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ABSTRACT
Inorganic qualitative analysis remaining a difficult topic to learn and to teach influences
the learner acquisitions. The study investigates utilizing concept maps to remediate prospective
physics and chemistry teachers’ understanding of inorganic qualitative analysis, via a pre-and postintervention test methodology. Data were collected from the tests scores and the content analysis
of responses. Results show a significant difference between the achieved scores, and a decrease of
percentage responses located in 'incomprehension or unanswered' category. The gain scores are
very pronounced for the "reagents and uses" basic (97.2%). This finding supports that the treatment
may provide efficiency to remediate participants’ difficulties. [African Journal of Chemical
Education—AJCE 11(2), July 2021]
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INTRODUCTION
Inorganic qualitative analysis (IQA) is one of the chemical subjects, which aims to identify
a single compound [1] or to detect the ions in unknown composition substance [2]. It remains a
practical method which is more rapid and less expensive, and constitutes one of the most essential
academic knowledge in secondary school to build scientific concepts in chemistry.
Qualitative analysis courses have dual function [3-5]. Firstly, their teachings include several
aspects that learners will be to developed, such as, understanding of concepts, acquisition of
practical skills, and ability to identify ions. Secondly, they constitute a beginner in chemistry,
leading to form a mental picture around which framework of theoretical principles may be built.
Moreover, qualitative analysis teaching not only helps learners to improve their skills, but it is also
a very effective tool to make teachers professional development.
Ions analysis induces among trainees in chemistry the development of practical, conceptual
and thinking skills. Indeed, the practical work of qualitative analysis requires learners to carry out
several experimental practices, such as, observation of chemical reactions, laboratory techniques
and procedures, development of abilities to analysis, solve problems and interpret experimental
results according to the theory rules [2, 6]. Also, this branch of science offers better opportunities
to emphasize reactions and phenomenon’s in analytic chemistry, for example, acid-base,
oxidation-reduction, solubility product, precipitation, common ion, and complexation [7, 8]. Thus,
the experimental practice of IQA promotes acquisition of the fundamental basic concepts of
chemistry. Furthermore, introductory course in qualitative analysis provide improvements to
enhance learning general chemistry and level of thinking [9]. Qualitative analysis course plays a
vital role to strength students’ understanding of chemistry [3], and increase the motivation and
engagement of students. Highton have been reported that qualitative analysis constitutes an
2
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excellent practice drill which increases student attraction toward the classroom activities. He added
that this discipline can afford opportunities to students to developed orderly habits and to use the
reasoning faculties [10].
On the other hand, Guy has described three possible reasons for teaching qualitative analysis
[11]. Firstly, it allows to acquire the practical laboratory art, and the success is measured in the
"number of unknowns" identified correctly. Secondly, this topic serves as a training ground for the
writing and balancing of chemical reactions. In the end, the qualitative analysis subject offers an
excellent place to highlight many of the fundamental principles of chemistry.
However, a growing number of studies have identified diverse learners’ difficulties in
teaching and learning IQA. Thus, students’ skill acquisition is confronted to problems in
understanding chemical concepts and reactions [12]. For examples, students are unable to relate
the precipitation phenomenon to the low solubility of salts [13]. Sattsangi has been reported that
the students cannot devise a logical approach to understand and write chemical equations [14]. De
Jong et al. have shown difficulties and confusions when teachers exploit reactions involving redox
concept [15].
Concerning the difficulties encountered by teachers, they range from factors related to
science teaching to the content of scientific knowledge in IQA. Literature reports that pre-service
teachers have alternative conceptions similar to those identified for students in several chemical
areas [6]. In such situation, these alternative conceptions can be unwittingly transmitted to their
learners, and often lead to inaccurate concepts that can influence considerably further learning on
the subject [16]. Furthermore, Valanides reports that teachers’ knowledge can enhance or limit
students learning [17]. Therefore, the teachers need a lot of knowledge base for teaching [18].
Among the most important knowledge for teachers, theoretical and practical knowledge of
3
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inorganic qualitative analysis has been a priority to ensure effectively the process of didactic
transposition for the scholarly knowledge. Consequently, these difficulties referred to subject
matter knowledge, require teacher remediation procedures aiming at correcting problems,
especially for those do not meet minimum performance [19] and do not understand key concepts.

BACKGROUND, RESEARCH AIM AND QUESTIONS
Background
The Moroccan education system has not got specific importance to IQA topic [20-22]. All
teaching-learning cycles from secondary school to university did not include explicitly in the
formal content teaching programs the necessary subjects who learners need to know in order to
understand IQA and to acquire good manual skills. In physic-chemistry classrooms, learning about
IQA typically begins implicitly in collegial secondary education [20]. The primary teaching
approach towards the identification of ions produced during the reactions of acid-base solutions
with materials takes place in the 3th grade chemistry courses (age range 12-15). However, practical
work activities relating to it, occurs an important place to build chemical principles and concepts.
The actions of acid (hydrochloric acid) and basic (sodium hydroxide) solutions on metals such as
iron, copper, zinc and aluminium have been used for the development of several chemistry basics
and conceptual understanding. During this dynamic process where learners contribute with their
teachers to identify some cations and anions, they actively construct their own chemistry
knowledge and/or skills.
However, the literature reports that the secondary prospective physics and chemistry
teachers’ (PPCTs) subject matter knowledge was problematic [23]. They are confronted to several
difficulties, and do not correctly understand fundamental inorganic qualitative analysis basics,
4
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probably associated with insufficient initial training. Thus, PPCTs are unable to explain the
reactions between substances and reagents, and their practical knowledge shows little experimental
skills in chemistry. Consequently, it would be uncertain that they will succeed their chemistry
teaching. Remediation of PPCTs with learning disabilities constitutes an opportunity to provide
them supplementary support. From the literature, studies on this area have rarely been carried out.

Research aim and questions
To enhance students, pre-service and in-service teachers acquisition in several chemistry
topics concept maps, as a graphical tool for organizing and representing knowledge, have been
found very effective [24-28]. Considering the importance of the foundation of IQA in chemistry,
this study focused on trainees enrolled in the teacher qualification courses, aims to consider the
efficacy of utilizing concept maps to remediate PPCT’ understanding of IQA basics. The following
research questions were investigated for this purpose: Are there statistically significant differences
between the pre- and post-test scores? How does the concept maps can be used to help PPCTs
understand inorganic qualitative analysis principles? What are the treatment effects toward IQA
basics?

METHODOLOGY AND PROCEDURES
Participants
The participants in this study included a cohort of thirty-seven PPCTs (21 males and 16
females, aged from 22 to 39 years) who were in their first year of qualifying training at the Eastern
Regional Center for Education and Training Jobs (ERCETJ, Morocco) and taking a physics and
chemistry complementary training course (136 hours). All training modules content requires seven
5
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months of full-time study and combines school-based of practice (120 hours). This course divided
into two periods, includes activities in different subject areas relating to the teaching profession
such as planning, management, pedagogic research, educational science, didactic, evaluation,
legislation and job ethics, school life, and practice analysis and educational production workshops
[29]. The participants possessing a licence’s degree in chemistry or physics had undertaken at least
three years of university studies. They have successfully passed a competitive recruitment
organized by the Eastern Regional Academy of Education and Training. During the next school
year 2020–2021, the research participants were assigned to classes within secondary schools and
take the responsibility of teaching as teacher trainees. They should have abilities and skills to teach
physics and chemistry disciplines in secondary collegial or qualifying schools.

Research procedure
Before starting this research, PPCTs were informed of the broad objective of the
investigation was the study of utilizing concept maps as a remediation tool to enhance their
knowledge. The importance of their participation has been highlighted. Two specific reasons
motivate people to participate to this research. Firstly, the investigation offered them a good
opportunity to expand their chemistry knowledge. Secondly, the use of concept maps as a tool for
teaching helps participants to improve their classroom practices and optimize their acquisitions.
PPCTs participating in a research were informed of the procedure adopted involving an
acquisition and evaluation strategies. They were aware that their test results do not influence their
final chemistry assessment scores and collected data serve for scientific publishing reports. PPCTs
were also informed that they could leave study at any time and reserve unconditional or absolute
right of withdrawal without giving any reason.
6
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In order to accomplish this scientific research, a pre- and post- intervention test methodology was
employed. The research design including evaluation tests and concept maps studies were taken
and carried out over four hours. The procedure was divided into three phases involving
understanding development activity and evaluation performance (Table 1).

Table 1. Research design description.
Operations
Phase
description
Duration

Pre‐test
IQA achievement
open-ended test
1h

Maps intervention
Post‐test
Maps-based
IQA achievement openlearning
ended test
2h
1h

First phase is a diagnostic evaluation conducted to determine PPCT trainees’ level of
knowledge before treatment using a pre- test lasting one hour. The second phase divided into two
stages typically lasts two hour involved examination of concept maps. This activity aims to
develop a better understanding of IQA principles including all methods and techniques used to
identify ions. At the beginning stage, the PPCTs were briefed on the IQA theory, objectives and
its importance in chemistry, and were encouraged to use supporting documentation to illustrate
concepts related to this area. Then, the PPCTs divided into groups of three or four, were asked to
examine studied maps and understand all concepts visualized. They were allowed to analyse and
discuss the matter among themselves and to list the most misunderstood concepts in this field.
During the last stage, at a round table involving participants, the components of maps were
summarized and thoroughly re-explained. Otherwise, PPCTs were given detailed explanations and
explanatory information about IQA. Questions raised by the participants were noted and
immediately addressed. Also, the researcher made efforts to improve the quality of acquisitions
and resolve any problems encountered by the participants who were having had difficulties. At the
7
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end of maps treatment phase, the PPCTs were post-tested. They were given one hour to complete
the knowledge post-test in order to evaluate their recent acquisitions. During this evaluation the
participants were not permitted to use any support documents and no explanations have been given.

Instruments
The IQA tests used in this work as the pre and post-mapping were developed in two stages.
The first stage involved a documentation review on the topic of IQA to determine the most
important and minimum principles that PPCTs need to know. The use of all these basic concepts
that covered the whole of the scientific area, allows elaborating the first master concept map
(Appendix A). Otherwise, the participants are also invited to examine the literature concept map
[30]. The second stage consists of the elaboration of knowledge judgement tools. Pre-and posttests are constructed in similar ways using questions akin (Appendix B).

Master concept map
Four fundamental principles are essential for the study of qualitative analysis combining
theory basis with practice skills and detailed chemical knowledge [7, 11, 31, 32]. The first principle
reflects the practical experimental nature of this disciplinary field. It stipulates the acquisition of
chemistry know-how relating to the operations and laboratory habits which are most often
repeated. Therefore, the apparatus, tools, utensils and appropriate techniques used in
manipulations, as well as the products resulting from them constitute the success factors in IQA.
Knowledge of reagents, their functions and uses form the second principle. All reagents commonly
used are divided into two groups. The general reagents serve for the classification of the most
common ions based on the formation of precipitates. However, the specific reagents often provide
8

AJCE, 2021, 11(2)

ISSN 2227-5835

particular characteristics of the studied ions. According to the third principle, information’s easily
perceptible to senses such as sight and smell, collected through the actions of reagents on the
simple allow to species identification nature with high certainty. Many types of reactions can
highlight the existence of ions in solution. The most common are precipitation, complexation,
oxidation-reduction and acid-base. As for the last principle, it’s based on the design of systematic
procedures which must be followed to complete analysis of inorganic samples such as metals, nonmetallic solids and salts. For each simple, a systematic qualitative analysis involving physical
properties and chemical reactions [30] must be carried out in order to identify constituents. Every
analysis consists of several parts and typically starts with the preliminary tests, followed by the
identification of ions after sample dissolution, and confirmatory tests cloture the process. Finally,
through the concept maps treatment PPCTs develop their skills for each topic area previously cited.

Inorganic qualitative analysis achievement test (IQAAT)
To measure the impact of concept maps examination on the PPCTs’ knowledge, the IQAAT
was developed according to established principles and literature reviews [31, 32]. The test-based
protocol to collect data is a very popular strategy used to explore learners’ conceptual
understanding and enhance acquisition of concepts in chemistry education [33, 34]. The IQAAT
is constructed on the basis of open-ended items frequently used in education as a measurement
tools and possessing different advantages comparatively to multiple choice items [35]. This test
administered on paper, included questions regarding the following sections: "experimental
practice" (EP), "reagents and uses" (RU), "action of reagents" (AR), and "systematic procedures"
(SP). It consists of fifteen items organized as follows: EP (1, 2, 3) ; RU (4, 5, 6,7, 8, 9) ; AR (10,
11,12) ; SP (13, 14,15). The IQAATs prepared using items akin were applied as pre- and post-tests
9
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to determine whether there was a significant difference in terms of achievement scores before and
after treatment [26]. PPCTs had asked to response direct questions about acquired knowledge
based on the application of concept maps and to gauge whether they understand IQA key concepts.
This type of item requires the learner to use their higher-level thinking skills [36], and remove
possibilities to get answers by chance or through a process of elimination or even using corrective
feedback [37]. Two experts in the field of chemistry education were asked for the validity and
reliability of the evaluation instrument. They were requested to examine whether the scope of the
two tests was sufficient to evaluate the concepts related to inorganic qualitative analysis. In
addition, the experts were asked to control the similarity of items between the pre-and post-tests.
According to their suggestions, three items were revised.

Data analysis
The responses given by the PPCTs to the pre- and post- intervention open-ended items were
classified and using content analysis method. Answers have been categorized into five classes
namely, "clear understanding" (CU), "partial understanding" (PU), "partial understanding with
specific misconception" (PUSM), "specific misconception" (SM), and "incomprehension or
unanswered" (IU). They were scored as four: CU, three: PU, two: PUSM, one: SM and 0: IU
points, with the total possible points being 60 [33, 34]. The answer to each item was considered to
be correctly answered if participant correctly responded to al parts of item. The reliability of the
open-ended tests was established by a Cronbach alpha coefficient for 37 cases and 15 items [38].
Descriptive information like frequencies and percentages means and standard deviations of
different coding categories were determined using excel 2010 software program. In all
comparisons made in this work, results were considered to be statistically significant for p < 0.05.
10

AJCE, 2021, 11(2)

ISSN 2227-5835

The Wilcoxon test and t-test were employed to reveal whether or not there was a significant
difference within the studied groups in terms of scores [39].

RESULTS AND DISCUSSION
This study involving classroom activity, embraces the effect of utilizing concept maps as a
remedial measure to eliminate weaknesses or deficiencies that PPCT is known to have. Results
presentation and their discussions include four sections, namely: statistical analysis of IQAAT,
content analysis of IQAAT, overall gains and losses scores, and evolution of gains and losses
versus IQA principles.
Statistical analysis of IQAAT
The PPCTs’ pre- and post-test results are summarized in Table 2, while Figure 1 presents
the scores achieved by 37 participants. According to the calculated t-value of 11.26 (at the 0.05
level) higher than the table value of 2.02, the difference between the scores achieved before and
after the didactic intervention were found to be statistically significant. Also, the result of the
Wilcoxon test (z = -5.258, zTable = 1.96, p < 0.05) shows a statistically significant change between
the scores of two assessments in favor of the post-test. Furthermore, the Cronbach’s alpha
coefficients estimated for pre-and post-tests were closer, and found respectively as 0.6648 and
0.6655, indicating a moderate internal consistency [40].
Table 2. Statistical data of pre-and post-test changes, t-test and Wilcoxon test results (p < 0.05).
Mean

Median

Mode

Min-Max

SD

Cronbach α

Pre-test

7.32

6.00

0.0

0-25

6.93

0.6648

Post-test

19.57

20.00

25.0

4-40

7.56

0.6655

t

z

11.259

-5.258
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From Table 2, it can be seen that the total mean mark of each of the two assessments was:
pre-test--7.32; post-test--19.57, with a difference of 12.25 which was found to be significant and
showing a remarkable effect of the intervention. Meanwhile, PPCTs scores range from 0 to 2
5 in the pre-test, while in the post-test they vary between 4 and 40. The standard deviation
showing the spread of scores increases slightly of 0.63 in the post-test. This moderate change in
advantage of the post-test indicates that the range in PPCTs’ knowledge does not systematically
change over the research activity. Others statistical quantities obtained for the post-test such as
median and mode are higher than those recorded for the pre-test. Thus, the median values of pretest and post-test were found to be 6 and 20 respectively. Also, the mode representing the number
which is repeated the most in the set is higher in the post-test of 25 than the pre-test where a score
of zero is achieved by six participants.
When looking at the scores achieved by PPCTs in tow tests (Figure 1), it is evident that the
majority of them makes progress, but they had low scores providing an unsatisfactory level. Thus,
89.2% and 56.7% of PPCTs scored less than 20 marks in the pre-test and post-test respectively.
For instance, these results can be due to very poor participants’ prior knowledge and the
acquisitions require probably more time than four hours devoted to this research activity.
60

PreMaps

50

scores

40
30
20
10
0
1

3

5

7

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37
Participant number

Figure 1. The pre- and post-test points scored by the participants.
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Despite this, results argue strongly that the concept maps improve PPCTs ideas and
knowledge-building ability in IQA. The magnitude between the pre- and post-test scores was
moderate, ranging from a low value of 2 to high of 19 points. However, the concept maps were
found to be ineffective to help advanced level chemistry of two participants to understand IQA,
and there scores decreased slightly by 1 point. Hence the performance of the majority (94.59%) of
PPCTs has undergone evolution and demonstrates the knowledge development of IQA prospective
teachers.
Based on these findings, it is reasonable to conclude firstly that the PPCTs’ performance in
IQA has increased considerably after the treatment carried out. Therefore, the strategy-based
concept maps improve PPCTs’ achievement regarding the topic of IQA. On the other hand, the
items of pre- and post-tests measure inorganic qualitative analysis success consistently [41].

Content analysis of IQAAT
Results presented in Table 3 show that the frequency for the majority of responses in the IU
category was higher than other categories (CU, PU, SMPU, SM) for the majority of participants
in two tests. This proves that the PPCTs are facing difficulty in understanding IAQ concepts [23].
However, the IU category percentage for pre-test of 80.6% has declined substantially following
intervention strategy. The percentage decrease of 37.8% obtained for "incomprehension or
unanswered" answers, brought a remarkable improvement in the categories showing better
acquisitions. Therefore, the adopted current way leads PPCTs to make statements showing fewer
misconceptions and increase their abilities to give answers justifying sufficient knowledge.

13
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Table 3. Total content analysis of items in the pre- and post-tests.
CU

PU

PUSM

IU

SM

f

%

f

%

F

%

f

%

F

%

Pre-test

2

6.7

1

1.4

2

6.5

2

4.9

30

80.6

Post-test

5

12.6

5

14.2

5

14.2

3

8.8

19

50.1

Based on Table 3, fifteen PPCTs (41%) in the post-test gave answers in the CU, PU and
SMPU categories, against only five participants (14.6%) before intervention answer in the similar
categories. Concerning the percentage of the post-test PPCTs’ responses in the CU category of
12.6% was higher than the percentage of pre-test PPCTs’ responses in the same class of 6.7%.
Also, the number of answers in the SM and CU categories given by PPCTs, it’s doubles after they
have finished the concept maps-based enhancing chemistry knowledge. Moreover, it can be seen
that the PPCTs in the pre-test located in PU category had very low percentage of 1.4% compared
to the participants in the post-test of 14.2%. These results agree with those previously presented in
where the median and mean for the post‐test scores were higher than those computed for the pre‐
test scores. This finding suggests that the PPCTs had gain a better understanding of the main topics
in IQA following this remediation activity. The overall results demonstrate the effect of utilizing
concept maps to enhance PPCTs’ understanding of IQA content.
However, the relationship between the studied variable and the participant’s acquisition
according to IQA principles is another exploration option. Table 4 presents the percentage
distributions of PPCTs responses in the pre- and post-tests over the answers categories for the four
principles and items.

14
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Table 4. Percentage distributions of PPCTs in the pre- and post-tests for each item.

