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Abstract. Learning chemical concepts at the submicroscopic and symbolic levels has
been identified as a difficult task for science students. Studies have shown that [UPAC
nomenclature of organic compounds, which is at the symbolic level of learning chemical
concepts, is a difficult concept when it comes to students’ learning. The current study
involved a pre-service teacher and 60 high school students and investigated how students
could improve upon their performance in naming and writing of structural formulae of
hydrocarbons with the aid of ball-and-stick models. The pre-service teacher and the
students were purposively selected to participate in the study. After seven weeks of teach-
ing and learning of IUPAC naming and writing of structural formulae of hydrocarbons
where the students physically manipulated the models, it was found that the students’
performance and attitude improved after the intervention. It is therefore recommended
that science educators should continuously use already existing and newly developed
models in teaching chemical concepts to help students to actively conceptualise such
concepts at the symbolic level.
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Introduction

There are three levels of teaching and learning of chemical concepts. The three levels
are macroscopic, submicroscopic, and symbolic. The macroscopic level represents chem-
ical concepts through observation; the submicroscopic level represents chemical concepts
through the arrangement and motion of molecules, atoms, or subatomic particles; and
the symbolic level represents chemical concepts through the use of chemical symbols,
formula, structures, equations, or numbers (Johnstone, 1991). The submicroscopic and
symbolic levels of representing chemical concepts have long been identified as poten-
tially difficult areas as far as students’ learning science are concerned (Ben-Zvi et al.,
1987). The difficulty associated with these two levels is as a result of the abstract nature
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of the teaching of such chemical concepts and students most of the time are pivoted at
learning chemical concepts using everyday observations (Ben-Zvi et al., 1986). Wu et
al. (2001) noted that, the difficulty is as result of the fact that students view equations
or formulae of chemical substances as combination of letters and numbers while Keig
& Rubba (1993) viewed the difficulty as a result of students’ inability to translate one
representation into another. Calik & Ayas (2005) further explained that the difficulty for
students in learning chemical concepts is as a result of their inability to show linkages
between knowledge acquired and everyday experience. Kozma et al. (2000) identified
that the students’ difficulty in learning chemical concepts is partly due to the fact that
students cannot directly perceive molecules and their properties.

Hydrocarbons are organic compounds composing of only carbon and hydrogen
atoms, for example, CH,, CH,CH,, CH,=CH,, CH=CH, and CH,. Hydrocarbons can
either be alkanes, which contain carbon-carbon single bonds; alkenes, which contain
at least one carbon-carbon double bond; or alkynes, which contain a carbon-carbon
triple bond (Fessenden & Fessenden, 1990; Solomons & Fryhle, 2008). There are two
groups of hydrocarbons; namely saturated and unsaturated hydrocarbons, however, each
carbon atom has to maintain tetravalency that is having four covalent bonds attached
to the carbon atom in a molecule. In the saturated hydrocarbons or alkanes, all the four
bonds around any carbon atom in the molecules are single bonds and in the unsaturated
hydrocarbons (alkenes and alkynes), there is always a carbon-carbon multiple bonds
in the molecule. The structure and naming of hydrocarbons serve as the foundation
for moving to similar tasks for organic compounds containing other functional groups
(Fessenden & Fessenden, 1990). Naming and drawing of hydrocarbons, like all other
chemical concepts at the symbolic level are associated with some degree of difficulty in
learning with respect to their structures, equations, and chemical reactions.

