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ABSTRACT 10 
 11 
General chemistry is the first undergraduate course in which students’ further develop their 12 
understanding of fundamental chemical concepts. Many of these fundamental topics highlight 13 
the numerous conceptual interconnections present in chemistry. However, many students possess 14 
incoherent knowledge structures regarding these topics. Therefore, more effective assessments 15 
are needed to identify these interconnections. The use of concept-mapping and think-aloud 16 
interviews to investigate the knowledge structures of undergraduate organic chemistry students’ 17 
regarding bonding concepts is the focus of this research study. Herein, we spotlight the bonding 18 
concepts of electronegativity and polar covalent bonds. In essence, the study found that 19 
understanding of electronegativity was weak among students with low concept map scores (LS 20 
students) compared to students with high concept map scores (HS students). Additionally, 21 
several common misconceptions of electronegativity were revealed through student interviews. 22 
An examination of LS student interviews further revealed that a lack of understanding of 23 
electronegativity led to a misunderstanding of polar covalent bonding. The think-aloud 24 
interviews were a reflection of the connections students made with the concepts of 25 
electronegativity and polar covalent bonding in their concept maps. Implications for the 26 
chemistry curriculum are also presented. 27 

 28 
 29 
Key words: concept-mapping, chemical bonding, electronegativity, knowledge structures, 30 
curriculum, general chemistry, organic chemistry 31 
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INTRODUCTION AND BACKGROUND  34 
Chemistry courses are required for many students across science, technology, engineering and 35 
mathematics (STEM) fields. Many topics covered in general chemistry are fundamental to 36 
chemical understanding and are built upon as students advance to other courses such as organic 37 
chemistry and biochemistry. However, the research literature is clear that many students 38 
complete general chemistry but still lack conceptual understanding of several fundamental topics 39 
(Cracolice et al. 2008; Mason et al. 1997; Nakhleh 1993; Nakhleh and Mitchell 1993; Pickering 40 
1990; Sawrey 1990). Conceptual difficulties have been uncovered in fundamental topics such as: 41 
1) acids and bases (Calatayud et al. 2007; Cartrette and Mayo 2011; Lin and Chiu 2007; 42 
McClary and Talanquer 2011a; McClary and Talanquer 2011b), 2) Lewis structures (Cooper et 43 
al. 2010; Nicoll 2003), and 3) chemical bonding (Birk and Kurtz 1999; Boo and Watson 2001; 44 
Coll and Taylor 2001; Coll and Treagust 2001; Coll and Treagust 2002; Harrison and Treagust 45 
2000; Luxford and Bretz 2014; Nahum et al. 2007; Niaz 2001; Nicoll 2001a; Othman et al. 2008; 46 
Peterson and Treagust 1989; Peterson et al. 1989; Robinson 1998; Tan and Treagust 1999).  47 

With these concerns in mind, chemical educators are giving more thought about what to 48 
teach, how to teach, and the appropriate order of topics in general chemistry (Cooper 2010; 49 
Cooper and Klymkowsky 2013; Gillespie 1997; Lloyd and Spencer 1994). Assessment of what 50 
students already know is an important component of making curriculum decisions (Ausubel 51 
1978; Holme et al. 2010). To this end, this study seeks to further investigate how concepts maps 52 
can be used as an assessment of how students make connections among various interrelated 53 
concepts. 54 
 55 
Knowledge Structures  56 
Chemistry is a complex subject that explores a number of abstract topics and concepts. The 57 
understanding of these topics necessitates that students make sense of a number of interrelated 58 
concepts and ideas; that is, that they develop coherent knowledge structures. In this study we 59 
define ‘knowledge structure’ as the schema in which students organize and relate various 60 
concepts in order to make sense of a particular topic (Novak 2010; Novak and Cañas 2006).  61 
Studies that compare novices and experts agree that experts have a more complex knowledge 62 
structure with many interconnections that are focused around fundamental concepts (Bransford 63 
et al. 2000). In contrast, novices tend to have limited knowledge structures with few connections 64 
and fewer cross connections. Consequently, if there are gaps in students’ understanding or 65 
missing conceptual links, learning new material or incorporation of new concepts into a 66 
disjointed knowledge structure will be difficult (Taber, 2003b).  67 