Principles
EP (t =
6.43, p
<.05))
Average
RU (t =
12.11, p
<.05))

Average
AR (t =
0.21, p
<.05))
Average
SP (t =
3.56, p
<.05)
Average

Items
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Pre-maps
% Distributions According To
Categories
CU
PU
PUSM SM
IU
0
0
5.4
13.5 81.1
13.5 2.7
5.4
5.4
73.0
5.4
10.8
13.5
8.1
62.2
6.3
4.5
8.1
9.0
72.1
13.5 0.0
0.0
8.1
78.4
0.0
2.7
2.7
0.0
94.6
0.0
0.0
8.1
0.0
91.9
13.5 2.7
2.7
0.0
81.1
8.1
0.0
2.7
0.0
89.2
2.7
2.7
8.1
8.1
78.4
6.3
1.4
4.1
2.7
85.6
37.8 0.0
2.7
2.7
56.8
0.0
0.0
24.3
5.4
70.3
0.0
0.0
13.5
8.1
78.4
12.6 0.0
13.5
5.4
68.5
2.7
0.0
0.0
5.4
91.9
2.7
0.0
0.0
0.0
97.3
0.0
0.0
8.1
8.1
83.8
1.8
0.0
2.7
4.5
91.0

Post-maps
% Distributions According To
Categories
CU
PU
PUSM SM
5.4
2.7
8.1
13.5
10.8 18.9
29.7
2.7
10.8 43.2
35.1
2.7
9.0
21.6
24.3
6.3
18.9 24.3
27.0
2.7
35.1 18.9
16.2
10.8
35.1
2.7
10.8
2.7
5.4
16.2
13.5
8.1
2.7
0.0
0.0
10.8
32.4 29.7
10.8
0.0
21.6 15.3
13.1
5.9
8.1
16.2
13.5
10.8
2.7
10.8
5.4
32.4
0.0
2.7
16.2
13.5
3.6
9.9
11.7
18.9
13.5
5.4
16.2
10.8
5.4
18.9
10.8
2.7
2.7
2.7
0.0
8.1
7.2
9.0
9.0
7.2

IU
70.3
37.8
8.1
38.7
27.0
18.9
48.6
56.8
86.5
27.0
44.1
51.4
48.6
67.6
55.9
54.1
62.2
86.5
67.6

Results show for the "experimental practice" principle a decrease of answers in the IU
(72.1%) and SM (9.0%) categories in the pre-test comparatively with than those obtained for the
post-test respectively of 38.7% and 6.3%. While the number of responses in the categories
justifying an acquisition (CU, PU, PUSM), it has undergone significant increase in the post-test.
Thus, six participants (16.2%) have successfully proposed the appropriate solvent for particular
compound used in IQA and two of them gave answers in the CU category to the question 1.
Unfortunately, the percentage of responses in IU category remains very high (70.3%) in the posttest. Regarding the question 2, the percentages of answers in the PU (18.9%) and PUSM (29.7%)
categories were higher in post-test than the pres-test respectively of 2.7% and 5.4%, whereas the
percentages of answers in SM (2.7%) and IU (37.8%) groups were lower compared to the pre-test
scores. Therefore, the PPCTs knowledge about the effect of solid form on dissolution has been
15
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found to be developed. Responses collected to a question 3 are very marked for the EP principle.
Indeed, sixteen (43.2%) and four (10.8%) participants in the post-test gave answers respectively
in the PU and CU categories, whereas the number of responses does not exceed in the pre-test six
(16.2%) PPCTs for the similar groups.
Also, the number of answers in the IU category decreased significantly (twenty, 54.1%) in
the post-test following the use of concept maps. This finding indicates that the intervention activity
improved PPCTs’ sound understanding of the crystallization and precipitation processes.
According to the "reagents and uses" results, a majority of PPCTs (85.6%) gives answers in
the IU category in the pre-test. After the treatment, it was observed that the percentage of answers
in this class decreased significantly (44.1%), while the number of responses in the CU (8 : 21.6%
), PU (6: 15.3%) and PUSM (5: 13.1%) was higher in the post-test than the pre-test. For the
questions 1-9, the percentage of answers in the IU category range from 78.4% to 94.6% in the pretest, whereas in the post-test, it’s vary between 18.9% 56.8% except for the question 8 showing a
high value of 86.5%. In this last question whose answers are classified especially in SM and IU
categories in the post-test, the PPCTs are enabling to choose the general reagent using to detect
group 2 anions, probably due to memory problems [42]. Otherwise, the number of answers in the
CU category for questions 4, 5, 6 and 9 was higher in the post-test respectively of seven (18.9%),
thirteen (35.1%), thirteen (35.1%) and twelve (32.4%) than for the pre-test. They correctly wrote
the formula of lime water reagent Ca(OH)2 ; and they correctly response to questions, linked to
the knowledge that they have never be acquired, in particular, the general reagent and flame test
colour. As well, it can be seen that a minority of participants had a lower percentage (5.4%) of
answers in the CU category for question 7 in the post-test. This result can be linked to the short
time devoted to this activity which did not examine thoroughly the characterization of ions in each
16
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group using specific reagents. Also, results show that the percentage of answers in the CU category
for the questions 7 (13.5%) and 8 (8.1%) in the pre-test are higher than those obtained in the posttest, in connection with the PPCT-preparation courses during the training [20].
The percentage distributions of PPCTs in the pre-and post-tests recorded for the "action of
the reagents" principle does not lead globally to single effect. Indeed, the percentage of answers
in IU (55.9%) category in the post-test is lower compared to the pre-test of 68.5%; and the number
of answers in PU (4: 9.9%) class is higher than its homologue in the pre-test. While in the posttest the CU and SMPU categories have been decreased of 9% and 1.8% respectively; and the SM
category has increased of 13.1% after treatment. In detail, comparison between frequencies of
answers for questions 10, 11 and 12 gives moderate results. An increase in percentage of answers
in PU in the pre-test rose to high values ranging from 2.7% to 16.2% after treatment due to partial
ability of trainees to interpret the experiment phenomenon leading to write chemical equations.
Also, the frequencies of answers in IU category ranging in the post-test from 56.8% to 78.4% were
lower than those recorded before treatment varying between 51.4% and 67.6%, indicating a
decrease of IU responses. However, results obtained for the SM category does not support the
previous statement established for PU and IU categories. This situation indicates that PPCTs had
difficulty to elaborate chemical equations which requiring a content knowledge that learners have
studied in different chemistry topics [30, 43]. Therefore, it seems in the case of the "action of the
reagents" that the examined concept maps didn’t allow to significant changes on scientific
participants’ knowledge.
Examination results from "systematic procedure" part provide exhaustively significant effect
of concept maps. The percentages of answers in CU, PU and PUSM categories have been increased
of 5.4%, 9.0% and 6.3% respectively; while the frequency of responses in IU category has been
17
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dropped from 34 (91.0%) to 25 (67.6%). Minutely, the majority of PPCTs gave answers in the IU
category to questions 13-15 requiring systematic procedures to identify metallic compounds, pure
mineral salts and metal oxides. After the concept maps activity, the increases of the percentages
of responses in the CU and PU categories are moderate. In the post-test 5.4%, 18.9% and 2.7% of
answers respectively to questions 13, 14 and 15 are located in the PU category; simultaneously
13.5%, 5.4% and 2.7% are classed in the CU category. This indicates that these participants
reached correct conceptions through the concept maps and were able to perform systematic
analysis of unknown simples. However, the percentage of answers in SM category after the
concept maps increases slightly of 5.4% and 2.7% respectively for questions 13 and 14; and
remains unchanged for question 15. The treatment showed that PPCTs had difficulty to identify
unknown ions which would require probably further strategy based on experimental practices.

Overall gains and losses
For assessing knowledge and learning, the literature refers to the gain–loss approach as a
formal model using pre-test and post-test steps [44]. The score differences between the two
evaluation situations can be seen in Figure 2, which shows the overall gains or losses (post-test
score minus pre-test score) realized by each participant in all principles at the closing activity. The
calculated quantity revealed some interesting results regarding with how PPCTs use knowledge
acquired from an examination of concept maps. Differences above zero indicate the PPCT did
better in the post-test. Quantities extending below zero show that the PPCT did better in the prestest principle.
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Figure 2. Differences between pre-and-post test scores for each participant.
Results prove large individual differences among the PPCTs, but in general, the majority of
the participants did better to enhance their IQA performances. Three cases can be distinguished as
follows according to the difference signs. Score differences firstly superior to zero suggested that
PPCTs did better in post-test principle. They gain knowledge through the examination of concept
maps leading to enhance trainees’ understanding of IQA [25]. Studied learning objects have the
potential capability to modify the IQA knowledge of PPCTs. The biggest gain of 50 points has
been achieved by participant 36 in SP, followed by PPCT 7 who has progressed within 45 points
in AR. Also, participants 20 and 23 have obtained a gain of 40 points respectively in EP and RU.
The second case induces negative quantities reflecting that participants are not made adequate
progress. The search activity has lead to the opposite effect, linking probably to decreased
knowledge base [45]. The smallest differences were -30(AR), -25(SP) -15(EP), -2.5(RU) points,
scored respectively by the participants 19, 29, 4 and 26. In the latter case, differences equal to zero
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show a lack of improvement in the participants’ knowledge. It’s noted that no participant has
achieved this value in RU. For the other principles, losses are classified following the order based
on the frequency SP(15) > AR(7) > EP(4) > RU(0). For these participants the didactic interventions
is ineffective to support their learning and should have opportunity for supplementary teaching
sessions in order to correct their problems.

Evolution of gains and losses versus IQA principles
Figure 3 presents distributions of percentage of gains, losses and no evolution after the
concept maps activity according to EP, RU, AR and SP principles.

100%

Percentage

80%
60%

Zero
Losses

40%

Gains
20%
0%
EP

RU
AR
SP
IQA principles and globally

Globally

Figure 3. Percentage distributions of gains and losses versus EP, RU, AR and SP.
Results show that 94.6% of PPCTs' have scored an overall gain, and performances depend
on the examined areas in where gains are generally loom larger than losses. Indeed, the "reagents
and uses" results are more attractive then those obtained for the other cases. Thus, 97.3% of PPCTs
made progress and scores varies between 5 and 40 points. The remediation strategy has been
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proved to be very efficient to discover general and specific reagents used in qualitative analysis.
After a simple lecture of the studied maps describing IQA reagents, followed by an examination
of the key concepts, the degree of understanding has been much promoted. Both general and
specific reagents have received particular attention by participants which allowed them to answer
correctly the questions relating to this principle.
Overall gains obtained by 75.7% of participants for the "experimental practice" range from
5-40 points (Figure 2), suggesting that concept maps have produced meaningful changes. Utilizing
concept mapping promotes motivation and encourages participants to use their previous practice
knowledge that have coming into a program. However, the only exception to this trend is the
performance of 14.7% of the participants, which showed losses on the experimental practice posttest part. Otherwise, four (10.8%) PPCTs participating in this study show stable knowledge. In this
case, utilizing concept maps induces differences on the basis of IQA experimental practices.
Remedial activity allows participants to develop their technical skills in handling. Globally, results
suggest that the use of concept maps improve practical skills acquisition.
The "action of the reagents" inducing analysis and interpretation of experimental results has
been recorded moderate changes. Half of the participants (43.2%) positively improve their scores
in the post-test compared to the pre-test, a few PPCTs score the same on the two tests (18.9%),
and other participants scored higher on the pre-test than on the post-test (37.9%). The minimum
value of decreased score reached 30 points. These participants scoring negatively are not able to
elaborate some usual chemical reaction equation. The concept maps allowed for them to mobilize
a large number of skills [46] in various fields, in particular, the interpretation of reaction results in
chemistry. This activity did not improve the knowledge of these PPCT, but it contributed to
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identify their specific difficulties in terms of abilities to explain experimental observations based
upon knowledge of acid/base chemistry, redox chemistry and solubility [2, 31].
The participants' performances are average at the level of the "systematic procedure" involving a
series of tests in a systematic manner depending on the unknown simple. Most of the participants
(48.6%) were very successful to response better in the post-test than the pre-test, against 10.8% of
PPCTs have shown knowledge loss. Therefore, concept maps have important role to remediate
difficulties related to IQA experimental procedures. They had helped PPCTs to construct their own
understanding and knowledge on the practical process for identifying ions. However, the treatment
was not sufficient for several participants (40.5%) to accumulate knowledge and their scores revel
unchanged in the post-test. They need probably practical acquisition to acquire an accurate
knowledge of the systematic procedure.

CONCLUSION
This study involved a process including concept maps examination and two assessment
steps, aimed to investigate the effect of the didactic intervention to remediate prospective physics
and chemistry teachers understanding of qualitative inorganic analysis.
According to the t-test (11.26, p < 0.05) and Wilcoxon test (z = -5.258, p < 0.05) results, differences
between the IQAAT pre-test and post-test scores were found to be statistically significant in favor
of the post-test scores. The achieved results show that the majority of PPSTs made progress after
the application.
From the content analysis of IQAAT, it can be seen that the percentage of responses (80.6%)
in the category of "incomprehension or unanswered" for PPCTs in the pre-test has declined
substantially after the concept maps intervention than the percentage of responses (50.1%) in the
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same category in the post-test, brought a remarkable improvement in the categories showing better
acquisitions. Meanwhile, the percentages of responses in "clear understanding", "partial
understanding" and "partial understanding with specific misconception" categories in the post-test
were higher than the values obtained in the pre-test for the similar categories with variations
respectively of 5.9%, 12.8% and 7.7%.
According to "experimental practice" and "reagents and uses" principles, the number of
responses in these categories has undergone significant increase after intervention in the post-test.
However, the action of concept maps does not lead to single effect in the case of the "action of the
reagents" principle. PPCTs had several difficulties to elaborate chemical equations leading to
identify unknown compound which would require probably further strategy based on experimental
practices.
Regarding the score differences between the post-test and pre-test using gain–loss approach,
results show that the majority of PPCTs (94.59%) had score differences above zero and did better
to enhance their inorganic qualitative analysis performances. They gain knowledge through the
examination of concept maps which have the potential capability to modify their IQA
knowledge’s. Furthermore, the gain and loss changes depend strongly on the nature of principles
in where gains are generally loom larger than losses. The "reagents and uses" results are more
attractive than those obtained for the other cases. The percentage of gains of 97.3% was very higher
than the results obtained for "experimental practice", "systematic procedures" and "action of
reagents" of 75.7%, 48.6% and 43.2% respectively.
Briefly, it was found from the study that the concept maps-based remediation strategy in the
topic of inorganic qualitative analysis helps PPCTs' to solve problems and reduce their difficulties
related to subject matter knowledge. Thus, the shortcomings and weaknesses cumulated during the
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initial teacher training courses can be addressed using this method. However, the chemistry
curriculum development involving concept map studies remains a challenge to improve the quality
of education system.
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Appendix A: Constructed concept map
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Appendix B: Examples of items in the pre-and post-tests
Pre-test

Post-test

1. Suggest the appropriate solvent for iron, 1. Suggest the appropriate solvent for Al,
AgNO3, CaCO3, BaSO4 and NiCl2?

Cu(NO3)2, BaCO3, PbSO4, FeCl2 and SiO2?

2. Does the form of copper (shape, sheet, 2. Sodium chloride comes from sea salt and
powder, wool) influence the dissolution? rock salt. Compare their dissolution in water?
Explain?
3.

What

Explain?
are

the

differences

crystallization and precipitation?

between 3. Which operation among crystallization and
precipitation is more used in IQA?

4.What is the reagent to be used to detect 4. Give the name and formula of reagent used
carbon dioxide gas?

to detect carbon dioxide gas?

5. Define general reagent?

5. What does general reagent mean?

6. Give general reagent to detect group 2 6. Give general reagent to detect group 3
cations?

cations?

7. Explain the usefulness of sodium hydroxide 7. Explain the usefulness of ammonium
solution to distinguish between Fe3+ and Zn2+ hydroxide solution to distinguish between Al3+
in group 3 cations?

and Cr3+ in group 2 cations?

8. Suggest an adequate test to detect Cl-, Br- 8. Suggest an adequate test to detect CO32-,
and I- belonging to group 1 anions?

PO43- and S2O32-belonging to group 2 anions?

9. Schematize the assembly to examine the ion 9. Explain the flame colouration test basis?
flame colouration?
10. A metallic copper plate is immersed in 10. A drop of mercury (I) nitrate solution is
silver nitrate solution, leading to the formation deposited on the metallic copper plate, leading
of a shiny compound and the solution turns to the formation of a graycolor amalgam.
blue. Write the chemical equation?

Write the chemical equation?

11. Reaction between potassium iodide and 11. Addition of ammonia solution dropwise to
mercury (II) chloride solutions gives a a silver nitrate solution gives a precipitate of
precipitate of HgI2, soluble in excess of Ag2O, soluble in excess of reagent. Write
reagent. Write chemical equations?

chemical equations?
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12. The anion S2O32- is precipitated with 12. The anion Cr2O72- is precipitated with
barium chloride, and discoloured with iodine silver nitrate. It undergoes reduction with
solution. Write chemical equations?

hydrogen sulphide and leads to the formation
of sulfur. Write chemical equations?

13. Suggest a procedure to identify metallic 13. Explain a procedure to identify metallic
compounds?

compounds?

14. Describe briefly the steps required to 14. What is the correct order of tests to identify
identify salts?

salts: HCl, effect of water, BaCl2, pH, flame

15. Describe how metals oxides can be colouration, NaOH, colour, H2S/HCl?
analyzed qualitatively?

15. Propose a procedure to identify oxides?
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ABSTRACT
The study was undertaken to examine the effect of blended formative assessment with
metacognitive scaffolding strategies on students’ achievement and self-regulation skills in learning
Chemistry with focus to secondary schools in Addis Ababa City, Ethiopia. The study adopted
pretest posttest quasi-experimental design. Three groups were involved in the study, two
experimental and one comparison groups. The experimental groups practiced the formative
assessment and blended formative assessment with metacognitive scaffolding strategies
respectively, whereas for the comparison group the existing instruction were implemented. The
sample, consisting of 132 eleven grade students, was taken by using the multistage random
sampling technique from three secondary schools. The Chemistry Achievement Tests (CAT) and
the Chemistry Self-Regulation Skills Questionnaire (CSRSQ) were the instruments for data
collection. The internal consistency of the CAT was obtained using Kudder Richardson formula
20(KR-20) and the reliability index obtained was 0.79. The reliability coefficient for CSRSQ was
estimated using Cronbach alpha and its value was found to be 0.76. For the pre- and post-tests’
data analysis, descriptive statistics (mean and standard deviation) and inferential statistics (Oneway ANOVA) tests were implemented to compare the scores obtained from the experimental and
comparison groups. The main finding of one-way ANOVA indicated that there was a significant
effect on students’ achievement [F (2,129) = 13.32; p<0.001] and their self-regulation skills [𝐹
(2,129) = 12.38; p<0.001]. Moreover, effect size estimate was used to provide a strong validation
on the variation between the three groups for the measure of students’ achievement and selfregulation skills in learning chemistry. Recommendations were made to promote the use of
blended formative assessment with metacognitive scaffolding strategies aiming at the
improvement of student achievement and self-regulation skills in learning Chemistry at secondary
schools. [African Journal of Chemical Education—AJCE 11(2), July 2021]
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INTRODUCTION
Over the years, many efforts have been made in developing the Science Education program
that would serve the aspirations of students and meet the global societal goals of education. The
ideal science program is one which keeps pace with the modern modifications and challenges in
the society with a view to addressing them in order to make this world better place to live
in [1]. Because of this, the instructional design has moved through a series of improvement phases.
The move from behaviorism through cognitivist to constructivism represents shifts in emphasis
away from an external view to an internal view of learning [2]. This turning point of learning
processes asks for designing of instruction that deals with students as constructors not receivers of
knowledge, students who construct knowledge through interaction and connecting their
experiences and their prior knowledge with the current situations, and students who have learning
strategies to help in constructing their knowledge and understanding. Thus, fruitful and effective
instruction gives emphasis to the teaching of strategies that support students to learn with
understanding. To this end, ranges of instructional methods that support learning have been
developed and their effectiveness in enhancing science learning has been proven with research
findings.
Student-centered learning situations are needed that encourage and inspire secondary-level
students to strengthen and establish a broad range of learning outcomes [3-4].

There are wide

ranges of indications to support the view that a student-centered approach has positive
consequences to learning science. Student-centered teaching produces deeper understanding,
higher order thinking skills, responsibility in their learning and the ability to apply complex ideas
in real-life situations and more positive attitudes towards the subject being taught [5-7]. Moreover,
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research finding indicated that student-centered approach resulted in significantly better
understandings of scientific conception and elimination of misconceptions [8-9].
However, science teachers in general, and chemistry teachers in particular mainly adopt
instructional strategies that are mostly teacher directed and do not encourage deeper students’
participation and self-regulation [10] [11]. Self-regulated learners are independent learners, who
possess relevant skills which enhance their ability to construct knowledge, assume accountability
for their own learning and realizes that learning is a personal experience that requires active and
enthusiastic participation [12] [13]. This perception of the role of the learners in the learning
process is changing the views of educational researchers on the role of the teacher in the learning
process. Instead of viewing teaching as teacher explanation followed by students practice, effective
teaching may be achieved by integrating a self-regulating strategy such as metacognitive strategy.
Metacognitive strategies have been reported to have influence on academic achievement. Some
researchers contend that metacognition correlates significantly with students’ academic
achievement [14-17] while

others

view

that

explicit metacognitive training can enhance

students’ metacognition [18] [19] and as well support students’ academic achievement [20] [21]
[22]. They believe that students, who possess metacognitive knowledge and demonstrate a wide
range of metacognitive skills tend to be more successful as they can self-regulate their
learning, retain information longer, and perform better.
As different investigators explained that, metacognition can be developed through
formative assessment activities [23-25]. Furthermore, [26] found that Scaffolding is an essential
instructional element to facilitate metacognition. Scaffolding anticipates construction of some sort
and supports immediate knowledge construction and extension of existing knowledge [27].
Combining scaffolding and formative feedback results in a powerful construct for improvement of
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the individual’s and peer ability [28] [29]. Additionally, in attempting to maximize teacher
effectiveness in meeting the student need, formative assessment is a well-known approach to
improve student learning involving activities undertaken by teachers and students to assess
themselves in order to provide feedback for modifying the activities in which they are engaged
[30] [31]. Research has established both a strong theoretical foundation and empirical evidence to
support the use of formative assessment to improve science performance [32] [33]. Formative
assessment activities are embedded within instructions to monitor learning and assess learners
understanding for the purposes of modifying instruction and informing further learning through
ongoing and timely feedback until the desired level of knowledge has been achieved.
[34] Clearly explained how formative assessment and feedback have the potential to help
students become self-regulated learners. On the one hand, the way in which students self-regulates
their learning to achieve learning development parallels with the learning processes that are
encouraged in formative assessment activities [35]. More specifically, self-regulation is
established in learner active involvement in monitoring and regulating a number of learning
processes, including setting learning goals, adopting strategies to achieve goals, managing
resources, making efforts, responding to feedback, and constructing learning outcome [36]. On the
other hand, formative assessment studies recommend that improving students' ability to regulate
their own learning should be considered to be the crucial purpose of formative assessment [37]
[38].
One key aspect of engaging formative assessment to support self-regulated learning is
providing students with chances to decide on their learning goals, self-evaluate performance
against their goals, and make improvement [37] [39]. [38] Identified various formative assessment
strategies and activities that promote self-regulation among students. These strategies include
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setting learning goals, adopting activities that elicit evidence of learning, dialogical interaction,
peer evaluation, and feedback on the current understanding and task-related processes [40].
Another critical aspect in formative assessment that supports self-regulation is the provision of
feedback, which offers information on how effectively something has been done and what can be
done to improve it [39]. Feedback and self-regulation are two complexly interrelated aspects of a
broader learning process. A recurrent major theme in formative assessment research is the need to
orient feedback provision towards developing students' ability to monitor and regulate their own
learning [41] [39]. For the time being, self-regulation studies suggest that self-regulated learners
are able to generate feedback, interpret self-generated and externally mediated feedback and use
feedback to achieve their own learning goals [42] [43].
[44] Believe that feedback provided at four different levels may support self-regulation to
a different extent. Feedback on tasks tells students of the correctness of their responses to tasks,
looking for to build students' superficial knowledge. Feedback at the process level focuses on
developing students' strategies for tackling tasks, thus potentially leading to deep knowledge.
Feedback about self-regulation is aimed at developing students' ability to make and use internal
feedback to self-assess and monitor their learning process. Feedback on the self focuses on students
as persons rather than on their work and is therefore irrelevant to the enhancement of the quality
of student learning. In the present study, this model of feedback is adopted to make analysis and
interpretations of feedback arising from formative assessment.

