
overcrowded classrooms, obsolete equipment, and curricula misaligned with local industrial and
environmental priorities stifle progress. Nigeria’s Niger Delta region, despite its petroleum wealth,
exemplifies this disconnect, with chemistry graduates lacking the applied skills needed to address
oil pollution and sustainable resource management [53].

Yet, grassroots-driven innovations signal resilience and adaptability. Rwanda’s mobile STEM
laboratories deliver hands-on chemistry training to remote schools, while South Africa’s open-access
platforms—SciELO SA and SAJChem—democratize access to peer-reviewed chemistry research,
fostering academic collaboration and knowledge dissemination. This section critically interrogates
these dual realities, synthesizing regional datasets, contemporary case studies, and policy analyses
to map the multifaceted landscape of African chemistry education. By foregrounding disparities in
access, infrastructure, and pedagogical relevance, it establishes a foundation for understanding both
the urgency of systemic reforms and their feasibility in a context marked by demographic dynamism

and emergent innovation.
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Fig. 2: 21% Century Chemistry Education in Africa: Challenges and Opportunities [52]

2.1 Access and Enrollment

Access to chemistry education in Africa is characterized by profound disparities across
educational tiers and geographies. At the primary level, initiatives such as Kenya’s Free Primary
Education (FPE) have expanded enrollment, yet rural regions lag significantly due to inadequate
resources and teacher shortages, limiting access to specialized subjects like chemistry [54]. Urban
schools, conversely, benefit from superior infrastructure, including functional laboratories and
qualified instructors, enabling broader curricular offerings [55]. Secondary education exacerbates
inequities: in Ethiopia, only 33% of rural students transition to secondary school compared to 66%
of urban peers, with chemistry often rendered inaccessible as an elective in under-resourced settings
[56]. Tertiary-level disparities are stark, with fewer than 25% of African higher education students
enrolling in STEM disciplines where women constitute under 30% of this cohort, and fewer than

one-third occupy scientific research roles. Systemic barriers include limited awareness of STEM
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career pathways, particularly in nations like Chad, which lack functional chemistry departments,
contrasting with South Africa’s dominant STEM enrollment. Gender gaps persist, with women
comprising less than 25% of STEM graduates in Niger and Mali. However, Rwanda’s gender-
responsive policies have elevated female chemistry enrollment to 48%, underscoring the efficacy of
targeted interventions [2]
2.2 Infrastructure and Resources

Infrastructure deficits—including inadequate laboratories, equipment shortages, and limited
digital tools—continue to hinder science education across Sub-Saharan Africa. In Nigeria, a 2024
review highlighted that many secondary schools lack essential laboratory equipment, such as
microscopes, with existing units often outdated or in poor condition, impeding effective biology
instruction [57]. In Senegal, the dominance of colonial-era French textbooks is diminishing as local
languages like Wolof gain prominence in education and media, reflecting a broader shift towards
cultural reclamation [58]. Meanwhile, Kenya's efforts to digitize its curriculum through the Kenya
Institute of Curriculum Development (KICD) face challenges, particularly in rural areas where
access to digital devices and reliable internet remains limited [59].

The digital divide is pronounced. As of 2024, only 23% of rural households in Sub-Saharan
Africa had internet access, compared to 57% in urban areas [60]. In Kenya, initiatives like the Digital
Literacy Program, which provides tablets to students, often falter in regions with inconsistent
electricity supply [61]. To address these disparities, South Africa's Dinaledi Schools initiative
focuses on enhancing STEM education in under-resourced areas by improving laboratory facilities.
The program has led to significant improvements in mathematics and science performance among

participating schools, with a notable increase in pass rates [62]. In Nigeria, partnerships between
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Shell Nigeria and local governments have resulted in the donation of ultramodern science
laboratories to schools in rural areas, aiming to bridge the educational infrastructure gap.
2.3 Quality of Instruction

Instructional quality hinges on teacher preparedness and curricular relevance. In Tanzania, a
significant proportion of STEM educators lack subject-specific training, leading to an overreliance
on rote memorization and hindering the development of critical thinking skills among students [63].
Conversely, Rwanda has made notable strides in integrating Information and Communication
Technology (ICT) into teacher training. The Rwanda Basic Education Board [64], in collaboration
with UNICEF and other partners, has implemented initiatives to enhance digital literacy among
teachers. These efforts include providing smart screens to Teacher Training Colleges (TTCs) and
developing digital literacy guides to support the integration of technology in teaching.