The notion of knowledge structure also emphasizes the complex nature of 68 
misconceptions. A misconception describes when the understanding of a particular concept is 69 
different from the generally accepted scientific explanation (Taber 2002). Much of chemistry 70 
education research have focused on student misconceptions (Singer et al. 2012).  Additionally, 71 
there are several theories that attempt to describe the origin of misconceptions and how to elicit 72 
conceptual change. For example, Chi proposes that students’ misconceptions can be put into 73 
three levels (Chi 2008). These three levels are: 1) Incorrect beliefs at the level of a single idea, 2) 74 
assigning concepts to incorrect categories, and 3) flawed mental models that apply to interrelated 75 
concepts. How these misconceptions are addressed depends on which level it resides. 76 
Misconceptions assigned to the third level are highly robust, resistant to change, and require the 77 
correction of several incorrect beliefs (Chi 2005). Another perspective on misconceptions 78 
suggests that students’ concepts are coherent, interrelated, and can be described as a naïve 79 
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“theory” (Vosniadou 1994). In contrast, diSessa proposed that students’ concepts are not theory-80 
like, but are fragments or pieces that are not put together in a coherent manner (diSessa 2008; 81 
diSessa and Sherin 1998). Regardless of which theory one ascribes to, they all suggest that an 82 
essential part of conceptual understanding is the relationship students make between concepts; 83 
that is, their knowledge structures. Essentially, the knowledge structure of a student gives insight 84 
into the organization and connections that student has between various concepts (Novak 2010; 85 
Novak and Cañas 2006). Therefore tools that can correctly show a student’s knowledge structure 86 
are beneficial to chemical educators.  87 

 88 

Meaningful Learning 89 

Students do not arrive in the classroom with a clean slate to which new knowledge is added. 90 
Current research has moved towards a constructivist point of view that purports that knowledge 91 
is actively constructed by the learner (Bodner 1986). In order for students’ knowledge 92 
construction to be meaningful, three components are necessary: 1) the student must have some 93 
relevant prior knowledge to anchor to new knowledge, 2) the material to be learned must be 94 
meaningful in and of itself, and 3) the student must “consciously choose to non-arbitrarily 95 
incorporate this meaningful material into her existing knowledge” (Ausubel 1978; Novak 2010). 96 
If meaningful learning does not occur, rote learning takes precedence. As a result of rote 97 
learning, students are unable to effectively connect new information to their prior knowledge. 98 
Another consequence of rote learning is that new material is merely memorized, easily forgotten 99 
and not transferred (Bretz 2001; Novak and Gowin 1984). The theory of meaningful learning 100 
highlights the importance of general chemistry for upper level chemistry courses. 101 
Fundamentally, general chemistry provides crucial prior knowledge for the completion of other 102 
chemistry courses. One reason that students struggle in advanced courses such as organic 103 
chemistry and biochemistry is because their knowledge structures of fundamental chemistry 104 
concepts are lacking and incoherent. 105 

Assessments of what students already know is a critical component of curriculum change 106 
and design (Holme et al. 2010; Singer et al. 2012). Chemistry education researchers use a variety 107 
of tools to uncover students’ conceptual understanding. These methods include think-aloud 108 
interviews (Bowen 1994; Ericsson and Simon 1998), concept inventories (Barbera 2013; Krause 109 
et al. 2004; Libarkin 2008; McClary and Bretz 2012; Pavelich et al. 2004), and concept mapping 110 
(Francisco et al. 2002; Greene et al. ; Hay et al. 2008; Lopez et al. 2011; Markow and Lonning 111 
1998; Nakhleh and Krajcik 1994; Nicoll et al. 2001; Plotnick 1997; Ross and Munby 1991; Ruiz-112 
Primo et al. 2001a; Ruiz-Primo et al. 2001b; Yin et al. 2005).  113 