Kozma et al. (2000) realised that the name of a compound could account for the
different atoms present in that compound as well as its physical properties. In addi-
tion, the name of a structure of a compound would in some cases reflect the elemental
components of that compound. Thus, the act of naming a compound is not necessarily
giving the compound an IUPAC name but the name should be unambiguous with re-
spect to the structure of the compound (Kozma et al., 2000). Ege (as cited in Kozma
et al., 2000) stated emphatically that scientists cannot talk about Organic Chemistry
relegating structural diagrams to the background, that is chemical scientists in the
area of Organic Chemistry always draw molecular structures for the reactions they
talk about. This is because molecular structures of compounds help to identify the
constituent atoms, the relative spatial arrangement of the atoms, and the chemical
bonding between the atoms.
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The IUPAC nomenclature of organic compounds has been with us for many years
(Fessenden & Fessenden, 1990; Solomons & Fryhle, 2008) and the current IUPAC rules
were updated in 1993. In Ghana [TUPAC nomenclature is taught in high school through
to the university in subjects such as Integrated Science and Chemistry. The West African
Examination Council (WAEC) Chief Examiners’ Reports have over the years reported
on the low performance of candidates in Integrated Science 1 at high school level. This
is particularly evident in the area of chemical concepts (WAEC, 2002; 2005; 2006; 2008;
2010). The Chief Examiner (CE) in 2005 explained that there had been improvement
in candidates’ performance in Integrated Science 1. However, the CE identified that the
number of candidates who answered the question on Chemistry aspects was very low
and such candidates showed poor performance in such areas. For instance, the candidates
could not even explain correctly the concept of [IUPAC nomenclature when they were
asked to do so. In 2006, the CE asserted that the candidates could not clearly show the
difference between organic compounds in general and hydrocarbons, in particular the
candidates were seen to be faltering in providing the [UPAC names of sample organic
compounds. An empirical study of Adu-Gyamfi et al. (2013) further exposed the weak-
ness of senior high school (SHS) students in using the [UPAC nomenclature system to
name and write formulae of organic compounds. This identified weakness is common
for both hydrocarbons and non-hydrocarbons such as alkanols, alkanoic acids, and alkyl
alkanoates. The students’ difficulties in using [IUPAC nomenclature in drawing structural
formulae of organic compounds stem from the fact they could not identify the correct
number of carbons in a continuous chain as well as any substituent group and its point of
attachment from the [UPAC name when drawing the structures (Adu-Gyamfi et al., 2012).

Since the performance of students in Integrated Science could be considered gen-
erally as low in many senior high schools in Ghana, author 1 decided to assess the
performance of students in learning Integrated Science in one of the SHSs in Sekyere
East District of Ashanti Region in the area of naming and writing of structural formulae
of hydrocarbons. The performance of the students in the test was low and this called for
an intervention to assist students to overcome their difficulties in naming and writing
of formulae of hydrocarbons.

The purpose of the study was to investigate how students could improve upon their
performance in naming and writing of structural formulae of hydrocarbons with the
aid of models. The use of a model has become necessary as Wu et al. (2001) asserted
that for students to understand scientific knowledge they need to learn how to create a
linkage amongst abstract concepts. The model allowed the students who participated in
the study conducted by Wu and his colleagues to visualise their conception of nature of
matter such as organic molecules in a concrete manner. In addition, teachers in the area
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of Chemistry Education appreciated that the spatial visualisation ability of students is
an essential tool in the teaching and learning of chemical concepts. This spatial visualis-
ation ability of students enable them have correct perception of molecules; have a good
understanding of chemical concepts and processes; and to have a good understanding
of the relationship among molecular structures and their properties (Savec et al., 2006).

The current study was guided by three research questions: (1) how effective would the
use of model be in improving students’ performance in naming and writing of structural
formulae of hydrocarbons; (2) what is the attitude of students towards naming and writ-
ing of structural formulae of hydrocarbons; (3) what is the perception of the pre-service
teacher towards the use of models in teaching naming and writing of structural formulae
of hydrocarbons.

The current investigation into the effectiveness of using models in teaching naming
and writing of structural formulae of hydrocarbon was necessary as the researchers saw
the need to collaborate with a pre-service teacher on development and use of ball-and-
stick models for teaching naming and writing of structural formulae of hydrocarbons.
The pre-service teacher’s involvement would help develop him professionally in the
areas of instruction and content such that he could transform his teaching (Borko, 2004;
Smith et al., 2003) with respect to the use of models in teaching chemical concepts.

More than three decades ago, it was found that manipulation of physical materials
could have long-term effects on students’ understanding and hence, their performance
in a concept (Gabel & Sherwood, 1980). The study by Savec et al. (2006) found that
both in-service and pre-service teachers perceived that one of the chemical concepts
where physical materials can be of good use is teaching and learning of structural for-
mulae of organic molecules. Wu et al. (2001) then described how a specially designed
approach to teaching can influence the performance of students in [UPAC nomenclature
of organic compounds. This is because their model, eChem enhanced the performance
of students as shown in a pretest-posttest single-group study; where the mean score of
the students in the pretest was significantly lower than the mean score of the students
in the posttest. The study of Kozma et al. (2000) confirmed other studies that make use
of representations to help to enhance students’ understanding in symbols that are used
to express scientific concepts.

