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Multiple choice tests are widely used in evaluation despite their limitation that students can get high achievement 
scores with partial acceptable knowledge and misconceptions. This study investigated the use of a two-tier 
multiple choice test to identify those students with partial knowledge. The participants of this study were 151 
students, who were involved in the learning of chemistry at various levels in four-year (BSc, BScEd, and BEd 
General Science) degree programmes. These students had taken some chemistry courses at the university level 
before they were tested. A two-tier test consisting of 15 questions covering the topics of bond polarity, molecular 
shape, lattices, polarity of molecules, inter-molecular forces and the octet rule was administered to the students. 
All questions contained 4 choices under the second tier, whereas under the first tier, there were 10, 4 and 1 
questions with 2, 3 and 4 choices, respectively. The mean achievement score was 67.7±17% for the tier 1 
choices, but was reduced to 33.5±14.0% when the accuracy for tiers 1 and 2 was considered separately. 
Moreover, similar changes in achievement scores were observed when the data on the test questions covering 
bond polarity, molecular shape, lattices, polarity of molecules, intermolecular forces and octet rule topics were 
considered. These results suggest that on the average two-tier multiple choice tests can help identify the students 
with partial knowledge as well as their misconceptions. Teachers can use two-tier multiple choice tests not only 
to identify (i) students who lack complete understanding, but also (ii) types of their misconceptions to target their 
teaching to improve students’ learning outcomes. 

 
 
 

Introduction 
 

Chemistry is an important subject that explains how the chemical phenomena occur around 
us. However, students face problems in understanding the subject despite its association 
with daily life experiences (Taber & Coll, 2002). These authors reported that students’ 
difficulty in understanding the subject to some extent is contributed by the abstract nature of 
the concepts involved in the subject. The authors further emphasised that at each level, the 
curriculum is loaded with these abstract concepts. According to Bradley and Brand (1985) a 
constant interplay between the macroscopic and microscopic abstract levels of thought 
represents a significant challenge to novice learners. Numerous other reports also support 
the view that the interplay between macroscopic and microscopic worlds is a source of 
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difficulty for many chemistry learners. Some of the additional examples of abstract concepts 
where interplay between the macroscopic and microscopic concepts occurs include the mole 
concept (Gilbert & Watts, 1983), atomic structure (Harrison & Treagust, 1996), kinetic 
theory (Taylor & Coll, 1997), electrochemistry (Sanger & Greenbowe, 1997), chemical 
change and reactivity (Zoller, 1990; balancing redox equations (Zoller, 1990) and Chemical 
bonding (Taber & Coll, 2002). 

There is a general agreement that these abstract concepts are important to understand 
advanced concepts, principles and theories associated with chemistry as well as other 
subjects. For example, Coll and Treagust, (2001) reported that it is difficult for students to 
understand conduction in metals without understanding metallic bonding. Similarly 
understanding of the properties of ionic compounds requires understanding of ionic bonding 
(Taber, 1997). Many researchers in the field have agreed that if the basic chemistry concepts 
are not clear to the students, then learning of advanced chemistry content will be a serious 
problem (Ayas & Demirba, 1997; Coll & Treagust, 2001; Nakhleh, 1992; Nicoll, 2001; 
Zoller, 1990). It has been reported that students with high level skills compared to those 
who do not have them, can better handle abstract chemistry content, suggesting a set of 
special skills at a high level is required for the subject. (Fensham, 1988; Taber & Coll, 2002; 
Zoller, 1990). According to Taber and Coll (2002), reactivity, spectroscopy and organic 
chemistry concepts cannot be understood unless students know the chemical bonding 
theories and models. Therefore, chemical bonding theories and models are important topics 
that students should learn and these theories provide students with key cognitive skills so 
that students are able to visualise the submicroscopic world of chemistry. However, 
chemical bonding concepts are abstract: a student cannot see an atom or the interactions 
between atoms or other elementary particles (Griffiths & Preston, 1999).  

The importance of chemical bonding in chemistry and the nature of students’ 
conceptions of these concepts have long been recognised as important (Fensham, 1975). 
Attempts have been made to enhance students’ conceptual understanding of chemical 
bonding concepts (Barker & Millar, 2000; Harrison & Treagust, 2000). There are also 
studies that include the investigation of and challenging students’ misconceptions at various 
educational levels (Birk & Kurtz, 1999; Coll & Treagust, 2001; Nicoll, 2001; Peterson, 
Treagust & Garnett, 1989). Some researchers have concentrated on particular aspects of 
chemical bonding, for example, covalent bonding (Coll & Treagust, 2002; Nicoll, 2001; 
Peterson & Treagust, 1989; Tan & Treagust, 1999; Treagust, 1988), ionic bonding (Coll & 
Treagust, 2001; Coll & Treagust, 2003), and metallic bonding (Coll & Treagust, 2001). 
There are also studies that investigated inter-molecular forces (Barker & Millar, 2000; 
Peterson & Treagust, 1989; Tan & Treagust, 1999), and chemical bonds and energetics 
(Barker & Millar, 2000). Recently researchers have concentrated on students’ mental 
models of chemical bonding (Coll & Taylor, 2002; Taber & Coll, 2002).  

Some studies show students’ poor understanding of chemical bonding and also that 
learners have little appreciation of the underlying electrostatic nature of the chemical bond 
(De Posada, 1997; Taber, 1997, 1999, 2002). They also show that students have more 
problems with metallic bonding than with other forms of bonding (De Posada, 1997). The 
learners were able to use the simple electron sea model to explain the properties of metals 
(Taber 1997, 1998), but were unable to use complex models like the electron drift model 
(Stephens, McRobbie & Lucas, 1999). Birk and Kurtz (1999) reported confusion between 
ionic and covalent compounds with learners believing that ionic compounds are molecular 
in nature. Coll and Treagust (2001, 2002) explored students’ mental models of metallic and 
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covalent bonding at three academic levels (secondary, undergraduate, and postgraduate 
students) and reported that “despite evidencing expertise in a number of highly complex and 
mathematically sophisticated mental models, tertiary students including graduates with MSc 
and PhD degrees show a strong preference for simple realistic mental models. They struggle 
to use their mental models to explain the physical properties of covalently bonded 
substances” (Coll & Treagust  2002, p. 241). About metallic bonding, they reported that the 
learners in their study held realistic views about the bonding and structure for metallic 
substances and prefer the “sea of electrons” model. Few of the learners were able to describe 
bonding in alloys. Students at all levels were able to explain conductivity, but not 
malleability. Peterson and Treagust (1989) studied the students’ misconceptions associated 
with sub-topics in chemical bonding. They reported many misconceptions including: 
Students’ views that the shape of molecules is determined by the repulsion between 
molecules; Polarity of molecules is determined by the number of valence electrons and that 
the non-polar molecules have atoms of similar electro-negativities. Pabucca and Geban 
(2006) reported that students feel that in chemical bonding atoms are glued together. A 
detailed useful summary of misconceptions associated with chemical bonding is reported by 
Unal, Calik, Ayas and Coll (2006). 