Concept mapping is an ideal tool to assess the depth and breadth of students' knowledge 114 
structures; that is, concept maps can indicate how students organize information into their 115 
knowledge structure (Novak and Gowin 1984). In addition, concept maps allow us to visualize 116 
how students relate various concepts to each other (Plotnick 1997; Wheeldon and Faubert 2009). 117 
Several studies have established the validity and utility of concept maps as an evaluation tool 118 
(Francisco et al. 2002; Lopez et al. 2011; Markham et al. 1994; Markow and Lonning 1998; 119 
Nicoll et al. 2001; Pendley et al. 1994; Ross and Munby 1991; Shavelson 1993; Shavelson et al. 120 
2005; Van Zele et al. 2004). Concept maps are graphical tools used to organize and represent an 121 
individual’s knowledge by creating relationships between concepts in the form of propositions 122 
(Novak and Cañas 2006; Novak and Gowin 1984). Concept maps consist of three components - 123 
concept terms, linking arrows, and linking phrases. The linking arrows provide a directional 124 
relationship between two concepts while the linking phrases (words linking concepts) represent 125 
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about polar covalent bonding and covalent bonding and disregarded the role of electronegativity 158 
in polar covalent bonding(Peterson and Treagust 1989). What is clear from these studies is that 159 
students’ understanding of polar covalent bonding, bond polarity and related concepts such as 160 
intermolecular forces, bonding polarity, and electronegativity is fuzzy. 161 

Some researchers have argued that the topic of polar covalent bonding is often presented 162 
in a problematic way, such that, students are left to interpret chemical bonding concepts in a 163 
multitude of ways (Bergqvist et al. 2013; Teichert and Stacy 2002).  Despite the widely 164 
understood notion that covalent bonding, polar covalent bonding and ionic bonding are a 165 
continuum, chemistry educators (Levy Nahum et al. 2010; Taber et al. 2012) and textbooks 166 
(Bergqvist et al. 2013) still present this information as three distinct types of bonding.  167 

The students in this study are representative of those taught in a traditional chemistry 168 
curriculum in which bonding concepts are typically taught separately as ionic bonding, covalent 169 
bonding and polar covalent bonding. Hence, it is through these lenses that we are analyzing the 170 
data in this study as we explore students’ understanding of bonding concepts. In this study, we 171 
are primarily interested in how students’ knowledge structures regarding bonding concepts affect 172 
their explanations about bonding phenomena and whether we can use concept maps to tease out 173 
students’ knowledge structures.  174 

We used the tools of concept mapping and think-aloud interviews to investigate students’ 175 
knowledge structures of bonding concepts. We focused our study on students enrolled in the 176 
first-semester organic chemistry course, because we were interested in how their understanding 177 
of these topics has transferred from general chemistry. We employed a primarily qualitative 178 
research design (Bretz 2008) to answer the following research questions: 179 

1. How well can concept maps uncover students’ knowledge structures regarding aspects of 180 
chemical bonding? 181 

 182 

2. Are there differences in the explanations between students with high scoring concept 183 
maps (HS) and students with low scoring concept maps (LS) regarding aspects of 184 
chemical bonding? 185 

 186 

METHODOLOGY 187 

Participants and setting 188 

The study presented here represents one interview of a three-interview study conducted at a 189 
large, urban, research-intensive university in the southeast United States. All students were 190 
enrolled in a four-credit, first-semester organic chemistry course. Participants completed one 191 
interview on each of three topics – Lewis structure and bonding, molecular geometry, and acids 192 
and bases. Herein, we will only focus on the first interview regarding bonding concepts. A total 193 
of sixteen undergraduate students (N=16), participated in the bonding concepts interview. 194 