Statement of the Problem
Even though the contributions of using formative assessment to improve students’
learning, teachers’ effectiveness, and school achievement have been understandable, the result of
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extensive researches have shown that formative assessment has been rarely adopted in classrooms
in a worldwide including in Ethiopia [45] [46]. Moreover, based on findings in previous studies,
we conclude that there is a need for more evidence how formative assessment affects students'
achievement [47] [48]. In addition, researchers claim that for individuals to have the metacognitive
skills, they must have a knowledge base that facilitates and help them in developing the cognitive
skills. Some of the teaching strategies that teachers in many institutions use in teaching the students
do not help the students in developing adequate cognitive skills that they require. For this reason,
many students end up failing to achieve some of the fundamental skills that they need to succeed
academically. In many cases, use of the metacognitive strategies is not applied correctly. As a
result, this affects the academic achievement and future social studies among many students [49].
Furthermore, some students do not have the metacognitive abilities that can help them in
understanding complex issues. Research finding also shows that metacognitive scaffolding
strategies help to develop metacognitive skills and facilitates students learning [50]. But, only a
small number of studies have investigated the effects of metacognitive scaffolding strategies on
improving students learning outcomes. To date, however, a few research studies have been
conducted on the separate effects of metacognitive strategies or formative assessment on students’
achievement and self-regulation skills in learning Chemistry. Yet, existing studies provide limited
empirical evidence on the interconnection between formative assessment activities and
metacognitive strategies on students’ achievement and self-regulation skills of Chemistry learning.
Therefore, the study specifically aimed to determine the combined effect of formative assessment
with metacognition scaffolding strategies on 11th grade Natural Science students’ achievement and
self-regulation skills in learning Chemistry. And so, to address the above objective, the researchers
made two specific research questions:
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1. What is the combined effect of formative assessment with metacognition scaffolding
strategies on students’ achievement in learning Chemistry?
2. Does the blended of formative assessment with metacognitive scaffolding strategies affect
students’ self-regulation skills in learning Chemistry?

RESEARCH METHODOLOGY
Research Design
In this study, a non-equivalent multiple treatment pretest-posttest quasi- experimental
comparison groups design was used. Quasi-experimental procedure is a useful method when it is
not possible to use a true experiment [51]. In a true experiment, participants are randomly assigned
to either the treatment or the control group, whereas they are not assigned randomly in a quasiexperiment. In a quasi-experiment, the control and treatment groups differ not only in terms of the
experimental treatment they receive, but also in other, often unknown or unknowable, ways. Thus,
the researcher must try to statistically control for as many of these differences as possible. Because
control is lacking in quasi-experiments, there may be several rival hypotheses competing with the
experimental manipulation as explanations for observed results [51]. According to this research
design, experimental group one students were exposed to formative assessment integrated with
metacognitive scaffolding strategies (E1), Experimental group two students were exposed to
formative assessment only(E2) and the comparison group students were exposed to the existing
instruction(X) which consists of one group. Table 1 below shows the diagrammatic representations
of nonequivalent comparison group research design, the experimental group takes part in some
types of treatments which are marked by E1 and E2 was used in this study.
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Table 1: The diagrammatic representations of nonequivalent comparison group research design
Groups
Experimental group one
Experimental group two
Comparison group

Pre-test
O1
O1
O1

Treatments
E1
E2
X

Post-test
O2
O2
O2

Where: O1 is pre-test for the experimental and comparison groups
O2 is post-test for experimental and control groups
E1 is treatment for experimental group1 (received formative assessment with scaffolding
metacognitive strategies)
E2 is treatment for experimental group2 (received formative assessment only)
X is treatment for comparison group (received the actual existing instruction)

The Sample and Sampling Techniques
Owing to the large number of secondary schools in Addis Ababa City, the researcher selected
three secondary schools randomly by lottery method as a sample from three sub city of Addis
Ababa. One Chemistry teacher relatively well qualified and experienced in teaching Chemistry
was selected purposely for each school. Based on this, the study consisted of 132 eleven grade
students (65 males and 67 females) in the selected governmental secondary schools. In the
comparison group, 20 of the students were females and 24 were males. In the experimental groups,
there were 47 females and 39 males (23 of students were female and 22 of students were male
participated in E1 and 19 of students were male and 24 of students were female participated in E2).
Variables of the Study
The independent variables in this study were treatment. The treatment has three levels
which are Formative Assessment with Metacognitive Scaffolding strategies (E1), Formative
Assessment without metacognitive strategies (E2) and Comparison Method (CM) group. The
dependent variables of the study were students’ achievement which was measured using Chemistry
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Achievement Test (CAT) and self-regulation skills to learn Chemistry which was measured by
Chemistry Self-Regulation Skill Questionnaire (CSRSQ).
Data Collection Instruments
In the study, Chemistry achievement test and self-regulation skill questionnaire were used
as data collection instruments.
Chemistry Achievement Test (CAT): For the development of the achievement test, 40 multiple
choice questions were adapted from different literature review based on our curriculum. For the
content validity of the questions, two chemistry teachers working in the school and two lecturers
specializing in the field of chemistry education programs and teaching were consulted. The test
was finalized for pilot implementation in line with the teacher and specialist opinions. The test was
applied to the 12th grade students as they had studied the previous year. After the pilot
implementation of the achievement test, Kuder Richardson formula 21 (K-R21) was used to
establish a reliability coefficient estimate of approximately 0.79.
Chemistry Self-Regulation Skills Questionnaire (CSRSQ): CSRSQ was designed by [52] to
determine the chemical equilibrium self-regulation skills (Metacognitive skills) of high school
students. The response scale was based on a 5-point Likert scale with responses coded as follows:
(1) never or rarely; (2) sometimes; (3) about half of the time; (4) frequently; and (5) always or
almost always. The scale consists of 32 items and their Cronbach alpha value was .84. In this study,
CSRSQ was adapted to measure the self-regulation skills of grade eleven students in learning
Chemistry. The estimated Cronbach alpha reliability coefficient of the scale was .76.
Procedures of the treatment
The research was conducted in the 11th grade natural science classes at Addis Ababa three
selected preparatory schools for 12 weeks. The three Chemistry teachers in both the control and
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experimental groups were participated. In this study, there were two treatment groups and one
comparison group. One of the sections in the selected schools was assigned to receive formative
assessment only and the second section was assigned to receive formative assessment with
metacognitive scaffolding strategies and the third section in the remaining school which was
considered as comparison group was assigned to receive the existing instruction. After assigned
each group, training was conducted for teachers and students in treatment groups. At the beginning
of the intervention, we gave brief information about the purpose of the study, the ways of the
implementation of the intervention, the activities to be carried out during the intervention, and the
time schedule. The training consisted of brief description of the formative assessment and
metacognitive strategies. The training also consisted on how teachers can prepare a daily lesson
plan using the formative and metacognitive strategies with practical examples.
Students in all the three groups filled Chemistry self-regulation skill questionnaires before
treatment was administered to them. Then, a group each from comparison and experimental
category sat the pre-test on Chemistry achievement followed by administration of the intervention.
All groups were taught on the same content of the Chemistry concepts (chemical bonding and
chemical kinetics). The language of the instruction was English. The classroom instruction of the
groups was three 45-minute sessions per week and totally conducted for a total period of 36. The
experimental and comparison groups spent equal time for studying. However, the lessons in the
experimental groups focused on using the metacognitive scaffolding with formative assessment
and formative assessment only that was designed to improve students’ achievement and selfregulation skills in Chemistry subject.
For the treatment groups, the syllabus in which goals and sub-goals as well as the success
criteria were explained in a detailed way and distributed to the students and students were informed
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about the goals and were explained the expectations. The three processes: self-assessment, peerassessment and feedback were components of treatment. For each lesson planned for interactive
individual and peer formative activities were prepared for students to take at the completion of the
lesson. When students finished these planned for interactive individual and peer formative
activities, the teacher was able to identify weaknesses and misconceptions that needed to be retaught during the ensuring class period. The metacognitive strategies were also designed on the
basis of the four steps: i) identifying teaching techniques, ii) identifying metacognitive dimensions,
iii) process to develop metacognitive behaviors, and iv) validations.
The teacher scaffolds a student to bridge the gap between current abilities and intended
goal using either tools or techniques. The scaffolding should be in what Vygotsky called the zone
of proximal development (ZPD), where students can only proceed with appropriate scaffolding.
As student competency increases, the scaffolding was gradually removed, allowing them to
independently complete tasks that previously required assistance. Here teacher provides
metacognitive instructional practice such as what information is important to remember? What do
you need to do if you don't understand? Are you on the right way? How should you proceed?
When they are monitoring lesson they are guided to ask themselves the metacognitive
questions. How am I doing? What information is important to remember? What do I need to do if
I don't understand? How well did I do? Did my particular course of thinking produce more or less
than I had expected? What could I have done differently? The strategy forces student to use
metacognition to examine their thinking, analyze their position and explain their point of view.
When the study period was completed, the achievement test and self-regulation skills questionnaire
were administered as post-test after which their achievement and self-regulation skills scored were
compared.
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Data analysis
In the data analysis, first it was examined whether the data obtained from the instruments
corresponded with the assumptions of parametric tests. The Shapiro-Wilk normality test, central
tendency measures, and skewness kurtosis coefficients were conducted to determine whether the
data obtained from the control and experimental groups had a normal distribution. The Levine test
was applied to determine whether the variances of the data obtained from the control and
experimental groups were equal. After the data obtained from the data collection means showed
normal distribution and the variances were equal, it was decided to use parametric tests in the data
analysis. In this context, descriptive statistics (mean and standard deviation) and inferential
statistics (One-way ANOVA Analysis) were used in the study. In the statistical analysis, the level
of significance was accepted as .05.

RESULTS
Testing Statistical Assumptions
Here in this study, groups with 3 ordered levels are treated as ordinal for any analysis by
SPSS. In such a case there is no need to check whether the data is normally distributed or not.
Conditions in which normality is checked when the data is in the form of ratio/scale. The pre-test
and posttest achievement test and self-regulation test are in scale levels skewness should be
checked whether the data is normally distributed or not so as to choose parametric or
nonparametric test for groups. Parametric methods assume that the dependent (outcome) variable
is approximately normally distributed for every group to be compared.
Furthermore, the parametric test for comparing means of two or more groups assumes
equal variances. The homogeneity of variances ensures that the samples are drawn from the
42

AJCE, 2021, 11(2)

ISSN 2227-5835

populations having equal variance with respect to some criterion. The assumption for homogeneity
is called homoscedasticity which is strongly influenced by non-normality. The departures from
normality result in residuals, which account for the variances in sample data. The normality
assumption ensures that distribution of data is symmetric, while the equality of variances
complements the same assuming homogeneous deviations from averages in subgroups. Therefore,
the normality and Levene’s test of homogeneity of variances for students’ Chemistry achievement
and self-regulation skills tests scores among the three groups were analyzed and presented in the
below Table 2 and 3.
Table 2: Normal distribution analysis study for students’ achievement and self-regulation skills
tests among the three groups.
DV
Group
Normality Test
N
Skewness SE
zKurtosis SE z-value Sig.
value
pre-achievement E1
45
.06
.35
.02
-1.22
.70 -.85
.130
test
E2
43
-.59
.36
-.21
-.65
.71 -.46
.170
CG
44
-.45
.36
-.16
-.52
.70 -.36
.120
postE1
45
-.27
.35
-.09
-1.25
.70 -.88
.080
achievement test E2
43
-.07
.36
-.03
.20
.71 .14
.051
CG
44
.13
.36
.05
-.96
.70 -.67
.060
pre-selfE1
45
-.28
.35
-.10
-.36
.70 -.25
.187
regulation skills E2
43
-.32
.36
-.11
-.37
.71 -.26
.221
test
CM
44
-.49
.36
-.18
.32
.70 .22
.428
Post-selfE1
45
-.01
.35
-.01
-1.17
.69 -.81
.044
regulation skills E2
43
-.68
.36
-.24
-.39
.71 -.28
.08
CM
44
-.17
.36
-.06
-.42
.70 -.29
.105
Table 2 shows normal distribution analysis for study variables on pre-test and post-test of
chemistry achievement and self-regulation skills among the three groups. A Shapiro-Wilk’s test
and a visual inspection of their histogram, Normal Q-Q plots and box plots showed that the exam
scores approximately normally distributed, with a skewness of values are between 1and -1 this
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confirms variables with the ratio scales of achievement and self-regulation skills test normally
distributed.
Table 3: Levene’s Test of homogeneity of variances for students’ chemistry achievement and selfregulation skills test scores among the three groups
Dependent variables
Levene Statistic
df1
df2
Sig.
pre-test chemistry achievement
.03
2
129
.969
pre-test self-regulation skill
1.94
2
129
.148
post-test chemistry achievement
1.07
2
129
.345
post-test self-regulation skill
.44
2
129
.646
Table 3 shows test of Levene’s Test for pre-chemistry achievement test (p =.969), for preself-regulation test (p =.148), for post-chemistry achievement test (p =.345), and for post-selfregulation test (p =.646), respectively. The results of analysis shows that among all groups the
Levene’s test results of dependent variables were non-significant (p>.05 = Equal Variance) which
fulfilled the assumption of homogeneity of variance.
Analysis of the pre- test results
After assigning the students from the intact classes to the treatments and comparison
groups, pre-test data were collected using achievement test and Chemistry self-regulation skills
questionnaire. Before performing the analysis of pre-test scores, assumptions of ANOVA such as
normality and homogeneity of variance were checked. The skewness and kurtosis of the pretest
data was in an acceptable range in the two dependent variables (see in Table 2). This means the
data were approximately normally distributed. Similarly, the other assumptions of ANOVA, the
homogeneity of variance, were checked from the Levene test which was not significant for all
dependent variables, pre- achievement and pre-Chemistry self-regulation skills questionnaire (see
in Table 3). This means that the variance of scores on each variable for the population of the groups
is equal. So, the assumptions for ANOVA were not violated.
44

AJCE, 2021, 11(2)

ISSN 2227-5835

Result from the ANOVA analysis revealed that there was no statistically significant mean
difference between the comparison and treatment groups; F (2,129) = 2.63, p = .076 for
achievement test and F (2,129) = 1.27, p = .283 for their Chemistry self-regulation skill
questionnaire, suggesting that groups were similar in respect of their achievement test and selfregulation skill scores (see in Table 4). It should be noted that the results from the pretest from
both the treatment groups and the comparison group are similar. This implies that before practicing
of the treatment there is no significant difference in achievement and their self-regulation skills of
the three groups. It could be concluded that results showed no significant differences among all
study variables before the intervention. In addition, descriptive data showed the mean value for all
dependent variables was almost similar to one another for each group. This implies that the groups
used in this study exhibited similar characteristics and were therefore suitable for the study.
Table 4: Summary on Students’ pre-test scores in chemistry achievement and Chemistry selfregulation skills questionnaire among the three groups
Dependent variable
pre-test chemistry achievement

pre-test self-regulation skill

Group
E1
E2
CM
Total
E1
E2
CM
Total

N
45
43
44
132
45
43
44
132

Mean
7.87
6.95
8.27
7.70
4.09
3.40
3.84
3.78

Std.deviation
2.64
3.08
2.490
2.78
1.62
2.52
1.96
2.07

Table 5: One-way analysis of variance summary table comparing the three groups on scores of
pre-test of Chemistry achievement and Chemistry self-regulation skills test scores
Dependent variables
Source
SS
Df
MS
F
Sig.
Between
39.64
2
19.82
2.63
.076
pre-test chemistry
Groups
achievement
Within Groups
971.83
129
7.53
Total
1011.48
131
Between
10.82
2
5.41
1.27
.283
pre-test chemistry
Groups
self-regulation skills Within Groups
547.81
129
4.25
Total
558.63
131
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Analysis of Post-test Results
The effect of treatment on students’ Chemistry achievement
One of the research questions for this study was to determine the combined effect of
formative assessment with metacognitive scaffolding strategies son students’ achievement in
learning Chemistry as one subject of natural science. As there were no statistically significant
differences between the pre-test scores of the groups ( see in Table 5), the post-test scores were
compared using One-way ANOVA. Prior to conducting the one-way ANOVA, the assumption of
normality and homogeneity of variance was evaluated. The results of outcome variable was found
to be approximately normal distributed and equal variances are assumed based upon results of
Levene’s Test (F (2,129) = 1.07, p = .345 (see in Table 2). The results of descriptive data and the
summarized one-way ANOVA results are reported in Table 6, 7 and 8.
Table 6: Means and standard deviations comparing the three groups on scores of achievement test
Groups
achievement scores
N
M
SD
E1
45
25.52
4.82
E2
43
20.38
6.08
CM
44
19.98
6.57
Total
132
21.96
6.36

Table 7: One-way analysis
achievement test
Source
Between Groups
Within Groups
Total

of variance summary table comparing the three groups on scores of
Df
2
129
132

SS
917.54
4858.21
5775.75

MS
458.77
34.46

F
13.32

Sig
.000

𝜂2
.16
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Table 8: Multiple comparisons of three groups on students Achievement test
Scheffé
(I)
group
students

of(J) group ofMean
Std. Error Sig.
students Difference (I-J)

E2
5.15*
1.20
*
CM
5.54
1.20
E2
E1
-5.15*
1.20
CM
.39
1.20
CM
E1
-5.54*
1.20
E2
-.39
1.20
*. The mean difference is significant at the 0.05 level.
E1

.000
.000
.000
.942
.000
.942

95% Confidence Interval
Lower Bound Upper
Bound
2.31
7.98
2.70
8.38
-7.98
-2.31
-2.44
3.23
-8.38
-2.70
-3.23
2.44

A one-way between groups analysis of variance was conducted to explore the effects of
interventions on students’ achievement. The analysis of variances showed that the effect of group
significantly influenced the combined effect of formative assessment with metacognitive
scaffolding strategies, F (2, 129) =13.32, p < .001, 𝜂2 = .16. Thus, there is a significant result and
concluded there is significant difference among students’ levels of achievements between the three
groups. The actual difference in the mean scores between groups and the effect size was large
based on Cohen’s (1992) conventions for interpreting effect size(see in Table 7). Post hoc analyses
were conducted using Scheffé post-hoc test. Based on a Scheffé value the Achievement in the E1
group (M = 25.52, SD = 4.82) was significantly less than in the E2 group (M = 20.38, SD = 6.08)
and the CM group (M = 19.98, SD = 6.57). The achievement in the E2 group and the CM group
did not differ significantly.
The effect of treatment on students’ self-regulation skills in learning chemistry
To determine the possible effect of treatment on student self-regulation skill in learning
chemistry as a subject, the researcher compared students’ mean post-test scores of the three groups
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using a One-way ANOVA. The results of this analysis are displayed in the Table 9 10 and 11
below.
Table 9: Means and standard deviations comparing the three intervention groups on scores of
students’ self-regulation skill questionnaire in learning Chemistry
Groups
Self-regulation skill scores
N
M
SD
E1
45
72.60
16.71
E2
43
63.84
17.37
CM
44
54.73
16.76
Total
132
63.79
18.36
Table 10: One-way ANOVA summary table comparing the three group levels on scores of
students’ self-regulation skill questionnaire in learning Chemistry
Source
SS
Df
MS
F
Sig
𝜂2
Between Groups
7106.67
2
3553.34
12.38
.000
.16
Within Groups
37039.39 129
287.13
Total
44146.06 131
Table 11: Multiple comparisons among the three groups on students’ self-regulation skill scores
Scheffé
(I) group of
students

Mean
Difference (I-J)

SE

Sig.

E2
8.76*
CM
17.87*
E2
E1
-8.76*
CM
9.11*
CM
E1
-17.87*
E2
-9.11*
*. The mean difference is significant at the 0.05 level.

3.61
3.59
3.61
3.63
3.59
3.63

.044
.000
.044
.036
.000
.036

E1

(J) group of
students

95% Confidence
Interval
Lower
Upper
Bound
Bound
.19
17.33
9.35
26.39
-17.33
-.19
.49
17.73
-26.39
-9.35
-17.73
-.49

A one-wan between-subject ANOVA was run with number of groups as the independent
variable, and student self-regulation skill as the dependent variable. The assumptions of
homogeneity of variances was tested and found tenable using Levene’s test, F (2, 129) = .44, p=
.646 and the outcome variable was approximately normally distributed (see in Table 3). A
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significant difference was found between the three groups in their self-regulation skill, (F (2, 129)
= 12.375, p< .001,𝜂2 = .16). After establishing that there was a significant difference between
self-regulation skill of students taught the chemistry topics using formative assessment combined
with metacognitive strategies, formative assessment only and those taught using Conventional
Methods, it was important to carry out further tests to show where the difference occurred. This
was done using Scheffé post-hoc analysis tests of multiple comparisons. Post-hoc analyses using
Scheffé indicated that the chemistry self-regulation skill in the CM group (M = 54.73, SD = 16.76,
p < .001) was significantly less than the chemistry self-regulation skill in the E1 group (M = 72.60,
SD = 16.71, p = .044) and E2 group (M = 8.10, SD = 1.69, p = .036). Further, Cohen’s effect size
value (𝜂2 = .16) suggested a moderate to high practical significance (See in Table 10).

DISCUSSION, CONCLUSION, AND RECOMMENDATIONS
Discussion related with students’ achievement
The first sub-problem in the study was as to whether there was a significant difference in
their achievement between the experimental groups, which were taught using formative
assessment with metacognitive scaffolding strategies, formative assessment without metacognitive
strategies and the control group, which was taught in accordance with the existing instruction. The
analysis of the first sub-problem involved determining any possible difference between the two
experimental and control groups in their scores in the achievement test of Chemistry.
The statistical analysis and findings suggest that there was a difference between the
experimental groups, which were subject to formative assessment with metacognitive scaffolding
strategies and formative assessment without metacognitive strategies, respectively, and the control
group, which was taught with the existing instruction, in their achievement, with the difference
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being in favor of the experimental groups. This result coincides with the results of studies in the
literature examining the effect of formative assessment and metacognitive strategies on academic
achievement [42] [40] [53].

Also [54] agreed that an enhanced formative assessment and

metacognitive strategies instruction improve the academic achievement of the students in any
subject. Therefore, it can be argued that students need to use both the two strategies in order to
understand the concept of Chemistry properly and make fewer mistakes in the process.