Ghana mandates teacher licensing examinations to ensure educator competency. However,
challenges persist, particularly in rural areas where staffing shortages often lead to the employment
of underqualified personnel. This disparity underscores the need for targeted strategies to attract and
retain qualified teachers in underserved regions. Curriculum alignment with contemporary scientific
and environmental issues remains inconsistent across the region. While Tanzania's 2021 curriculum
reforms have incorporated agro-chemistry modules focusing on fertilizer production [65], Zambia's
outdated science syllabi neglect critical topics such as agricultural sciences and environmental
sustainability [66]. This omission leaves students ill-equipped to address pressing challenges like
soil degradation and the growing demand for renewable energy solutions. Addressing these
multifaceted challenges requires a concerted effort to enhance teacher training, ensure equitable

distribution of qualified educators, and update curricula to reflect current scientific and technological
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advancements. Such measures are essential for fostering an education system capable of preparing
students to meet the demands of the modern world.
2.4 Regional and Cultural Diversity

Africa’s chemistry education landscape reflects its regional and cultural heterogeneity. North
African institutions, such as Egypt’s Ain Shams University, feature advanced laboratories and robust
research output [67], contrasting with Sub-Saharan schools like Malawi’s Chancellor College, where
students share resources due to shortages [68]. Colonial legacies bifurcate Francophone and
Anglophone systems: Cameroon’s theory-centric Baccalauréat [69] contrasts with Kenya’s
competency-based curriculum emphasizing practical skills [70]. Cultural norms further shape
access—Somalia’s restrictive gender norms curtail girls’ lab participation, while
Botswana’s Diamond Way program actively recruits women into mining chemistry. Such disparities
necessitate context-specific strategies that balance local traditions with equity-driven reforms.
2.5 Existing Initiatives

A mosaic of initiatives addresses systemic gaps, though scalability remains a challenge. The
world bank funds science and technology laboratory wupgrades in Nigeria [71], while
Ethiopia’s STEM Ethiopia Initiative trains several thousand science and mathematics teachers
annually [72]. NGOs like UNESCO’s Campus Africa deploy virtual labs across 15 countries, and
the Mastercard Foundation sponsors girls’ STEM scholarships in Ghana. International
collaborations, such as the EU’s Erasmus+ partnership with Ugandan universities on green
chemistry, foster knowledge exchange. However, fragmented funding and geopolitical instability
hinder progress: the Africa-German Network connects Tanzanian chemists with German firms, yet
rural Mozambican schools still lack basic reagents. These efforts demand sustained investment and

grassroots alignment to achieve transformative impact.
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3. PROSPECTS FOR ADVANCEMENT

Despite systemic challenges, the 21% century offers unprecedented prospects for
transforming chemistry education in Africa. These opportunities are propelled by technological
innovation, grassroots ingenuity, and increased global interconnectivity. With a predominantly
young population, robust indigenous knowledge systems, and rapid digital adoption, the continent
is uniquely positioned to implement transformative educational strategies. From mobile learning
platforms enhancing rural access in Kenya to Ghanaian universities integrating traditional medicinal
knowledge into pharmaceutical curricula, localized innovations are reshaping teaching
methodologies. Simultaneously, continent-wide initiatives such as the African Union’s Science,
Technology and Innovation Strategy for Africa and international partnerships with organizations like
the Royal Society of Chemistry are strengthening capacity and facilitating resource-sharing.
Advances in green chemistry, renewable energy, and Al-driven educational tools further align
African chemistry education with global sustainable development goals. This section explores how
these synergies—rooted in Africa’s distinct cultural and demographic context—can catalyze a
renaissance in chemistry education, preparing students to tackle local challenges while contributing
meaningfully to global scientific progress.
3.1 Technological Innovations

Technological advancements are rapidly transforming chemistry education across Africa by
bridging resource gaps and expanding access to quality instruction. E-learning platforms such as
South Africa’s Siyavula and Kenya’s Eneza Education provide millions of learners—particularly in
underserved regions—with interactive chemistry content [73]. Virtual labs, including Labster’s
collaborations with universities in Ghana and Rwanda, allow students to perform complex

experiments like titrations and spectroscopy in immersive digital environments [74]. Mobile
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applications like Nigeria’s ulesson offer modular lessons and quizzes designed for areas with
unstable internet connectivity. Additionally, Open Educational Resources (OERs), such as the
African Virtual University’s free chemistry modules, are democratizing access to high-quality
curricula. Despite these advances, infrastructural challenges remain—only 28% of households in
Sub-Saharan Africa have reliable electricity access [75]. Nonetheless, innovations like the solar-
powered “e-learning devices” in Zimbabwe exemplify how adaptive technologies can overcome
such limitations [76].
3.2 Indigenous Knowledge Integration