From the literature review above, it can be seen that the importance of models in the
teaching and learning of chemical concepts cannot be over-emphasized and therefore
should be a good first point of departure for their use across the curriculum (Savec et
al., 20006). This is because the use of three-dimensional models makes students engage
in science lessons and it has been found to support students’ understanding in many
scientific concepts (Barnett et al., 2000). According to Duit (as cited in Jansoon et al.,
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2009), there are two reasons why science educators use models; to communicate scientific
models such as atomic structure and to explain scientific concepts to students. Wu et
al. (2001) asserted that visualisation and representation of chemical concepts (formu-
lae) helped students to overcome their difficulty in learning chemical concepts such as
naming of compounds at the symbolic level. The students involved in their study were
able to create linkages between visual and conceptual areas of representations and for
this reason that the current study chose to assist a pre-service teacher to use a traditional
ball-and-stick models to teach the concept of naming and writing of structural formulae
of hydrocarbons to SHS Integrated Science students.

The use of traditional three-dimensional objects in place of computer-assisted (pseudo)
ones in the current study was due to an insufficient number of computers in most of the
schools and in particular where the study was conducted. Though some authors prefer
the combination of traditional and pseudo application of three-dimensional objects in
teaching and learning of chemical concepts (Barnea & Dori, 1999; Wu et al., 2001) but
in most parts of Africa in general and Ghana in particular there is a shortage of computers
and as a result the use of traditional three-dimensional objects in Chemistry Education
cannot be over-emphasized in such communities. However, the study was managed in
such a way to minimise its shortcomings in the teaching by allowing students to draw
their mental images of the given molecules and be involved in open class discussion
with the pre-service teacher as the lesson progressed.

Methodology of the study

The research design used in the study was a single group pretest-posttest action re-
search design, where the researchers worked in collaboration with a pre-service teacher
in teaching and developing lessons on IUPAC naming and writing of structural formu-
lae of hydrocarbons, using ball-and-stick models. The choice of action research was
necessary as it can be applicable in all settings where problem solving involves people,
tasks, and procedures that are yearning for solution. It further encourages more positive
attitude to work, and continuous professional development in the areas of instruction
and content. In addition, action research is not the usual thinking of teachers but a more
systematic and collaborative way of obtaining data based on reflection; and further not
a research conducted on other people but conducted by particular people on their work
in order to improve their own work (Cohen et al., 2007). The current study targeted the
professional development of the pre-service teacher (Goodnough, 2010) as a major part
of the study and therefore the selection and use of action research. The purpose of the
professional development was to enhance the pre-service teacher’s teaching practices
in the science classroom. It was also necessary as the action research was intentional
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and systematic in solving problems of teaching. The study used both quantitative and
qualitative methods to collect and analysed data respectively from test, observations,
and conversations with students and the pre-service teacher to justify how effective the
ball-and-stick model would be in enhancing students’ performance in naming and writing
of structural formulae of hydrocarbons.

Sample

There were five SHS in the Sekyere East District of Ashanti Region of Ghana but only
one school was purposively involved in the study. This is because the pre-service teacher
in the school was willing to work extra hours during the period of the study. There were
three year groups of students: namely the first, second, and third year groups. The target
students for the study were all SHS 2 students as the concept of [UPAC nomenclature
of organic compounds is taught at this level in Integrated Science. Also, at the time of
the study, it was found that the second year students were yet to learn IUPAC nomen-
clature under Integrated Science. The SHS 2 students were stratified into 12 groups with
respect to their normal classrooms of learning. As all students took Integrated Science
as a ‘Core Subject’, all the SHS 2 students were important for the purposes of the study.
This therefore led to the purposive selection of five students from each class to have one
class of 60 students. These students were selected as they agreed to meet the pre-service
teacher outside the normal instructional hours for the conduction of the study.

Research instruments

The main research instrument for the study was achievement test interspersed with
the researcher’s observations and conversations with the pre-service teacher and the
students. The achievement test was made up of pretest and posttest items which were
constructed by the pre-service teacher. The pretest items consisted of 10 items with
each scoring one mark. There were four, four, and two items respectively in the areas
of alkanes, alkenes, and alkynes. The unequal distribution of the number of items with
respect to alkanes, alkenes, and alkynes was due to the fact that the pre-service teacher
perceived that much more time was going to be spent on teaching the alkanes and alkenes
as compared to the alkynes and in fact this was what happened. In all there were five
items on naming of and five items on writing of structural formulae of hydrocarbons.
The items were in the areas of unbranched-, branched-, and substituted chains of alkanes,
alkenes, and alkynes (Appendix). The posttest items were the same as the pretest items
but different order of arrangement.

