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Abstract Abstract 
Both attitude and previous experiences play a large role in shaping a student’s approach to and 
achievement in a given subject. Similarly, students’ enjoyment of their learning experiences is an 
important factor in determining their retention in their course of choice. Here, we explore the attitudes 
toward the study of chemistry amongst a cohort of first-year undergraduate students at a regional 
Australian university, including assessing these parameters at the beginning of their first term, the end of 
the first term and the end of their second term. In addition, metrics on the students’ experiences of 
studying chemistry were collected at the latter two timepoints. Generally, student attitudes toward 
chemistry were positive, as were student learning experiences in most instances. Two-step cluster 
analysis revealed the presence of two distinct clusters of students within the data, differing significantly 
in their overall attitude toward the study of chemistry. Students who had studied chemistry in Year 12 did 
not show any significant differences in their attitudes toward chemistry, when compared to students who 
had not studied Year 12 chemistry; however, their learning experiences in first-year chemistry were rated 
as being significantly more positive. We attribute this to their increased ability to engage with and 
successfully learn from the topic material presented in lectures and tutorials, as their previous exposure 
to the ‘language’ of chemistry may provide them with an advantage over chemistry-naïve students. 

Practitioner Notes Practitioner Notes 

1. Overall, regional Australian undergraduate students appeared to have a positive attitude 

toward chemistry. However, this is not the case for all students. Identification of challenged 

students early in the semester could be useful for initiating intervention actions. 2. Students 

generally rate lecture classes as the least enjoyable mode of content delivery. We suggest that 

lecture presentations could continue to be made more engaging and less of a “lecture style”. 3. 

Students find the practical laboratory classes engaging and enjoyable. These should continue to 

form an important part of the chemistry classroom. 4. With the continuing COVID-19 pandemic 

and concurrent shift toward online teaching, it is important that chemistry educators are able to 

leverage online learning platforms to provide the best experience for students. This may require 

upgrading their digital literacy skills and increasing the frequency of teacher-student 

interactions. 5. Further work is recommended to determine the impact of different styles of 

pedagogy and teaching approaches on student attitudes and experiences. 
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Introduction 

Student difficulties in the study of chemistry 

There is extensive literature on student difficulties in learning science-based subjects. This 

literature suggests that many students find science difficult and the physical sciences such as 

chemistry and physics are especially problematic (Carter & Brickhouse, 1989; Kousa et al., 

2018; Pfundt & Duit, 1994; Treagust et al., 2000). Research of student learning difficulties at 

the secondary school level (up to Year 12) suggests a variety of reasons. Students are thought 

to be put off by science due to its abstract nature (Zoller, 1990), the high mathematical content 

(Pang & Good, 2000) and a lack of enthusiastic or competent science teachers (Kind, 2009). 

Poor attitudes and impressions developed at high school commonly result in further learning 

difficulties when high school students engage in science learning at the post-compulsory school 

level (typically Year 10 and above). A further complication for tertiary level science learning is 

that new entrant students studying first-year or introductory science courses at the tertiary level 

comprise a highly diverse group. Many undergraduate students take a given subject, such as an 

introductory chemistry unit, not by choice but because it is a required part of their program or 

major (Dalgety et al., 2003; Naiker & Wakeling, 2015). Such students generally have low self-

efficacy towards studying chemistry (i.e. they are not confident about their own ability in 

studying the subject). Self-efficacy mainly relates to a student’s perceptions or beliefs about 

their own competency at performing tasks, rather than their intention or ability to perform a 

task. This distinguishes it from other constructs such as self-esteem and self-concept, which are 

more related to student’s feelings about themselves (Uzuntiryaki & Çapa Aydın, 2009). In the 

sciences, self-efficacy is generally considered to be a predictor of academic performance 

(Andrew, 1998; Ardura & Galán, 2019; Hampton & Mason, 2003; Kupermintz, 2002), as it 

affects the behaviours of individuals, including their effort, resilience and persistence in 

completing tasks. However, (Rayner & Papakonstantinou, 2018) reported a disconnect between 

the self-efficacy of foundation biology students and their actual abilities, highlighting the need 

to consider both the ability and perceived ability of students. Bandura et al. (1999) postulated 

four sources of self-efficacy, namely mastery experiences, vicarious experiences, verbal 

persuasion, and emotional/physiological states.  

A number of incoming students undertaking introductory chemistry courses at a tertiary level 

are not well-versed in the prerequisite knowledge required for the course. In some cases, they 

did not take chemistry in high school, or a long time has passed since their high school chemistry 

courses; other students may have had low course grades in high school chemistry. Regardless 

of the cause, such students should anticipate the requirement of additional study to perform well 

in university-level chemistry courses. Other students may not realize that their preparation for 

university-level chemistry is inadequate. Some did not take the right high school subjects, e.g. 

they may have taken an Integrated Science subject which was weak in chemistry content. 