Africa’s rich tapestry of indigenous knowledge offers a powerful, yet underutilized, resource
for contextualizing chemistry education. In Ghana, universities are working with traditional healers
to investigate the chemical properties of medicinal plants such as Cryptolepis sanguinolenta, used
in malaria treatment, integrating this research into pharmacology curricula [77]. South Africa’s
curriculum reforms promote the study of indigenous practices like Zulu bead-making to teach redox
reactions and polymer chemistry [78]. These culturally grounded approaches not only improve
student engagement but also instill pride in local heritage. However, institutional resistance to
diversifying curricula underscores the ongoing need for policy frameworks that formally recognize
indigenous knowledge as a legitimate academic resource.
3.3 Industry and Academic Partnerships

Collaborations between universities and industry are enhancing the relevance of chemistry
education to labor market demands while addressing critical funding shortfalls. Kenya’s Jomo
Kenyatta University, for example, partners with Safaricom to provide internships in analytical
chemistry, training students to evaluate material safety in telecommunications. Nigeria’s University

of Port Harcourt co-develops curricula with Shell to cover petrochemical safety and environmental
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remediation. Meanwhile, South Africa’s Council for Scientific and Industrial Research (CSIR)
supports academic research in green chemistry, such as the development of biodegradable plastics
from maize waste [79]. Large-scale initiatives, such as the Holistic Drug Discovery and
Development Centre—backed by the Bill & Melinda Gates Foundation—are driving innovation in
pharmaceutical research while building institutional capacity across the continent [80]. However,
imbalances in power and priorities sometimes skew these partnerships in favor of corporate interests,
highlighting the need for equitable collaboration models that safeguard educational goals.
3.4 Pan-African Collaboration

Regional cooperation plays a pivotal role in scaling innovation and facilitating knowledge
exchange across borders. Institutions like the Pan-African University Institute for Water and Energy
Sciences (PAUWES) promote student mobility and cross-national research on challenges such as
water purification in drought-prone areas [81]. Initiatives like the Partnership for Skills in Applied
Sciences, Engineering and Technology (PASET) fund collaborative projects, such as Senegalese-
Ghanaian teams developing solar energy materials from locally sourced minerals [82]. Nevertheless,
logistical hurdles—including visa constraints, disparities in research funding, and linguistic divides
between Francophone and Anglophone nations—impede progress. Policies like Rwanda’s visa-free
entry for African academics offer promising templates for deeper regional integration and mobility.
3.5 Alignment with Global Agendas

Reforms in African chemistry education are increasingly aligned with global development
frameworks, particularly the United Nations Sustainable Development Goals (SDGs). In Rwanda,
secondary school curricula now emphasize green chemistry, with students designing biogas systems
from agricultural waste to support SDG 7 (Clean Energy) [83]. Morocco’s Université Mohammed

VI Polytechnique advances SDG 6 (Clean Water) by researching nanofiltration systems for arsenic
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removal [84]. Efforts to achieve SDG 5 (Gender Equality) include programs like Tanzania’s Girls
in Chemistry, which has significantly boosted female enrollment in tertiary science education since
2020. International frameworks such as UNESCO’s STEM for SDGs initiative offer technical and
financial backing [85]. However, critiques remain that global agendas can overshadow local needs,
underscoring the importance of embedding SDG priorities within national policy—such as Kenya’s
Competency-Based Curriculum.

Africa stands at a critical juncture, with the potential to reshape chemistry education through
technological empowerment, cultural integration, and strategic partnerships. Realizing this potential
requires addressing persistent inequities while scaling localized, context-sensitive innovations that
reflect the continent’s diverse needs and aspirations.

4. FUTURE CHALLENGES

Despite the promising advancements in chemistry education across Africa, the road ahead is
fraught with complex and deeply rooted challenges. Systemic inequities, demographic pressures,
and shifting global priorities threaten to undermine recent progress. The digital divide, chronic
underfunding, and continued brain drain jeopardize both infrastructure and human capital
development. Climate change further compounds resource scarcity, complicating efforts to align
curricula with sustainability goals. Geopolitical instability, particularly in regions like the Sahel,
continues to disrupt educational continuity, while persistent gender and rural-urban disparities
highlight the limits of current policy interventions.