There are various methods, including objective type tests, interviews, and flow maps 
for evaluating students’ conceptions but all these methods have some limitations (Anderson 
& Demetrius, 1993; Bar & Galili, 1994; Lee, Eichinger, Anderson, & Berkheimer, 1993; 
Wenzel & Roth, 1998). A major problem with objective types of tests and interviews in 
identifying preconceptions is that the questions direct the students’ thinking towards the 
examiners’ point of view. The others are time consuming and labour intensive, therefore, 
not efficient for collecting data from large samples. Schmidt (1997) used multiple-choice 
questions and asked the students to describe reason(s) for their decision. This method is still 
efficient and is the preferred way of collecting large quantities of data quickly, although its 
limitation is in language. Students with language deficiencies often cannot explain their 
logic in making a decision. Aikenhead (1987) proposed that the students’ own statements, 
rather than expert guided statements, should be used to evaluate students’ points of view, 
but this technique is not suitable for the evaluation of students’ conceptions of science 
concepts that differ from the one represented in the statements given for respondents to 
select. However, this technique is reliable and data from large groups of students can be 
collected. Peterson and Treagust (1989) used the above approach to develop an instrument 
on chemical bonding and structure. Therefore, this instrument was selected to collect the 
data for this study. 

The above literature review suggests that students have misconceptions about the 
concepts associated with chemical bonding. Some of these misconceptions cut across the 
grade levels as well as across countries, whereas others may be specific to age groups and 
cultures. Moreover, more studies have concentrated at the secondary school level (Unal et 
al., 2006). However, there is a limited amount of research evidence about how students 
conceptualise chemical bonding (Coll, & Taylor 2006; Taber 1997). Considering the 
situation in Brunei, very little is known about the students’ conceptions of chemical bonding 
at secondary or tertiary levels. It may be possible that Bruneian students hold some 
misconceptions that are different to those previously reported from other countries. Hence 
this study was planned and executed to investigate the misconceptions associated with 
chemical bonding and structure among tertiary students.  
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Aims and Objectives 

 
The aim of this study was to investigate the misconceptions associated with chemical 
bonding and structure of tertiary undergraduate Bruneian students using a two-tier multiple-
choice question test. 

 
Methodology 

 
Sample 
The subjects of this study were 151 (70.9% females, 26.5% males and 2.6% who did not 
disclose their gender) students enrolled at Universiti Brunei Darussalam. According to their 
age, there were 1.3% 18 years, 76.8% 19-23 years, 14.6% 24-29 years, 3.3% 35-47 years 
old and the remaining did not disclose their age. They were involved in the learning 
chemistry at various levels in four-years (BSc, BScEd, and BEd General Science) degree 
programmes. The least number of participants was from BSc programme; six only. They 
were grouped with BScEd students because their entry requirements matched more closely 
with BScEd than BEd studnets. In this way the sample students were classified into two 
groups as BScEd and BEd students. All these students have taken some undergraduate level 
chemistry courses at the university before they were tested. They also have either learned A-
level chemistry at school or have attended make-up foundation level chemistry courses at 
the university.   
 

Question 
Statement 

Which of the following best represents the position of the shared electron pair in 
the HF molecule? 

 
Tier 1 
 

(1) H :F             (2) H : F 

Tier 2 Reason 
(a) Non-bonding electrons influence the position of the bonding or shared electron 

pair. 
(b) As hydrogen and fluorine form a covalent bond the electron pair must be 

centrally located. 
(c) Fluorine has a stronger attraction for the shared electron pair. 
(d) Fluorine is the larger of the two atoms and hence exerts greater control over 

the shared electron pair. 
Figure 1. Sample item from the diagnostic instrument on chemical bonding. Adapted from 
Peterson, Treagust, and Garnett (1989). 

 
The Instrument  
The diagnostic instrument used in this study, developed by Peterson, Treagust, and Garnett 
(1989), was composed of 15 two-tier multiple-choice items. The instrument has been 
reported as valid and reliable in previous studies (Peterson, & Treagust, 1989; Peterson, 
Treagust & Garnett, 1989). These studies guided the authors to select this instrument for this 
study. The reliability and validity values for the present data are reported later in the results 
section. The reliability, discriminant index and item difficulty indexes for the data were 
computed by subjecting the sample students’ responses to each item to statistical analysis. 
The first tier of each item consists of a content question having two, three, or four choices; 
the second tier of each item contained four possible reasons for the answers given in the first 
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tier, which included the correct answer and three alternative reasons involving 
misconceptions. A sample item is reported in Figure 1 for the ease of reference. (The correct 
response is the combination of italicised responses from each tier.) 

The covalent bonding and structure diagnostic instrument specifically examines the 
conceptual areas of bond polarity (three items), molecular shape (five items), polarity of 
molecules (three items), lattices (two items), inter-molecular forces (one item), and the octet 
rule (one item). Most of the items of the instrument were problem centered (two examined 
more than one conceptual area) and were based on known areas of conceptual difficulty 
identified from experiences in teaching upper secondary students.  