Although Year 12 Chemistry is a pre-requisite for certain University degrees across different 

states, there is a declining trend in chemistry as a compulsory pre-requisite 

(Office of the Chief Scientist, 2017). Similarly, there is an increasing trend towards students 

taking less advanced mathematics courses which may not provide the in-depth mathematical 

knowledge required for undergraduate-level chemistry. Another commonly encountered group 

of students are those who received good grades in high school chemistry but still have gaps in 

their knowledge. For a highly sequential subject such as Chemistry, gaps in foundational 

knowledge must be filled in for students to fully succeed.  

 

 

Some theoretical concepts on attitude in the study of chemistry 
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Alongside biology and physics, the discipline of chemistry is considered one of the key 

foundational areas of science. However, particularly compared to biology, chemistry deals with 

more abstract ideas and principles. For instance, one can examine the structure of a kidney in a 

biology class, but it is quite impossible for an undergraduate student to examine the structure of 

an atom. In such situations, descriptions and other visualisation techniques such as animations 

must be relied upon (Tasker & Dalton, 2006). In other words, it requires greater prior conceptual 

knowledge (Cracolice & Busby, 2015; Frey et al., 2018) and reasoning ability within a scientific 

framework (Cracolice & Busby, 2015).  

Disciplines such as chemistry and physics also necessitate strong mathematical skills, which 

may cause additional difficulties for some students (Powell et al., 2020). Upon the completion 

of an introductory undergraduate-level chemistry unit, students are expected to be able to utilise 

and manipulate basic equations such as mass-to-mole conversion, dissociation constants for 

acids, bases and solubility, and the Henderson-Hasselbalch equation for the calculation of buffer 

pH (Powell et al., 2020). Mathematical knowledge is also required for basic principles in areas 

of chemistry such as kinetics, equilibrium, thermodynamics, nuclear chemistry and 

electrochemistry (Powell et al., 2020; Williamson et al., 2020). Hence in order to succeed, 

students require not only to have a knowledge of basic mathematical principles such as 

multiplication, division and equation manipulation, but also a grasp of more abstract principles 

such as logarithms (for pH calculations) and solving quadratic equations (for calculating 

concentrations of partially dissociated compounds). Although the required formulae are readily 

available in reference texts or online and can be used with a “plug-and-play” approach to 

theoretically obtain the correct answer, students should understand the principles behind such 

formulae in order to extend their knowledge to other situations.  

Aside from these academic prerequisites, student attitude towards the study of chemistry is 

expected to play a large role in their overall success (Flaherty, 2020). Within an education 

context, a common definition of attitude is ‘‘a mental and neutral state of readiness, organized 

through experience, exerting a directive and dynamic influence upon the individuals’ response 

to all objects and situations with which it is related’’ (Horowitz & Bordens, 1995). Attitude is 

often expressed via an individual’s behaviour and hence can be perceived by others. In contrast, 

perception refers to how an individual views or interprets a subject.  

Students who engage with the subject material with an open mind and an active learning 

approach are more likely to understand and remember the key concepts. In turn, these students 

will be better prepared to utilise such concepts in order to succeed in assessment items and in 

chemistry-related disciplines in the workforce. In contrast, it is likely that students who 

approach the subject with a negative mindset or engage with the subject material using a ‘surface 

learning’ approach (i.e. studying only to pass assessments), are likely to gain only a superficial 

knowledge of the topic, most of which will soon be forgotten.  

In particular, students who are enrolled in non-chemistry-based programs (such as Biomedical 

Sciences, Geology, Food and Nutritional Sciences, and Education) often feel that the study of 

chemistry does not relate to their program, in spite of it often being an essential underpinning 

prerequisite for more advanced units of study. Often, such students will have a poorer attitude 

towards chemistry, as it is perceived as being a difficult and irrelevant subject. Hence there is 

considerable interest from educators in creating more positive attitudes toward chemistry, 

particularly in undergraduate non-major chemistry programs, given that a positive attitude to 

chemistry may facilitate a deeper understanding of the biological chemistry which underpins 

many other science related disciplines (Brown et al., 2015). However, this goal has been 

somewhat hindered by the lack of an exact concept or definition of attitudes towards the subject 

of chemistry, which are often poorly articulated and not well understood (Osborne et al., 2003).  

Attitude is a multidimensional paradigm, which can be thought of as a tendency to respond to a 

certain stimulus (such as chemistry). As outlined in the tripartite theoretical model of attitude, 
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it comprises cognitive, affective, and behavioural elements (Rosenberg & Hovland, 1960). It 

has been widely suggested among chemistry educators that quantifying attitude toward 

chemistry would be beneficial, as this information would complement the regular assessment of 

content-specific knowledge routinely conducted in the tertiary education setting (Bauer, 2008). 

Several instruments have been developed for this purpose (Cheung, 2009a; Dalgety et al., 2003; 

Xu et al., 2012); however, their uptake for routine purposes remains limited. Nevertheless, they 

remain important tools for guiding the progression of academic curricula as it evolves to satisfy 

the demands of the workplace (Brown et al., 2014).  