Discussion related with students’ Self-regulation Skills
In the analysis of the second sub-problem, an attempt was made to identify whether there
was a significant difference between the two experimental and control groups in their selfregulation skills. The statistical analysis and findings suggest that there were a significant
difference between the two experimental groups and the control group, in their self-regulation
skills, with the difference being in favor of the experimental groups. This finding is consistent with
the findings in other study and supports the fact that when students are exposed to formative
assessments and metacognitive strategies their self-regulation skill increases significantly [48].
[55] Evaluated the relationship between formative assessment and metacognitive strategies in a
study and emphasized that the teachers who apply formative assessment strategies should
understand the students’ self-regulatory learning processes in order to make correct decisions. In
addition, [55] advised that teachers should frequently use formative assessment in order to develop
the students’ self-regulation skills and increase their motivation.
There are also studies in the literature that have shown formative assessment and
metacognitive strategies do not statistically significantly affect student self-regulation skills. For
example, [56] concluded that even though the formative assessment had a positive effect, no
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significant difference was found between the experimental and control groups. Self-regulation
skills require students to actively use their cognitive skills, make efforts to reach their learning
goals, get help from their friends, teachers or parents when necessary, and most importantly, take
responsibility for their own learning. Therefore, the nature of formative assessment based on
learners’ learning and the applications aiming at eliminating learning deficits are closely related to
the self-regulation skills of the students. However, it can be interpreted that self-regulation skills
can be developed over a long period of time through appropriate and consistent approaches.
Conclusion and Recommendations
The purpose of this study was to determine the effects of three separate groups on students’
achievement and self-regulation skills in learning chemistry. An attempt was made in the study to
determine whether the experimental groups, which were taught how to learn chemistry through
formative assessment with metacognitive scaffolding strategies and formative assessment without
metacognitive strategies, respectively, and the control group, which was taught through the
existing instruction, significantly differed from each other in their achievement and self-regulation
skills. There were clear differences between the groups in all the two dependent variables
(achievement and self-regulation skills), with the differences being in favor of the experimental
groups. Therefore, it can be concluded that Chemistry subjects should be taught in a learning
environment with formative assessment activities that will support with metacognitive strategies
so that students will be more successful in their academic achievement and, in particular, develop
their self-regulation skills. It is therefore recommended that:
1. Students should be learning through formative assessment and metacognitive strategy as
this has been found to improve their achievement and self-regulation skills.
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2. Formative assessment and metacognitive strategies should be used in teaching chemistry
in secondary school rather than the conventional methods.
3. In view of the importance of effectiveness of formative assessment and metacognitive
learning strategies, teachers should be trained to acquire the skills needed for use of the
formative assessment and metacognitive strategies.
4. Teachers should provide students with scaffolding throughout the implementation of
planned for interactive individual and peer formative activities; they should try to enable
them to fill any gaps. In this way, they can reveal and correct any mistakes or wrong
learning in the use of metacognitive strategies.
5. Reflective teachers should be encouraged to use action research, a tool for innovation in
education based on higher order thinking, more often in order to conduct studies on their
own classroom or school practices.
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INNOVATIVE TECHNIQUES IN SCHOOL LEVEL MICRO-SCALE
CHEMISTRY EXPERIMENTS PART (I)
COLLECTION OF DISTILLATE AT THE SOURCE (CDS) TECHNIQUE [1]

K.M. Chan
Director, MicroChem Lab, Hong Kong SAR of China
E-mail: mclchan2018@outlook.com Tel: (852)-94751148

ABSTRACT
Traditional distillation setup collects distillate at a certain distance from the boiling source.
This results in loss of product and the situation could be very serious if micro-scale method is
employed. By using an innovative design, it is possible to collect nascent distillate immediately
after vapor condensation at the boiling source. This is the rationale of designing the Collection of
Distillate at the Source (“CDS”) technique. The design not only significantly improves product
yield, because cooling water used for condensation can be dispensed with or recycled. This offers
a helpful means to enhance students’ “Green awareness”. Two designs using the “CDS” technique
are introduced, namely (i) Micro-scale water-less reflux and distillation and (ii) Micro-scale
recycled coolant and all-glass reflux and distillation. The first design can be totally homemade
with local resources and by acquiring decent workshop skills, details of construction of its various
components are provided. [African Journal of Chemical Education—AJCE 11(2), July 2021]
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INTRODUCTION
Innovation of techniques in practical chemistry at school level has not been an important
issue, compared with the counterparts at university or research level. Recent worldwide promotion
of micro-scale techniques had prompted numerous workshops and publications on micro-scale
chemistry experiments. These instrument-based innovations depend heavily on school curricula
and commercial kits. They may not meet the requirements of individual public examination boards.
Technique, instead of instrument, seems to be a more universal area of effective innovations. In
fact, newly designed micro-scale instruments stemming from these techniques are simple, based
on elementary principles and capable of enhancing student motivation in performing experiments.
They also serve as tools for better understanding of chemistry principles.

“CDS” DESIGN (A) – Micro-scale water-less reflux and distillation
Performing group-based small scale organic distillation experiments in school laboratories
often encounter the problem of improper sets and poor experimental yield. All-glass “Quick-fit”
distillation apparatus [2] does not help much, because if micro-scale amount of reactant is used
and after passing the condensation passage, the resulting yield of distillate is usually zero.
The problem can be solved by using the following method: (i) use traditional test tube for
reaction, (ii) do not use water for condensation purpose, use a special “coolant” (Fig. 3)
purchasable from super-markets to act as strong cooling agent instead, (iii) make a device to act
as “cold finger”, (iv) make a special small distillate cup to collect “nascent” distillate, (v) use a
pin-shaped digital thermometer to register temperature and (vi) make a mini homemade low
voltage heater to cater for naked flame-free heating. The paper includes two experiments
specifically designed for water-less micro-scale reflux and distillation as an alternative to
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traditional distillation by water condensation. Experimental results showed the set could perform
with higher efficiency and reliability.
Micro-scale approaches at university level for short-path distillation commonly used the
“Hickman Still Head” [3], [4], [5] (Fig. 1). This piece of apparatus and the accompanying set is
obvious not on school chemistry laboratory equipment stock list.

(Fig. 1) A Hickman Still Head

(Fig. 2) Combostill
setup

Recently, a micro-scale reflux and distillation instrument known as “Combostill” (Fig. 2)
was available commercially [6]. The working principle is based on flame heating an outer oil
containing glass vial which in turn heats up an inner glass vial containing the reactants. Air
condensation by a delivery tube collects the distillate. The involved technique is in fact quite
traditional. Naked-flame heating is at a disadvantage. The inefficiency of vapor condensation and
collection of distillate makes quantitative investigations barely feasible.

“Micro-scale Water-less Distillation Set”
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Code

Description

1

Mini-heater

2

“Distillate Cup”

3

“Cold Ring”

4

Small test tube

5

Silicone teat

6

Pasteur pipette

7

Digital thermometer “Summit 310”

8

“Cold Stick”

(A) Construction of the “Cold Stick”
Running water used as condensation coolant in traditional distillation is dumped
into the sink and wasted. Such practice is really not environmentally good. A simple
solution is not using water as coolant. A special reusable coolant pack (Fig. 3) used to
keep food chilled during picnic time is readily available from supermarkets. Simply keep
it cool in a freezer overnight and you will get a powerful cooling device like a big piece
of ice. The chemical used inside the plastic pack is a strong organic cooling agent which
is very safe and unharmful. It is an ideal coolant for condensation in place of water.
The “Cold Stick” (Fig. 4) consists of a brass rod and a transparent plastic tube
containing the strong coolant as mentioned earlier. It works like a “cold finger”. The
position of copper in the electrochemical series is below hydrogen. Metallic copper or
brass has substantial strength of resistance to simple organic reaction corrosion. As such,
we found “Cold Stick” is safe for handling simple organic substances like alkanols,
esters, haloalkanes or alkanoic acids. Unlike university level organic chemistry
practicals, only limited simple organic reactions requiring distillation like preparations
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of esters and haloalkanes are included in senior secondary school chemistry experiments
and that makes the design suitable for use at school level.

(Fig. 3) Coolant pack

(Fig. 4) Completed “Cold Stick”

First prepare a 100 mm (high) x 35 mm (diameter) transparent acrylic tube. Two
amber acrylic 5 mm thick disc with the same diameter dimension as the transparent tube
are needed. Each amber disc has one central pre-drilled 8 mm diameter hole, one disc
has one small hole for liquid coolant injection. Carefully and repeatedly cement the
amber discs onto the two ends of the transparent tube with drops of trichloromethane
from a disposable syringe (Fig. 5 and 6). Insert the brass rod into the holes of the two
amber discs and cement both ends with epoxy glue. Using a 50 cm3 plastic syringe and
by inserting into the small hole of one of the amber discs, fill the cavity of the tube 8/10
full with the liquid coolant. Finally, seal the small hole with epoxy glue. A finished “Cold
stick” is shown in Fig. 7.

(Fig. 5)

(Fig. 6)

(Fig. 7)
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(B) Construction of the “Distillate Cup”
Traditional condensation (Fig. 8) uses a water condenser to cool the vapor to
form distillate. The vapor has to travel a certain distance before the distillate drops to
the collector and the situation becomes crucial for micro-scale distillation. As the initial
mass of reactants are small, the final yield could be very limited or even no distillate
would be collected. Targeting this problem, a straight forward solution is to collect the
“nascent” distillate where it is formed. A special homemade “Distillate Cup” (Fig. 20)
when capped to the end of the brass rod (Fig. 9 and 10) can receive all the initial
distillate right after the reaction starts. The nascent distillate collected by the “Distillate
Cup” is 100% pure reaction product.
Prepare the following materials:
1.

A section of 10 cm long 8 mm diameter brass rod (L)

2.

A section of 8 mm long 8 mm internal diameter brass tube (L1)

3.

A section of 11 mm long 10 mm internal diameter brass tube (L2)

4.

A brass or copper disc 8 mm diameter 0.2 mm thick with a
central hole of diameter 0.8 mm

5.

A copper sheet measuring 29 mm long, 15 mm wide and 0.1 mm
thick.

6.

A small 0.2 mm thick copper sheet

7.

A section of 25 mm long thick connecting wire

8.

A small working platform

Wrap the 0.1 mm thick copper sheet round the brass rod (L) one turn, forming a
cylindrical wrap (Fig. 11). Insert L2 (just fit, Fig. 12). Place the brass disc over one end
of the cylindrical wrap (Fig. 13). Clamp the combination and place it on a small
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working platform (Fig. 14). Solder two suitable points (one is the junction between the
disc and the copper wrap and the other is just the opposite, Fig. 15). Remove the brass
rod from the wrap/disc combination. Finally close the copper wrap with another solder
joint. The completed cap (Fig. 16) is just good for capping the brass rod. Solder the
thick connecting wire onto the wrap/disc combination to form another part as shown in
Fig. 17.
Place L1 over the 0.2 mm thick small copper sheet. Apply solder and trim spare parts
(Fig. 18) to form a small cup as shown in Fig. 19. Make a small hole at the centre of
the cup, allowing the connecting wire to go through.

(Fig. 8)

(Fig. 11)

(Fig. 9)

(Fig. 12)

(Fig. 10)

(Fig. 13)
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(Fig. 14)

(Fig. 15)

(Fig. 16)

(Fig. 17)

(Fig. 18)

(Fig. 19)

Finally solder and trim the cap and the cup together to form a “Distillate Cup” (Fig. 20).

(Fig. 20) Finished “Distillate Cup”
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Schematic diagrams of the Micro-Scale Water-less Distillation Set:

Brass rod
Copper cap
Connecting wire
Brass cup

Heat

Cold Sick: a transparent plastic
cylinder 8/10 filled with a strong
liquid coolant. A central brass rod
acts as a “cold finger”. Can be
reused by placing in a freezer.

Distillate Cup: Formed by a small
cap connected to a small cup. The
Cap end is to be capped onto the
brass rod while the cup receives
distillate.

Water-less
microscale
distillation
setup

(C) Construction of the “Cold Ring”
The “Cold Ring” (Fig. 21) is used for cooling while
taking the boiling point of the distillate. It provides a
cooling surface for refluxing the distillate. Usually, time
taken for measurement is short and this device is
optional. Moist with cold water a small piece of 15 mm
thick circular sponge with a central hole which fits a
small test tube. It is placed near the mouth of the small
test tube.

(Fig. 21) “cold Ring” for
cooling

(D) Construction of the “Mini Low Voltage Heater”
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(Fig. 22) Mini low voltage heater

Organic liquids are flammable and should not be heated by naked Bunsen flame.
Using an electric heater is one way and using a hot sand bath is another. Commonly
available cement resistors are suitable to act as small electrical heaters (Fig. 23). Four
5W 18 cement resistors connected in parallel to form a shape of 井 (Fig. 24) can
function as a 20W heater, the central hollow part accommodates a test tube nicely.
All joints have to be soldered permanently. Sections of Teflon tubing (yellow
tubing of Fig. 23) or ceramic tubing are used for heat insulation of exposed linings, as
all parts will become very hot upon passage of current for some time. Normal solder has
melting points above 200o C and the cement resistor combination can attain a maximum
temperature around 150o C, after considering environmental cooling factors. The heating
assembly can stay intact for an hour’s operation.

(Fig. 23)

(Fig. 24)

(Fig. 25)
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Cement the 井 like heater combination onto an aluminum sheet by strong metallic
epoxy glue for heat dissipation (Fig. 25). Fix the entire combination onto a wooden plate.
Assemble a panel lamp for illumination (Fig. 26). Start heating by applying a low voltage
(12V) AC or DC current (3A). The device could supply heating power for test tube
distillation for at least half an hour (Fig. 27).

(Fig. 26) Finished mini-heater

(Fig. 27) Setup for micro-scale
distillation

(E) Pin-shaped digital thermometer

(Fig. 28) “Summit 310” pin-shaped thermometer

(Fig. 29) DMM with miniature
thermocouple for temperature
measurement

The Set uses a pin-shaped digital thermometer (“Summit 310”, Fig. 28) for measuring
boiling points of distillate. The thermometer has a resolution of ± 0.1oC and can be placed into a
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small test tube. Alternatively, the miniature thermocouple as an accessory of a DMM can also be
used. However, the latter can display only integer numbers (Fig. 29).

(i) Reflux, (ii) Distillation and (iii) Checking boiling points of distillate:

(Fig. 30) Reflux

(Fig. 31) Distillation

(Fig. 32) Boiling point
determination

Experiment (1): Preparation of 2-chloro-2-methylpropane

Objective

To perform a micro-scale preparation of 2-chloro-2-methylpropane (t-butyl
chloride) and determine the percentage yield
Experimental procedures
1. Place 0.280 g of 2-methylpropan-2-ol (usually in liquid form, m.pt. = 26oC)
into a test tube.
2. Using a clean Pasteur pipette, add about 1.5 cm3 of conc. hydrochloric acid.
Add also a small spatula measure of fine anti-bumping granules.
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3. Clamp the test tube and lower it into the mini-heater. Switch on the low voltage
power supply. Clamp the prepared “Cold Stick” and lower it into the test tube
until the end of the brass rod is about 1 cm above the surface of the solution
mixture. Reflux for 5 minutes (Fig. 30).
4. Remove the “Cold Stick” and place the distillate cap with the cup onto the tip
of the brass rod. Lower the arranged setup into the test tube again and start
distillation (Fig. 31).
5. Wait until the small brass cup has collected enough distillate. Remove the
distillation setup from the test tube. Transfer the distillate to a weighted small
test tube with the help of a clean Pasteur pipette.
6. Repeat procedure (5) a number of times until all of the upper layer has been
removed and collected.
7. Determine the mass of the distillate.
8. Using the pin-type digital thermometer and with the help of the “Cold Ring”,
determine the b.pt. of the distillate (Fig. 32).

Results
(CH3)3COH + HCl  (CH3)3CCl + H2O
74
92.6
Mass of distillate (2-chloro-2-methylpropane) = 0.143 g
No. of mole of 2-methylpropan-2-ol used = 0.28/74 = 0.00378
No. of mole of 2-chloro-2-methylpropane formed = 0.143/92.6 = 0.00154
% yield of 2-chloro-2-methylpropane = (0.00154/0.00378) x 100 = 40.7%
B.pt. of 2-chloro-2-methylpropane = 51.0oC (Literature value: 50.8oC)
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P.S. In the absence of advanced instruments for identifying organic compounds
like GC-MS, NMR or IR spectrometers [7], checking of boiling point seems to be the
only holistic identification tool at school level instead of discrete chemical means of
functional group identifications.

Conclusion
Percentage yield of 2-chloro-2-methylpropane formed by the reaction of conc.
HCl with 2-methylpropan-2-ol was determined to be 40.7%. The product was
reasonably pure.

Remarks
Video clip Micro-scale preparation of tert. Butyl chloride [8] shows 2-chloro-2methylpropane is insoluble and is less dense than aqueous solutions. Therefore, it
floated atop of the reaction product mixture. One quick way of getting this layer is
withdrawal by using a syringe instead of performing distillation.
The Set looks attractive to students. It serves as an attention focus for
experimentation. The panel lamp of the mini-heater is a magic touch of the design; it
adds weight for participant concentration. All in all, students are curious in operating a
device as such.
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Experiment (2): Preparation of ethyl methanoate
Choice of ester for preparation
Esters are formed by the reaction between alkanol and alkanoic acid with conc.
sulphuric acid as catalyst. Esters of low molecular mass and their respective boiling
points are listed in the following table (Fig. 33):

Preparation of esters of low RMM
Ethyl ethanoate

Equation:

C2H5OH + CH3COOH
78 oC

Ethyl
methanoate

Equation:

C2H5OH + HCOOH

B. Pt.:

78 oC

Methyl
methanoate

Equation:

CH3OH + HCOOH

Methyl
ethanoate

Equation:

CH3OH + CH3COOH

B. Pt.:

65 oC

B. Pt.:

65 oC

118 oC

CH3COOC2H5 + H2O

B. Pt.:

77 oC

HCOOC2H5 + H2O

101 oC

101oC

118

oC

100 oC

54 oC

32 oC

57 oC

100 oC
HCOOCH3 + H2O
100 oC
CH3COOCH3 + H2O
100 oC

(Fig. 33) Esters of low RMM, their preparations and boiling points

In the past, school chemistry practicals usually chose the formation of ethyl
ethanoate as student experiment for the topic on ester. However, inspection of the above
table revealed that the boiling points of the product (ethyl ethanoate, 77oC) and the
reactant (ethanol 78oC) are so close that the two chemicals will appear in the distillate
in appreciable proportion, leading to a very low yield of the desired ester.
A better idea is to choose an ester with a b.pt. quite different from that of the
reactants and the product. Considering the b.pt. of ethyl methanoate being only 54oC,
significantly different from that of ethanol (78oC), methanoic acid (101oC) and water
(100oC), preparation of ethyl methanoate is obviously a good choice. In addition,
methyl methanoate with a b.pt. of 32oC is too volatile to be considered.
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Objective
To perform a micro-scale preparation of ethyl methanoate and determine its
percentage purity

Experimental procedures
1.

Using separate clean Pasteur pipettes, transfer 40 drops of 95% ethanol and 60
drops of 100% methanoic acid into a test tube followed by 3 drops of conc.
sulphuric acid. Add a small spatula measure of fine anti-bumping granules.

2.

Clamp the setup and lower it into the mini-heater. Switch on the low voltage
power supply. Clamp the prepared “Cold Stick” and lower it into the test tube
until the end of the brass rod is about 1 cm above the surface of the solution
mixture. Reflux for 30 minutes.

3.

Remove the “Cold Stick” and place the distillation cap with the cup onto the
tip of the brass rod. Lower the arranged setup into the test tube again and start
distillation.

4.

Wait until the small brass cup has collected enough distillate. Remove the
distillation setup from the test tube. Transfer the distillate to a small test tube
with the help of a clean Pasteur pipette.

5.

Using the pin-type digital thermometer and with the help of the “Cold Ring”,
determine the b.pt. of the distillate.
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Results
Boiling point of distillate = 54.0oC
(Literature value: b.pt. of ethyl methanoate = 54.0oC)
Conclusion
Micro-scale preparation of ethyl methanoate was performed and the product was
determined to be pure ethyl methanoate.

Remarks
The micro-scale distillation set is very suitable for small scale simple organic
reactions. The idea of water-less condensation not only saves tap water resources, it can
also enhance students’ recognition of environmental protection and hence fortify their
“Green Awareness”. The design to a large extent shortens the time required for
experiment. Naked flame-free heating advantage gives extra emphasis to safety
measures. The reason for using copper and brass as components is because of their easy
availability and forming. As the reactivity of copper and brass are low, they are rather
resistant to corrosion. Long exposure to low molecular mass organic chemicals makes
them passive and more resistant to corrosion.
The set works effectively for organic chemicals with boiling point less than
100oC. Increasing current will enhance heating and can cater for temperatures more
than 100oC. Placing the “Cold Stick” in a refrigerator can perform reflux for an hour
while storing it in a freezer cabinet provides for a 3-hour reflux.
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Ester formations are reversible reactions. Ethyl methanoate has a solubility of 9%
[9]. Direct distillation after reflux is not a suitable method of getting the ester. The
percentage yield of this experiment is purposely not included and the aim of the
experiment is to identify and test purity of the product.
Postscript
(1) The idea of using the “Cold Stick” is creative, but the design is a bit fancy. If aiming
at getting the result and not caring much about appearance, the design can be
simplified to just using an opened tin with a hole at the bottom and attaching to a
brass rod. A brass rod is a very good conductor of heat and is not suitable for large
area soldering. (A+B) type metallic epoxy cement binds the rod and the tin hole
nicely. The cooling agent is a handful of small ice cubes or simply cold water (Fig.
34, 35).

(Fig.34) Drill a central hole at the bottom
of the tin, allowing a brass rod to go
through. Fix by (A+B) type metallic epoxy
cement.

(Fig. 35) Add small ice cubes
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(2) The Mini-heater is also a fancy design. It could be completely done away with by
using a traditional sand bath (Fig. 36, 37) which does not use electricity or require
a naked flame.

Stainless steel basin
with sand

XXXXXXXXXXXXXXXXXX

Wire gauze

Tripod
Heat

(Fig. 36) A stainless steel basin containing
sand pre-heated to around 300oC

(Fig. 37) Setup for reflux/distillation

“CDS” DESIGN (B) – Micro-scale recycled coolant and all-glass reflux and
distillation (“Green Distelector”)

The instrument
Traditional distillation setups use a water condenser to condense vapor and
collect distillate. However, if the amount of reactants is small and the vaporized product
has to diffuse sometime before being condensed, we usually do not obtain any product
yield. Unfortunately, schools do not afford university level micro-distillation
equipment. In fact, condensation of vapor does not limit one only to traditional methods.
The

innovative

micro-scale

instrument

used

in

the

experiment

-“Green

Distelector”(distelector meaning distillate collector) (Fig. 38) employs a new way of
condensing vapor and collecting distillate right at the spot. Apart from the micro-scale
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feature of the instrument, recycling of cooling water also contributes to enhance
students’“Green Awareness”.

(Fig. 38) “Green Distelector” setup

“Green Distelector” is provided in a plastic box containing:

Description
1.
2.
3.
4.
5.
6.
7
8.