Africa’s rapidly growing youth population, projected to double by 2050, intensifies demand
for educational infrastructure, risking a widening gap between graduate qualifications and labor
market needs. Simultaneously, dependence on foreign aid and imported curricula, often

disconnected from local realities, risks reinforcing neo-colonial dependencies. This section unpacks
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the multifaceted challenges confronting the future of chemistry education in Africa, underscoring
the urgency for context-sensitive, integrated strategies that safeguard its potential as a driver of
equitable and sustainable development.
4.1 Infrastructure and Funding

Africa’s chemistry education systems remain hampered by chronic underinvestment and
dilapidated infrastructure. Across the continent, average government spending on education is below
4% of GDP, with science, technology, engineering, and mathematics (STEM) receiving a
disproportionately small share [86]. Laboratories at leading institutions, such as Nigeria’s University
of Ibadan, still rely on outdated equipment, while many rural Tanzanian schools lack electricity,
making basic experimentation impossible. Maintenance deficits compound the issue: at Zambia’s
Copperbelt University, over half of the donated microscopes are inoperable due to the absence of
trained technicians—prompting a shift to virtual microscopy solutions [87]. Donor-led infrastructure
projects, such as China's lab construction initiatives in Ethiopia, often emphasize visibility over
sustainability. A 2022 UNESCO audit found that 70% of donor-funded laboratories in Malawi
became non-functional within five years due to poor training and lack of maintenance support [88].
4.2 Digital Divide

The digital divide remains a major barrier to equitable chemistry education. In South Africa,
urban schools use Al-driven platforms, while their rural counterparts—especially in the Eastern
Cape—still depend on radio broadcasts for instruction [89]. Across Sub-Saharan Africa, only 12%
of rural schools have internet access, compared to 47% in urban areas [90]. Efforts like Ghana’s
"One Student, One Tablet" initiative aim to bridge this gap, but often falter in low-connectivity
regions such as Savelugu, where offline-compatible content is lacking. As a result, students in remote

areas are left with devices that offer limited educational value without a stable internet connection.
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4.3 Human Capital Loss

Africa continues to lose an estimated 70,000 skilled professionals annually to brain drain,
with chemistry educators and researchers among the most affected [21]. This exodus is driven by
low salaries, poor working conditions, and limited research funding. Structural issues—including
corruption, lack of mentorship, and administrative inefficiencies—further disincentivize academic
retention. Programs such as Rwanda’s Returning Scientists Scheme attempt to reverse this trend by
offering incentives to diaspora professionals. However, without competitive salaries and sustained
investment in research infrastructure, long-term reintegration remains elusive [91].
4.4 Curriculum Adaptation

Curricula across the continent often emphasize global standards at the expense of local
relevance, leaving graduates ill-prepared to address regional challenges. While Tanzania’s 2021
agro-chemistry reforms offer a model for context-specific innovation [92], most chemistry syllabi
remain anchored in Euro-American paradigms. Efforts to integrate indigenous knowledge continue
to meet resistance. In Kenya, proposals to include ethnochemistry modules were met with
administrative pushback in favor of "international competitiveness." Sociocultural barriers also
hinder reform; in conservative regions like Northern Nigeria, practical chemistry education for girls
is still viewed as a threat to traditional gender roles [93]. Meanwhile, advances in areas like synthetic
biology or carbon capture are conspicuously absent from most curricula, revealing a growing
mismatch between global scientific developments and African classroom content.
4.5 Socioeconomic and Political Barriers

Poverty and political instability remain significant disruptors of educational continuity. In
the Democratic Republic of Congo, nearly half of all girls and over a third of boys drop out before

secondary school due to financial constraints [94]. Conflict zones further compound these
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challenges—Sudan’s 2023 crisis, for instance, led to the widespread closure of schools and
universities. Gender inequity is another persistent obstacle. Cultural norms in countries such as
Niger, Sudan, and Chad restrict girls' access to STEM education by reinforcing stereotypes that
prioritize domestic roles over scientific careers. While initiatives like Sudanese Women in Science
are working to challenge these norms through media campaigns and mentoring programs, structural
barriers remain deeply entrenched [95].

Policy efforts often fall short in practice. For example, Rwanda’s progressive gender parity
laws are weakly enforced in rural communities, where domestic responsibilities still take precedence
over formal education for girls. Corruption exacerbates these issues where in several countries,
chemistry lab grants have been misappropriated, undermining resource allocation and eroding trust
in educational governance. These challenges facing chemistry education in Africa are intricate and
deeply interconnected. Addressing them requires a multifaceted approach that transcends piecemeal
interventions. Equitable funding, culturally responsive curricula, retention of skilled educators, and
robust infrastructure must be pursued in tandem. Crucially, African nations must also assert greater
ownership over their educational narratives, rooting reforms in local realities while drawing
strategically on global partnerships. Only then can chemistry education fulfill its transformative
potential as a lever for sustainable and inclusive development across the continent. A summary of
the key challenges, evidences from literature, potential impacts in chemistry education and localized

reforms are presented in Table 1.
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Table 1: Summary of key challenges in 21% century chemistry education in Africa