Pedagogical approaches 

The pedagogical approaches used by chemistry educators also has a significant impact on 

learning outcomes. Educators should attempt to positively engage students in learning 

environments which enhance engagement and interest in chemistry. Within the discipline of 

chemistry, one such learning environment which has received considerable attention over the 

years are laboratory classes (Naiker & Wakeling, 2015; Naiker et al., 2013; Pullen et al., 2018; 

Rayner et al., 2013). Laboratory classes are also important to reinforce concepts taught in 

introductory chemistry units, as they allow students to reinforce their knowledge and 

mathematical skills, as well as providing examples of ‘real-life’ applications of chemistry. In 

our experiences, we have found laboratory classes to be an important environment for students 

to practice their research skills, problem-solving skills and teamwork, amongst other benefits 

(Naiker & Wakeling, 2015; Naiker et al., 2020). However, it is important to note that few 

researchers have comprehensively compared laboratory instruction with other instruction 

modes. This has led some authors to question the cost-benefit ratio of practical chemistry 

classes, which are often quite expensive to run and staff (Bretz, 2019).  

Student experiences of how the topic material is delivered will also influence their engagement 

with the learning resources and hence their overall performance. If the lecturing style is overly 

dry or presented in a complex fashion, many students will ‘switch off’ (either intentionally or 

unintentionally) and not engage with the delivered information. In contrast, if students can 

connect what they are learning to real-life situations, this will increase memory retention and 

their overall understanding. One common way to do this is through the use of analogies, so that 

they can visualise abstract concepts to more relatable everyday situations. Studies have also 

demonstrated that memory retention is significantly increased when the delivery of the subject 

material is associated with emotions (whether negative or positive) (Tyng et al., 2017). Hence 

the judicious use of anecdotes and humour is often used to engage students. Recent research has 

highlighted the importance of students having a sense of belonging in the chemistry learning 

environment (Fink et al., 2020), which fits in with the aforementioned student experiences in 

the topic delivery and lecture styles.  

More recently, there has been increased interest in novel pedagogical approaches such as the 

flipped classroom approach (Koeper et al., 2020), where students learn the syllabus material at 

their own pace and work on problem-solving exercises during class time (Fautch, 2015). Other 

suggestions which have been proposed to enhance student learning include the use of concise 

study guides to focus students’ efforts (Holsgrove et al., 1998; Wood & Donnelly-Hermosillo, 

2019), application of peer-learning approaches (Thompson & Lamanna, 2020) and the use of 

gamification to improve student engagement (Wood & Donnelly-Hermosillo, 2019).  

Similarly, laboratory classes can be designed to use an Inquiry-Oriented Learning (IOL) 

approach to enhance student engagement and learning outcomes (George-Williams et al., 2020). 

Another feature which can be incorporated into practical sessions is the use of report templates 

for writing up laboratory exercises, which has been found to save time without negatively 

impacting on learning outcomes (Paton-Walsh, 2015). However, it is important for chemistry 

educators to assess the outcomes of implementing such approaches, rather than relying on “gut 

feeling” about their efficacy.   
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Problem statement and aims 

A sound knowledge of introductory chemistry can underpin the understanding of many subjects 

taught at university; however, negative attitudes and disengagement can undermine the learning 

of chemistry in some students. In this study we aim to use a validated instrument to quantify 

attitudes and experiences of students studying courses in introductory chemistry to investigate 

possible influential factors on student attitudes and experiences. Our findings aim to inform the 

future development of more engaging pedagogical practices in the delivery of these introductory 

courses, and form part of the on-going reflective practices consistent with the scholarship of 

learning and teaching. 

Methods 

The study population 

Our study population was first-year undergraduate students at the Mt Helen campus of the 

University of Ballarat (now called Federation University Australia), located in regional western 

Victoria, who were studying introductory chemistry units. The units Chemistry I and II are 

delivered at first year level in the first and second semesters, respectively.  These two 

introductory chemistry units are a key component (core unit) of certain degrees (such as 

Bachelor of Biomedical Science and Bachelor of Food and Nutritional Science), whilst only 

Chemistry I is required for other degrees such as General Science, Geology and Education, with 

the option of doing Chemistry II as an elective.  As such, in a typical year 130 - 140 students 

are enrolled in Chemistry I, decreasing to about 70 - 80 for Chemistry II (Brown et al., 2015; 

Naiker & Wakeling, 2015; Naiker et al., 2013). Both Chemistry I and II units contain two one-

hour lectures each week (on two separate days), a one-hour tutorial each week and a three-hour 

practical on alternative weeks. A typical semester is 12 weeks long. Assessment is based on 

tutorial attendance and participation (weighting 10%), completion of assigned online learning 

assessments (weighting 15%), laboratory practical (weighting 25%) and a final three-hour 

examination (weighting 50%). 