 
Data Collection Procedure 
The instrument was administered to a total of 151 sample students from three degree 
programs. All subjects of the study completed the test in less than 40 minutes. A 
respondent’s answer to an item was considered correct if he/she (s/he) selected both the 
correct content choice and the correct reason. Items of the instrument were evaluated for 
both correct responses and incorrect response combinations selected by the respondents. 
Particular attention was paid to those response combinations involving more than 20% of 
the students. Analysis of incorrect response combinations given by more than 20% sample 
students provided data on students’ misconceptions of concepts and the propositional 
knowledge related to that item. This criterion was adopted from research reported by Gilbert 
(1977). The response combinations selected by the student sample for question 1 (described 
in Figure 1) are reported in Table 1. 

 
Table 1.  
Description of Students’ Responses to Item Described in Figure 1 
 Question % Correct  Tier  Response distribution (%)    
No Type Tier1 Tiers 1&2  a b c d Ans 
1 Bond polarity 53.0 43.0 (1) 4.0 1.3 43.0 4.7 1c 
    (2) 5.3 32.5 7.9 1.3  

 
Data Reporting and Interpretation - An Example. 
As indicated in the Table 1, 53% of the students responded correctly at the tier 1 level, 
however when responses to both tiers were considered only 43% of the students could 
correctly ascertain the position of the shared electron pair in the H-F bond and give the 
correct reason for their choice. As per the selected criteria, only 43% of the sample students 
demonstrated an understanding of the concept and the remaining sample students lacked the 
understanding of the concept. Moreover, 32.5% of this student sample believed that in a 
covalent bond such as the H-F bond, the electron pair must be centrally located. This 
response attracted more than 20% respondents; hence based on the criterion set under data 
collection procedure, it was classified as a misconception. An overall summary of the 
misconception data is reported in the Appendix. 

The mean data reported in the tables in the results section was computed in two steps. 
The first step involved finding the frequency of correct responses for each question followed 
by converting it to percentage. Then these values were used to compute mean percentages 
for the questions in the instrument as well as its sections separately. Hence, the mean ± SD 
data reported in the tables is the mean of means. 
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Evaluation of Conceptual Understanding- Criteria 
It is important to establish criteria to accept if the class has understood the tested concept or 
not. Using multiple-choice items with four or five distracters, Gilbert (1977) suggested that 
students’ understanding of the conceptual area was considered satisfactory if more than 75% 
of the students correctly answered the item. With less than four distracters, a higher 
percentage mean of correct responses would be seen as representing mastery of the item. 
However in this study the number of distracters under two-tiers varied from 6 to 8, 
therefore, the percentage was lowered to 70% and 65% for 7 and 8 distracters, respectively. 

 
Results and Discussion 

 
This section is divided into two sub-sections representing instrument’s variables and 
conceptual understanding.  

 
Instrument’s Variables  
In this section, the instrument’s reliability, discriminant index and item difficulty indexes 
are reported. The data in parentheses were reported by Peterson and Treagust (1989) using 
the same instrument for a sample of Year 11 and 12 Australian students. The reliability of 
the instrument as measured by Cronbach alpha was 0.65 (0.73) when both the content and 
reason parts of the item were analysed. Difficulty indices ranged from 0.12 to 0.57 (0.13-
0.60) providing a wide range of difficulty in the items with only 4 items in the high and the 
remainder in the moderate difficulty ranges. Discrimination indices ranged from 0.08 to 
0.56 (0.32 – 0.65), being lower than earlier reported. 

 
Table 2 
Brunei and Australian Respondents’ Percent Achievement (mean ± SD) on the Test 
and its Sections 
Test Data  No. of   MPCR* Mean Difference 
Items Type Items Tier 1 Tiers 1 & 2 Tiers 1 - Tier 1&2 
All 
 

Brunei 
Australia 

15 
 

67.7±17.0 
67.9±20.4 

33.5±14.0 
36.7±12.9 

34.2 
31.2 

Bond polarity  Brunei 
Australia 

3 69.4±14.9 
69.7±8.3 

44.7±8.3 
40.3±7.6 

28.7 
28.4 

Molecule Shape   Brunei 
Australia  

5 65.6±14.9 
60.4±26.7 

29.0±18.4 
33.4±15.8 

36.6 
27.0 

Lattices  Brunei 
Australia 

2 71.4±34.0 
81.6±25.0 

28.1±8.7 
40.0±8.5 

43.3 
41.6 

Molecule Polarity  Brunei 
Australia 

3 55.9±15.9 
60.7±15.8 

19.4±7.8 
33.7±2.1 

36.5 
27.0 

Inter-molecular Forces  Brunei 
Australia 

1 84.8 
91 

26.7 
19 

58.1 
72.0 

Octet Rule Brunei 
Australia 

1 84.1 
87 

56.3 
63 

28.8 
24.0 

*MPCR = Mean±SD Percent Correct Responses; Australian data for years 11&12 are 
adopted from Peterson & Treagust, (1989) and transformed; There was only one question 
for each of the Inter-molecular Forces  and Octet Rule sections.   
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Conceptual Understanding. 
This section is divided into three parts dealing with (a) conceptual understanding of the 
chemical bonding and structure topic and its six subtopics representing bond polarity, 
molecular shape, lattices, polarity of molecules, inter-molecular forces and octet rule of all 
the sample students, (b) comparison of conceptual understanding of BScEd and BEd 
students and (c) comparison of misconceptions of Bruneian and Australian samples. 

 
Conceptual Understanding of All Students   
The data in Table 2 suggest that for all items 67.7% of the students responded correctly at 
the Tier 1 level, whereas only 33.5% responded correctly at both tiers. These results suggest 
that on the average 33.5% students had the understanding of the concept of chemical 
bonding, whereas the remaining 34.2 %, who scored correct responses at the Tier 1 level, 
either guessed the answer or only had partial knowledge that they used to achieve the 
correct responses. It is known that students can achieve full credit with partial knowledge 
when multiple choice questions are used for assessment. While considering the correct 
response data in the tiers 1 and 2 column of the table for topics covered in the instrument, it 
was found that the mean values were less than 50% (44.4 – 19.4%) except for the octet rule 
that recorded a value of 56.3%. Based on the criteria adopted for conceptual understanding, 
the students have not understood the area represented by the six sub-topics and they need 
attention in all the sub-topics equally.  