Key Challenges Evidences Impacts Decolonial
Reforms
Eurocentric Francophone West Africa uses Irrelevant to local  Tanzania’s
Content French 19th-century textbooks industries (mining, bilingual (Swahili-
[96] agriculture); low English)
Nigerian universities lack local = student programs;
application modules [97] engagement. Ghana’s  ethno-
chemistry
integration.
Language Mozambique’s Portuguese = High STEM @ Tanzania’s
Barriers textbooks [98] dropout rates; = Swahili-English
Algerian chemistry taught in exclusion of  curriculum (25%
French [99] rural/indigenous- retention boost).
language students.
Marginalizatio South Africa excluded Zulu Loss of cultural Ghana’s
n of Indigenous fermentation techniques [100] identity; missed integration
Knowledge Kenya’s pre-2020 dismissal of R&D opportunities of Cryptolepis
Maasai metallurgy [101] (e.g., traditional sanguinolenta (ma
medicine). laria plant) into
curricula.
Structural Colonial-era “national schools” ' Urban-rural gaps; South
Inequities in Kenyan cities dominate limited lab access Africa’s Dinaledi
resources [102] for 70% of Sub- Schools (lab-
Fewer rural Tanzanian schools | Saharan students. equipped rural
have labs [103] STEM hubs).
Resistance to Kenya’s CBC curriculum Slow adoption of Rwanda’s
Reforms faced backlash for emphasizing applied chemistry; industry-aligned
local applications. skills mismatch. curriculum
Uganda reinstated colonial-era (unemployment
exams. reduction).
Lack of Algeria’s graduate Dependency on AU’s Pan-African
Innovation & | unemployment foreign expertise; University (80%
Brain Drain Nigerian faculty migration to stagnant local = alumni employed
Europe. industries. locally).

5. RECOMMENDATIONS

Addressing Africa’s chemistry education challenges requires bold, context-sensitive
strategies that integrate policy reform, pedagogical innovation, and grassroots engagement. Drawing
section outlines actionable

from systemic disparities and emerging opportunities, this
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recommendations to reposition chemistry education as a catalyst for sustainable development. Key
priorities include decolonizing curricula by integrating indigenous knowledge, expanding digital
infrastructure to democratize access, and fostering multi-stakeholder collaboration to align education
with labor market demands. Policymakers must prioritize gender-responsive funding mechanisms
and establish rural STEM hubs, while institutions should adopt competency-based training and
industry partnerships to mitigate brain drain. International partners are urged to shift from short-term
aid to long-term capacity building by supporting African-led initiatives such as green chemistry
research and Al-powered learning tools. Grounding reforms in equity, cultural relevance, and
technological leapfrogging will enable Africa’s youth to leverage chemistry in solving local
challenges, from climate resilience to healthcare, while positioning the continent as a leader in
inclusive scientific innovation. These recommendations emphasize the urgency of adaptive,
collaborative action, linking local needs, for instance rural labs, with global agendas (SDGs),
especially amid demographic shifts and climate risks.
5.1 Policy and Governance

Transformative policy frameworks are vital to tackle chronic underfunding and governance
gaps in chemistry education. Governments should allocate a significantly adequate proportion of
national education budgets to STEM, emphasizing rural infrastructure—following models such as
Botswana’s STEM Equity Fund, which has narrowed urban-rural disparities since 2020. Public-
private partnerships (PPPs) offer a pathway to scale innovation, as seen in Kenya’s collaboration
with Microsoft to digitize several thousand classrooms [104]. Gender-based advocacy campaigns
have successfully boosted female enrollment in chemistry, highlighting the need for gender-
inclusive policies [105, 106]. Regional bodies such as the African Union must reinforce

accountability mechanisms to prevent corruption and ensure funds reach grassroots programs.
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5.2 Curriculum Reforms

Curriculum reform is necessary to ensure both global relevance and local applicability. The
integration of indigenous knowledge systems into chemistry education, as explored in African
contexts, demonstrates effective curricular contextualization [107]. Digital literacy must be
embedded within curricula; Tanzania’s 2023 reform mandates coding for chemical simulations,
preparing students for Al-driven industries [108]. Industry-education partnerships are also essential
such as the South Africa’s CSIR which collaborated with universities to design courses on critical
mineral processing that aligned with green energy goals. Conversely, Zambia’s failure to revise its
1990s-era curriculum has led to widespread graduate skill mismatches [109]. Decolonizing content
through platforms like the University of Cape Town’s OpenUCT repository, which hosts African-
authored chemistry materials, can reduce dependency on Eurocentric resources. These issues which
need to be addressed in the chemistry curriculum reform are summarized in Table 1.
5.3 Teacher Development