Prior knowledge of chemistry is not a prerequisite for prospective students to enrol in any of the 

undergraduate programs at the University of Ballarat, with greater than 60 % of students having 

not completed chemistry in Year 11 and/or 12 (Naiker & Wakeling, 2015). Additionally, the 

university enrols relatively large numbers of mature age students who may not have studied 

science and particularly chemistry for many years. As a result, chemistry can be one of the most 

challenging subjects these students may encounter in their degrees. Many students often regard 

chemistry as a difficult subject, an observation which sometimes repels learners from continuing 

with studies in chemistry (Sirhan, 2007). Yet chemistry is the main service science underpinning 

all the other disciplines in allowing students to better grasp and understand specific aspects 

related to their degrees. These factors were the key motivators for the research team to explore 

and assess students’ attitudes toward the study of chemistry, so that educators have better 

understanding of how they can utilise alternative active learning strategies that would inspire, 

motivate and engage students towards studying chemistry and allow them to enjoy their 

experiences. 

CAEQ instrument 

The instrument used in this study was a slight adaptation of the Chemistry Attitudes and 

Experiences Questionnaire (CAEQ) instrument (Coll et al., 2002). This survey tool uses a 

number of semantic differential, qualitative and quantitative responses to profile the attitudes of 

students toward the study of chemistry. The only change from the original CAEQ and that used 

in this study was that a five-point Likert scale was used to assess student attitude-towards-

chemistry rather than a seven-point Likert scale. This was to ensure consistency with the 

“Learning Experience” portion of the survey instrument, which Coll et al. (2002) developed as 
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a five-point Likert scale. Similar adaptations of the CAEQ using five-point scales have 

successfully been used by previous researchers (Winkelmann et al., 2015).  

The CAEQ instrument has been utilised by numerous researchers since its development (Berg, 

2005; Dalgety & Coll, 2006; Winkelmann et al., 2015), making it one of the more popular 

methods for researchers to assess student attitude-toward-chemistry. The first portion of the 

CAEQ assesses student attitudes toward chemistry, while the second portion assesses the 

student experience of learning chemistry. As shown in Table 1, there is a varying number of 

items (i.e. statements) within each subscale.  

Table 1.  

A summary of the information assessed in the CAEQ.  

Instrument topic Subscale (inferred attitude) 

Attitude-towards-chemistry Scale (n=21 items) 

Chemists (n=9) A (attitude toward chemists) 

Chemistry research (n=4) S (skills of chemists) 

Chemistry in society (n=2) I (attitude towards chemistry in society) 

Chemistry jobs (n=5) C (career interest in chemistry) 

Leisure (n=1) L (leisure interest in chemistry) 

Learning Experience Scale (n=35 items) 

Demonstrator (n=5) D (demonstrator learning experiences) 

Laboratory (n=10) Lab (laboratory class learning 

experiences) 

Lecture (n=10) Lec (lecture learning experiences) 

Tutorial (n=10) T (tutorial learning experiences) 

 

Instrument administration 

All students from two introductory undergraduate chemistry courses (Chemistry I in Semester 

1, 2013 and Chemistry II in Semester 2, 2013) were invited to participate in this research project. 

The CAEQ was delivered in three parts. The first survey looked at only student attitudes toward 

chemistry and was administered as a hard copy to students at the commencement of the 

academic year (Semester 1, Week 1). Students were also invited to take part in two subsequent 

surveys. Both the second and third surveys investigated student attitudes toward chemistry and 

their experience of undertaking chemistry units at a university level. These were delivered either 

as a hard copy or in an online format. The second survey was administered at the end of Semester 

1 (Week 11), while the third survey was administered at the end of Semester 2 (Week 11). In 

addition, selected demographic information (such as age bracket, gender and completion of Year 

12 chemistry) was also collected from the participants. As all responses were collected 

anonymously, it was not possible to correlate or track the responses of individual students across 

the three time points.  
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Informed consent was obtained from all participants prior to the collection of their responses. 

Ethical approval to conduct this study was obtained from the University of Ballarat Human 

Research Ethics Committee (approval no. B13-007).  

Statistical Analysis 

To allow for comparison between subscales containing different numbers of items, the mean 

subscale score was calculated for each student and used in subsequent analyses. Demographic 

data were not provided by three students across the three time points; all data for these students 

were excluded from subsequent analyses. For the attitude-toward-chemistry scale, possible 

responses ranged from 1 (low) to 5 (high). For the learning experiences scale, possible responses 

ranged from 1 (strongly disagree) to 5 (strongly agree). Missing or invalid responses to an item 

were scored as 3.  

Statistical analyses were performed in R Studio, running R 4.0.2 (R Core Team, 2020). 