The test items were constructed by the pre-service teacher and were content vali-
dated by the two authors who were the researchers. The items were then compared to
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standardised test items used by the WAEC for assessing high school students’ knowl-
edge in Integrated Science. The items were then pilot-tested with students of similar
characteristics from another high school in another district of Ashanti Region. After the
pilot test, the items were analysed and those items that were too difficult or too weak
were deleted to obtain the final 10 items. Since the items were scored either right or
wrong, the KR 21 coefficient of reliability was calculated as 0.7, which shows the final
test instrument was reliable.

Each lesson of the pre-service teacher on IUPAC naming and writing of structural
formulae of hydrocarbons was observed by the first author. The author 1 took field notes
which were immediately converted into summary observation after each day’s lesson.
The summary observations were analysed together with the pre-service teacher for him
to appreciate the strength and weakness of his lessons and the attitudes of the students
in the lesson.

The interviews, which took the form of conversations with some students and the
pre-service teacher after each lesson, helped to ascertain students’ conceptual devel-
opment and interest in the lesson throughout the period of the study. A conversational
type of interviews was adopted to prevent the pre-service teacher and the students from
adapting defensive mechanisms in responding to issues we intended to probe. It helped
a lot as the pre-service teacher or the students felt free and natural in interacting with
the researchers.

Data collection procedure

The author 1 first discussed with the pre-service teacher our intent to conduct research
with the students from the school where he was carrying out his one-year teaching practice
and that he would be an important factor in teaching naming and writing of formulae of
hydrocarbons. The pre-service teacher was briefed on the task involving nature of what
we intended to do and what his roles would be during the period of the study. Upon the
agreement and mutual understanding we had with the pre-service teacher, the author
1 met the Headteacher of the school and sought permission to conduct the study in the
school. The meeting and the discussion thereafter were smooth as the pre-service teacher
was one of the students of author 1. The Headteacher then introduced the author 1 and
the pre-service teacher to members of Science Department who also assured of their
support when necessary. The selected students were later selected and issues and stages
of the study were discussed with them. The study involved three stages as it was an
action research. These were pre-intervention, intervention, and post-intervention stages.

At the pre-intervention stage, author 1 first interacted with some students and found
out that they could not respond to questions on naming and writing of structural for-
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mulae of organic compounds. After this observation, the idea of helping the students to
improve on their performance in [UPAC naming and writing of structural formulae of
hydrocarbons was conceived. The pre-service teacher then gave the pretest items to the
selected students to complete. The students’ responses in the pretest were scored. The
analysis of the scores of the students in the pretest revealed that indeed the students from
the school like any other Ghanaian student at the SHS level had difficulty in naming and
writing of structural formulae of hydrocarbons. It was then necessary to design some
structured activities to enhance the students’ performance in the concept of IUPAC
naming and writing of structural formulae of hydrocarbons.

At the intervention stage of the study, the pre-service teacher was exposed to the tech-
nique of using the ball-and-stick models to teach chemical concepts such as naming and
writing of structural formulae of hydrocarbons. In the ball-and-stick model kit there were
plastic or wooden balls and sticks. The ball representing the carbon atom was black with
four bonds and that for the hydrogen atom was white with only one bond. Balls similar
to those for hydrogen were provided for the halogens, where chlorine was represented
by a green ball and bromine by a blue ball. The pre-service teacher then developed and
prepared his lesson sequence for eight weeks as presented in Table 1.

Table 1. Weekly activities for teaching the naming and writing of hydrocarbons

Week | Activity

1-3 Using ball-and-stick models to assist students to form covalent bonds in alkanes,
alkenes, and alkynes.

Drawing structures of alkanes, alkenes, and alkynes.

Open class discussion of sample students’ work.

4-5 ITUPAC naming of structures of alkanes, alkenes, and alkynes.

Repeated exercises on the IUPAC naming of structures of alkanes, alkenes, and
alkynes.

Open class discussion of sample students’ work.