The molecular polarity section is the least understood area where on the average only 
19.4% of the sample students answered both tiers correctly. While considering Tier 1 results 
only, the highest scores above 84% were observed for inter-molecular forces and the octet 
rule. The score of 56.3% after considering both tiers for the octet rule section suggest that 
Bruneian students have relatively better understanding of octet rule than other areas, 
whereas the 26.7% correct responses for the inter-molecular forces section with the second 
lowest percentage suggests that students lack understanding of this section. However, one 
should take into consideration the fact that these two sections were represented by only one 
question each in the instrument. The mean difference for correct responses for Tier 1 and 
both tiers was 28.7% for the octet rule and 58.1% for the inter-molecular forces. These 
results suggest that a large proportion of the students who scored correct responses at the 
Tier 1 level did not have an acceptable level of understanding. They appear to have either 
partial content knowledge or have guessed at either of the two-tiers. Readers should note 
that the Australian data collected by Peterson and Treagust (1989) using the same 
instrument from 159 Year 11 and 84 Year 12 secondary students is reported for reference 
only because it is not clear how the school students’ achievement standard has changed in 
Australia since 1989. 

 
Comparison of Conceptual Understanding of BScEd and BEd Students 
The percentages of BScEd and BEd sample students who correctly answered all items as 
well as the mean for the test are reported in Table 3. For both groups, a higher percentage of 
the sample students made the correct content choices (Tier 1) than providing the correct 
content choices with the correct reasons. Therefore, the mean of correct responses were also 
higher for the Tier 1 compared to the Tiers 1 and 2 considered together. Indeed, taking into 
account the guessing probability one would expect higher correct responses on the first tier 
with two or three distracters than for a combination of first- and second-tier responses when 
the second tier has four responses. When mean responses to Tier 1, the content part, were 
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considered alone, students' correct responses for the 15 items of the diagnostic instrument 
ranged between 45.5%-95.5% for BScEd and 35.3%-95.3% for BEd students. When both 
tiers of each item were considered, the correct responses were much reduced to ranges of 
21.2%-68.2% for BScEd and 13.1%-57.1% for BEd students. These results suggest that 
despite the values being higher for BScEd by about 10% than BEd group, all these 
chemistry students did not acquire a satisfactory understanding of the concepts being 
evaluated in the topic. A comparison of the percentage of students who correctly answered 
the content part of the each item with the number of students who correctly answered the 
complete two-tier item suggests that students may have rote-learned the concepts without an 
adequate understanding of the concepts involved.  
 
Table 3 
Students’ Percent Correct Responses to Individual Test Items for Tier 1 and Tiers 1&2 
Choices 

Questions      Data   % Correct for BScEd   % Correct for BEd 
 Type Tier1 Tiers 1&2 Tier 1 Tiers 1&2 
All Mean 70.2±15.2 39.8±14.5 66.0±20.2 32.4±14.2 
 Range 45.5-95.5 21.2-68.2% 35.3-95.3 13.1-57.1 

 
These results were not expected from these students, especially from the BScEd 

students. The BScEd students had higher A-level achievement scores than the BEd students. 
Moreover in this group some students who were enrolled for pure chemistry undergraduate 
degrees were also included. The admission requirement for BSc students was higher than 
that for BScEd students. One possible explanation is that teaching at school level is 
examination oriented where students learn to pass the examination rather than for 
understanding. The teaching style at university is mostly the lecture method which is 
considered to be one of the least effective for learning for understanding. Hence the 
misconceptions which students had acquired at school had very little chance of being 
corrected at the university and misconceptions are known to be resistant to change (Stavy, 
1990). It is therefore important to investigate the existing misconceptions. Using criteria 
proposed by Gilbert (1977), a misconception exists if it exists in at least 20% of the student 
sample, 17 misconceptions were identified in this study. They are grouped under the 
headings of bond polarity, molecular shape, lattices, polarity of molecules, inter-molecular 
forces, and the octet rule and are reported along with quantitative data for these headings 
(see Tables 4-8). 

 
Bond Polarity. The data in Table 4 show that the sample students’ ability to establish the 
correct polarity of a bond measured using items 1, 3, and 14 was unexpectedly low. On the 
average 50.2% (range 40.0%-68.2%) of BScEd and 42.4% (35.4% - 43.5%) of BEd students 
were correctly able to respond to bond polarity questions. This means that about 50% of the 
sample students in each group were not certain of the position of the shared electron pair in 
the H-F bond and give the correct reason for their choice. Misconception data in the table 
suggests that 35% of the BScEd and 31% of the BEd students had the misconception that 
equal sharing of electron pair occurs in all covalent bonds (Q1: Table 4). The percent data of 
47.0% and 57.6% in the table for both groups under Tier 1 suggest that a large percentage of 
students with this misconception appeared to have failed to correctly relate the effect of 
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electro-negativity of covalently bonding atoms and thus resulting the unequal sharing of the 
electron pair.  
 
Table 4 
Students’ Responses to Bond Polarity Questions for Tier 1 and Tiers1&2 Choices and 
Misconceptions 

Subtopic                Question  % Correct for BScEd   % Correct for BEd 
 No Tier1 Tiers 1&2 Tier 1 Tiers 1&2 
Bond polarity 1 47.0 42.4 57.6 43.5 
 3 72.7 40.0 73.8 35.4 
 14 81.8 68.2 83.3 42.2 
 Mean 67.2±18.0 50.2±15.6 71.6±13.0 42.4±4.4 
Misconceptions  BScEd  BEd  
Equal sharing of the electron pair in all covalent bonds  35%  31%  
Polarity of a covalent bond is due to ion formation through 

electron transfer 
 -  22%  

Ionic charge determines the polarity of the bond.  -  21%  
 
The second misconception, exhibited by 22% of the BEd students, involved a 

misunderstanding that the polarity of a covalent bond is due to ion formation through 
electron transfer. Although more than 70% of the sample students in each group were able 
to identify correctly the type of charge on oxygen and fluorine atoms on forming an O-F 
bond (Q3; Table 4), only 40.0% of the BScEd and 35.4% of the BEd students were certain 
of the correct reason for the bond polarity. The percentage distribution of incorrect 
responses of BScEd students for any response was not more than 20% and so did not qualify 
as a misconception.  