Purposeful homogenous sampling was used in recruiting participants for this study. 195 
Homogenous sampling was used since our goal was to describe a specific group (first-semester 196 
organic chemistry students) in-depth (Patton 2002).  Participants were recruited from an 197 
announcement made by one of the researchers on the first day of the course and by a follow-up 198 
email. Interviews were scheduled within the first one and a half weeks of the course. Our aim 199 
was to assess the prior knowledge that students brought into the organic chemistry course from 200 
their general chemistry courses. Essentially, these students had taken one year of general 201 
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chemistry and were enrolled in the first-semester organic chemistry course for the first time.  At 202 
the time of the interview students were just beginning a review of general chemistry topics.  Of 203 
the 16 participants, nine were biology majors, three were chemistry majors, three were 204 
psychology majors, and one student was a nursing major. Students in the study identified as 205 
Asian (6 students) or African-American (10 students). Student grades in the pre-requisite general 206 
chemistry course varied from ‘A’ to ‘C’.  Student participation in the study was voluntary and 207 
informed consent was obtained. Each student received a $10 gift card for participating in the 208 
interview. To protect their identity, their names were replaced with pseudonyms. The 209 
Institutional Review Board of the University approved the study in August 2012.   210 

 211 

The Interview 212 

The interviews took place within the first two weeks of the Spring 2013 semester. Each student 213 
was individually interviewed in a private room and had access to a laptop computer for concept-214 
mapping. Students were allowed as much time as they needed to complete the concept map. 215 
They typically spent about 40 minutes constructing the concept maps and approximately 35 216 
minutes on the think-aloud portion of the interview.  217 
 218 

Concept Mapping 219 

After a hands-on tutorial on how to construct concept maps, the participants were asked to 220 
construct their own concept map using only the 14 terms (Figure 2) given to them (Ruiz-Primo et 221 
al. 2001b). The terms for the development of their concept maps were derived from end-of-222 
chapter key terms from two textbooks (McMurry 2007; Tro 2010). Two course instructors 223 
reviewed the terms and adjustments were made based on their suggestions. Research participants 224 
were not given the terms before the interview and were asked to only use these 14 terms when 225 
they constructed their concept map (Figure 1). Research participants utilized the CMap Tools 226 
software (IHMC 2013) to construct their concept maps. This software allowed participants to 227 
move concept terms around and easily add arrows and linking phrases.  228 

 229 
Octet Rule Resonance 
Formal Charge Valance Electrons 
Double Bond Ionic Bond 
Triple Bond Electronegativity 
Lone Pair Metal 
Polar Covalent Bond Non-metals 
Covalent Bond  Shared Pair  
 230 

Figure 2.  The 14 Concept terms used by students for constructing concept maps 231 

 232 

Think-alouds 233 

In the think-aloud portion of the interview, students were asked to say what they are thinking 234 
and doing as they solved various problems. Think-aloud protocol is a popular strategy used to 235 
explore students’ conceptual understanding (Bowen 1994; Ericsson and Simon 1998) and has 236 
also been used to investigate problem solving in chemistry education. The problems used for the 237 
“think-aloud” section were taken from the Peterson and Treagust bonding concept inventory, 238 
(Peterson and Treagust 1989; Peterson et al. 1989) and a general chemistry text book (Tro 2010).  239 

Page 6 of 24Chemistry Education Research and Practice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

C
he

m
is

tr
y

E
du

ca
tio

n
R

es
ea

rc
h

an
d

P
ra

ct
ic

e
A

cc
ep

te
d

M
an

us
cr

ip
t



Page 7 of 24 Chemistry Education Research and Practice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

C
he

m
is

tr
y

E
du

ca
tio

n
R

es
ea

rc
h

an
d

P
ra

ct
ic

e
A

cc
ep

te
d

M
an

us
cr

ip
t



8 
 

!"#$%&$'(#$&)*+%, !"#$"%&'$()$/&)0$1'$!-)"1)$" 4-,5%)$3'#0 . . . 

!"#$%&$'(#$&)*+%, /&)&$16)$)71-"$)%)!1-'#&$'8$"$

9'%)!/%)$!"%%)0 
:'#,!$3'#0 ; ; ; 

-+%$'."/* ,&$16)$'55'&,1)$'8$" <6"-)0$+",- . . . 

0+%/&'1+%2 0)"%&$=,16$"$ >)1"% . . . 