Qty

L glass tubing with silicone rubber fitting
1
T tube with one opening and a ring at the
1
bottom plus silicone rubber fitting
Test-tube
1
Silicone rubber circular-wrap fitting for test
1
tube
Silicone rubber tubing
2
Aquarium pump with accessories
1 set
Stainless steel basin 4/5 filled with sand
1
Small cylindrical glass bowl with a hook
1
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Schematic diagrams of the Micro-scale recycled coolant and all-glass reflux and distillation Set:

W ater in

W ater out

(Fig. 39) Inverted
L tube

(Fig. 40) glass bowl
with a hook

W ater in

W ater out

Heat

(Fig. 41) T tube with
a ring at the bottom

(Fig. 44) Inverted L tube
and T tube combination.
Water comes from the top
opening and leaves from

(Fig. 42) A “cold
finger”

(Fig. 45) The base of the
T tube has a glass ring
which attaches to a small

(Fig. 43) Complete setup
for distillation

(Fig. 46) Test tube,
inverted L tube and T
tube combination with

(Fig. 47) Sand bath and
“Green Distelector”
setup
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cylindrical glass bowl
with a hook

small cylindrical glass
bowl

As shown in Fig. 38, water for cooling does not come from the water tap but from a pool of
cold water contained in a plastic box. A small aquarium pump is used to inject water into the
“Green Distelector”. Used water is directed back to the plastic box and recycled.
Experiment (3): Preparation of ethyl ethanoate

Objective
To perform a micro-scale preparation of ethyl ethanoate and determine the percentage yield

Experimental procedures
1.

Assemble the setup of the “Green Distelector” and arrange for recycling cooling
water. (initial installation of the small cylindrical bowl with a hook is not
required).

2.

Switch on the aquarium pump. Ensure that cold water is running into the inverted
L tube, leaving through the outlet of the T tube and directed back to the plastic
box containing the water reservoir.

3.

Heat the sand bath to about 200oC.

4.

Using a clean Pasteur pipette, transfer 40 drops of 95% ethanol (absolute ethanol
is the best but the chemical is less readily available) into a weighted test tube and
determine the mass of ethanol.

5.

Add 60 drops of 100% ethanoic acid (in slight stoichiometric excess).

6.

Add 3 drops of conc. sulphuric acid followed by some anti-bumping granules.
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Lower the inverted L tube and T tube combination into the test tube containing
the reaction mixture. Secure the arrangement using an iron stand and clamp.

8.

Place the test tube carrying the condensing device into a hot sand bath. Reflux for
15 minutes.

9.

Remove the test tube which contains the product mixture. Add 3 cm3 4M NaOH
solution. Shake well and allow it to settle. Using a clean Pasteur pipette, transfer
all of the top organic layer to another test tube.

10.

Add enough spatula measures of solid calcium chloride. Hook the small
cylindrical bowl onto the ring of the T tube and lower the combination into the
test tube containing the dehydrated product. Place the whole assembly into the
hot sand bath. Start micro distillation (Fig. 45, 46 and 47).

11.

Transfer the content of the small cylindrical bowl when it is full to a weighted
small test tube by using a clean Pasteur pipette.

12.

Repeat the distillation procedure until all ethyl ethanoate has been collected.

13.

Determine the mass of the ester collected.

14.

Determine the b.pt. of the product ester.

Results
C2H5OH + CH3COOH
46

60

CH3COOC2H5 + H2O
88

Mass of ethanol = 0.64g
No. of mole of ethanol = 0.64/46 = 0.0139
Mass of prepared ethyl ethanoate = 0.66g
No. of mole of ethyl ethanoate = 0.66/88 = 0.0075
Percentage yield of ethyl ethanoate = (0.0075/0.0139) x 100% = 54%
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B.pt. of prepared ethyl ethanoate = 74.0oC (Literature value: 78.3oC)
Deviation of b.pt of product from literature value may indicate ether impurities.
Conclusion
Micro-scale preparation of ethyl ethanoate was performed with a percentage yield of 54%

Remarks
Ester formation reactions are reversible. The product formed after reflux was actually a
mixture of ester, alcohol, acid and water. The boiling points of ethyl ethanoate and ethanol are so
close to each other (ethanol: 78oC, ethyl ethanoate: 77oC) that direct distillation will give a very
low yield of the ester. The mixture was first treated with NaOH(aq) to neutralize the acid, dissolve
the ethanol and set free the ester from the aqueous solution mixture (with a slight loss of the
product, as ethyl ethanoate has a solubility of 8%). The crude ester was dried by adding solid CaCl2
and then distilled.
The small electrical aquarium pump must meet stringent safety requirements as it has to
operate under water for a long period of time.
The all-glass design requires glass blowing expertise. Institutes with laboratory technicians
equipped with such skills and tools can do the job.
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ABSTRACT
Presented is a method of assessment of the oxidation states of atoms in organic compounds.
The method is a simple extension of the Pauling´s electronegativity concept and is applied in
various types of reactions including the biochemical processes of vital importance like
neutralization of free radicals, β-oxidation or functioning of the nucleotide reductases. [African
Journal of Chemical Education—AJCE 11(2), July 2021]
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INTRODUCTION
Oxidation and reduction are two of the most frequent processes that occur in chemistry. Both
of them were initially elucidated in the field of inorganic chemistry, which developed before
organic chemistry. Oxidation means the loss (decrease) of electrons, and reduction of the gain
(increase) of electrons. A concept of the oxidation state (OS) also referred to as the oxidation
number in organometallic chemistry, [1] transmits the sense of the number of lost or gained
electrons (totally or partially) by a predetermined atom during a reaction and reflects the capacity
of this atom to lose or attract the shared electrons according to its electronegativity. Obviously, the
more electronegative atoms show a greater tendency to attract electrons from neighboring atoms
than the less electronegative atoms. This apparently well-established topic is still being debated.
[1-3] Since the number of organic compounds far exceeds the number of inorganic compounds
and the concepts of oxidation/reduction are widely used to describe the changes in the distribution
of electrons during organic reactions, the question arises of how to evaluate the oxidation states of
atoms in organic compounds. For example, the processes shown below are presented in didactic
texts as reduction (Reaction 1) and oxidation (Reaction 2)

without explanation or comment

on changes in oxidation states in substrates and products.
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In general, in organic chemistry, the criteria of increase or decrease of hydrogen and oxygen
atoms in the molecule are used to identify reduction and oxidation. These criteria are not universal,
because there are reactions where the number of oxygen atoms attached to a carbon atom in the
molecule is increased (reaction 3), and the oxidation

state of this carbon is not changed (see below).
Of the current books on organic chemistry for undergraduate courses that were consulted [49], none presents a chapter on the determination of oxidation states in organic compounds,
including one of the most comprehensive book in the area. [7] Carey's book [10] has a short
paragraph on oxidation states, but the treatment is very superficial. A strange situation is thus
created: the concepts of oxidation/reduction in organic chemistry are used without a clear didactic
explanation of how to effectively calculate oxidation states, that is, how to perform the evaluation
of changes in these numbers and decide where the losses (oxidation) or gains (reduction) of
electrons occur, which translate into the increase and decrease of oxidation states. This situation
becomes even more bizarre considering the articles in the Journal of Chemical Education dedicated
to the topic of oxidation states/numbers. [11-28] It can even be concluded that the authors of the
textbooks have a certain fear of discussing this topic, probably to avoid criticism considering some
consequences of OSs assessment, one of them being the formation of "ionic atoms" [21] (see
below) or some “unchemical” conclusions. [27,28] Advanced organic chemistry book [29] treats
about the OSs but one cannot expect that undergraduate students would consult such material.
So, the objective of this article is to show how to calculate oxidation states (OSs) in organic
compounds, from the structural formulas. This method is the simple application of electron
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redistribution rules as a consequence of electronegativity differences between the atoms involved,
according to Pauling's original ideas. [30]

Oxidation States and Charges/Formal Charges
In organic chemistry, the basic concept of oxidation-reduction is the same as in inorganic
chemistry: any bond between the atoms is treated as if it were ionic, according to the
electronegativities of the atoms that compose it:
“The oxidation number of an atom in a molecule is the charge that this atom would
acquire if the electrons of its covalent bonds to other atoms were attributed to the
more electronegative atoms. In bonds between equal atoms the electrons are
divided equally by the two atoms.” [28, 30]

Following this reasoning the most electronegative atom “moves” the electrons completely
in its direction, regardless of the value of the difference between their electronegativities, [30]
forming "ionic atoms".[28] It is already clear by now that the concept of oxidation number is
artificial, but it is still very useful. This treatment is merely formal, because the bonds in organic
compounds are not ionic, they are overwhelmingly covalent bonds, where some are
polarized.
Let us see the electronegativities of the following atoms (Pauling scale) [27-29]: B 2.04; Br
2.96; C 2.55; Cl 3.16; Cu 1.90; F 3.98; H 2.20; I 2.66; Li 0.98; Mg 1.31; N 3.04; O 3.44; P 2.19;
S 2.58; Si 1.90; Sn 1.91.
As a first example, let's evaluate the CO2 molecule 1:
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Considering the electronegativities of the carbon and oxygen atoms in 1, it can be seen that
the carbon atom "lost" all its four electrons from the outer layer, that is, it shows the absence of
four electrons, and has the oxidation number +4. We use the term "lost" to reinforce the idea
that this is only about the counting of electrons and that it does not transmit the idea of ionic
character of CO2. At the same time, the two oxygen atoms show the octets in the outer layer with
two extra electrons, and the oxidation number -2 must be assigned to each one. One must realize
that the sum of all the oxidation numbers in the neutral molecule is zero. The treatment presented
here is mere formalism, because CO2 is not an ionic compound and the “ionic atoms” formed
are the consequence of the electron count applied. The same comment is valid for all
examples shown below. For the same reason, oxidation states cannot be used to discuss
mechanistic considerations or reactivities of organic compounds (see below).
Another example is the methane molecule 2. Here, the carbon atom is linked to less

electronegative atoms and, therefore, following the same analysis criteria, the distribution of
electrons is reached, as shown above. In this case, the carbon atom has four more electrons in its
external layer, and an OS of -4 is attributed to it. Each one of the hydrogen atoms "lost" its electron
and has an OS of +1. Since the molecule is neutral, the sum of all the OSs is zero.
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The oxidation states of carbon atoms in organic compounds range between +4 and -4. In
methyl halide 3, any halogen atom (more electronegative than carbon) shows an OS of -1,
regardless of the value of its electronegativity, carbon (less electronegative than

halogens) shows an OS of -2, and hydrogen (less electronegative than carbon) shows an OS of +1.
In most cases, the hydrogen atoms that "lose" their electron show an OS of +1, with
exceptions such as borane 30 (BH3) or metal hydrides, where the OS of hydrogen is -1 (see below).
In the case of di-, tri- or tetrahalomethanes 4 the OSs of the halide atoms remain the same (-1), as
do the OSs of the hydrogen atoms (+1), but there are changes in the OSs of the carbon atoms.
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The increase of OSs of carbon atoms can be seen in the path of methane (OS -4), via methyl
halides (OS -2), dihalomethanes (OS 0), trihalomethanes (OS +2) arriving at tetrahalomethanes
(OS +4).
The ethane molecule 5 has a bond between two carbon atoms. In this case, the two electrons
that form a symmetrical bond between the same atoms are divided.
The same should be done to evaluate the OSs of propane 6, ethylene 7 and acetylene 8,

or any other saturated or unsaturated hydrocarbon. In general, bonds between the same
atoms do not induce changes in the oxidation numbers of the atoms forming them. As mentioned
above, hydrogen atoms show OSs +1 because they are bound to more electronegative atoms, and
the OSs of carbon atoms depend on their position in the molecule. As a point of interest, one should
mention that alternative method of ascribing the OSs to the carbon atoms in hydrocarbons based
on the X-ray photoelectron spectroscopy has been suggested. [28]
When other compounds such as methanol 9, methanal 10, methanoic acid 11 and carbonic
acid 12 are considered, it can be seen that the OSs of carbon atoms increase
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and therefore methanol is said to be the product of methane oxidation, mathanal is the oxidation
product of methanol, and methanoic acid is the result of methane, methanol or methanal oxidation.
CO2 (and its unstable hydrated form 12) is the most oxidized carbon compound, with OS +4, the
same value as in tetrahalomethanes. The same increase in OS occurs when methane is
progressively halogenated (compare OSs in 2, 3 and 4) and therefore the halogenation of methane
(or any other hydrocarbon) is an oxidative process. One should notice that the OSs in the neutral
and ionized compounds do not change, cf. 9 and 13a, 11 and 14a or 12 and 15a.
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For other selected oxygenated derivatives, such as 16-22, applying the same rules of
redistribution of electrons the OSs of carbon atoms are reached, as shown below. It should be
noticed that the OSs in cyanohydrines or hydrated forms of aldehydes remain the same as for the
aldehydes (cf. 16 and 17 or 18).
In peroxyacetic acid 23 and tetrahydrofuran peroxide 24, there are bonds between the oxygen
atoms. As in the case of C-C bonds, electrons forming the O-O bonds are equally divided between
the oxygen atoms and an OS of -1 is reached for each of them. Considering the fact that two oxygen
atoms in 23 show an OS of -1 (instead of -2), they have a strong tendency to remove electrons
from other organic compounds, that is, to oxidize them.
The case of amines 25 and 26, hydroxylamine 27, chloramine 28, N-oxides 29, amides 31,
hydroxamic acid (N-hydroxyamides) 32 and nitro compounds 33, is shown below. It is noticed
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that, when the nitrogen atom is bound to carbon or hydrogen atoms (compounds 25, 28, 31), its
OS is -3; in cases of bonds with oxygen or chlorine as in 27, 28, 29 and 32

the OS is -1. In the case of the nitro compounds 33 the OS of the nitrogen atom is +3 because of
the "loss" of electrons to oxygen, the more electronegative element. N-Nitroguanidine 34 is a
compound where the nitrogen atoms display three different oxidation numbers. The difference
between the OSs and the formal charges in the nitro group is shown in 33a and 33b, respectively.
In some cases, as in PH3 35 (and other compounds where a P-H bond is found), or CS2 36
(or in general, where there is a C-S or C=S bond, as for example in thiocarbonate 37),
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there are problems in the evaluation of OSs, because the electronegativities of phosphorus and
hydrogen, and carbon and sulfur, are practically the same and the differences in value are only
found in the second decimal place. In fact, some books show the electronegativities of H and P as
equal (2.2), and the same is true for C and S (2.6). In these cases, the P-H and C-S bonds are treated
as non-polarized covalent bonds and the electrons are divided symmetrically, and therefore no
redistribution of the respective electrons occurs.
The compounds 5, 9 and 33 are neutral molecules, with 9 and 33 being polarized neutral,
where the carbon, oxygen and nitrogen atoms have partial charges. The nitrogen atom of molecules
with an ionic character, such as the ammonium ion 38, presents the charge +1, the same as the
charge of the molecule, whereas its OS is -3.
In the case of the carbonate ion 15, the charge of the molecule is -2, the charge of each
ionized oxygen atom is -1, whereas their OS is -2.
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It is very useful to know how to identify the formal charges (or simply charges) in the atoms
(lack or excess of electrons) and not to confuse them with the assignment of the oxidation states
of these atoms (redistribution of electrons according to the electronegativities). The OSs vs. formal
charges of 13, 14, 15 and 33 have already been discussed previously. To reinforce the different
way of electron count to evaluate either the OSs or the formal charges, three additional examples
(hydroxyl radical 39, both resonance structures of diazomethane 40/40a and diazonium salt
41/41a) are shown.
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Oxidation-reduction reactions: variation in oxidation states during organic reactions
Another objective of this article is to show the application of the rules of evaluation of
oxidation numbers for some organic reactions, to show if the process is an oxidation or reduction
reaction. This topic has already been briefly raised in the analysis of OSs for methane, methanol,
methanal, methanoic acid and carbon dioxide.
As a first example, see the hydrogenation of alkenes 42 and alkynes 44. Considering the

OSs in substrate 42 and in product 43, it can be seen that there was a decrease in the OSs in
the two carbon atoms during the addition of hydrogen, that is, that there was a reduction (change
95

AJCE, 2021, 11(2)

ISSN 2227-5835

of OS from -1 to -2). The same type of reaction occurred during the hydrogenation of alkyne 44
(change of OS in carbon from 0 to -2). For this reason, the process in question is alternatively
called a catalytic reduction. It is necessary to realize that the term "reduction" refers to the OS
changes of the carbon atoms. However, from the point of view of the hydrogen atoms that were
added to the multiple bonds, the process should be called oxidation, because they experienced
“losses” of their electrons (change from OS=0 in the H2 molecule, to OS= +1 in the products).
Another example is the reduction of acetone 21 using borane 45, as shown below.
The molecule of borane 45 (or rather its dimer B2H6) is one of the rare examples where hydrogen
atoms show OS -1, because boron is less electronegative than hydrogen. The borane serves as a
donor to three H- anions which bind to the carbon atoms of the carbonyl groups. The changes in
the OSs of these carbon atoms (from +2 to 0) show that reduction has occurred. The use of borane
(gas) is very inconvenient. In practice, its solid equivalent, NaBH4 46, is used. In this, each
hydrogen has two electrons around it (OS -1) and the boron has no electron (OS +3), whereas its
charge is -1 as shown in 46a. This undoubtedly confusing situation is a consequence of different
ways of electron counting. Additionally, looking at the boron atom in 46 one could conclude that
it “lost” four electrons. It is not possible since the boron atom has only tree electrons available on
the external shell. To visualize better the OS of boron in 46, a balance similar to this of 38 should
be done.
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Regarding the oxidation of an alcohol using, for example, CrO3, it can be noticed that the
carbon atom increased its OS from -1, in substrate 49, to +1, in product 16, that is, there was
oxidation of this carbon atom, accompanied by the reduction of the chromium atom, which acted
as an oxidant. Note that OS of the chromium is determined in the same way as for the carbon
atoms.

Another example is the cis-hydroxylation of alkene 50 using OsO4. This process is an
oxidation, considering the increase in OSs of the two carbon atoms.
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The Baeyer-Villiger process is another oxidation reaction. As in the case of cishydroxylation, the two marked carbon atoms in ketone 52 increased their OS, that is, they were
oxidized to form lactone 54. The two highlighted oxygen atoms in peroxyacid 53 showing OS -1
have been reduced, as their OS has decreased to -2.

The changes in OS during oxidation using a carbenium ion such as Ph3C+ present in 57 [33,
34] are confusing, because the two concepts have to be used: oxidation number and the charge.
For example, the cation Ph3C+ can receive an H- anion from hydrocarbons, such as
cycloheptatriene 56, and form Ph3CH 59 and a tropylium cation 58/58a.
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The highlighted carbon atom in 57 went from OS +1 to -1 in 59; it was reduced and acted as
an oxidant. In this example one can see application of the concepts of oxidation number
(redistribution of electrons according to electronegativities) and of the formal charge (lack or
excess of valence electrons) in the same carbon atom.
The same problem (OS vs. formal charge) exists for the ammonium salts 60/60a or
phosphonium salts 62/62a. Similar examples have already been presented (13/13a, 14/14a, 15/15a
and 38).

Another manifestation of changes in the OSs is the Cannizzaro reaction, a dismutation (or
disproportionation) reaction, where a molecule of aldehyde without hydrogen in the α position, for
example 63 is oxidized (→65) and another is reduced (→66) in an alkaline medium. The process
is intermolecular, being the hydride anion (H-) which transfers the two electrons between the two
molecules via the intermediate 64. It is not the objective here to discuss the mechanism of this
process, but rather to observe the changes in OS in an example of a dismutation reaction.
The other reactions in which different carbon atoms vary in their oxidation numbers, such as
when obtaining alkenes 69 from tosylate (or mesylate, triflate, etc.) 67
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or from alcohols 68, or when adding water to double (69→68) or triple (44→70) bonds, or during
aldol condensation using acetone (21→74), are shown below.

The alkoxy phenylmethyl ether breaking process is shown below. It can be seen that this
reaction is a reduction by comparing the carbon atom OSs in 75 and 77.
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Alkenes can be obtained from vicinal bromides using zinc, which is one of the standard
reactions taught in the organic chemistry. Considering the Oss of the carbon atoms in substrate 78
and in product 69, it can be seen that reduction of the C atoms accompanied by oxidation of zinc
has occurred. The number of hydrogen atoms in the substrate and in the product remains the same,
but the OSs of

the two carbon atoms has decreased, i.e. reduction has occurred. For the reaction in the opposite
direction, the addition of Br2 to the C=C bond, oxidation occurred. Carbon atom reduction also
occurs during the formation of Grignard reagents (79→80). During this process, the Mg atom
functions as an electron donor and oxidizes. The process is generically called "oxidative insertion"
(it could be called "reductive insertion" considering the carbon atom). During Wurtz reaction
(79→43) there is also a reduction and the

101

AJCE, 2021, 11(2)

ISSN 2227-5835

number of hydrogens linked to carbon remain the same. In general, metal is found in
organometallic compounds as a cation. In rare cases, however, metal anions may be present
[35,36], but in these cases there are no carbon-metal bonds.
Deoxygenation of alcohols via their thiocarbonates 81 to form hydrocarbons 83 is often used
in research and is known as the Barton-McCombie reaction (there are many varieties of this
process). This reaction requires the use of hydrogen donors such as 82 and follows the radical
mechanism. Considering the change of OS of the highlighted carbon atom in substrate 81 and in
product 83, it is perceived that the reaction is a reduction. The same happens in the

transformation of bis-xanthate 84 to form alkene 69, using tributyltin hydride 82.
In rare cases, sodium hydride (usually used as a basic agent) can act as a reducer for ketones
that do not have hydrogen atoms in the α position and that are not able to form enolate ions, such
as benzophenone 85, and form an alcohol, in this case 86. [37]

An example of the free radical oxidation via hydrogen atom abstraction by a hydroxyl radical
is shown below.
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Application Examples
An important catabolism reaction of fatty acids is called β-oxidation. [38-40] This complex
enzymatic process transforms fatty acids in their thioester form with coenzyme A (SCoA) 88 into
the α,β-unsaturated product 89. Applying the definition, in which oxidation implies the loss of
hydrogen atoms, product 89 is more oxidized than its substrate 88. Using the formalism of the
oxidation state, it is also perceived to be an oxidation, because the change of the OS in 88 and 89
is from -2 to -1.