Building educator capacity remains essential for enhancing pedagogical practices and
improving teacher retention. Recent data from Rwandan Teacher Training Colleges indicate that
only 25% of science educators consistently integrate ICT tools into their instruction, primarily due
to limited access. Similarly, just 22% of chemistry teachers have adopted web-based platforms for
teaching organic chemistry [110]. Nonetheless, there are encouraging developments; for instance,
66% of secondary school teachers are utilizing digital tools, such as virtual laboratories [111].
Evidence also suggests that offering bonuses to teachers in rural areas can bolster retention rates and
elevate the quality of STEM education [112]. In Uganda, initiatives aimed at enhancing digital
literacy through STEM teacher reskilling programs, such as those funded by The Pollination Project,

seek to increase student engagement and align educators' skills with the demands of the digital era.
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Mentorship programs, like Botswana’s Diamond Scholars, which pair novice teachers with
experienced mentors, have demonstrated practical training benefits. However, in Malawi, 60% of
teachers still lack access to such mentorship programs, raising concerns regarding the scalability and
equity of these initiatives [113].
5.4 Infrastructure Investment

Targeted infrastructure investment can help address regional disparities. South Africa’s
Dinaledi Schools initiative has equipped rural institutions with solar-powered mini-labs,
significantly increasing enrollment and performance in physical science and Higher Grade subjects
[114]. In Nigeria, the Lagos State Government’s partnership with Shell has enabled the deployment
of mobile labs to remote schools, benefiting hundreds of thousands of students. Affordability
remains crucial: Kenya’s Digital Literacy Program reduced tablet prices by 40% via local assembly,
although offline content delivery remains a challenge in remote areas like Turkana [61]. Senegal's
digitals initiative, which provides subsidized internet data to students, has significantly improved
access to e-learning [115]. Equipment maintenance must also be prioritized—Ghana’s LabTech
Corps trains local technicians to service school laboratories, maintaining almost near complete
functionality in partner institutions [116].
5.5 Community and Industry Engagement

Community and industry collaboration is essential to ensure chemistry education meets real-
world needs. Ghana’s Mastercard Foundation Scholars Program supports 1,000 STEM students
annually, with over 70% of female graduates securing industry placements [117]. Nigeria’s National
Science Week, in partnership with VSO’s Lab on Wheels initiative, reached more than 320,000 rural
students in 2023 [118]. Equitable industry partnerships are critical—Uganda’s UNICEF-Makerere

co-designed collapsible lab kits have been widely adopted in low-income schools [119]. By contrast,
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Zambia’s overreliance on foreign mining companies for curriculum input led to narrow
specialization and left 60% of graduates unemployed. Kenya offers a model for women’s
empowerment in STEM through organizations like WissaAfrica, She Code Africa, and
WOMSTEM, alongside UNESCO’s mentorship programs and the STEM Camp of Excellence for
Girls and Teachers [120]. These initiatives challenge gender norms and expand laboratory
participation in conservative regions.

5.6 Role of Higher Institutions in African Chemistry Education

Higher education institutions (HEIs) play a central role in advancing chemistry education as
engines of research, innovation, and societal transformation. Ghana’s Kwame Nkrumah University
of Science and Technology (KNUST), for example, collaborates with traditional medicine
practitioners to integrate indigenous knowledge into modern pharmaceutical studies [121],
contributing to curriculum decolonization. Rwanda’s African Institute for Mathematical Sciences
(AIMS) is pioneering research in Al-driven computational chemistry. Teacher training programs
such as those at Tanzania’s Dar es Salaam University College of Education prioritize hands-on
laboratory skills and digital competence. Mentorship networks like African Women in Science help
reduce gender disparities by linking students to industry leaders.

Despite persistent underfunding and the threat of brain drain, HEIs continue to innovate.
Botswana’s Okavango University Research Institute focuses on water quality monitoring, while the
University of Ghana adopted virtual labs during the COVID-19 pandemic to ensure learning
continuity. Kenya’s Jomo Kenyatta University has partnered with Safaricom to develop
biodegradable materials, aligning curricula with emerging job markets. Community-centered
initiatives such as the University of Zambia’s low-cost water purification technologies demonstrate

HEIs’ societal contributions. Leading examples include Stellenbosch University’s green chemistry

231




AJCE, 2025, 15(2) ISSN 2227-5835

program, which addresses mining pollution; KNUST’s support for renewable energy startups; and
Rwanda’s BioNTech collaboration to train vaccine producers [122].