6-7 ITUPAC writing/drawing of structures of alkanes, alkenes, and alkynes.

Repeated exercises on IUPAC writing/drawing of structures of alkanes, alkenes, and
alkynes.

Open class discussion of sample students’ work.

8 Evaluation of the intervention activities.

Each week the pre-service teacher had a two-hour session with the students on
teaching and learning the concept of [IUPAC naming and writing of structural formulae

210



Improving Students’ Performance in Naming and Writing Structural Formulae of Hydrocarbons...

of hydrocarbons. Each lesson was observed by author 1 and after each lesson; there
were conversations with the pre-service teacher and some of the students. This revealed
the progress and conceptual changes of the students in the lessons and the pre-service
teacher’s experiences as he interacted with the students using the ball-and-stick models
in teaching chemical concepts.

At the post-intervention stage, the posttest items were used to assess whether there
had been any conceptual change after the planned and systematic activities at the in-
tervention stage of the design. The students’ responses in the posttest were scored and
mean scores calculated. The mean scores of the pretest and posttest were compared to
ascertain the effectiveness of the use of ball-and-stick models in teaching and learning
of [IUPAC naming and writing of hydrocarbons. The mean scores of the students in the
pretest and posttest were further analysed and discussed with pre-service teacher and
his responses were noted. Lastly, there were conversations with some of the students
to ascertain whether they had also had any change in attitude towards learning [IUPAC
naming and writing of structural formulae of hydrocarbons (and chemical concepts in
general).

Data analysis

The Research Question 1 was analysed in two ways being the quantitative analysis
of the students’ scores from the pretest and posttest. Means, standard deviations, and
the paired-samples t-test were used to answer the research question. In the first part
the means and standard deviations were used to analyse the performance of majority
of the students in the pretest and posttest. The paired-samples t-test was used in the
second part to test whether there was any statistically significant difference between
the students’ performance in the pretest and the posttest. This is because it was the
most appropriate statistical tool for comparing two mean scores of the same group of
students on two different occasions (Pallant, 2005). To answer the Research Ques-
tions 2 and 3, the views of the students and the pre-service teacher were transcribed
according to the meanings we made from them and were used to answer qualitatively
the two research questions.

Results

The Research Question 1 sought to find out how effective the use of the model would
be in improving the performance of the students (involved in the study) in naming and
writing of structural formulae of hydrocarbons. The mean scores of the students in the
pretest and posttest are presented in Table 2.
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Table 2. Students’ mean scores in pretest and posttest

Test N M SD Max score
Pretest 60 24 1.0 5
Posttest 60 7.8 1.4 10

From Table 2, the results show that a two-third majority of the students in the pretest
achieved a low mean score (M = 2.4, SD = 1.0) ranging between 1.4 and 3.4 and a max-
imum score of 5 out of 10. It can further be seen from Table 2 that a two-third majority
of the students achieved a high mean score (M = 7.8, SD = 1.4) ranging between 6.4
and 9.2 and a maximum score of 10 out of 10 in the posttest. The findings from Table 2
show that most of the students show weak performance in the pretest whereas most of
the students show an improved performance in the posttest.

The means in Table 2 show that there was difference between the mean score of the
students in the pretest (M = 2.4, SD =1.0) and the mean score of the students in the
posttest (M = 7.8, SD = 1.4). To ascertain whether there was any statistical significance
difference between the students’ mean scores in the pretest and posttest, the paired sam-
ples t-test analysis was conducted. The results from the paired-samples t-test analysis
are presented in Table 3.

Table 3. Results from the paired-samples t-test analysis

Test N M SD t df P
Pretest 60 2.4 1.0 29.5 59 0.000*
Posttest 60 7.8 1.4

*p <0.0005

The results in Table 3 show that there was statistically significant difference between
the mean score of the students in the pretest and the mean score of the students in the
posttest. This is because the mean score of the students in the pretest (M =2.4, SD = 1.0,
t(59) =29.5, p < 0.0005) was statistically different from the mean score of the students
in the posttest (M = 7.8, SD = 1.4). The eta square statistic was calculated as 0.94 which
was an indication of large size effect. This large effect size shows that there is substantial
difference in the students’ performance before and after the intervention. The findings
from Table 3 show that there is a significant improvement in the students’ performance
in the posttest as compared to the students’ performance in the pretest.