Independent samples t-tests and one-way ANOVAs were used to test for statistical significance, 

depending on whether the data matrix comprised 2 or more groups. A value of α=0.05 was used 

as the cut-off point for statistical significance. The Cronbach α-coefficient was used to estimate 

internal reliability of each subscale (i.e. the extent to which all items in a given subscale were 

measuring the same aspect of student attitude). Two-step cluster analysis was performed in R 

studio using the prcr package (Rosenberg et al., 2020). This package, designed for person-

centred analysis, is used to create and study clusters (or profiles) of observations (individual 

people), and to study their change over time or differences across factors (Rosenberg et al., 

2020). The average silhouette width was used to optimise the number of clusters used in the 

final analysis.  

Results 

Baseline attitudes toward the study of chemistry 

A total of 114 valid responses were received from students in the initial survey (Semester 1, 

Week 1), termed the “baseline” data. Of these, 60 (53%) were female, while 54 (47%) were 

male. Most students (57%) had not completed chemistry at a Year 12 level while in high school. 

Approximately 72% of students were less than 21 years old, with 14% between 21-25 years of 

age and 9% between 26-35 years. Less than 1% of students were over 46 years of age, with the 

remaining 4% of students between 36-45 years.  

The mean Cronbach α of the five scales was 0.70, indicating acceptable internal consistency of 

the data (Cortina, 1993). In addition, the Cronbach α was not improved by dropping any of the 

scales (Table 2). Hence all scales were included in subsequent statistical analysis. The 

intercorrelations between the scales were calculated through their discriminant validity indices, 

which quantify the extent to which each scale measured a unique aspect of student attitudes 

toward chemistry which was not measured by any other scale. The mean correlation values were 

quite low (Table 2), indicating that all scales contributed to a unique aspect of the student 

attitudes.  

Overall, the attitude of most students toward chemistry was positive (i.e. mean value of greater 

than 3 for each score) aside from their leisure interest in chemistry (Table 2). However, the 

leisure interest scale also had the greatest standard deviation, suggesting the widest disconnect 

between individual students – with the attitudes of individual students ranging from being very 

strong to very weak leisure interest in chemistry. Scale A (attitude toward chemists) had the 

highest mean score, suggesting that the students typically had a positive perception of chemists. 

Similar trends were observed in both male and female students, with no significant difference 

between the genders found for any scale (P>0.05; Table 2).  
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Notably, although the mean scores across most scales were slightly higher for students who had 

completed chemistry at a Year 12 level, there was no significant difference found between their 

attitudes and those of students who had not studied Year 12 chemistry (Table 2). In other words, 

taking a chemistry course at a Year 12 level did not necessarily improve students’ attitudes 

toward chemistry. 

Table 2.  

The attitudes of first-year undergraduate students toward the study of chemistry at the 

commencement of their first year of study.  

Scale 

Overall (n=114) Gender Chemistry in Year 12 

Mean ± 

SD 

Cronbac

h α, if 

scale 

dropped 

Correl

ation 

with 

other 

scales 

Female 

(n=60) 

Male 

(n=54) 
T-test 

No 

(n=65) 

Yes 

(n=49) 

T-

test 

A (attitude 
toward 

chemists) 

3.70 ± 

0.50 
0.70 0.26 

3.75 ± 

0.50 

3.64 ± 

0.50 

NS 3.62 ± 

0.45 

3.80 ± 

0.56 

NS 

S (skills of 

chemists) 

4.32 ± 

0.64 
0.66 0.33 

4.30 ± 

0.66 

4.35 ± 

0.61 

NS 4.27 ± 

0.64 

4.40 ± 

0.63 

NS 

C (career 

interest in 

chemistry) 

3.79 ± 

0.66 
0.62 0.38 

3.88 ± 

0.68 

3.70 ± 

0.64 
NS 3.76 ± 

0.66 

3.84 ± 

0.68 
NS 

I (attitude 

towards 

chemistry 

in society) 

3.49 ± 

0.88 
0.59 0.38 

3.38 ± 

0.92 

3.60 ± 

0.83 
NS 3.51 ± 

0.84 

3.46 ± 

0.95 
NS 

L (leisure 

interest in 

chemistry) 

3.04 ± 

1.18 
0.66 0.34 

2.87 ± 

1.19 

3.22 ± 

1.16 
NS 2.92 ± 

1.11 

3.18 ± 

1.27 
NS 

NS – not significant (P>0.05), * P<0.05, ** P<0.01, *** P<0.001 

 

Change in attitudes toward the study of chemistry over time 

Collecting data for the attitude-towards-chemistry scale at each of the three time points in this 

study allowed the evaluation of changes in student attitudes toward this topic over the course of 

their first year of undergraduate study. In Semester 1, the number of responses received for 

Week 11 was approximately 82% of the total number of responses from students in the same 

class in Week 1. Fewer students were enrolled in the Chemistry II unit in Semester 2, Week 11, 

as this unit is not compulsory for all students who completed Chemistry I, but only those who 

require more in-depth chemistry knowledge as part of their degree. Hence most respondents in 

Semester 2, Week 11 are likely to comprise a subset of the group of students who had completed 

Chemistry I.  