The third misconception, selected by 21% of the BEd students, involved a 
misunderstanding that a partial change on a covalent bond is the result of electron transfer. 
Despite the fact that more than 80% students in each group were correctly able to suggest a 
δ+ charge on the sulphur atom in the SCl2 molecule, (Q14: Table 4), only 68.2% of the 
BScEd and 42.2% of the BEd students were able to give the correct reason for the δ+ charge 
on the sulphur atom. These students have failed to demonstrate understanding that complete 
transfer of electron does not contribute partial change. Once again, the percentage 
distribution of incorrect responses of BScEd students for any response was not more than 
20% to qualify as misconception. 
 
Molecular Shape. Generally, the ability of students in this sample to ascertain the shape of 
molecules was unsatisfactory (see Table 5). On the average, 41.5% of the BScEd and 28.8% 
of the BEd students demonstrated ability to predict the shapes of the molecules as measured 
by items 2, 5, 8, 13, and 15. For example, 27.3% of the BScEd and 13.1% of the BEd 
students could correctly predict and explain the shape of the NBr3 molecule. Also 26% of 
the BScEd and 30% of the BEd students demonstrated the misconception that the shape of a 
molecule is due to equal repulsion between the bonds thus ignoring the influence of non-
bonding electron pairs on the shape of the molecule. These data suggest that students lacked 
the understanding of the valence shell electron pair repulsion theory. This finding has 
support from the students’ responses to question 13 that deals with the role of electron pair 
repulsion theory in determining the shapes of molecules. Only 62.1% of the BScEd and 
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54.8% of the BEd students could respond to question 13 correctly when responses to both 
tiers were considered. About 30% of the students in each group demonstrated the 
misconception that the theory is used to determine the shape of a molecule using repulsion 
between atoms in the molecule. 
 
Table 5 
Students’ Responses to Molecular Shape Questions for Tier 1 and Tiers 1&2 Choices and 
Misconceptions 

Subtopic                 Question  % Correct for BScEd   % Correct for BEd 
 No Tier1 Tiers 1&2 Tier 1 Tiers 1&2 
Molecular shape 2 57.6 27.3 42.9 13.1 
 5 80.3 45.5 51.2 25.0 
 8 75.8 34.8 82.1 25.0 
 13 86.4 62.1 79.8 54.8 
 15 66.7 37.9 42.4 25.9 
 Mean 73.4±11.4 41.5±13.2 59.7±19.7 28.8±15.5 
Misconceptions   BScEd  BEd  
The shape of a molecule is due to equal repulsion between the 

bonds. 
 26%  30%  

The shape of a molecule is due to repulsion between non-
bonding electrons. 

 29%  20%  

Bond polarity determines the shape of the molecule.  -  33%  
The shape of a molecule is due to equal repulsion between atoms 

in a molecule. 
 30%  33%  

The shape of the N2Cl4 molecule is determined by the repulsion 
between 5 electrons pairs on the nitrogen atoms. 

 23%  -  

 
Although 80.3% of the BScEd and 51.2% of the BEd students were able to predict V-

shaped structure of the SCl2 molecule, however 45.5% and 25.0%, respectively, were 
correctly able to state it to be the effect of repulsion between the bonding and non-bonding 
electron pairs (Q5: Table5). Moreover, 29% of the BScEd and 20% of the BEd students 
exhibited the misconception that the shape is determined by the repulsion between non-
bonding electron pairs only, thus ignoring the effect of bonding electron pairs. Moreover, 
33% of the BEd students predicted the structure to be linear because two S-Cl bonds equally 
repelled each other.  

In question 8 concerning the shape of COCl2, 75.8% of the BScEd and 82.1% of the 
BEd students were able to predict the COCl2 structure; however, only 34.8% and 25.0%, 
respectively, were able to link the correct reason for the selected shape. Data in Table 5 
show that 33% of the BEd students suggested that the shape of COCl2 molecule is 
determined by the stronger polarity of the C=O double bond only, thus ignoring the role of 
two C-Cl bonds in determining the shape of the molecule. 

Lastly, while considering the structure of the N2Cl4 molecule (Q 15: Table 5), 66.7% of 
the BScEd and 42.4% of the BEd students were able to predict the structure of the molecule; 
however, only 37.9% and 25.9%, respectively, were correctly able to state it to be the effect 
of repulsion between the bonding and non-bonding electron pairs (Q 15: Table 5). The BEd 
students exhibited no misconception in this case. However, it was surprising to note that 
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23% of the BScEd students reported that the structure was determined by the repulsion 
between five bonding and non-bonding pairs on the nitrogen atom in the molecule.  

 
Table 6 
Students’ Responses to Lattices Questions for Tier 1 and Tiers 1&2 Choices and 
Misconceptions 

Subtopic                  Question  % Correct for BScEd   % Correct for BEd 
 No Tier1 Tiers 1&2 Tier 1 Tiers 1&2 
Lattices 4 95.5 21.2 95.3 22.4 
 11 45.5 36.9 48.8 32.1 
 Mean 70.5±35.4 29.1±11.1 72.1±32.9 27.3±6.9 
Misconceptions  BScEd  BEd  

Lattice structure consists of molecules held together by inter-
molecular forces. 

 52%  55%  

High viscosity of some molecular solids is due to strong bonds in 
the continuous covalent lattice. 

 26%  -  

The strength of inter-molecular forces in a lattice structure 
determines the texture of the substance. 