The Research Question 2 sought to find out the attitude of students towards learning
of IUPAC naming and writing of structural formulae of hydrocarbons. This is because
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some authors are of the view that the fact that there is significant difference in the
students’ performance before and after the intervention, which is skewed towards the
performance after the intervention does not necessary indicate that the intervention
caused the improvement in students’ performance in naming and writing of structural
formulae of hydrocarbons. To convince ourselves and our readers, we had conversational
interviews with the students before, during, and after the intervention. It was a general
feeling among the students before the intervention that the concept of [UPAC nomen-
clature is difficult as at times the formula or the name of a given organic compound can
become complex. One of the students said “it is difficult to handle when there is more
than one branch on the compound”.

At some points during instruction, some of the students began to appreciate that
they could handle the naming and writing of formulae of hydrocarbons as it was just a
matter of the arrangement of the carbon atoms. This was supported by statements such
as “I only need to open up the carbons and bonds to show where each carbon is in the
chain” and “it is like I need to go back from the name”. For example, “in but-1-ene; ene
is a double bond, but is four carbons, and -/- is that the double bond comes after first
carbon”. There were also some of the students who asked for further examples to help
them understand the lesson better.

After the intervention and the last exercise which was the posttest, several of the
students asked if we could extend the teaching and learning of IUPAC nomenclature
to other classes of organic compounds. This is because they were happy with the
teaching process and wanted the pre-service teacher to enter into other classes of
IUPAC nomenclature of organic compounds. An extract between one of the students
and author 1 was:

Student: can we have more of this next term?
Author 1: why?

Student: it is interesting

Author 1: why do you say the lesson is interesting?
Student: I easily understand what is going on.

The Research Question 3 sought to find out the perception of the pre-service teach-
er, which is the experience the teacher has had teaching a chemical concept using the
ball-and-stick models. Before the pre-service teacher was trained on how to physically
manipulate the ball-and stick models, he was a bit skeptical about the use and the pos-
sible impact on student learning of the chemical concept. This can be seen from the
following extract:
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Teacher: I'm happy to work with you on this project; but will it work as expected?

Author 1: Why do you asked?

Teacher: The fact of the matter is that [ haven’t personally used these models before
and I usually don’t see science teachers using them.

Author 1: There is always the first time and be assured that you will be trained on
how to use the models.

Teacher: That’s okay by me, sir.

As the days went by, the pre-service teacher seemed confident and delighted in the
study we were conducting. This is because he was punctual and always ready to meet
the students. From this extract of the conversation between the pre-service teacher and
author 1, it could be seen that the pre-service teacher was confident in himself as the
intervention activities went by.

Author 1: Why do seem confident whenever it is time for us to meet the students?

Teacher: This exercise has given me the opportunity to learn my content and methods
of teaching very well.

Author 1: How do mean?

Teacher: I have to read around the IUPAC nomenclature concept every day. At times
areas outside the hydrocarbons we are using.

Author 1: Do you only learn the content?

Teacher: Oh no; I practice the use of the models.

Author 1: Why do you have to practice ahead of each lesson?

Teacher: It helps me to identify the challenges...; when to call on students; and when
to assist them.

After the analysis and discussion of the results from the posttest with the pre-ser-
vice teacher, we found that he was happy and willing to use models in his subsequent
teaching. This is because he appreciated that the performance of the students on
IUPAC naming and writing of structural formulae of hydrocarbons has improved.
One of the extracts of the conversation between the pre-service teacher and author
1 after the posttest was:

Author 1: Is it worthy to teach SHS students with this approach?
Teacher: Yes; and I intend to use models in my teaching.

Author 1: Are you referring to the ball-and-stick models?
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Teacher: Yes/no.

Author 1: Why yes/no?

Teacher: Yes; when it is applicable to use the ball-and-stick models and no; when
not applicable.

Author 1: What will do then when the ball-and-stick models are not applicable?

Teacher: I will read on other models and try them out also.

Author 1: What is your final impression about the use of models in Chemistry lessons?

Teacher: I think is good to use models in teaching Chemistry... and if we were taught
by such approach at the high school level, most of my mates may have liked Chemistry.