0+%/&'1+%2 ,&$16)$'55'&,1)$'8$" ?'@"%)#1$

3'#0 
; . A 

3$,+%"%&$ &1-/!1/-)&$/&)$0,88)-)#1$1B5)&$'8$

('#0&$&/!6$"&$ 
?'@"%)#1$

3'#0 
. A ACD 

4+5"#$%)'1+%2 ,&$-)%"1)0$1' +'%"-$

?'@"%)#1$

3'#0 

. . . 

4+5"#$%)'1+%2 0)"%&$=,16$$ E'#F9)1"% . . . 

6$)"# !"#$()$ G%)!1-'#)H

"1,@,1B 
; ; ; 

6$)"# 6"@)$"$5'&,1,@) I'-9"%$

?6"-H) 
A ; ;CD 

(#$&)*+%$7")/5/)8 0)1)-9,#)&$"#$"1'9J&$ I'-9"%$

?6"-H) 
A A A 

Total Score     18 

 267 
Think-alouds 268 
The audio and video recording from the think-aloud portion of the interviews were transcribed.  269 
The interview transcripts were analyzed for emergent themes using an open coding strategy 270 
(Corbin and Strauss 2008). Codes were then refined through revision of the original codes and 271 
the constant comparison method (Glaser and Strauss 1967). The first researcher (NLB) initially 272 
coded the transcripts of the interview. Then, the codes were discussed and refined by 273 
collaborative coding with the second researcher (SRM). After that process, the first researcher 274 
(NLB) completed the final coding. Then to establish reliability, the other researcher analyzed 275 
two interviews using the final codes and greater than 90 percent agreement between the two 276 
researchers was reached. 277 
 278 

RESULTS AND DISCUSSION 279 
 280 
Concept Maps 281 
Since only 16 students participated in the study, only the descriptive statistics are presented 282 
(Table 2). The average concept-map score and the salience score were obtained for each student.   283 
 284 
Table 2. Descriptive statistics for N=16 students in the study 285 
 286 

Map 

Components 

Mean SD Minimum 

Score 

Maximum 

Score 

# of 

Propositions 

14 3.0 10 21 

# of accurate 

Prop (! 2) 

7 3.4 2 12 
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 390 

391 
Figure 8.  IILSI from London’s Interview 392 

 393 

 Throughout the entire interview London never made any mention of electronegativity 394 
despite being questioned about polarity. London made no connections with the term ‘polarity’ on 395 
his concept map (see Figure 7).  In addition, London did not tick the word ‘polarity’ on the IILSI 396 
(Figure 8). When probed as to why ‘polarity’ was not checked on the ILLSI London responded: 397 

 398 

London: Because like on the last thing [referencing the concept map construction], I'm not 399 
like really familiar with that.  400 

Interviewer: So in regards to, what do you know about polarity? 401 
London: Like with water, like --  402 
Interviewer: You can elaborate? 403 
London: Like hydrophobic, hydrophilic and stuff like that. And polar like -- because if 404 

something is polar that means it likes water. Yeah, so.  405 
Interviewer: So polarity you don't associate with Lewis structure? 406 
London: I don't, no. But I'm pretty sure that it's somewhere in there but I don't know. 407 
 408 
  409 

Overall, London’s interview confirms a limited understanding of electronegativity and 410 
polarity.  The combination of interviews, problem sets and concept mapping highlighted 411 
students’ inability to make meaningful connections among and between those concepts. London, 412 
like other LS students, did not have a clear understanding the concept of electronegativity, which 413 
in turn connects to their limited understanding of polar covalent bonds and polarity. 414 

In contrast, HS students displayed good understanding of the concept of electronegativity 415 
and polar bonding. Unlike the LS students, the HS students all checked the term polarity on their 416 
IILSI indicating that they understood that polarity was an implicit concept relating to Lewis 417 
structures. Table 4 shows a list of all the links made with polar covalent bond by the HS students.  418 
The majority of their propositions received a scored 2 or greater.  419 
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Holly: [points to HF molecule with the shared electron pair closest to the fluorine] This 435 
one. Well, oh yeah [fluorine] is more electronegative, so fluorine would be more 436 
electronegative than hydrogen, therefore the electrons are pulled towards the 437 
fluorine atom, therefore this would be closer, meaning it’s this one [circles HF 438 
molecule with the shared electron pair closest to the fluorine]. 439 