To fully realize their potential, HEIs require sustained investment, curriculum modernization
grounded in African realities, and policies that retain homegrown talent. Empowering these
institutions will enable the continent to produce chemists capable of addressing urgent challenges,
from safe drinking water to pandemic preparedness, while securing Africa’s place in the global
scientific community [80, 123].

6. Conclusion

The 21% century presents Africa with a critical crossroads: chemistry education can either
drive sustainable development or remain hindered by entrenched inequities and missed
opportunities. This review highlights the continent’s dual reality—on one hand, pioneering
initiatives such as virtual laboratories in Rwanda and ethno-chemistry curricula in Ghana; on the
other, persistent disparities in access, infrastructure, and gender equity. With Africa’s youth
projected to comprise 42% of the global workforce by 2050, the urgency of reform is undeniable.
Outdated pedagogies and underfunded laboratories are no longer tenable.

For chemistry education to strategically progress in Africa through alignment with global
frameworks like the Sustainable Development Goals, it is imperative that reforms are intrinsically
connected to the continent's specific cultural, ecological, and industrial realities. Stakeholders must
move beyond rhetoric. Governments must prioritize sustained investment in STEM and champion
curricula that are both decolonized and future-facing. Educators require ongoing professional
development and access to digital technologies to close the urban-rural divide. International partners
must pivot from short-term aid to long-term capacity-building, supporting innovations such as

Kenya’s Al-driven learning systems and Nigeria’s solar-powered laboratories. The private sector
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should co-develop training programs that align with the continent’s growing needs in green energy
and healthcare, while communities must advocate for equity, dismantling gender and socioeconomic
barriers.

The time for incremental change has passed. By leveraging its demographic advantage,
cultural richness, and capacity for technological leapfrogging, Africa can reimagine chemistry
education as a foundational pillar of both continental transformation and global advancement. This
review serves as a call to action: investing in Africa’s chemistry education is not merely an academic
concern—it is a strategic and moral imperative to empower the next generation of African scientists

to address the challenges of today and shape the solutions of tomorrow.
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ABSTRACT

Engaging, retention-boosting targeted, and cost-effective micro-learning techniques to drive
engagement, retention, and performance, through learner-centric bite-sized units. This paper
emphasizes the need to optimize collaborative solutions for learning activities, professional
development, and higher-order thinking skills in younger students, ensuring global skilled human
power. Enhancing learning with microlearning strategies fosters critical thinking, problem-solving
abilities, and creative thinking. Sustainable micro-learning management is integral to addressing
skills development issues, maximizing learning efficiency, promoting multidisciplinary learning,

and achieving sustainable development goals. [African Journal of Chemical Education—AJCE
15(2), July 2025]
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INTRODUCTION
Microlearning is a short (< 20 minutes), focused on a single topic, interactive, and flexible

classroom activity. It is an educational strategy that focuses on learning stand-alone units. Its
benefits include improved learner participation and effective knowledge absorption, diversified
learning through a single objective, and effective time use. Thought-provoking content can be used
to design microlearning training. Micro-learning examples include micro-lectures, brief interactive
videos, kinetic text-based animations, questions and responses, image-based animations, interactive
simulations, PowerPoint presentations, word/chemical of the day/week/month, infographics,
flashcards, puzzles, riddles, interactive quizzes, popular articles, blog posts, games, podcasts, short
audiobooks, social media reels, web-resources, flipped classroom, short scrolling pages, concise
paragraphs, brief audio excerpts, and downloadable PDFs. We can combine this method with other
training techniques in a hybrid learning model for effective corporate training and in higher
education system [1-4].
Instructional Design

Learning outcomes from training in small bites can have a big impact on excelling in
innovation-driven work environments or exploration beyond the syllabus. Microlearning in higher
education is useful for effective skill development, and to promote learning at the workplace,
prepared with vital competencies for facing real-world challenges. More knowledge can be built
over time through continuous microlearning leading to better performance and embedding
knowledge in long-term memory. We can use a microlearning strategy available 24/7 at our
convenience (before/after class) to teach interconnected themes and sub-themes of the topic.
Breaking down large amounts of useful information into more digestible smaller chunks of content

or activities can improve engagement and better knowledge absorption/retention. Research shows
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that microlearning with small blocks can lead to better learning outcomes than traditional lecture-
based instruction with big blocks. Some challenges include the effort required to produce small
blocks of skills-based knowledge resources (micro-content development), and the need for
educational training and digital skills (short-term eLearning deliverables). Focus on a single well-
defined concept/principle/idea/skill, and spaced repetition increases memory retention. The content
should be optimized for various devices like laptops, tablets, and smartphones and gamified
matching pairs can be used to test students’ domain-specific knowledge. It can be adopted in
corporate training sessions allowing employees to gain knowledge and skills at their own pace.
Knowledge can be built over time through continuous microlearning exercises to foster better

performance and embedding knowledge in long-term memory [5-7].