Discussion

The findings from the study have shown that the students’ performance in naming
and writing of structural formulae of hydrocarbons improved after the intervention. This
is because the performance of the students after the intervention is significantly higher
than the performance of the students before intervention. This means that the intervention
namely the use of ball-and-stick models enhanced the students’ performance in [IUPAC
naming and writing of structural formulae of hydrocarbons (Kozma et al., 2000; Wu et
al., 2001). Notwithstanding the fact that students’ difficulties exist in [UPAC naming and
writing of structural formulae of organic compounds (Adu-Gyamfi et al., 2012; 2013), the
difficulty could be overcome with the assistance of models as models enhance students’
conceptual understanding in scientific concepts (Barnett et al., 2000; Wu et al., 2001).

Not only did the intervention enhance students’ performance in naming and writing
of structural formulae of hydrocarbons but the findings further show that the students’
attitudes changed as well. This is because the students appreciated that with the use of
the models they could solve problems of IUPAC nomenclature of hydrocarbon. They
requested that the method of teaching of the concept should be extended to all other
areas which form part of IUPAC nomenclature as it is studied under Integrated Science
in the Ghanaian high schools. This means the ball-and-stick model has had an impact
on the students’ learning of chemical concepts. The students change in attitude towards
learning of IUPAC nomenclature of hydrocarbons could be attributed to the fact that
the use of models help lessen students’ difficulties in learning chemical concepts (Wu
etal., 2001) by making students actively involved in the lessons (Jansoon et al., 2009).

The pre-service teacher who was not sure of the effect of the ball-and-stick mod-
els on the students’ conception and performance in [UPAC naming and writing of
structural formulae of hydrocarbons was convinced that models can assist students to
conceptualise chemical concepts at the end of the intervention. He then benefited from
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his involvement in the study. This is because he developed himself professionally in
IUPAC nomenclature and the use of ball-and-stick models. Professional development
programmes such as the one offered by the current study helped the pre-service changed
his perception as result of experience (Smith et al., 2003).

Conclusions

The study has shown that the use of models can enhance students’ performance
in naming and writing of structural formulae of hydrocarbons which form part of the
ITUPAC nomenclature concept. The models are effective in teaching and learning of
IUPAC nomenclature of hydrocarbons because not only did the performance of the stu-
dents involved in the study improve but the attitudes of the students changed positively
towards learning of [UPAC nomenclature of organic compounds. Science Educators are
therefore encouraged to adapt to the use of existing and any newly developed models in
teaching chemical concepts as models have the tendency of making students active in
such lessons, thereby enhancing their conceptual understanding in chemical concepts.

The current study confirms other studies such as Wu et al. (2001) where models
enhance students’ performance in chemical concepts. The current study however adds
to the literature with inclusion of pre-service teacher in developing and teaching lessons
on IUPAC nomenclature using models. It could be said that the pre-service teacher de-
veloped professionally in instruction and content (Borko, 2004; Smith et al., 2003). It is
envisaged that the pre-service teacher would use models in teaching chemical concepts
in his subsequent teaching and even as an in-service teacher, which would enhance his
teaching practices. Researchers in the area of Science Education are therefore encour-
aged to involved pre-service teachers in research studies in design and development
of instruction as well as in the design and development of curriculum materials for
in-service teachers.

APPENDIX
Sample Achievement Test Items

1. CH,CH,CH,CH,
2. CH,CH,CH=CHCH,
3. CH=CCH,CH,
4. CH,CHCH,

CH,
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CH,

5. CH,=CHCHCHCH,

|

Br
Propyne
2-bromo-2-chloropentane
6-chlorohex-2-ene
5-ethyl-2-methylheptane
10. 2,3-dimethylbut-2-ene

o x =N

REFERENCES

Adu-Gyamfi, K. Ampiah, J.G. & Appiah, J.Y. (2012). Senior high school students’ dif-
ficulties in writing structural formulae of organic compounds from [UPAC names.
J. Sci. & Math. Educ., 6(1), 175-191).

Adu-Gyamfi, K., Ampiah, J.G. & Appiah, J.Y. (2013). Senior high school chemistry
students’ performance in [IUPAC nomenclature of organic compounds. Cypriot J.
Educ. Studies, 8, 472-483.

Barnea, N. & Dori, Y. J. (1999). High school chemistry students’ performance and gen-
der differences in a computerised molecular modeling learning environment. J. Sci.
Educ. & Technology, 8, 257-271.

Barnett, M., Keating, T., Barab, S.A. & Hay, K.E. (2000). Conceptual change through
building three-dimensional virtual models (pp. 134-141). In: Fishman, B. & O’Con-
nor-Divelbiss, S. (Eds.). Fourth International Conference of the Learning Sciences.
Mahwah: Erlbaum.