Interviewer: Okay. So why did you choose that? 440 

Holly: Because the -- in this one the electrons look like they’re equally distributed 441 
between these two atoms, when it’s -- because this [Fluorine] is more 442 
electronegative, it’s [points to electron pair] more toward the more 443 
electronegative atom. 444 

Interviewer: Okay. Based on this question can you choose an answer? 445 

Holly:  Okay [circles C - fluorine has a stronger attraction for the shared electron pair]. 446 

Interviewer: Okay, why didn’t you choose D [Fluorine is the greater of the two atoms and 447 
hence exerts more control over the electron pair]? 448 

Holly: Oh, actually I didn’t even read it yet. So, maybe I should read it. Can I just read 449 
it? Okay, I don’t think size has to do with any effects the electrical pull between 450 
two atoms. I think it’s just really more of how polar the different atoms are. 451 

 Holly, unlike the LS students, has a clear understanding of the role electronegativity 452 
plays in directing the position of the shared electron pair in the HF molecule. Her understanding 453 
of electronegativity is further magnified by her ability to sort through why the distractor D 454 
(Fluorine is the larger of the two atoms and thus exerts greater control over the shared electron 455 
pair) is incorrect.   456 

Additionally, many LS students were confused between the periodic trend of size and 457 
electronegativity. For example, Lacy could not distinguish between size and electronegativity 458 
when looking at answers C (Fluorine has a stronger attraction for the electron pair) and D 459 
(Fluorine is the larger of the two atoms and hence exerts a great control over the shared electron 460 
pairs). Specifically, Lacy stated: 461 

 462 
C and D is similar to me just kind of based on the fluorine. Not only is it larger, I mean, it 463 
is stronger. It has a stronger attraction…Fluorine would be -- it does have a stronger 464 
attraction and a higher electronegativity. So I think that it would take -- I was going to 465 
say it would take the H. But these answers are similar, I mean to me, just kind of -- it’s 466 
the larger of the two and it’s exerts greater control. So I would change D and I’ll use C 467 
instead because it does have a stronger attraction, which will bring the electron to the F. 468 
 469 

 The clarity to which HS students understand electronegativity is further exemplified in 470 
their recognition of the concepts examined in the study. In the probing HF question, Helen was 471 
able to recognize the concepts being assessed despite her initial misinterpretation of the problem. 472 
Initially, Helen chose the incorrect answer based on her literal interpretation of the word ‘share.’ 473 
This misconception was also reflected in a study by Luxford and Bretz (2014) in which students 474 
demonstrated a similar idea that there is equal sharing of electrons between atoms with slightly 475 
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different electronegativities. Thus initially when questioned about the position of the shared pair 476 
in the HF molecule Helen responded: 477 
Interviewer:  So, on to the next question. Which of the following best represents the position of 478 

the shared electron pair in the HF molecule? 479 

Helen: The position of it? Okay. This one [points HF molecule with the shared pair 480 
centrally located]. 481 

Interviewer:  Okay. Now why did you choose that one? 482 

Helen: Because it’s [referencing shared electron pair] in the middle, and you can see that 483 
they’re sharing it. 484 

Interviewer:  Okay. So what do you mean by that? 485 

Helen:  Honestly, I’m just going off of the word sharing. So well shared, and for me, I 486 
would write it in the middle to show that they’re sharing it. And over here, it 487 
looks like this one, the F, has it more. Like it’s just hogging it. And it’s just for 488 
that and that this is on its own like they’re two separate things. 489 

Interviewer:  Okay. Okay. So what is your reasoning [Turn over page and shows distractor 490 
answers]? 491 

 492 

However, when Helen saw the distractors, the meaning of the question became clearer: 493 