The mean scores for most scales declined over time (Table 3); however, this change was only 

statistically significant for two scales: career interest in chemistry (P=0.001) and attitude 

towards chemistry in society (P=0.044). For both scales, attitudes declined almost linearly over 

the course of the study. In both cases, the mean attitudes in Semester 2, Week 11 were 

statistically different to those in Semester 1, Week 1, while those in Semester 1, Week 11 were 

not statistically different to either group (Table 3). The standard deviation increased slightly 

over time, particularly for the “attitude towards chemistry in society” scale. This indicates that 
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the disparity between individual students may be increasing over time, ie. students with a 

positive tendency toward chemistry may increase in their interest toward a career in chemistry, 

whereas a larger body of students with a more negative attitude towards chemistry may be 

responsible for the observed overall decline in interest.  

Table 3.  

Changes in undergraduate student attitudes toward chemistry throughout their first year 

of study. Time points with the same superscript letter were not statistically different 

according to post-hoc Tukey testing at a confidence level of α=0.05.  

Scale 
Sem 1 Wk 1 

(n=114) 

Sem 1 Wk 

11 (n=93) 

Sem 2 Wk 

11 (n=60) 

One-way 

ANOVA 

A (attitude toward chemists) 3.70 ± 0.50 3.52 ± 0.57 3.59 ± 0.56 NS 

S (skills of chemists) 4.32 ± 0.64 4.20 ± 0.72 4.16 ± 0.68 NS 

C (career interest in 

chemistry) 
3.79 ± 0.66a 3.62 ± 

0.66a,b 3.41 ± 0.69b ** 

I (attitude towards chemistry 

in society) 
3.49 ± 0.88a 3.37 ± 

1.00a,b 3.10 ± 1.06b * 

L (leisure interest in 

chemistry) 
3.04 ± 1.18 2.88 ± 1.18 2.72 ± 1.29 NS 

NS – not significant (P>0.05), * P<0.05, ** P<0.01, *** P<0.001 

To further investigate this possibility, two-step cluster analysis was performed on the “baseline” 

(Semester 1 Week 1) scale data. This is an exploratory data analysis technique that aims to 

identify natural groups (clusters) of different samples within the dataset that would not 

otherwise be apparent (Brown et al., 2014; Huberty et al., 2005). The cluster analysis revealed 

the presence of two moderately defined groups (average silhouette width of ~0.3), comprising 

71 students (Cluster 1) and 43 students (Cluster 2). Between the two clusters, the magnitude of 

difference for individual scales was not necessarily consistent (Table 4). The greatest 

differences were observed for scales L (leisure interest in chemistry) and C (career interest in 

chemistry), but with minimal differences for scale A (attitude toward chemists) (Figure 1). The 

distribution of students within scale L appeared to show three different clusters of students based 

on their leisure interest in chemistry (as visualised in the violin plot shown in Figure 1), namely 

a low-interest, mid-interest and high-interest group, although these groups were not identified 

through any other data analysis techniques. No significant differences by gender, age group, or 

completion of Year 12 chemistry were observed between the two clusters (Chi-square test; 

P>0.05 for all). This indicates that there is some other driver of these intrinsic differences. To 

provide further insight into potential reasons for this divide, future studies could consider 

investigating other parameters that could affect student experiences in introductory chemistry 

courses, such as their attitude toward chemistry as a discipline (Brown et al., 2014), or their 

mathematical abilities (Spencer, 1996).  

It is possible that cluster analysis could be used by chemistry educators to identify “outlier” 

students with a poorer attitude or experience during the early stages of an introductory chemistry 

unit, allowing them to be subsequently provided with additional support or targeted intervention 

programs (Harackiewicz & Priniski, 2018). For example, Marbouti et al. (2020) used cluster 

analysis to identify engineering students who were likely to achieve poorer academic results. 

Similarly, Cox et al. (2018) used a calibrated peer review process to identify students with a 

poorer chemistry knowledge during the early part of the semester, and successfully used targeted 

written assignments to strength the acid-base chemistry knowledge of these students. Although 
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the formal identification of “at risk” students is not currently a widely used teaching strategy, 

this study highlights the potential of using near real-time data to guide effective intervention 

programs.  

Table 4.  

Mean scale scores for the two clusters of students identified through two-step cluster 

analysis performed on the baseline (Semester 1 Week 1) data.  

Scale 
Cluster 1 

(n=71) 

Cluster 2 

(n=43) 
T-test 

A (attitude toward chemists) 3.79 ± 0.48 3.55 ± 0.5 * 

S (skills of chemists) 4.52 ± 0.53 4.00 ± 0.67 *** 

C (career interest in chemistry) 3.90 ± 0.69 2.80 ± 0.72 *** 

I (attitude towards chemistry in society) 4.06 ± 0.53 3.36 ± 0.64 *** 

L (leisure interest in chemistry) 3.73 ± 0.81 1.88 ± 0.70 *** 

NS – not significant (P>0.05), * P<0.05, ** P<0.01, *** P<0.001 

Figure 1.  