The biological oxidants NAD+(NADP+) 90 transform substrates 91 into products 92. [38-40]
(Here we ignore stereochemical aspects: which pro-R or pro-S hydrogen atom is removed in 91
and which is the Re or Si side of the prochiral C atom that is attacked in 90/90a). It is easier to
visualize this reaction using the resonance structure 90a.
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It can be seen that an H- anion was removed from the molecule of 91 and that the product
formed 92, is more oxidized. This situation has already been considered previously (49→16).
Looking at the changes in the OSs shown above, it could be concluded that the source of the
electrons to reduce the atom of C in 90a is the atom of C in 91 which shows OS -1 and “lost” two
electrons. In fact, it is the atom of H in 91 that leaves the molecule of the substrate under the form
of hydride. Ironically, the OS of this atom in 91 is +1. This example shows that the concepts of
oxidation states cannot be applied to discuss the mechanisms of reaction. To amplify this last
point, consider the compounds 94-96, in which an OS of -1 has to be attributed to the chlorine and
fluorine atoms and, therefore, it could be thought that the three would function as the donors of
the Cl- or F- anions. In fact, all three compounds 94-96 react with electron-rich systems, such as
enol ether 97, with total regioselectivity, forming the derivatives 98, [41,42] with an electrophilic
attack in the electron-rich atom.
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This means that the compounds 94-96 function as if they were the Cl+ or F+ cation donors.
Other F+ cation donors are discussed in a specialized review. [40] The lack of correlation
between the OSs of halides in 94-96 and their reactivity in terms of regioselectivity is
noteworthy, which again reinforces the point that the concept of OS is artificial and that it
cannot be used in discussions about the mechanisms of reactions, as already mentioned
above. The same observation can be made by comparing the molecules of formaldehyde 10 and
acetone 21: the OS of the acetone C2 atom is +2, which could imply a greater electrophilic
character in relation to formaldehyde (OS 0). In fact, the latter is much more reactive as an
electrophile than the former.
Another example of biological oxidizer/reducer is flavin adenine dinucleotide (FAD) and
flavin mononucleotide (FMN) in its oxidized forms 99, and FADH2/FMNH2 in its reduced forms
100. [38-40] Flavins can donate/accept an electron pair simultaneously, i.e., act as
reducers/oxidants of two electrons, or donate/accept an electron in one step and repeat this action
again, and thus function as a reducer/oxidant of one electron. This last aspect is fundamental, since
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the neutralization of free radicals (such as the R∙, RO∙ or ROO∙) requires the transfer of only one
electron. Observing the equilibrium 99

100, it can be

seen that there was a reduction/oxidation of the atoms 10a and 4a, with the exchange of two
electrons. However, the equilibria 99

101 and 101

100 imply the exchange of one electron per

step and only these processes are important during neutralization of free radicals. It should be
mentioned that the NAD/NADH and NADP/NADPH systems are capable of exchanging
exclusively a pair of electrons. Other reduction/oxidation systems in cells are discussed in the
specialized literature. [38-40]
Glutathione 102, [38-40] a tripeptide that acts as an antioxidant, has an –SH group in its
composition. Two –SH groups of two glutathione molecules undergo oxidation to form a disulfide
bridge 103 yielding two hydrogen atoms active in neutralization of free radicals formed during the
metabolic processes. Likewise, ascorbic acid (vitamin C) 104 acts like a one electron reducer.
Similarly, ribonucleotide reductases
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[38-40] use their two –SH groups present in one of their active centers to promote the removal of
the –OH group from the 2´ position of ribonucleotides 106 and form 2´-deoxyribonucleotides 107,
the components of deoxyribonucleic acids. It should be noticed that 107 are more reduced than
106, hence a name of the enzymes.

CONCLUSIONS
The oxidation state concept applied to organic compounds is useful to show the occurrence
of oxidation or reduction sites. Strangely, the use of this concept receives very superficial treatment
in the basic texts of Organic Chemistry. In fact, most of the literature consulted does not even
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mention about the assessments of the oxidation states in organic compounds. It is necessary to
strongly emphasize the fact that the concept of oxidation state is artificial and cannot be used
to rationalize the reactivity of organic compounds, since it does not necessarily reflect the
actual distribution of electrons. Additionally, the use of the other than Pauling
electronegativity scale, like this of Allen [43-45], furnishes different oxidation states for the
compounds containing N-Cl and C-I bonds. Finally, a careful distinction needs to be made
when comparing oxidation states and formal charges.
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ABSTRACT
The purpose of the study was to determine the perceptions that senior high school chemistry
students and teachers have about organic chemistry as well as to compare organic chemistry topics
that are difficult for students and teachers. Simple random sampling (lottery) and purposive
sampling methods were used to select a sample of hundred (100) students who studied elective
chemistry and ten (10) chemistry teachers. The research instruments used to collect data for this
study were the organic chemistry perceptions questionnaire for students (OCPQS) and organic
chemistry perceptions questionnaire for teachers (OCPQT). Descriptive statistics (frequencies and
percentages) were used to analyze the data collected. The findings revealed that high school
students have a fairly positive perception of organic chemistry while the teachers had a highly
positive perception of organic chemistry. Preparation and chemical reactions of alkenes,
preparation and chemical reactions of alkynes, structure and stability of benzene, reactions of
benzene, comparison of reactions of benzene and alkenes, petroleum, polymers and naming of
alkanes and structural isomerism were perceived by students as difficult to understand. The rest of
the Ghanaian high school organic chemistry topics (26 out of 34 topics) were perceived as easy to
understand by students. The teachers also perceived all the organic chemistry topics as easy to
teach with the exception of reactions of benzene. It was suggested among others that teachers
should use varied methods to teach organic chemistry topics to facilitate easy understanding by
students. [African Journal of Chemical Education—AJCE 11(2), July 2021]
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INTRODUCTION
At a symposium organized by the American Chemical Society in 2016, many of the speakers
who were educators agreed that organic chemistry has always been in crisis and that students have
been saying that organic chemistry is difficult for a long time [10]. A search through available
literature has further revealed that a lot of researchers [5, 15, 16, 21] have identified organic
chemistry as one of the most difficult topics in chemistry. Topics such as petroleum, natural and
synthetic polymers [9, 25], differentiating of functional groups [4,19], benzene [9], drawing and
representation of organic compounds [16, 23], isomerism [22], properties of organic compounds
[3], aromatic hydrocarbons [7], and classification of organic compounds [8,14] have been listed as
difficult for students and teachers by the various researchers.
[11,12] also identified that the inability of Ghanaian students to understand the nature of
matter and connect among the three representational levels of matter (macroscopic, microscopic
and representational) are the main factors that impede their study of chemistry. According to [13],
students are most of the time unable to understand these representations very well and thus form
faulty and weak basis for further study of chemical concepts, especially in organic chemistry. [1]
also carried out studies on students’ conceptions and performance in IUPAC nomenclature of
organic compounds and found that Ghanaian high school students had weak performance in
naming and writing structural formulae of alkenes, alkynes, alkanols, alkanoic acids and alkyl
alkanoates. Further studies by [2] showed that students’ difficulties in IUPAC naming of organic
compounds included their inability to identify the correct number of carbon atoms in the parent
chain, and to identify a substituent or functional group. Similar studies by [7] and [9] revealed that
high school students perceived classification of organic compounds and petroleum as difficult to
understand while their teachers did not perceive any of the Ghanaian high school organic chemistry
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topics as difficult to teach. To remediate the students’ difficulties, [12, 13] suggested that teachers
could use concrete examples to enable students to form mental models in order to alleviate the
abstractness of chemical concepts and to begin their lessons by asking questions related to
everyday life events so that the context of the properties or answers could be steered to the
classroom and its scientific or chemical aspect emphasized through individual, small group and
whole class discussions.
Despite the efforts by teachers, students and chemical education researchers in Ghana to
improve the performance of students in organic chemistry, the main body in charge of Ghanaian
senior high school examinations (West African Examinations Council, WAEC) consistently
reports poor performance of students in organic chemistry. Recent WAEC chief examiners' reports
on chemistry [26, 27] pointed out that the students showed the following weaknesses: inability to
recall the terms such as catalytic cracking, functional groups, aliphatic compounds, aromatic
compounds, inability to draw structures of organic compounds indicating all bonds and drawing
how the carbon-carbon double bonds in alkenes are formed. These suggest that students had
problems with learning organic chemistry.
In teaching organic chemistry, it is critical that educators are aware of the cognitive level
and ability of their learners, if not learners will be overwhelmed by the multi-level cognitive
demands of chemistry as well as the other scientific and mathematical demands of the subject [19].
This is because what might be easy for a teacher to understand might not be easy for a student to
understand due to their differences in experiences and cognitive abilities. It is, therefore, important
that teachers are made aware of their learners’ attitudes, preconceptions and perceptions so that
they will be able to tailor their instructions to ensure meaningful learning as students' attitudes and
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perceptions about a subject can in the long run influence their performance in that subject. In this
study, the perceptions of senior high school (SHS) students and teachers about organic chemistry
as well as difficult topics in organic chemistry for students and teachers are evaluated and
compared descriptively. This study therefore sought to:
1. evaluate selected SHS students’ and teachers’ perceptions about organic chemistry
2. compare students’ difficult organic chemistry topics to teachers’ difficult organic
chemistry topics
3. Take suggestions from students and teachers on how to improve the teaching and learning
of organic chemistry
Based on the specific objectives stated above, the following research questions were formulated
to guide this study.
1. What are the SHS students' and teachers’ perceptions of organic chemistry?
2. Which are the differences and similarities in organic chemistry topics that students and
teachers perceive to be difficult?
3. What suggestions do students and teachers have to improve the teaching and learning of
organic chemistry?

DESIGN AND PROCEDURES
The study, which used a descriptive survey design, involved a hundred (100) third year
senior high school general science students and 10 elective chemistry teachers from three selected
schools in the central region of Ghana. The student and teacher participants were from all over the
country and had converged at the three selected schools and had either been taught or tutored
organic chemistry. The sample were required to indicate on a five point likert scale their level of
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agreement to statements that sought to evaluate their perceptions about organic chemistry. They
were further asked to indicate on a six point Likert scale the level of difficulty posed by organic
chemistry topics in the Ghanaian senior high school chemistry syllabus. The responses to the
questionnaire items were then summarised into frequencies and percentages and discussed.

ANALYSIS OF RESULTS AND DISCUSSIONS
Presented in Table 1 is a summary of students’ responses to statements in section B of the
OCPQS which sought information on students’ general perceptions of organic chemistry as a
subject. Students were asked to indicate their level of agreement or disagreement to statements on
a five-point likert scale which sought to seek their general attitudes and perceptions of organic
chemistry. The five point scale was then collapsed to three with ‘strongly agree’ and ‘agree’
grouped as ‘agree’ and ‘strongly disagree’ and ‘disagree’ grouped as disagree, while the
‘undecided’ slot was not collapsed.
Table 1: Students' General Perceptions of Organic Chemistry
No.
1.
2.
3.
4.
5.
6.
7.

STATEMENT
Organic chemistry is a difficult topic for me
It is easy to solve organic chemistry problems
I am very happy during organic chemistry lessons
Organic chemistry concepts are very easy to
understand
My chemistry teacher's method of teaching helped
me to understand organic chemistry concepts well
Organic chemistry is interesting
I enjoy learning organic chemistry more than the
other aspects of chemistry

%
AGREE
45.0
54.0
63.6
51.0

%
UNDECIDED
7.0
10.0
7.1
7.0

%
DISAGREE
48.0
36.0
29.3
42.0

58.60

15.10

26.30

64.60
29.30

15.10
11.10

26.30
59.60

Source: Field data, 2019
From Table 1, it can be seen that a considerable number of students (45) representing 45.0%
of the student sample agreed that organic chemistry was a difficult subject for them while 48
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students (48.0%) disagreed. Although a simple majority disagreed that organic chemistry was
difficult, the difference between the number of students who agreed and those who disagreed was
not large so it could be inferred that almost half of the student sample saw organic chemistry as
difficult while the other half saw it as not difficult. This is in contrast to findings from a study on
Irish high school learners and teachers’ perceptions and perspectives of organic chemistry by [19]
which revealed that less than one third (75, 27.5%) of the high school learners they studied found
organic chemistry easy while 165 (59.8%) of the learners found organic chemistry difficult to
learn. In the current study, about 51% of the students agreed that organic chemistry concepts were
very easy to understand, 54% found it easy to solve organic chemistry problems, 63% were happy
during organic chemistry lessons, 58% agreed that their chemistry teacher’s method of teaching
helped them to understand organic chemistry concepts well, while 64% found organic chemistry
interesting. However, 59% disagreed with the statement ‘I enjoy learning organic chemistry more
than the other aspects of elective chemistry’ while only 29% agreed to it. It could be inferred that
if given the choice, majority (59%) of these students would choose to read the other aspects of
chemistry over organic chemistry. Generally, it could be said that students have a fairly positive
perception of organic chemistry and a positive attitude towards it but would not choose to study
organic chemistry over the other aspects of chemistry if given the chance.
Table 2 presents a summary of teachers’ responses to statements in section B of the OCPQT
which sought information on teachers’ general perceptions of organic chemistry as a subject.
Students and teachers were asked to indicate their level of agreement or disagreement to statements
on a five-point Likert scale. The five-point scale was then collapsed to three with ‘strongly agree’
and ‘agree’ grouped as ‘agree’ and ‘strongly disagree’ and ‘disagree’ grouped as disagree, while
the ‘undecided’ slot was not collapsed.
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Table 2: Teachers' General Perceptions of Organic Chemistry
No.
1.
2.
3.
4.
5.

STATEMENT
Organic chemistry is a difficult topic
for me to teach
Organic chemistry concepts are very
easy to understand
It is easy to solve organic chemistry
problems
I enjoy teaching organic chemistry
more than other aspects of chemistry
Organic chemistry topics are not
interesting

AGREE (%)
0.0

UNDECIDED (%)
0.0

DISAGREE (%)
100.0

80.0

0.0

20.0

66.7

0.0

33.3

70.0

10.0

20.0

10.0

20.0

70.0

Source: Field data, 2019
On other hand, it can be seen from Table 2 that all the teachers (100%) disagreed with the
statement ‘organic chemistry is a difficult subject for me’, meaning that all the teachers viewed
organic chemistry as an easy subject. Eight of the teachers (representing 80%) agreed that organic
chemistry concepts are very easy to understand while two of them (20%) disagreed with this
statement. Six teachers agreed that it was easy to solve organic chemistry problems, three
disagreed, and one teacher did not respond to the statement. Seven of the teachers enjoyed teaching
organic chemistry topics more than the other aspects of chemistry while two of them did not enjoy
teaching organic chemistry more than the other aspects of chemistry.
When the teachers’ response to this particular statement is compared with that of the students,
there seems to be a mismatch between the enthusiasm of teachers about organic chemistry and that
of their students. This mismatch could be attributed to the fact that teachers are ‘experts’ while
learners are just beginners in organic chemistry. Also, 7 teachers disagreed to the statement
‘organic chemistry topics are not interesting’ while 1 agreed. Unlike the students who perceived
organic chemistry as interesting but would choose the other aspects of chemistry over organic
chemistry, the teachers perceived organic chemistry as easy and interesting and would choose to
teach organic chemistry over the other aspects of chemistry.
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The summary of responses of students to the levels of difficulty posed by listed Ghanaian
SHS organic chemistry topics are presented in Table 3. Students were asked to indicate on a sixpoint Likert scale (from ‘very easy to understand’ to ‘not taught’) the levels of difficulty of the
listed organic chemistry topics. Before analysis, the 6 point Likert scale in the students’
questionnaire was collapsed to 4 with ‘very easy to understand’ and ‘easy to understand’ put
together as ‘easy to understand’ and ‘difficult to understand’ and very ‘difficult to understand’
grouped as ‘difficult to understand’.

Table 3: Students' Level of Difficulty in Understanding Organic Chemistry Topics
TOPICS

EU
(%)

UCE
(%)

DU
(%)

NT
(%)

1.
2.

Bonding in carbon
Classification of organic compounds

73.0
67.0

14.0
17.0

12.0
16.0

1.0
0.0

3.
4.

Identification of elements in organic compounds
Separation and purification of organic compounds.

56.0
54.0

24.0
21.0

20.0
23.0

0.0
1.0

5.
6.

Sources and characteristics of alkanes
Naming of alkanes and structural isomerism

58.0
65.0

18.0
18.0

23.0
17.0

1.0
0.0

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Preparation, physical and chemical properties of alkanes
Uses of alkanes
Sources and characteristics of alkenes
Naming of alkenes and isomerism in alkenes
Preparation and chemical reactions of alkenes
Uses of alkenes
Sources and characteristic properties of alkynes
Naming of alkynes and isomerism in alkynes
Preparation and chemical reactions of alkynes
Uses of alkynes
The structure and stability of benzene
Reactions of benzene
Comparison of reactions of benzene and alkenes
Preparation and properties of alkanols
Physical properties of alkanols
Naming of alkanols
Primary, Secondary and tertiary alkanols
Chemical reactions of alkanols
Uses of alkanols
Sources, preparation and properties of alkanoic acids

53.0
72.0
57.0
55.0
37.0
59.0
48.0
49.0
30.0
61.0
35.0
33.0
29.0
48.0
57.0
60.0
59.0
46.0
68.0
48.0

21.0
14.0
22.0
18.0
24.0
19.0
28.0
24.0
36.0
20.0
26.0
28.0
32.0
28.0
26.0
20.0
18.0
24.0
17.0
29.0

24.0
12.0
17.0
24.0
37.0
12.0
22.0
25.0
29.0
15.0
33.0
30.0
29.0
18.0
14.0
15.0
20.0
25.0
9.0
18.0

2.0
1.0
3.0
1.0
1.0
10.0
2.0
2.0
5.0
4.0
6.0
9.0
10.0
6.0
3.0
5.0
3.0
5.0
6.0
5.0
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27.
28.
29.
30.
31.
32.
33.
34.

Naming of alkanoic acids
Uses of alkanoic acids
Sources, preparation and properties of alkyl alkanoates
Naming and structure of alkyl alkanoates
Uses of alkyl alkanoates
Soapy and soapless detergents
Polymers and polymerization
Petroleum

ISSN 2227-5835
52.0
58.0
38.0
48.0
42.0
39.0
33.0
22.0

22.0
27.0
25.0
19.0
23.0
23.0
18.0
28.0

23.0
12.0
30.0
29.0
29.0
21.0
25.0
23.0

3.0
3.0
7.0
4.0
6.0
17.0
24.0
27.0

Source: Field data, 2019
From the summary of responses presented in Table 3, 29 out of the 34 listed topics were
viewed by majority of students as easy to understand. The topics which were perceived as difficult
to understand by students were preparation and chemical reactions of alkenes, preparation and
chemical reactions of alkynes, structure and stability of benzene, reactions of benzene, comparison
of reactions of benzene and alkenes.
Preparation and chemical reactions of alkenes was chosen by 37% of students as difficult
and the same percentage of students (37%) also choose it as easy to understand. However, 24% of
students asserted that they understood it only after considerable effort. If a concept must be
understood after considerable effort, then that understanding of that concept poses some level of
difficulty and could be said to be fairly difficult. In view of this it could be concluded that
preparation and chemical reactions of alkenes was perceived as difficult by the SHS students.
Different reasons could be attributed to the difficulties students face in studying. However,
this was not part of the current study. The identified difficulty could also be a teacher factor
(teachers’ methodologies, punctuality and attendance to class, mastery of content and ability to
deliver effectively), students’ factor (students’ attitude to learning, motivation, attendance to class,
paying attention in class), and lack of teaching and learning materials or other extrinsic difficulty;
difficulty associated with the subject itself beyond the control of the learner [19].
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Comparison of the reactions of benzene and alkenes also had the same percentage (29%) of
students choosing ‘easy to understand’ and ‘difficult to understand’ respectively while a greater
percentage (32%) understood it only after considerable effort. As stated earlier, the fact that
considerable effort had to be put in before students understood concepts could mean that some
level of difficulty had to be overcome, and therefore, the topic ‘comparison of the reactions of
benzene and alkenes’ could be said to be perceived as difficult to understand by SHS students.
A slightly higher percentage of students viewed the topics ‘preparation and chemical
reactions of alkynes’, ‘structure and stability of benzene’ and ‘reactions of benzene’ as easy to
understand (30%, 35% and 33% respectively) as compared to those that viewed them as difficult
to understand (29%, 33% and 30% respectively). However, an equally appreciable percentage of
students (36%, 26% and 28% respectively) also viewed these topics as ‘understood only after
considerable effort’. If a topic is understood only after considerable effort, then it is difficult to
understand [7]. Conclusions could therefore be drawn that these topics were perceived to be
difficult by the SHS students.
In addition, the topic on petroleum was viewed by 23% of students to be difficult to
understand. About 22% of students saw it as easy to understand while 23% saw it as a topic that
could be understood only after considerable effort. This topic also recorded the highest percentage
of students (27%) responding to it as ‘not taught’. Students’ difficulties in understanding
‘petroleum’ could therefore be attributed to the probability that it was not taught or the other
reasons like teacher factors and student factors which have been stated earlier. Seeing that almost
the same percentage of students that find petroleum difficult to understand also chose ‘not taught’,
it could be that indeed most teachers did not teach petroleum due to the fact that petroleum is the
last topic under organic chemistry in the SHS chemistry syllabus. It being the last topic could imply
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that teachers may not get to the topic because of time constraints. Another interpretation of the
gathered data or assumption could be that the students were not present in class when ‘petroleum’
was taught or it was taught during extra classes where some of the students missed out. Polymers
and polymerization also had quite a large percentage of students (25%) perceiving it as difficult to
understand and the second highest percentage of students saying it was not taught (24%).
Furthermore, students were required to list three most difficult topics in organic chemistry
in item 35 of the OCPQS. From the responses students provided, the top five most difficult topics
for students and their percentages were polymers and polymerization (69%), structure and stability
of benzene (65%), reactions of benzene (60%), naming of alkanes and structural isomerism (56%)
and petroleum (54%). Comparing the difficult topics stated in Table 3 and those listed above, it
could be seen that structure and stability of benzene, reactions of benzene and petroleum appear
in both lists and therefore it could be said that they are the top three most perceived difficult to
understand topics chosen by the students. Although polymers and polymerization and naming of
alkanes and structural isomerism were not chosen by majority of students as difficult to understand
in Table 3, they were stated by a large number of students as difficult. In similar research works
[7, 4, 19, 25], petroleum, benzene and synthetic polymers were also identified as topics that were
perceived as difficult for students to understand.
Table 4 provides a summary of responses of teachers to the levels of difficulty posed by
listed Ghanaian SHS organic chemistry topics. Teachers were asked to indicate on a five-point
likert scale (from ‘very easy to teach’ to ‘very difficult to teach’) the levels of difficulty of the
listed organic chemistry topics. Before analysis, the five point likert scale was collapsed to three
with ‘very easy to teach’ and easy to ‘teach’ grouped as ‘easy to teach’, ‘difficult to teach’ and very
‘difficult to teach’ were grouped as ‘difficult to teach’ while ‘not sure’ was not collapsed.
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Table 4: Teachers' Perceptions about Difficulty Levels of Organic Chemistry Topics
TOPICS

EASY TO
TEACH (%)

NOT
SURE (%)

DIFFICULT TO
TEACH (%)

1.