 -  29%  

 
Lattices. The mean data in Table 6 suggest that on the average more than 70% of the 
students in each group were able to respond correctly to questions 4 and 11 at the Tier 1 
level, but less than 30% were able to link their response to the correct reason. The large 
standard deviation values suggest large variations in students’ responses to both questions. 
For example, in response to the lattice structure of silicon carbide in question 4, more than 
95% of students in each group were able to relate the high melting and boiling points to the 
strength of the bonds in the lattice structure. However, only about 20% were able to state 
that it has a covalent network solid composed of covalently bonded atoms that is responsible 
for its high melting temperature. Moreover, less than 50% of the students in both the groups 
were able to predict vaseline as a covalent molecular substance whereas only 36.9% of the 
BScEd and 32.1% of the BEd students were able to highlight that a covalent molecular 
substance has weak inter-molecular forces (Q11: Table 6). A major misconception exhibited 
by more than 50% of the students from both groups was that in a lattice structure molecules 
are held together by inter-molecular forces. Two additional misconceptions in this area 
indicated that the students have problems with associating the nature and properties of 
covalent molecular lattices. A continuous covalent lattice was associated with inter-
molecular forces (29%, BEd) and high viscosity (BScEd, 26%). 
 
Polarity of Molecules. The data in Table 7 suggest that only 25.8%, 24.6% and 34.4% of the 
BScEd and 57.1%, 14.3% and 22.4% of the BEd students were able to respond correctly to 
molecular polarity items 6 (SiF4; OF2; BF3), 9 (ClF3), and 12 (OF2; CF4) respectively. Both 
groups of students had misconceptions. About 57% of the BEd students reported that the 
polarity of a molecule is due to dipoles produced by non-bonding electrons on an atom. 
According to Peterson and Treagust (1989), this misconception is likely to occur when 
students compare the OF2 molecule with the water molecule. The assignment of the partial 
negative charge to the oxygen could occur if these students compare the V-shape of the OF2 
molecule with the V-shaped H2O molecule. Students may use a pattern-matching technique 
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(Lin, 1982) and apply their knowledge of the polarity of the O-H bonds in water to the O-F 
bonds in the OF2 molecule. This could result in the oxygen in OF2 being considered to have 
a partial negative charge. Also 22% of the BEd students indicated that symmetrical and non-
polar molecules will experience greater inter-molecular forces. The data in the table also 
show that 20% of the BScEd and 25% of the BEd students believed that the polarity of a 
molecule is determined by the most electronegative atom. Moreover, 39% of the BScEd and 
45% of the BEd students suggested that the polarity of a molecule is only determined by the 
electro-negativity differences between its atoms.  
 
Table 7 
Students’ Responses to Polarity of Molecules Questions for Tier 1 and Tiers 1&2 Choices 
and Misconceptions 

Subtopic                    Question  % Correct for BScEd   % Correct for BEd 
 No Tier1 Tiers 1&2 Tier 1 Tiers 1&2 
Polarity of molecules 6 68.2 25.8 78.6 57.1 
 9 54.5 24.6 45.2 14.3 
 12 56.3 34.4 35.3 22.4 
 Mean 59.7±7.4 28.3±5.3 53.0±22.7 31.3±22.7 
Misconceptions  BScEd  BEd  
The polarity of a molecule is due to dipoles produced by 

non-bonding electrons on an atom. 
 -  57%  

The polarity of a molecule is determined by the most 
electronegative atom. 

 20%  25%  

The polarity of a molecule is only determined by the 
electro-negativity differences between its atoms. 

 39%  45%  

Symmetrical and non-polar molecules will experience 
greater inter-molecular forces. 

 -  22%  

 
Generally the students did not consider the two factors, namely, the shape and the bond 

polarity, when determining the polarity of a molecule despite the fact that they have learned 
that the CO2 molecule is non-polar due to its linear shape despite electro-negativity 
differences in carbon and oxygen atoms. Students exhibiting this misconception have 
identified bond polarity as a necessary factor, but have not considered the influence of 
molecular shape. This misconception could be interpreted as incomplete understanding of 
the two factors required to ascertain a molecule’s polarity (Perterson & Treagust, 1989). 

 
Inter-molecular Forces. The data in Table 8 suggest that despite the fact that 83.3 % of the 
BScEd and 85.9% of the BEd students being able to predict stronger inter-molecular forces 
between water molecules than hydrogen sulphide molecules, only 32% of the BScEd and 
22% of the BEd students were able to relate the strength of the force to differences in the 
polarity of the molecules. The data in Table 8 also show that 32% of the BScEd and 37% of 
the BEd students stated that the strength of a covalent bond in a molecule determines inter-
molecular forces between them. It appears that they think that molecular forces exist 
between atoms in a molecule that bind them together in a molecule. 
 
Octet Rule. More than 80% of the students in both groups knew that the octet rule is used to 
determine the bonds that atoms form; however, only 63.6% of the BScEd and 50.6% of the 
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BEd students knew the definition of it (Table 8). The data in the table also suggest that 28% 
of the BEd students stated that the number of bonds an atom can form depends upon the 
number of electrons in its outer shell. These students seem to lack an understanding of the 
octet rule. 
 
Table 8 
Students’ Responses to Inter-molecular Forces and Octet Rule Questions for Tier 1 and 
Tiers 1&2 Choices and Misconceptions 

Subtopic                    Question  % Correct for BScEd   % Correct for BEd 
 No Tier1 Tiers 1&2 Tier 1 Tiers 1&2 
Inter-molecular forces 7 83.3 32.3 85.9 22.4 
Octet rule 10 81.8 63.6 87.1 50.6 
Misconceptions  BScEd  BEd  
Inter-molecular forces  -    
Strength of a covalent bond in a molecule determines 

inter-molecular forces between them. 
 32  37  

Octet rule      
The number of bonds an atom can form depends upon 

the number of electrons in its outer shell 
 -  28  

 
Comparison of Misconceptions between Bruneian and Australian Samples  
A comparison of misconceptions held by Bruneian students enrolled in undergraduate 
degree programmes and Australian upper secondary students is reported in Figure 2. Bond 
polarity misconception data in the figure suggest that (a) equal sharing of the electron pair 
in all covalent bonds and (b) ionic charge determines the polarity of the bond 
misconceptions were present in both Australian and Bruneian samples. Pabuccu, and Geban 
(2006) also reported the existence of these misconceptions in Turkish high school students. 
It appears that these misconceptions cut across cultures. However misconceptions 
representing covalent bond polarity is the result of electron transfer was observed in 
Bruneian students and polarity of bond depends on the number of outmost electrons on 
atoms involved in the bonding in Australian students.  