Violin plot showing cluster distribution of students’ attitudes toward each scale, measured on a 

scale of 1 (low) to 5 (high). The width of the bars indicate the relative number of students at 

each point.  

 

Student experiences in learning chemistry 

As shown in Table 5, the student learning experience at the end of the first semester was 

generally positive. Although a very slight decline in the mean student learning experience was 

observed across all four scales between the end of the first semester and the end of the second 

semester, this difference was not significant (P>0.05 for all).  
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As the data from Semester 2 comprised the experiences of a subset of students from the semester 

1 dataset and hence would be likely to skew the perceived effects of demographic influence, 

further analysis on the student experience dataset was performed on the Semester 1 subset only. 

The four aspects of student experiences were strongly inter-correlated, but only weakly 

correlated with student attitudes toward chemistry (Figure 2). No significant differences were 

found when analysing the mean student experiences by gender (independent samples t-test; 

P>0.05). However, significant differences were found for all four scales when completion of 

Year 12 chemistry was considered (Table 6). For all four scales, students who had completed a 

chemistry course at a Year 12 level showed significantly more positive learning experiences, 

with particularly marked differences for the lecture and tutorial scales.  

Table 5.  

Undergraduate student learning experiences at the end of the first and second semester.  

Scale 
Sem 1 Wk 11 

(n=93) 

Sem 2 Wk 11 

(n=60) 
T-Test 

L (lecture) 3.39 ± 0.76 3.33 ± 0.76 NS 

T (tutorial) 3.64 ± 0.64 3.61 ± 0.72 NS 

Lab (laboratory classes) 3.76 ± 0.61 3.68 ± 0.60 NS 

D (demonstrator) 3.43 ± 0.72 3.38 ± 0.77 NS 

NS – not significant (P>0.05), * P<0.05, ** P<0.01, *** P<0.001 

Table 6.  

Differences in undergraduate student learning experiences at the end of the first semester, 

based on whether students had studied Chemistry at a Year 12 level.  

Scale 
Yr 12 Chemistry T-Test 

No (n=51) Yes (n=42) 

L (lecture) 3.14 ± 0.67 3.69 ± 0.76 *** 

T (tutorial) 3.41 ± 0.55 3.92 ± 0.63 *** 

Lab (laboratory classes) 3.60 ± 0.62 3.96 ± 0.54 ** 

D (demonstrator) 3.26 ± 0.74 3.64 ± 0.64 ** 

NS – not significant (P>0.05), * P<0.05, ** P<0.01, *** P<0.001 

Correlation of student attitudes and experiences 

As illustrated in Figure 2, only a weak correlation was found between student attitudes toward 

chemistry and their experiences in an introductory undergraduate chemistry unit. This analysis 

was performed on the Semester 1, Week 11 data, as this contained the highest number of 

respondents who reported both their attitudes and experiences in the study of chemistry (note 

that only attitude data were collected in Semester 1, Week 1, as students had not yet experienced 

the study of chemistry at an undergraduate level at this point in time). The strongest correlation 
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between attitudes and experiences was found between the attitude toward chemists and the 

experience in lecture and laboratory classes. All measures of student experiences (lecture, 

tutorial, lab, demonstrator) were strongly intercorrelated, although lab experiences showed the 

lowest correlations among these four measures.  

Figure 2.  

Correlation matrix between student attitudes and experiences (analysis performed on Semester 

1 Week 11 data; n=93 students). The legend shows the correlation coefficient (R).  

 

 

Discussion 

Student attitudes 

Overall, the general attitudes of students toward the study of chemistry were positive, as 

evidenced by the average response to all attitude scales being greater than 3 (Table 2). This 

followed the general trend of positive attitudes toward chemistry previously reported for first-

year undergraduate chemistry students in New Zealand (Dalgety et al., 2003) and Australia 

(Vishnumolakala et al., 2017). Scale S (skills of chemists) showed the highest mean score, 

suggesting relatively higher appreciation/acknowledgement of chemists’ skills among the 

student population. In contrast, leisure interest in chemistry was the lowest, at a mean score of 

just above 3. This concurred with previous literature indicating that students generally have less 

leisure interest in chemistry compared to other aspects of their attitude toward chemistry 

(Dalgety & Coll, 2006; Dalgety et al., 2003). Similarly, student gender or prior completion of a 

chemistry course at Year 12 level appeared to have no significant impact on student attitude 

toward chemistry in this study. This stood in contrast to our initial hypothesis that students who 

had studied chemistry at school in Year 12 would have a more positive attitude towards the 

subject of chemistry, resulting from their increased familiarity with the topic. The observation 
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also contrasted with previous work reporting a positive correlation between prior secondary 

school experiences and student attitude towards chemistry (Dalgety & Coll, 2006; Hill et al., 

1990). Rather, our results suggest that, at least within the limitations of senior secondary 

chemistry education, prior exposure to and basic knowledge of chemistry does not improve 

student attitudes toward this topic once they commence their higher education studies. We 

propose that mere previous exposure toward chemistry is not sufficient to significantly improve 

student attitude, but rather students must have experienced a previous positive exposure toward 

the topic. This is supported by observations that considerable numbers of students who 

undertake chemistry in their senior secondary years do not necessarily have positive feelings 

toward or enjoy the topic (Cheung, 2009a, 2009b; Fraser et al., 2010). Although attitudes are 

not fixed and can change through positive learning experiences in the tertiary setting (Berg, 

2005; Vishnumolakala et al., 2017), this highlights the crucial role that secondary chemistry 

educators can play in formulating positive attitudes toward chemistry among their students 

(Mamlok-Naaman et al., 2018).  