Bonding in carbon

100.0

0.0

0.0

2.
3.
4.

Classification of organic compounds
Identification of elements in organic compounds
Separation and purification of organic compounds,
empirical and molecular formulae
Sources and characteristics of alkanes
Naming of alkanes and structural isomerism
Preparation and properties of alkanes
Uses of alkanes
Sources and characteristics of alkenes
Naming of alkenes and isomerism in alkenes
Preparation and chemical reactions of alkenes
Uses of alkenes
Sources and characteristic properties of alkynes

90.0
90.0

10.0
0.0

0.0
10.0

90.0

10.0

0.0

100.0
90.0
70.0
90.0
80.0
90.0
70.0
90.0
80.0

0.0
10.0
0.0
0.0
0.0
0.0
0.0
0.0
10.0

0.0
0.0
30.0
10.0
20.0
10.0
30.0
10.0
10.0

90.0
60.0
80.0
60.0
50.0

0.0
0.0
10.0
0.0
0.0

10.0
40.0
10.0
40.0
50.0

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Naming of alkynes and isomerism
Preparation and chemical reactions of alkynes
Uses of alkynes
The structure and stability of benzene
Reactions of benzene
Comparison of reactions of benzene and
alkenes
20. Preparation and properties of alkanols
21. Physical properties of alkanols
22. Naming of alkanols
23. Primary, Secondary and tertiary alkanols
24. Chemical reactions of alkanols
25. Uses of alkanols
26. Sources and properties of alkanoic acids
27. Naming of alkanoic acids
28. Uses of alkanoic acids
29. Sources and properties of alkyl alkanoates
30. Naming and structure of alkyl alkanoates
31. Uses of alkyl alkanoates
32. Soapy and soapless detergents
33. Polymers and polymerization

60.0

0.0

40.0

100.0
100.0
90.0
90.0
80.0
100.0
90.0
100.0
100.0
80.0
90.0
90.0
80.0
50.0

0.0
0.0
10.0
0.0
0.0
0.0
0.0
0.0
0.0
10.0
0.0
0.0
0.0
10.0

0.0
0.0
0.0
10.0
20.0
0.0
10.0
0.0
0.0
10.0
10.0
10.0
20.0
40.0

34. Petroleum

70.0

0.0

30.0

Source: Field data, 2019
Comparatively, it can be seen from Table 4 that teachers generally perceived all organic
chemistry topics as easy to teach with the exception of reactions of benzene. This agrees with
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findings from [9] who also stated that chemistry teachers perceived none of the SHS organic
chemistry topics as difficult to teach. It is however important to note that the fact that teachers rate
a topic as easy to teach does not mean it is best taught (taught well) neither does a teacher rating a
topic as difficult to teach make that topic the most poorly taught topic (not well taught) as these
results are only representative of the teachers’ views [19]. This means that a topic could be rated
as easiest to teach by teachers but may end up not being well taught and a topic rated most difficult
to teach might end up being well taught by a teacher. Teachers may be able to teach these topics to
the understanding of their students or not.
The few topics which recorded an appreciable number of teachers viewing them as difficult
to teach are identified below. The following topics were perceived as difficult to teach by at least
40% of the teachers: preparation and chemical reactions of alkynes (40%), the structure and
stability of benzene (40%), reactions of benzene (50%), comparison of reactions of benzene and
alkenes (40%), and polymers and polymerization (40%). A lot of factors could contribute to a
teacher’s difficulty in teaching a particular topic. Some of the factors may be the extensive nature
of the content (loaded content), high cognitive demand of the content, lack of teaching and learning
materials like textbooks, laboratory equipment and lack of mastery over the content by the teacher
[18].

Suggestions from students and teachers for making organic chemistry in senior high
schools meaningful and interesting
An open ended item in section C of both the OCPQT and OCPQS asked respondents to write
what they thought should be done to make teaching and learning of SHS organic chemistry more
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meaningful and interesting. The varied responses to this item was coded and put into themes. These
have been discussed below.

1. Using varied teaching methodologies
Many teachers and students recommended that instead of teachers using only the lecture
method in teaching organic chemistry, teachers should look at using more of
demonstrations, practical work in the laboratory, letting students use molecular models,
computer simulations and using audio visuals in their teaching. These methods when used,
will facilitate students’ understanding of concepts and help them remember what has been
taught better than if only the lecture method is used. [6] and [20] have confirmed that
conducting experimental activities and using computer simulations to teach help in
developing positive students’ attitudes in learning chemistry and enhancing achievement
in chemistry. Practical work needs to essentially be about stimulating and challenging
students to think and understand the relation between evidence and theory [28] and students
who learn by these inquiry approaches are responsible for developing their own answers to
questions rather than exclusively relying on the teacher and or textbooks [17].
2. Provision of more textbooks
Participants suggested that more elective chemistry textbooks with content on organic
chemistry be provided to students. This would ensure that students would have easy access
to textbooks and will not have to depend only on the notes given to them by teachers.
Students can then read wider on topics and get exposed to more examples than what is
given in class. This may go a long way to help students especially if they are able to read
ahead before going to class to understand what is taught in class better.
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3. Solving of more examples and prompt feedback
Students suggested that teachers should solve more problems on organic chemistry with
them in class rather than just giving of notes and explanations. In solving examples in class,
students are exposed to possible examination questions and also learn how to solve
problems/ answer organic chemistry questions. Students also suggested that whenever
assignments are given, teachers should do well to provide prompt feedback. This would
help students see how they are performing, see their mistakes and correct them with the
help of teachers.
4. Adapting content to students’ cognitive abilities and use of appropriate language level
What may be easy for teachers to understand may not be easy for students to understand
because of their differences in cognitive abilities. Although the content of the chemistry
curriculum has been designed with students’ age and cognitive abilities in mind, it is
important that in explaining concepts, teachers adapt the content to suit their students
cognitive ability and to the understanding of the average student. The students in this study
suggested that their teachers should teach so that the average performing students in the
class understand. Also, with English language as the medium of instruction and chemistry
having its own language, students suggested that if possible, teachers should break down
the “scientific” language to their level of understanding, preferably in the local language.
5. Relating content to real world situations
Many students stated that they could not see the link between what they are being taught
in class and the real world situations and would appreciate the subject better if they could
see the application to real world situations. As much as possible, teachers should try and
point out real life applications of what they teach to students. In view of this both teachers
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and students suggested that field trips to chemical industries, especially, those that deal
with the application of organic chemistry like soap production companies, oil refineries,
etc. be organized.
6. Duration for tuition of content
Teachers and students were also of the view that because of the extensive content of the
SHS organic chemistry topics, the teaching and learning of organic chemistry should be
spread throughout the three year duration of senior high school rather than teaching it in
SHS 3 as stipulated in the SHS chemistry syllabus. Some were even of the view that if
possible, organic chemistry should be separated from the other aspects of chemistry in the
SHS curriculum and treated as a subject on its own due to its loaded content.
7. Time of day for teaching organic chemistry
Students suggested that chemistry should be taught in the morning when their minds are
well rested and fresh rather than in the afternoons when they might be exhausted because
of the high cognitive demand the subject places on them.
Similar suggestions were given by teachers and students in a study by [24] who also
suggested the provision of more teaching and learning aids, more practical activities,
improvement in assessment, use of appropriate English language by teachers and paying
attention to more challenging topics as ways of improving students’ learning in chemistry.

CONCLUSIONS
This study was aimed at finding the differential perceptions of selected SHS teachers and
students. The study specifically considered the general perceptions of students and teachers in
selected senior high schools in Ghana about organic chemistry. It perused the topics that students
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and teachers considered easy or difficult to understand and teach (for teachers), and sought
suggestions on how to improve the teaching and learning of organic chemistry in senior high
schools. Findings revealed that the SHS teachers had a positive perception of organic chemistry
and found 33 out of the 34 organic chemistry topics in the SHS chemistry syllabus easy to teach.
Reactions of benzene of benzene was the only topic that 50% of the teachers found easy to teach
while the other 50% found it difficult to teach. The students on the other hand also had a positive
perception towards organic chemistry but would be interested in studying the other aspects of
chemistry rather than organic chemistry. Students found 26 out of the 34 organic chemistry topics
as easy to understand. The topics that the students perceived to be difficult to understand were
preparation and chemical reactions of alkenes, preparation and chemical reactions of alkynes,
structure and stability of benzene, reactions of benzene, comparison of reactions of benzene and
alkenes, petroleum, polymers and naming of alkanes and structural isomerism). Their SHS
teachers also perceived polymers and polymerization, petroleum, reactions of alkanes and
reactions of alkenes to be difficult for their students to understand. Students and teachers suggested
that using varied methodologies to teach, provision of more textbooks, teachers solving more
examples with students and giving prompt feedbacks, relating content to real life situations and
increasing the duration of teaching organic chemistry among others could help improve
perceptions and consequently make the teaching and learning of organic chemistry more
meaningful and interesting.
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ABSTRACT
This research explored pre-service science educators’ comprehension regarding the concepts
of galvanic cells, electrode potentials, and electrolytic cells in electrochemistry. A sample of 64
first year trainee science educators selected from the Department of Teacher Education at the
University of Ghana was strategically chosen to take part in this investigation in the 2018/2019
academic year. In this study, a pre-test / post-test quasi-experimental framework was adopted to
determine how “conceptual change texts” (CCTs) would affect the performance of pre-service
science educators in electrochemistry. A two-tier 10 multiple-choice questions (MCQs) termed
“electrochemistry concept test” (ECT) was given to them. Results showed that they had difficulties
interpreting electrolytic cell-related concepts and most could not differentiate electrolytic cells
from galvanic cells. The achievement of learners instructed utilising the Lecture method (LM) was
lower than those instructed with the CCTs when a post hoc analysis with a Bonferroni adjustment
on the ECT was conducted as a follow up to the one-way between-group analysis of variance,
ANCOVA. The study offers comparative data on the importance of meaningful learning for
enhancing the conception of electrochemistry by learners. The findings suggest that the CCTs in
the experimental group might have caused an increase in pre-service science instructors’
intellectual achievement. [African Journal of Chemical Education—AJCE 11(2), July 2021]
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INTRODUCTION
Academic success has traditionally been connected to passing cumulative assessments that
are based on learning objectives. Nonetheless, [1] claim that the definition of this term is
controversial because it has an “amorphous” character that varies depending on subjective
viewpoints. The researcher [2] believes that psychological elements, in addition to intellectual
capacity, influence academic accomplishment. Also, [2] observed that the results of participants’
assertiveness, conscientiousness, and emotionality tests were found to be strongly associated to
their marks, demonstrating that how learners perceive their learning experience might result in a
variety of academic outcomes. It is therefore believed that academic success can be influenced by
the strategy used by teachers to deliver lessons to their students.
Science seems to be a no go area for some students as they claim it is difficult to understand
most of the concepts. Similarly, other sub-disciplines of science tend to scare students off. For
instance, electrochemistry is classified as the subdivision of chemistry that emphasises on the use
of electrical energy to trigger non-spontaneous chemical reactions and the study of electricity
generation from the energy created by spontaneous chemical processes [3, 4]. Accordingly, [5]
suggests that the subdivision of chemistry which explains how chemical phenomena relate to
electrical processes is referred to as electrochemistry, or the branch of chemistry concerned with
charge separation in liquid media such as solutions [6]. This shows that charge separation is
frequently associated with charge transfer, which can occur homogeneously in solution between
diverse chemical species or heterogeneously on electrode surfaces. Thus, electrochemistry is
concerned with chemical processes involving the transfer of electric charge across an electrified
contact between electronic and ionic conductors [7].
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Most researchers have opined that electrochemistry is considered by most scholars to be
among the most complex topics to study in the chemistry classroom for both learners and teachers
[8-10]. Science teachers [11, 12] and students [13-17] have difficulties with the definition of
electrochemistry, as it has a wide range of applications in industry and other sectors. Likewise,
numerous researches have described alternative concepts of electrochemistry indicating that
electrochemistry may be considered one of the most challenging, ambiguous, and laborious
branches studied in the discipline of chemistry [18, 19]. Others noted it has a multitude of
ambiguous and hypothetical expressions with recorded inconsistencies and contradictory
explanations [20].
Besides, studies have concentrated mainly on evaluating pre-service high school and inservice chemistry teachers’ conception in electrochemistry [16], and the understanding of
electrochemistry among high school students [21], [8], [22, 23], in countries other than Ghana.
Little consideration has been devoted to research on the comprehension of electrochemistry in the
Ghanaian sense by pre-service science teachers for senior high schools. Nevertheless, these preservice science teachers for senior high schools will be hired to teach electrochemistry within the
ambit of integrated science or chemistry to students. Research [17] also suggest that the academic
experience of subject-matter teachers affects their instructional methods, and ultimately the
achievement of students [24, 25]. As such, it will be expedient to question issues regarding the
comprehension of conceptions in electrochemistry by pre-service science teachers taking
cognizance of the fact that they might carry some misconceptions into the classroom.

131

AJCE, 2021, 11(2)

ISSN 2227-5835

Statement of the Problem
Conceptual change is a shift or restructure of current information and beliefs. Learning for
conceptual change is more than just memorising or picking up a new skill. It is the conceptual
framework that learners utilise to solve problems, explain phenomena, and function in world [26].
Teaching for conceptual transformation involves revealing students' preconceptions about a topic
or phenomenon and employing a variety of strategies to assist students in changing their
conceptual framework. The role of the teacher, for instance, is changing as constructivist
approaches to teaching become more prominent. Conceptual transformation is important not only
in content-area instruction but also in the professional development of teachers and administrators.
Several researchers have used various teaching methods to bring about behavioural
changes in learners. Some of these techniques include the learning cycle, collaboration, computerassisted instruction, and cooperative teaching [9, 15]. Similar researches have employed a variety
of texts known as “conceptual change text” to facilitate the identification and analyses of
alternative concepts and to reduce students’ misconceptions [27-31].

According to these

researchers, conceptual change texts are recommended to bring about transformations in students’
alternative conceptions with scientifically accepted ones. However, nearly all the time teachers
teach learners by discoursing while disregarding the fact that learners are also capable of making
a constructive contribution to the classroom discourse. It is the situation prevalent in public
universities (the University of Ghana is no exception) with science lecture theatres and laboratories
as there is no flexibility and time for lecturers to discourse in the classroom because the curricula
have been overloaded and therefore do not have the leverage and time to have constructive
discourse in class.
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Considering the above, the researchers decided to use CCTs to enable the comprehension
of electrochemistry concepts by pre-service science teachers, as this can lead to better training of
science teachers, and improve chemistry teaching and learning in senior high schools across
Ghana.

CONCEPTUAL FRAMEWORK

Conceptual Change

Conceptual change is the underlying concept of this research, defined as the strata of
existential knowledge collectively generated by the requisite group and subsequently embraced by
the students’ undertaking such as a course of action. The term concept denotes a commonplace
classification of notions, entities, individuals, or specific understandings wherein the members
collectively share a plethora of tenets [32]. Accordingly, [33] thought that conceptual
understanding was interpreted as knowledge of a subject that was well understood and well
incorporated, with several rational associations between concrete ideas and concepts.
Given this, [34] have attempted to explain the misconceptions learners encounter in
science. According to them, it can be argued that the domain of conceptual change is deeply rooted
in the parameter of the conception of "alternative conceptions which then aims at developing a
view of how the current conceptions of the student are enmeshed with the newer conceptions that
engulf the learners in a classroom setup. As no agreement has been made on the underlying
meaning of conceptual change, different researchers have defined conceptual change from their
perspective. Nevertheless, conceptual adjustment is typically the mechanism by which learners
modify their initial ideas to suit a normative interpretation [35].
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Again, [34] proposed a conceptual change theory combining the concept of a paradigm
shift [36] with the concept of accommodating new knowledge [37]. Therefore, [36] clarified that
a significant transition that occurs when a novel and varied way of cogitating replaces the normal
way of deliberating or performing something is referred to as a paradigm shift. In such situations,
the new ideas do not fit existing understanding, and it is referred to as accommodation.
Consequently, accommodation requires modifications to what is known. As a result, [34] proposed
that the conceptual transition would entail four basic conditions: the student acknowledges that
what they know isn’t going to solve the problem (dissatisfaction); the learning material has to be
meaningful for the student and the student should be able to interpret the concept to everyone else
(intelligibility); the newly learned conception should be applicable in such a way as to relate to
one's prior experience and solve problems (plausibility); the new idea must support the learner
solve problems and open up new fields of inquiry (fruitfulness).
They were of the view that a learner in an individual manner ought to meander their way
through the same process, as was envisioned in the scientific revolution. The preceding proposition
suggests that it is appropriate for the student to experience a specific unexpected occurrence that
cannot be explained by his or her presently operative conceptual framework. In that situation, there
must be an availability of imminent understanding to the learners which will assist them with the
explanation of the anomaly. Also, [34] further demonstrated the presence of four basic
requirements that the learner has to go through the twin phases of accommodation or conceptual
transition. The current concept, in the course of its applicability to the new experience creates
certain loopholes or unclarified areas in terms of the domains of the new experience. Secondly, the
new concept must be intelligible. In this situation, it is necessary to ascertain that the new concept
is comprehensible, indicative of the fact that the learner should be able to discover certain
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rationalised arguments for the new concept. Thirdly, there has to be a plausible new alternative
concept. This suggests that it needs to be ascertained that the new concept is credible or rather
feasible, which is solely possible as and when the new ideologue is more logical in comparison to
the previous concept, in terms of intrinsic capacity to solve the problems encountered. Lastly, it is
deemed that should the new concept be successful or effective, it will have the capacity to apply
those particular concepts to the other domains [34].

Purpose
In this study, CCTs were employed to compare their influence on the achievement in
electrochemistry of pre-service science teachers pursuing B.Sc. science education at the University
of Ghana. This was also to explore the shifts in conceptual understanding of science that arises
when pre-service science teachers use CCTs on solutions to the problems of electrochemistry
conceptions provided by the teacher.

RESEARCH QUESTION AND HYPOTHESES
Research question
For this investigation three research question has been formulated. The research question is:
1. What effect do conceptual change texts as a teaching technique have on the comprehension
of electrochemistry concepts by pre-service science teachers?
2. What is the interaction effect between CG and EG, and the teaching method regarding preservice science teachers’ understanding of electrochemistry?
3. What is the difference between post-test mean scores of CG and EG regarding pre-service
science teachers’ understanding of electrochemistry?
135

AJCE, 2021, 11(2)

ISSN 2227-5835

METHODOLOGY

Research Design

The investigators in this study had to use a quasi-experimental approach, as a result of the
difficulty encountered in assigning learners to a precise class partition at random [38], thereby
accounting for the use of convenience sampling. For example, the investigators at the research
schools did not randomly assign learners to experimental groups and baseline groups as individuals
because the lecture schedule could not be changed for pre-service teachers for this investigation.
Thus, students offering Biology/Chemistry and Chemistry/Biology were randomly assigned to
function as an intact group such as the Experimental Group (EG) or Control Group (CG)
respectively. Biology/Chemistry means Biology is the major teaching subject and Chemistry is the
minor teaching subject for this category of pre-service teachers. The study employed two separate
classes, consisting of first-year science students at the University of Ghana offering
Biology/Chemistry and Chemistry/Biology combinations. The group taught with “conceptual
change texts” was chosen as the experimental group, while the one instructed with the traditional
method was the control group. By enacting a facilitator’s role, the experimental group teacher
employed conceptual change texts (theoretical modification texts).

Sample and Sampling Technique

Sixty-four first-year pre-service science teachers from the School of Education and
Leadership, the University of Ghana formed the sample. The research (EG) and baseline (CG)
groups comprised 34 and 30 students respectively. The research group was taught using the
conceptual change teaching strategy called the “conceptual change text” technique whereas the
136

AJCE, 2021, 11(2)

ISSN 2227-5835

baseline group followed the lecture teaching technique. Sample Distribution concerning the
category of students and the age range is presented in Table 1.

Table 1: Sample Distribution across Chemistry Major/Minor and Age Range
Factors
Subscale
Freq.
Percent %
Chemistry Major/ Minor
Baseline group
30
53.1
Investigative group
34
46.9
Age Range
16-18
19
29.7
19-21
30
46.9
22-24
9
14.0
25 or more
6
9.3

As the ages of the minority (9.3%) of trainee science educators were more than 25 years, the
ages of the majority (46.9 %) of trainee science educators were between 19 and 21 years.

Instrumentation

In this study, the data collected was largely based on the responses to the post-diagnostic
questions. The ECT was the instrument used to collect data in this study. By comparison with
various literature, the researchers developed some parts of the ECT and others adapted and
reviewed by three expert chemistry lecturers. The ECT had a two-tiered, ten-question test based
on the framework established by [39]. The second tier, which is centred on conceptual knowledge,
was a follow up to the first tier which relied on procedural knowledge, with the respondent in the
first tier selecting a justification for their preference. [39] argued that, when evaluating learner
assignment, this inquiring approach can separate procedural knowledge from conceptual
knowledge.
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Method of Data Collection

First-year pre-service science teachers pursuing chemistry as a teaching subject took part
in the study. In this investigation, the groups were formed based on the students’ performance in
their chemistry courses as well as their availability as they offer other courses apart from chemistry.
At the end of the day, one group represented the baseline class whereas the other represented the
investigative class. In the first week of October 2018, before instruction started during the second
week of October 2018, the ECT was conducted as a pre-test. Similarly, in the second week of
November 2018, the post-test was conducted after treatment. The researchers trained one
chemistry lecturer (more than ten years teaching experience) on how to use the CCTs. The other
was asked to use the Lecture Method, as this is the most common way of teaching that the students
are used to. The post-test on ECT was conducted utilising a pencil and paper exam on
electrochemistry conceptions.

For this investigation, the researchers produced three texts, one for each of electrolyte cells,
electrode potentials, and galvanic cells. According to [31], conceptual change texts are very
efficient in improving students' alternative conceptions, and in this study, they were intended to
improve learner involvement and understanding. The researchers’ designed conceptual change
texts are composed of five sections and they were developed based on the criteria of “frustration”,
“intelligibility”, “plausibility” and “fruitfulness” in Posner et al’s proposed conceptual change
framework. Pre-service science teachers were advised to be presented with the five sections
separately so that they would not read the responses in the following section and change their
responses accordingly.
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To start the teaching-learning process, worksheets, which comprise the initial step of the
conceptual change texts, were distributed by the lecturer in the investigative class to each of the
pre-service science teachers. The learners were then instructed to follow the directions carefully.
After the text was distributed, the instructor asked each student to read the text in silence and to
answer the problem individually. The students were also told that they are free to ask questions for
clarification. Following this, the pre-service science teachers discussed the subject with the lecturer
as a facilitator, offering them the chance to rectify their alternative conceptions, if any, and find a
suitable response where applicable. The lecturer did not specifically correct the mistakes of the
students but motivated them by giving clues to uncover the explanations for their mistakes [40].
The initial component of the texts focused on identifying any potential preconceptions that learners
might have and creating a discrepancy that is dissatisfaction. This permits the lecturer to
comprehend how the understanding of a learner is influenced by using a conceptual change text.