 494 

Helen: Okay, now that I see what you want [looks at the options and points to the word 495 
electronegativity] -- well, I don’t know. I’m going to put my own reasoning, but 496 
it’s because how I took the question literally. Like, yeah. Not based off of how 497 
much one pulls electrons toward it. So I’m going to say because. But that’s 498 
because -- oh, because I said the first image doesn’t seem like they are sharing the 499 
electrons. And that’s because when I read the sentence, or you read the sentence, I 500 
thought you just meant literally does the image look like they share the electrons. 501 
But reading these, I think what you wanted more is to see if the F pulls the 502 
electrons more towards itself, or does the hydrogen pull them? Or do they 503 
share them equally? 504 

Interviewer: So, what do you think, based on that interpretation? 505 

Helen: Based on that, then I think it would be the first one [first picture in the problem] 506 
because F is more electronegative than the H. And then hydrogen only has one 507 
electron, and it’s usually more positive. 508 

 509 
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A number of misconceptions were revealed during this interview and table 5 below shows a 510 
summary of the three major electronegativity misconceptions revealed during the interviews 511 
along with an example of that code. 512 

Table 5. Major codes revealed through the interview 513 

Code Name Code Description Example 

Valence electron 
determines 
electronegativity 

The amount of valence 
electrons surrounding an 
atom determines how 
electronegative an atom 
will be 

Angel: Well, the one single electron is taken 
from the hydrogen and shared with the F 
molecule. Since it’s stronger… I mean, more 
electrons making it stronger than the hydrogen. 

Larger equal more 
electronegative 

The larger the atom the 
more electronegative 

Harper: Fluorine? Fluorine is bigger, right? I 
think it’s from physics: the greater a mass, the 
greater the attraction. So it does make sense too.  

electronegativity has 
no effect on bonding 

When molecules form a 
covalent bond, despite 
the presence of 
electronegativity, there is 
no effect on the position 
of the shared electron 
pair 

Ana-Marie: Well, I know fluorine has a 
higher electronegativity than hydrogen, but I 
don't think that affects like the position…when 
you draw the Lewis structure, if one's stronger. 
you don't draw like a longer line because that 
one's stronger…I still feel like it would be this 
one because they're sharing it 

 514 
CONCLUSIONS 515 
This study contributes to previous research on bonding misconceptions and on the use of concept 516 
mapping as an assessment and research tool. Some of the misconceptions presented have been 517 
documented in the literature; however this study is focused on students’ knowledge structures. 518 
This factor is of particular importance in chemistry since individual concepts are inextricably 519 
connected. This work provides additional evidence that students can continue with flawed 520 
understanding and misconceptions beyond the general chemistry course, since all students 521 
interviewed were enrolled in organic chemistry.  This study has allowed us to answer our two 522 
research questions. 523 

1) How well can concept maps uncover students’ knowledge structures regarding aspects of 524 
chemical bonding concepts? 525 

In this study students sum concept map scores were an indication of how well they 526 
understood bonding concepts overall.  The concept maps gave us insight into their overall 527 
knowledge structures and allowed us to pinpoint specific gaps in students’ knowledge. For 528 
example students who scored had low concept maps overall, also had specific problems 529 
understanding the concept of electronegativity itself or how electronegativity was linked to the 530 
polarity of a bond.  Students understanding or lack thereof as indicated in their concept maps was 531 
corroborated by the explanations they gave when solving problems relating to these concepts. 532 
Therefore, we conclude that concept maps, to some extent, can uncover the students’ knowledge 533 
structures regarding chemical bonding concepts. 534 
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2) Are there differences in the knowledge structures between students with high scoring 535 
concept maps (HS) and students with low scoring concept maps (LS) regarding aspects of 536 
chemical bonding concepts? 537 

The findings of the study reveal a distinction in the knowledge structures of LS students and HS 538 
students. More specifically, LS students had gaps in their understanding of the concept of 539 
electronegativity itself and also had difficulty connecting electronegativity to the concept of 540 
polar covalent bonding. These gaps were apparent in their concept map propositions and/or their 541 
inability to make any meaningful links between and among those concepts. In contrast, HS 542 
students were able to make meaningful relationship between the concepts of electronegativity 543 
and polar covalent bonding and other concepts. In addition, the concept map scores were 544 
reflected in their problem solving ability when addressing these concepts. HS students seemed to 545 
have a clearer understanding of electronegativity and polar covalent bonds, while LS students 546 
often presented flawed reasoning when trying to explain their incorrect answers. Table 6 547 
compares HS students to LS students. 548 
 549 
Table 6. Comparison of HS student versus LS students 550 