DESIGN MODEL

Energetics of cell reactions in chemistry can be explained in a focused microlearning module.
A galvanic cell in which the overall reaction has not reached chemical equilibrium can do electrical
work as the reaction drives electrons through an external circuit. The electrical work that a given
number of electrons can accomplish depends on the cell’s potential. In many reactions, the electrical
energy produced is not equal to chemical energy, but equal to a decrease in free energy for the cell
reaction i.e. AG = -nFE Joules. If AG is negative, the reaction is spontaneous in the forward direction
with no external input of energy (downbhill reactions). If AG is positive, the reaction in the forward
direction is non-spontaneous with the requirement of an outside energy source (uphill reactions). If
AG is zero, the reaction is at equilibrium (no net change can occur). The more negative the value of
AG° the greater the energy released. The sign of cell potential tells us the direction in which the

reaction must shift to reach equilibrium. The thermodynamic relationship between EMF and
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enthalpy change is AH = nF[T(3E/6T)p —E] and that between EMF and entropy change, AS =
nF(SE/0T)p. If (OE/3T)P =0, then the electrical energy is equal to the heat of the reaction. If (6E/0T)p
> ( then the additional energy will come either from the surroundings or the cell temperature will
fall. If (0E/dT)p < 0 then the excess energy will be given to the surroundings or the cell temperature
will rise. The greater the value of AS, the likelihood of a forward chemical process due to an increase
in disorder during the change that favors a spontaneous reaction, producing a positive EMF. Some
numerical problems involving the calculation of thermodynamic quantities of the overall cell
reaction based on the above equations can be worked out during the short learning session [8,9].
Microteaching Model

Microteaching is a scaled-down teaching session/microlesson on a single concept to a small
group of students/teacher trainees in a short duration to alter specific teaching behaviors. Skills of
microteaching techniques include an introduction, probing questions, explanation, stimulus
variation, reinforcement, non-verbal clues, blackboard/whiteboard writing, and closure. Participants
learn about strengths and weaknesses and plan strategies for improvement in performance. The
teacher educator takes a session on teaching skill demonstration as per the lesson plan on a suitable
topic. The microteaching cycle includes planning, teaching/demonstration, feedback, re-planning,
re-teaching, and re-feedback phases till the skill is acquired. The components of lecturing,
blackboard writing, asking questions, and class management skills can be improved upon feedback
to be effective in bringing the desired changes in learners.
Productivity Powerhouse

Microlessons for digestible learning act as a productivity powerhouse in this age of
information overload. The productivity ripple effect is experienced while engaging corporate

learners using bite-sized topics in today’s information-rich environment [10,11]. This is because the
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efficiency in acquiring new skills and knowledge, learner engagement, flexibility and accessibility
of learning materials, improved retention, and adaptability with evolving needs boost productivity.
Setting clear learning objectives and outcomes, curating microlearning content, and implementing
regular microlearning sessions to boost professional development and organizational productivity
are challenging. Integrating microlearning into higher education curriculum involving design,
content creation, technology integration, and assessment and feedback steps will shape the future by
becoming a key component of the educational experience.
Navigating the Future

Bite-sized learning with microlearning modules on proper scientific content/practical
knowledge is evolving as a game-changing eLearning trend for effective skill development [12,13].
Easily searchable and indexed, useful, accurate, and relevant content based on a single concept/skill
via videos, texts, SlideShare presentations, explainer videos, modules, and educational games can
become a part of academic programs or corporate training sessions. The major types of
microlearning assets such as multimedia, documents, animations, social media, and reference tools
help with personal growth and fulfillment. The rise of microlearning powers corporate training and
workplace success. Further, it keeps higher education students engaged for maximum learning
impact. Microlearning technology is one of the emerging educational technologies in higher

education and corporate settings in achieving sustainable development goals [14].

CONCLUSIONS
This microlearning capsule provides readers with an understanding of the fundamental
usefulness of microlearning techniques and their significance in contemporary society. By offering

enhanced training and instruction on various scientific aspects through microlearning capsules in
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formal, informal, and non-formal educational contexts, we can foster a process of continuous

improvement that develops higher-order thinking skills. Microlearning serves as a robust approach

that not only informs and inspires but also nurtures a culture of educational excellence, leading to

significantly enhanced learning outcomes.
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