Analysis of Data

Means and standard deviations of descriptive statistics were utilised to address research
question one, by examining the extent to which instructional methods have impacted the
conceptual understanding of electrochemistry by pre-service science teachers. Research question
2 was analysed using a Scatter plot and the Test for homogeneity of regression slopes whereas the
oneway ANCOVAwas used to analyse research question 3. The purpose was to evaluate whether
the conceptual understanding of electrochemistry by pre-service science teachers differs as far as
the teaching approach is concerned.

139

AJCE, 2021, 11(2)

ISSN 2227-5835

RESULTS AND DISCUSSIONS

Results

It was observed that there were no noticeable outliers in evaluating the results. Similarly,
Levene's homogeneity test for variance at p<05 was also not violated. Post-test marks were
measured for pre-service science teachers and a higher score suggested that alternate ideas were
eradicated compared with a lower score. In marking the scripts, a student scored zero if Tier 1 is
answered correctly but Tier 2 is answered wrongly; scored 0.5 if Tier 1 is wrongly answered but
Tier 2 is answered correctly, and 1 if both Tiers 1 and 2 are answered correctly. Mean and standard
deviation were used by the researchers to find out whether the use of CCTs impacts on pre-service
teachers’ conceptual understanding. Table 5 did not include the interaction term in the results of
the ANCOVA, as it has already been verified in both Figure 1 and Table 4.

Research Question

1: What effect do conceptual change texts as a teaching technique have

on the comprehension of electrochemistry concepts by pre-service science teachers?

Research question one was addressed using mean and standard deviation for student
teachers. Utilising CCTs and LM respectively, results of Baseline and Investigative classes’ posttest scores on Table 2 show that the post-test score for the CG (46.33± 5.86) was less than the posttest score (59.41 ± 7.46) for the EG.

Table 2: Mean and Standard Deviation for CG and EG
Technique of Teaching
Baseline (CG)
Investigative (EG)
Total

Mean
46.33
59.41
53.28

Standard deviation
5.862
7.464
9.395

N
30
34
64
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This could indicate that CCTs enhanced the achievement of the concept of electrochemistry
in EG over CG. A post hoc analysis with a Bonferroni adjustment on the ECT was conducted as a
follow up to the one-way between-group analysis of variance, ANCOVA, as shown in Table 3.
This was to establish if the mean differences are indeed statistically relevant.
Table 3: Investigative and Baseline Classes’ Pairwise Assessment
Technique of Teaching
Mean Difference
Baseline
Investigative
-10.650
Investigative
Baseline
10.650

Std Error
1.728
1.728

Sig.
.0005
.0005

From the foregoing, it is clear that the post-test results from the CG were lower than that
of the EG (Table 3), with a mean difference of -10,650 (p<.001). The pairwise comparison showed
that there was a substantial difference in the conceptual understanding of electrochemistry between
the mean CG and EG post-test results.

Research Question 2: What is the interaction effect between CG and EG, and the teaching
method regarding pre-service science teachers’ understanding of electrochemistry?

An interaction effect is when two or more independent variables have a combined effect
that is considerably higher (or significantly less) than the sum of their parts on at least one
dependent variable. Interaction effects are crucial in any survey research because they show how
two or more independent variables interact to influence the dependent variable. Incorporating an
interaction term effect into an analytic model allows the researcher to visualize and comprehend
the link between the dependent and independent variables more clearly. It also contributes to a
better understanding of the dependent variable's variability [41].

Thus, for each type of the independent variable, CG and EG, the pre-test was
assumed to have a linear connection with the post-test for all groups of the independent variable
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(teaching method). Hence, a scatterplot of post-test versus pre-test, grouped on teaching technique,
was plotted as shown in Fig. 1.

Figure 1. Scatterplot of post-test against pre-test grouped on teaching method
Figure 1 depicts the linear relationship between pre-test and post-test scores for all types
of interventions, as determined by evaluating the scatterplot visually. Besides, deciding if there is
a statistically significant interaction effect, “teaching method*pre-test”, the interaction effect was
statistically significant. This shows that pre-service science teachers who were instructed with
CCTs are similar to those who were instructed with LM.

Test for homogeneity of regression slopes for CG and EG was conducted (Table 4) to
ascertain the significance of the interaction term. By performing a general linear model univariate
analysis for this purpose, the interacting term did not imply statistically significant accuracy of the
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regression slopes, F(1,60) = .007, p = .238. The results can be observed on Table 4 considering
(tm*pre).
Table 4: Investigative and Baseline Groups’ Test for homogeneity of regression slopes
Source

Type III Sum of
Squares

df

Mean Square

F

Sig.

Partial
Squared

Eta

Corrected Model

3222.986a

3

1074.329

27.571

.000

.349

Intercept

1556.112

1

1556.112

39.935

.000

.310

tm

1.504

1

1.504

.039

.845

.039

pre

445.256

1

445.256

11.427

.001

.254

55.354

1

55.354

1.421

.238

.007

Error

2337.951

60

38.966

Total

187250.000

64

5560.938

63

tm * pre

Corrected Total

a. R Squared = .580 (Adjusted R Squared = .559)

Research Question 3: What is the difference between post-test mean scores of CG and EG
regarding pre-service science teachers’ understanding of electrochemistry?

Table 5 summarizes the findings of ANCOVA conducted by the researchers. The kind of
instruction used for teaching was the independent variable, specifically CCTs or LM whereas the
dependent variable was pre-service science teachers’ post-test scores, with pre-test scores as
covariate. The post-test scores denoted the conceptual understanding of electrochemistry exhibited
by pre-service science teachers.
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Table 5: ANCOVA Summary on Conceptual Understanding of CG and EG
Source

Type III Sum of
Squares

df

Mean Square

F

Sig.

Partial
Squared

Eta

Corrected Model

3167.632a

2

1583.816

40.368

.000

.570

Intercept

1612.134

1

1612.134

41.090

.000

.402

pre

441.596

1

441.596

11.255

.001

.156

tm

1490.678

1

1490.678

37.994

.000

.384

Error

2393.305

61

39.235

Total

187250.000

64

5560.938

63

Corrected Total

a. R Squared = .570 (Adjusted R Squared = .556)

The post-test results showed a statistically significant difference between the treatments,
F(1,61)= 41,090, p<.0005, partial 5-02=.384, after accounting for pre-test scores. The strength of
the connection between teaching technique and understanding of the concepts of electrochemistry
was high from Table 5. The teaching approach contributed 38.4% of the dependent variable
variance when the pre-test as a covariate was tested.

Discussion
Testing the alternative ideas of pre-service science teachers regarding the conceptual
understanding of electrochemistry was the main objective of the research. It was also intended to
evaluate the effectiveness of conceptual change texts and to compare and contrast the influence of
teaching on students' comprehension of electrochemistry conceptions with CCTs and LM. The
post-test mean scores of pre-service science teachers from CG and EG were analysed using an
ANCOVA analysis. According to the findings, there was a statistically significant difference
between the post-test mean scores of pre-service teachers studying using LM and those studying
using CCTs in terms of their understanding of electrochemistry. Hence, pre-service science
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teachers representing the investigative group have done better than the CG pre-service science
teachers on post-test (ECT) ratings, which suggest that CCTs have been more efficacious in
addressing alternative ideas [29] and conceptual understanding of electrochemistry for pre-service
science teachers [28, 29]. Other researches support these conclusions [42], [30, 31], which
demonstrates that CCTs have been more effective for the conceptual understanding of
electrochemistry by science teacher trainees.
Pre-service science teachers were supposed to recollect elementary information in a
traditional setting, where chemistry teaching depended on conceptual understanding, which are
empirical facts. For example, CCTs have advocated the creation of procedural knowledge, based
on the teaching technique for conceptual change, and this is understood as information needed to
execute the exact tasks. Pre-service science teachers in the EG employed CCTs to objectively
analyse their logic and alternative concepts linked to theoretical notions of electrolytic, galvanic,
and electrode potentials. These factors could have influenced pre-service science teachers’ posttest performance disparities. Pre-service science teachers in the CG couldn't answer subsequent
questions in a rational manner. Following CCTs, however, EG pre-service science teachers
employed their methodological skills adopting their understanding of basic electrochemical
principles and obtained meaningful learning.

CONCLUSION AND RECOMMENDATIONS

Conclusion

The primary purpose of this study was to see how pre-service science teachers'
electrochemistry achievement was affected by a conceptual change teaching strategy involving the
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use of conceptual change texts. The current investigation utilised CCTs and LM to teach the subtopics of galvanic cells, electrode potentials, and electrolytic cells in electrochemistry to preservice science teachers at the University of Ghana. The study revealed that the respondents have
many misconceptions related to electrochemistry, particularly about electrolytic cells, and these
alternative concepts affect their conceptual understanding of electrochemistry. The quest for
methods to rectify these alternate concepts to accomplish meaningful learning thus became
obvious. The results of this study show that employing CCTs assisted pre-service science teachers
in rectifying their alternate conceptions, as pre-service science teachers who used CCTs fared
better than those instructed with LM when evaluating post-test scores on conceptual understanding
of electrochemistry.

Galvanic cells were better understood by pre-service science teachers than electrolytic
cells. It's possible that the lecturers during instructional period concentrated more on the
algorithmic challenges linked to electrolytic cells. This study is part of major research that verified
several of the alternate concepts found in literature. However, the purpose of this investigation was
on evaluating whether the conceptual understanding of electrochemistry by pre-service science
teachers of conceptual change texts could be enhanced. As a result, nothing has been reported in
this article on the alternative conceptions confirmed from literature. The worry is that if pre-service
science teachers’ alternate conceptions of these are not eradicated, they will carry it over to the
classroom after graduating. One other disturbing issue is that it seems the alternative conceptions
of these teachers were incorporated into the subconsciousness when they were at senior high
school.
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Despite this assertion, the teaching strategy for conceptual improvement failed to some
degree, as some post-test outcomes revealed that the EG still had some alternate concepts. Preservice science teachers had more concepts related to galvanic cells compared to electrolytic cells.
The logic could be that the teachers focused more on the algorithmic problems related to
electrolytic cells in the class. This study is part of major research that verified several of the
alternate concepts found in literature. However, the purpose of this investigation was on evaluating
whether the conceptual understanding of electrochemistry by science teacher trainees of
conceptual change texts could be enhanced. As a result, nothing has been reported in this article
on the alternative conceptions confirmed from literature. The worry is that if science teacher
trainees’ alternate conceptions of these are not eradicated, they will carry it over to the classroom
after graduating. One other disturbing issue is that it seems the alternative conceptions of these
teachers were incorporated into the sub-consciousness when they were at senior high school.

Recommendations

A cursory look at randomly sampled chemistry notes given to pre-service science teachers
by their instructors shows the difficulty they encounter in extracting concepts from the notes given,
which is mostly in power point presentation. It has been observed that the achievement of learners
is independent of how copious their notes are but how conceptual comprehension is achieved.
Discussions may be conducted on the growth of teacher training programs to plan and implement
CCTs in classrooms to enhance the program’s progress. Although the study of the technique is
critical to implementing this method in classrooms, it is equally important and invaluable to train
senior high school science teachers on this technique.
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LIMITATIONS
Sampling methodology was the most important weakness of the analysis because intact
groups were utilized during the sampling process. Therefore, generalizability is likely to be
reduced.
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ABSTRACT
The relationships between the properties of gases are not mere "curiosities" and have
important implications in areas such as chemistry, chemical engineering, materials science and
engineering, mechanical engineering, aerospace engineering, meteorology, etc. In the present
work, we describe a practical device to study the pressure – air temperature relationship in constant
volume that can be built and tested by students in the first years of science courses. The simplicity
and reliability of the device make the proposal effectively capable of being used in experimental
practices in several high school courses, or even in higher education and even in teacher training
courses. [African Journal of Chemical Education—AJCE 11(2), July 2021]
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INTRODUCTION
Phenomenological thermodynamics deals with easily measurable properties of a big
number of particles of a gas, namely: pressure, temperature, and volume. This macroscopic view
is fundamental for understanding the behavior of matter, and is based on mathematical
relationships called equations of state.
Well-known phenomenon, the volume (V) of the gas increases as the pressure (P) exerted
on the gas decreases, according to the mathematical relationship experimentally established by
Edme Mariotte (1620 – 1684) and Robert Boyle (1627 – 1691) [1]:

P.V = c1

(1)

Continuing the same reasoning, the volume of an inflated balloon increases when the
temperature (T) of the gas inside the balloon increases and, conversely, decreases when the
temperature of the gas decreases, according to the mathematical relationship experimentally
established in 1787 by Jacques Charles (1746 – 1823), and posteriorly by Louis Joseph Gay-Lussac
(1778 – 1850) [1, 2]:

V/T = c2

(2)

The experiments on the variation of the pressure of a gas as a function of its temperature
resulted in the so-called second law of Charles – Lussac, mathematically expressed by:
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P/T = c3

(3)

The relationships between temperature, volume and pressure of gases have important
implications for the industry. Thus, it is necessary to give the student of physics, chemistry,
chemical engineering, materials science and engineering, mechanical engineering, aerospace
engineering, meteorology, etc., basic knowledge about the description of the behaviour of gases.
As what is known about gases was the result of experimental studies, it is interesting to provide
students with the same type of knowledge. Therefore, it is interesting to use simple and practical
devices (easy to assemble and made with low-cost materials) for educational purposes, capable of
allowing not only qualitative, but also quantitative studies of the relations P x V x T, which can be
applied to teaching middle school or even at university. In the present work, we propose a device
for this purpose.

METHODOLOGY
The assembled system consists essentially of the following parts: a PET bottle (the
container that contains the gas), a high-powered lamp (about 200 W or more, to heat the air inside
the bottle), a digital thermometer and a pressure gauge (Bourdon tube), as shown in Figure 1.
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Fig. 1. The main components of the assembled experimental system: (a) pressure gauge; (b)
thermometer; (c) PET bottle; (d) thermocouple; (e) hose; (f) high-powered lamp; (g) base stand.

A thermocouple was attached (by means of a duck tape) to the side of the PET bottle. The
surface temperature of the bottle was assumed to be approximately equal to the temperature of the
air inside the bottle.
A copper tube was passed through the bottle cap. A hose was connected to the copper tube
and then to the pressure gauge.
The high-powered lamp was positioned about 0.20 m above the bottle. When the lamp was
turned on, the heat due to thermal radiation caused a rapid increase in the temperature of the air
confined in the bottle. As the bottle is rigid and undergoes little expansion, the heated air had its
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pressure increased. The variation in air pressure was easily monitored using the Bourdon pressure
gauge.
The procedures can be performed in an air-conditioned environment (constant
temperature). It is suggested to consider the collection of data for both heating and cooling of the
air contained in the bottle (after turning off the lamp). To facilitate the data collection process, it
is suggested to film the experiment (using a cell phone).

RESULTS AND DISCUSSION

It was found that the system reacts very quickly: right after the lamp is turned on, the
temperature and air pressure inside the bottle start to increase. As it is an isometric process
(constant volume), the increase in the kinetic energy of the gas molecules inside the bottle results
in a direct increase in pressure.
Figures 2 and 3 show the results obtained in the experiments, where the temperature is
expressed in Kelvin and the pressure in millimeters of water (1 mmH2O = 9.80638 Pa). Figure 2
shows the heating curve, while Figure 3 shows the cooling curve.

Fig. 2. Heating curve for the experimental setup shown in Fig.1.
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Fig. 3. Cooling curve for the experimental setup shown in Fig.1.

From the curve of Figures 2 and 3, the following equation is derived:
P = 1.49 T - 428.18

(4)

where the coefficient of variation is r = 0.992.
And from the curve in Figure 3, we get:

P = 1.48 T - 414.14

(5)

where the coefficient of variation is r = 0.971.
The coefficients of variation obtained for the heating curve (r = 0.992) and for the cooling
curve (r = 0.971) showed good agreement with the experimental results.

CONCLUSION
The results obtained show the reliability of the proposed experimental system, despite its
simplicity. In addition, both pressure and temperature are measured using low-cost and easy-to-
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obtain devices (in addition to the system being easy to assemble and handle), making the proposed
experiment effectively usable in experimental classes of various undergraduate courses.
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ABSTRACT
The procedure of assignment of absolute configuration to optical stereoisomers in various
projections has been already described in literature. Most common methods utilize the Fischer
Projection as the standard and hence demands a three dimensional structure (wedge dash
projection, newmann projection, sawhorse projection) to be inter converted to two dimensional
planar Fischer Projection. This adds on an extra exercise which may sometimes cause error while
specifying Absolute Configuration to a molecule originally represented in three dimensional
projections. Hence this assignment of configuration to optical isomers should be directly taught to
undergraduates through three dimensional representation of the molecule as stereochemistry deals
with three dimensional aspects of an organic compound. This method assigns absolute
configuration to the chiral molecules directly in wedge dash projection without interconverting to
Fischer Projection. [African Journal of Chemical Education—AJCE 11(2), July 2021]
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INTRODUCTION
Absolute configuration is defined as stereochemical description of a chiral molecule with
reference to the atoms and groups attached to the chiral center. The determination of absolute
configuration to optical isomers is necessary as they differ in configuration. Though optical
isomers differ in sign of rotation yet the arrangement of atoms or groups around a chiral center
cannot be known. This is important as two stereoisomers may have same sign of optical rotation
but may differ in their relative spatial arrangements of atoms or groups around a stereogenic center.
Before 1951, chemists used to determine the configuration of compounds through chemical
interconversions by the Method of Relative Configuration. [1-2].
The method suffered from serious drawbacks until the method of absolute configuration
was introduced. This requires the application of sequence rules as devised by Cahn Ingold and
Prelog [3-4]. The molecule is originally represented in wedge dash projection is converted to
Fischer projection and then is subjected to assignment of absolute configuration. Though the
method is successful yet it involves laborious steps of rotation and interconversion which makes
it time consuming. When it comes to solve problems, the undergraduate students face difficulty in
visualization during interconversion and waste their precious time. Till date, many modifications
in the procedure of assigning absolute configuration have been reported [5-10] but either they
involve

visualization,

interconversion

to

two

dimensional

projection

or

computational/mathematical calculations. From students’ point of view these methods are not
simple, time consuming and thus require extra efforts for results.
This manuscript describes a student friendly direct and simple method of assigning
absolute configuration to a chiral molecule in three dimensional wedge representation via
application of sequence rules. The modified general procedure for assigning absolute configuration
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(R/S) to a chiral center in wedge-dash projection is given in Table-1 with illustrations (Scheme-1
and Scheme 2). Four groups or atoms directly attached to the chiral center are assigned priorities
according to Cahn Ingold, Prelog (Sequence rule) from highest (1) to lowest (4).
Table-1 Simple and Direct Procedure for assigning absolute configuration
S.
No.

Position of the lowest
priority group or atom

1.

2.

Position of atoms in a
molecule in 3D or space

Direction of path

Configuration

Away from the viewer
(on dotted /dash line)
Out of plane

Clockwise

R

Towards the viewer
(wedge/ solid wedge)
Out of plane

Clockwise

Fictious- R
Actual- S

Plane of the paper
(on the straight line)
(3)

(2) and (3)

(4)
(1)

(4)

First interchange
(4)
between

(2)

3.

(1)

(3)

(2) and (4)

(1)

(2)

(2)

Anticlockwise,
Configuration is S

Second interchange
between
(3)

(2)

(1) and (3)
(4)
(3)

(1)

Anticlockwise,
Configuration is S
Change the position of lowest priority group from plane of paper (straight line) to away from the viewer (dash)
by making even number of interchange.
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ILLUSTRATION
Absolute configuration (R/S) in different wedge dash projection of butane-2-ol is as
follows.

(b)

(a)

(3)

CH3

(1)

CH3

(4)

(3)
HO

H
H
HO

CH 2CH 3

(1)

(4)

(2)

(2)

Direction of path
is anticlockwise,
Fictious Configuration-S
Actual Configuration-R

Direction of path
is anticlockwise,
Configuration-S

(c)

CH 2CH 3

(3)
(2)

(1)
First interchange
between (2) and (4)

CH3

H3CH 2C
HO

(1)

H(4)

Second interchange
between (1) and (3)

(4)

OH

H
H3C

(3)

CH 2CH 3

(2)

Direction of path
is clockwise,
Actual Configuration-R

Scheme-1

Similarly, absolute configuration (R/S) in wedge-dash projection for two chiral centers can
also be assigned (Scheme-2).
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(a) 2,3-Dihydroxybutanoic acid

H

H

OH

1COOH

3
4
CH3

(1)
OH

(4)
H

C(H)(OH)
(2)

Configuration at C3
CH3
(3)

(b) 2-Bromo-3-chlorobutan-2-ol

HO

Configuration at C2

Cl

H
3
4
CH3

(2)

COOH

(1)
Br

Direction of path
is clockwise,
Fictious Configuration-R
Actual Configuration-S(3S)

(4)
H3C

(1)
Br

First interchange
(3)
between (2) and (4) (Cl)(H)C

(3)
(Cl)(H)C
CH3
CH3 (4)

HO

Direction of path
is clockwise,
Fictious Configuration-R
Actual Configuration-S(2S)

COOH
CH3 (2)

2

OH

(1)
OH

(3)
(HO)(H)C

Configuration at C2
H

(4)

CH3

OH
(2)

Second interchange
between (1) and (2)

Br
2
1CH3

Configuration at C3

(4)
H3C

(4)
H

(1)
Cl

C(OH)(Br)
(2)

CH3
(3)

CH3

Direction of path
is clockwise,
configuration-R (3R)

(2)
OH

(3)
(Cl)(H)C
Br
CH3 (1)

Direction of path
is anticlockwise,
configuration-S (2S)

Scheme-2

CONCLUSION
A direct method of assigning absolute configuration to a chiral center in wedge dash
projection only utilizes the Cahn Ingold rule of assigning priority and then tracing the path
irrespective of the position of lowest priority group. This method works well in wedge dash
Projection of chiral molecules with one or more chiral centers. It avoids the use of three
dimensional models and extra steps of interconversion and rotation of the molecule followed by
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exchange of groups or atoms as required in conventional procedure. Students at times spend time
in visualization and interconversion. This procedure is fast, reliable and provides a learning tool
for assigning absolute configuration to three dimensional chiral molecules in a two dimensional
perspective.
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