A comparison of misconceptions associated with molecular shapes revealed that the 
shape of a molecule is due to equal repulsion between the bonds and bond polarity 
determines the shape of the molecule misconceptions were observed in both Australian and 
Bruneian students. The only misconception that was observed in Australian but not in 
Bruneian students was the V-shape in a molecule of type SCl2 is due to repulsion between 
non-bonding electron pairs. The remaining four misconceptions were observed only in 
Bruneian students. The overall analysis suggested that Bruneian students need more 
attention in the area of chemical bonding and molecular shapes. 

While considering bonding in lattice structures, three misconceptions were observed. 
All these were present in Bruneian students whereas only one was observed in Australian 
students: strong bonds in continuous covalent lattices determine high viscosity of the 
material. It implies that students from both countries have problems with bonding in gel 
type materials. It is suggested that teaching in Brunei should target these misconceptions. 

While considering the polarity of molecules subtopic, four misconceptions were 
identified. Two of these misconceptions dealing with the effect of non-bonding electrons on 
the bond polarity and the electronegativity differences between bonded atoms determines 
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the polarity of a molecule were present in both Bruneian and Australian students but 
Bruneian students exhibited two additional misconceptions. Teaching in Brunei should 
target all these misconceptions. For the octet rule sub-topic, only one misconception, that is 
the number bonds formed by an atom depends upon the number of electrons in outermost 
shell, was observed to be present in both Australian and Bruneian students. 
 

Misconceptions associated with bonding and structure sub-topics  PTG* DT* 
Bond Polarity  
Equal sharing of the electron pair in all covalent bonds 

 
Yes 

 
Yes 

Polarity of a covalent bond is due to ion formation through electron  transfer No Yes 
The polarity of a bond depends on the number of valence electrons in each 

atom involved in the bond. 
Yes No 

Ionic charge determines the polarity of the bond. Yes Yes 
Molecular shapes  
The shape of a molecule is due to equal repulsion between the bonds. 

 
Yes 

 
Yes 

The shape of a molecule is due to repulsion between non-bonding electrons. No Yes 
Repulsion between two bonds in a 3 atom molecule to give it a liner structure 

depends upon the electronic configuration on the atoms.  
No Yes 

Bond polarity determines the shape of the molecule. Yes Yes 
The shape of a molecule is due to equal repulsion between atoms in a 

molecule. 
No Yes 

The shape of the N2Cl4 molecule is determined by the repulsion between 5 
electrons pairs on the nitrogen atoms. 

No Yes 

The V-shape in a molecule of type SCl2 is due to repulsion between non-
bonding electron pairs. 

Yes No 

Lattice structure  
Lattice structure consists of molecules held together by inter-molecular 

forces. 

 
No 

 
Yes 

High viscosity of some molecular solids is due to strong bonds in the 
continuous covalent lattice. 

Yes Yes 

The strength of inter-molecular forces in a lattice structure determines the 
texture of the substance. 

No Yes 

Polarity of Molecules  
The polarity of a molecule like OF2 is due to dipoles produced by non-

bonding electrons on an atom. 

 
Yes 

 
Yes 

The polarity of a molecule is determined by the most electronegative atom. No Yes 
The polarity of a molecule is only determined by the electro-negativity 

differences between its atoms. 
Yes Yes 

Symmetrical and non-polar molecules like CF4 will experience greater inter-
molecular forces than nonsymmetrical and polar molecules like OF2 

No Yes 

Octet Rule  
The number of bonds an atom can form depends upon the number of 

electrons in its outer shell 

 
Yes 

 
Yes 

Inter-molecular Forces  
Covalent bonds are broken when a substance changes shape. 

 
Yes 

 
No 

Strong inter-molecular forces exist in a continuous covalent solid. Yes No 
Inter-molecular forces are the forces within a molecule Yes No 
Strength of a covalent bond in a molecule determines inter-molecular forces 

between them. 
No Yes 

Figure 2. A comparison of misconceptions identified in the present study (DT*) and a 
previous study (PTG*) by Peterson, Treagust and Garnett (1989) using the same instrument. 

 
While considering misconceptions associated with inter-molecular forces, the 

Australian students exhibited more misconceptions than Bruneian students. It appears that in 
Brunei teaching has been more focused on this area. Under this condition Australian 
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teaching needs to focus more on this concept. Surprisingly there were no common 
misconceptions between Australian and Bruneian students.   

A comparison of misconceptions revealed that Bruneian undergraduate students 
exhibited more misconceptions than Australian secondary students on all sub-topics except 
for inter-molecular forces. Moreover, there were some misconceptions that were common in 
both groups supporting the notion that misconceptions exist across cultures and grades. On 
the other hand, some misconceptions were different in both groups supporting the notion 
that misconceptions are age, grade level and culture specific.  
 

Conclusions and Implications for Chemistry Teaching 
 

Covalent bonding and chemical structure are an integral part of the upper school and the 
early years of the tertiary chemistry syllabi. The results of this study provide evidence to 
indicate that, despite the fact that the chemical bonding and structure area was introduced to 
the students in the O-level and A-level courses in secondary schools and revised at the 
tertiary level, the sample of students have not developed the appropriate conceptual 
understanding of these topics. The two-tier diagnostic instrument on Covalent Bonding and 
Structure appears to provide a feasible approach for evaluating students’ understanding and 
for identifying misconceptions and misunderstandings of the topic. 

This study reports 17 misconceptions; some of these are different from those reported 
by Peterson, et al. (1989). It may be possible that some of the misconceptions have survived 
after students have progressed from school to university because they are hard to modify; it 
has been well documented that students often retain their existing views even following 
further instruction (Driver & Oldham, 1986). It is, therefore, important to repeat this study 
with secondary students in Brunei. The differences in the types of misconceptions may also 
be due to different teaching styles in the two countries. However, there is a need to modify 
teaching in both countries. A comparison of Bruneian and Australian students’ 
misconceptions supported the notion that some misconceptions cut across cultures while 
others are specific to age, grade levels and cultures  

It has been found that many more students can answer correctly at Tier 1, but the 
number drops sharply when both tiers are considered. It may be the result of teacher-
centered teaching that encourages rote learning of scientific information without making 
connections between the various pieces of information. Hence the students are unable to 
relate information in two situations. Moreover, it has been found that some students used the 
correct information in one question and they missed out the use of same information in 
another question, which appears to support compartmentalised learning. Furthermore, since 
the choices under the Tier 1 were mostly two, hence the probability of guessing is also high. 
It has been reported that in multiple choice questions, students can get a full score with only 
partial understanding of the concepts. This finding supports a need for modifying the 
instrument to avoid guessing. It might be possible to have three tier questions. 