Theme High Scoring Students Low Scoring Students 

Electronegativity Understood the periodic trend 
of electronegativity 

- Confused the periodic trend 
of electronegativity with size 
- Attributed electronegativity 
to the number of valance 
electrons 

Polar Covalent Bond Associated bond polarity with 
electronegativity differences 

Confused covalent bond with 
ionic bond 
 

Effect of electronegativity on 

bond polarity 

Understood that 
electronegativity affects the 
position of the shared pair in a 
covalent bond 

Thought that electronegativity 
has no effect on the position of 
the shared electron pair in a 
covalent bond 

Concept map construction Made meaningful connections 
with the concepts of 
electronegativity and polar 
bond  

Either made no connection or 
incorrect connections with the 
concepts of electronegativity 
and polar bond 

 551 
IMPLICATIONS FOR TEACHING 552 
The findings of this study demonstrate that many students have difficulty making meaningful 553 
relationship among the concepts of electronegativity and polar covalent bonding.  This concept is 554 
fundamental to chemical understanding and has implications for future courses such as organic 555 
chemistry and biochemistry. Therefore, this study has implication for what we teach and how we 556 
teach general chemistry.   557 

Examining students’ prior knowledge in terms of their overall knowledge structures will 558 
help chemical educators design more meaningful curriculum materials.  Concept maps can be 559 
used as a pre-assessment and formative assessment tool to analyze students’ knowledge 560 
structures regarding a group of related concepts.  Chemical educators can determine which 561 
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concepts and connections need to be more explicitly taught and can address common 562 
misconceptions and knowledge gaps. 563 

As a matter of general chemistry curriculum reform, chemistry instructors may need to 564 
consider spending more time focusing on fundamental concepts that are built upon and needs to 565 
be transferrable to other courses. It is important that students grasp these fundamental concepts 566 
and how concepts are linked together. There is certainly a need for more structured learning 567 
progressions that focus on explicit transfer of concepts across courses and disciplines. Several 568 
authors have proposed the use of learning progressions as a promising tool to design such a 569 
structured curriculum in chemistry (Boo and Watson 2001; Cooper and Klymkowsky 2013; 570 
Cooper et al. 2012b; Johnson and Tymms 2011; Wolfson et al. 2014). Furthermore, to facilitate 571 
reform efforts increased conversation with general chemistry, organic chemistry and 572 
biochemistry instructors are essential to better coordinate and align the concepts that students 573 
need to be successful in these courses and to ensure that students can develop more coherent 574 
knowledge structures regarding fundamental topics. 575 

We are using a similar research protocol to examine student knowledge structures 576 
regarding additional fundamental concepts such as molecular shape and acid-base chemistry. We 577 
are also expanding the sample size of our study so we can do more quantitative studies on how 578 
students’ knowledge structures are related to their success in chemistry courses. We hope to use 579 
the research results as a springboard for designing more meaningful curriculum for general 580 
chemistry. 581 

LIMITATIONS OF THE STUDY 582 
This research was conducted with a small number of students (N=16) at a large urban research 583 
university. Therefore the research results and conclusions may have limited generalizability. The 584 
use of concept mapping has limitations, in that; it may not reflect every connection that a student 585 
can make. Think-aloud interviews also have limitations because we may be unable to uncover 586 
the students’ thoughts regarding particular concepts despite additional probing. However, in this 587 
study concept mapping was used in conjunction with think-aloud interviews to reduce some of 588 
the limitations that each method may have when used alone. Despite these limitations, this study 589 
provides general trends among students’ conceptual understanding of the bonding concepts of 590 
electronegativity and polar bonding and opens the door for similar studies in other settings.   591 

 592 
 593 

 594 

  595 
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