Ben-Zvi, R., Eylon, B. & Silberstein, J. (1986). Is an atom of copper malleable? J. Chem.
Educ., 63, 64-66.

Ben-Zvi, R., Eylon, B. & Silberstein, J. (1987). Students’ visualisation of a chemical
reaction. Education in Chemistry, July, 117-120.

Borko, H. (2004). Professional development and teacher learning: mapping the terrain.
Educational Researcher, 33(8), 3-15.

Calik, M. & Ayas, A. (2005). A cross-age study on the understanding of chemical solu-
tions and their components. Intern. Educ. J., 6, 30-41.

Cohen, L., Manion, L. & Morrison, K. (2007). Research methods in education. London:
Routledge.

217



Peter Abum Sarkodie, Kenneth Adu-Gyamfi

Fessenden, J.R. & Fessenden, S.J. (1990). Organic chemistry. Belmont: Wadsworth.

Gabel, D. & Sherwood, R. (1980). The effects of student manipulation of molecular
models on chemistry achievement according to piagetian level. J. Res. Sci. Teaching,
17, 75-81.

Goodnough, K. (2010). Teacher learning and collaborative action research: generating
‘knowledge-of-practice’ in the context of science education. J. Res. Sci. Teacher
Educ., 21, 917-936.

Jansoon, N., Coll, R.K. & Somsook, E. (2009). Understanding metal models of dilution
in Thai students. Intern. J. Environ. & Sci. Educ., 4, 147-168.

Johnstone, A.H. (1991). Why is science difficult to learn: things are seldom what they
seem. J. Computer Assisted Learning, 7, 75-83.

Keig, P.F. & Rubba, P.A. (1993). Translation of representations of the structure of matter
and its relationship to reasoning, gender, spatial reasoning, and specific prior knowl-
edge. J. Res. Sci. Teaching, 30, 883-903.

Kozma, R., Chin, E., Russell, J. & Marx, N. (2000). The roles of representations and
tools in the chemistry laboratory and their implications for chemistry learning. J.
Learning Sci., 9, 105-143.

Pallant, J. (2005). SPSS survival manual: a step by step guide to data analysis using
SPSS version 12. Maidenhead: Open University Press.

Savec, V.F., Vrtacnik, M., Gilbert, J.K. & Peklaj, C. (2006). In-service and pre-service
teachers’ opinion on the use of models in teaching chemistry. Acta Chimica Sloven-
ica, 53,381-390.

Smith, C., Hofer, J., Gillespie, M., Solomon, M. & Rowe, K. (2003). How teachers
change: astudy of professional development in adult education. Cambridge: NCSALL
Reports.

Solomons, T.W. & Fryhle, C.B. (2008). Organic chemistry. Hoboken: John Wiley & Sons.

WAEC [West African Examinations Council]. (2002). Chief examiners report: general
science programme: July/August senior secondary school certificate examination.
Accra: WAEC.

WAEC [West African Examinations Council]. (2005). Chief examiners report: general
science programme: July senior secondary school certificate examination. Accra:
WAEC.

WAEC [West Africa Examinations Council]. (2006). Chief examiners report: general
science programme: May/June West Africa senior secondary certificate examination.
Accra: WAEC.

218



Improving Students’ Performance in Naming and Writing Structural Formulae of Hydrocarbons...

WAEC [West Africa Examinations Council]. (2008). Chief examiner s report: general
science programme: May/June West Africa senior secondary certificate examination.
Accra: WAEC.

WAEC [West African Examinations Council]. (2010). Chief examiners 'report: science
programme: May/June West African senior school certificate examination. Accra:
WAEC.

Wu, H. K., Krajcik, J. S. & Soloway, E. (2001). Promoting understanding of chemical
representations: students’ use of a visualization tool in the classroom. J. Res. Sci.
Teaching, 38, 821-842.

D41 P. A. Sarkodie, Head of Department
Department of Science Education

(College of Agriculture Education)

University of Education, Winneba
Mampong-Ashanti, Ghana

>< Kenneth Adu-Gyamfi, Head of Department
Department of Science Education

Mampong Technical College of Education
Mampong-Ashanti, Ghana

E-mail: dondonsinco@yahoo.com

219