Secondary school teachers and university academics can use this information to 
develop instructional approaches that minimise the likelihood of the misconceptions 
occurring. Similarly, the curriculum department of the Ministry of Education can benefit 
from the findings to review the current instructional materials to ensure that the concepts are 
taught at a level consistent with the students’ prior knowledge and cognitive abilities. 
Further work is necessary to develop appropriate teaching and learning approaches that will 
assist teachers and students to overcome misconceptions already acquired by the students.  
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Many researchers have emphasised that the development of these alternative meanings 

or ideas are consistent with a constructivist view of learning (Driver & Oldham, 1986; 
Osbome & Wittrock, 1983; Peterson & Treagust, 1989). The students do appear to be 
making attempts to make sense of this chemistry content in terms of their everyday world. 
For example, to share ‘means’ join with others in doing, using something (Dictionary, 1988, 
p. 440). When this context is applied to the sharing of electrons in a covalent bond, the 
concept of unequal sharing in polar bonds becomes difficult for students to learn. Hence 
32% of the BScEd and 35% of the BEd students reported equal sharing of electrons in an 
HF molecule. Boo (1998) reported that the meaning of bond varied in daily life and in 
school contexts. In daily life, the term bond is often used in the sense of a physical link (ie a 
glue which holds two pieces of material together). This sort of daily life experience can 
influence student conceptual understanding of the concepts. Teachers while teaching these 
concepts should keep in mind that they have to address these issues. 

It is also possible that the way chemical bonding is taught in classes could have 
contributed to this situation. The concepts of ionic and covalent bonding are taught as 
distinctly separate aspects of bonding: ionic as transfer of an electron and covalent as the 
sharing of electrons. Students therefore see the two types of bonding as completely distinct. 
However, if a teacher starts teaching with covalent bonding with equal sharing of electrons 
followed by shifting the electron pair from the middle point to one side to show unequal 
sharing (polarity) to different extents and then moving the shared pair very close to one 
atom that should representing an ionic bond. In this way students can see a continuity of 
electron distribution from a covalent to an ionic bond, which is emphasised by the theory of 
chemical bonding. This idea needs to be tested to see if it can benefit the students.  

The methodology used in this study involved the use of a two-tier test to study 
students’ understanding of chemical bonding concepts. It is recommended that some 
students who achieve high and low scores should be interviewed to triangulate the results. 
Hence, future studies involving (a) improvement of the instrument to minimise guessing and 
(b) triangulation of quantitative and qualitative data are recommended to achieve in-depth 
information on students’ understanding of the concept. The minimisation of guessing can be 
easily achieved by asking students to report their confidence in their responses at the two-
tiers to be correct.  
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Appendix  
 

Students’ Percent Correct Responses to Individual Test Items for Tier 1 and Tier 2 Choices 
 Question % Correct  Choices  Response distribution (%)    
No Type Tier1 Tiers 1&2 Tier 1 a b c d Ans 
1 Bond polarity 53.0 43.0 (1) 4.0 1.3 43.0 4.7 1c 
    (2) 5.3 32.5 7.9 1.3  
3 Bond polarity 73.3 37.4 (1) 9.5 1.2 1.2 14.3 2c 
    (2) 10.2 7.9 37.4 17.7  
14 Bond polarity 82.0 53.7 (1) 14.8 6.0 8.1 53.7 1d 
    (2) 0.7 2.7 13.4 0.7  
2 Molecular shape 49.3 19.3 (1) 28.0 2.0 4.0 1.3 2b 
    (2) 5.3 19.3 17.3 7.3  
    (3) 0.7 13.9 0.7 0.0  
8 Molecular shape 78.7 29.3 (1) 2.7 1.3 0.7 2.0 2d 
    (2) 3.3 14.5 32.0 29.3  
    (3) 0.0 4.7 2.7 6.7  
5 Molecular shape 64.0 34.0 (1) 34.0 24.0 2.0 4.0 1a 
    (2) 5.3 2.0 25.3 3.3  
13 Molecular shape 82.7 58.0 (1) 6.7 2.7 6.7 1.3 2b 
    (2) 5.3 58.0 3.3 16.0  
15 Molecular shape  53.0 31.1 (1) 2.0 0.0 5.3 2.0 3c 
 & Octet rule   (2) 10.6 6.0 7.9 5.3  
    (3) 0.0 16.6 31.1 5.3  
    (4) 2.0 4.0 1.3 0.7  
4 Lattices 95.4 21.9 (1) 0.7 2.6 0.0 1.3 2d 
    (2) 16.6 53.6 3.3 21.9  
11 Lattices 47.3 34.2 (1) 2.0 4.0 34.2 6.7 1c 
    (2) 4.0 19.5 24.8 4.7  
6 Polarity of  74.0 12.0 (1) 4.7 3.3 2.0 2.0 2b 
 molecules   (2) 13.3 12.0 39.3 9.3  
    (3) 2.7 4.0 1.3 6.0  
9 Polarity of  49.3 18.8 (1) 6.0 22.8 18.8 1.3 1c 
 molecules   (2) 2.0 4.0 2.7 42.3  
12 Polarity of  44.3 27.5 (1) 4.0 4.7 8.1 27.5 1d 
 molecules   (2) 10.1 3.4 21.5 14.8  
    (3) 1.3 3.4 0.7 0.7  
7 Inter-molecular  84.8 26.7 (1) 34.7 10.6 26.7 12.7 1c 
 forces   (2) 8.0 0.0 5.3 2.0  
10 Octet Rule 84.1 56.3 (1) 9.9 0.0 4.0 1.3 2a 
    (2) 56.3 19.9 6.6 2.0  
Percentages in bold represents misconceptions identified. 

 