In terms of temporal changes in student attitudes across the two semesters, a slight reduction in 

student attitude was observed for both scales C (career interest in chemistry) and I (attitude 

towards chemistry in society), but not for the other three scales (attitude toward chemists, skills 

of chemists and leisure interest in chemistry). Hence, we can reason that students recognise the 

importance of chemistry and the levels of skills required to be a chemist, regardless of their 

feelings toward chemistry as a subject. Similarly, Berg (2005) found a slight negative change in 

overall attitude among first-year chemistry students throughout the course of a 20-week 

semester, although they did not propose any reason for this shift. However, Dalgety and Coll 

(2006) did not find any consistent changes in attitudes throughout the semester among first-year 

students in New Zealand.  

It is worthwhile noting that most students in the surveyed cohort are enrolled in introductory-

level chemistry units in order to satisfy the prerequisites required to complete other units which 

form a major part of their degree. As such, they are not planning to graduate with a degree in 

chemistry, but rather pursue other programs such as biomedical, food, educational and 

geological sciences. For these students, successfully completing the compulsory introductory 

chemistry unit(s) in their first year is often seen a major obstacle (Clemons et al., 2018; 

Eitemüller & Habig, 2020). If these units were not compulsory, many students would avoid 

chemistry altogether as they typically perceive it as a difficult subject with few applications to 

their everyday life (Cardellini, 2012; Naiker & Wakeling, 2015). While student experiences in 

the lecture and tutorial sessions showed no significant differences throughout the semester, their 

career interest in chemistry was reduced significantly (Table 3), potentially indicating an 

increasing tendency for students to see chemistry as ‘another unit to get out of the way’. This 

echoed other studies suggesting that students who do not intend to pursue the study of chemistry 

typically do not recognise the application of the content to their future careers (Clemons et al., 

2018; Kubiatko et al., 2017). This could be one possible reason for the reduction in the career 

interest and attitude toward chemistry in society scales.  

In addition, the University of Ballarat enrols relatively large numbers of mature age students 

(30 - 40%) who may not have studied science and particularly chemistry for many years (Naiker 

& Wakeling, 2015). As a result, chemistry may be the most challenging subject that these 

students may encounter in their programs. Many students are hesitant and have a fear of 

chemistry and perceive it as a difficult subject (Sausan et al., 2018), which is mostly driven by 

poor mathematical skills and very limited or no previous introduction to chemistry (Mack et al., 

2019; Ross et al., 2018). Yet chemistry is one of the main service sciences underpinning many 

other disciplines in allowing students to better grasp and understand specific aspects related to 

their programs (Boddey & de Berg, 2015; Brown et al., 2015). It is crucial that these factors are 

taken into consideration by curriculum developers and teachers of introductory chemistry to 
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explore alternative active learning strategies that would inspire, motivate and engage students 

towards studying chemistry (Winkelmann et al., 2015).  

Student experiences 

On average, the student experiences throughout the semester were slightly positive (Table 7), 

in contrast to previous results using the CAEQ, which found slightly negative learning 

experiences among New Zealand students (Coll et al., 2002; Dalgety et al., 2003). This may 

indicate that the current format of the Chemistry I and II units is providing an adequate learning 

experience for most students. However, there is considerable room for improvement in the 

student learning experiences, particularly in the lecture and demonstrator subscales. Notably, 

Coll et al. (2002) and Dalgety et al. (2003) also found the poorest learning experiences for the 

lecture subscale, indicating that this should be an area of particular focus for chemistry educators 

attempting to improve student engagement and learning outcomes.  

The significantly higher learning experience scores for students who had completed Year 12 

chemistry were notable, particularly as this group of students did not show any higher scores 

for their attitude toward chemistry and the study of chemistry (Table 2). Although there is 

limited information on the impact of Year 12 chemistry on student experiences at a tertiary level, 

the results appeared to concur with a study by Eitemüller and Habig (2020) on the effects of a 

tertiary bridging course in chemistry, which concluded that students with a higher prior 

knowledge gained the greatest long-term benefit from participation in the program. Similarly, 

Larsen et al. (2021) found that a four-week transition program improved students’ confidence 

to perform well in subsequent chemistry units. Based on our results, we hypothesise that while 

the completion of Year 12 chemistry generally provides valuable foundational concepts and 

prepares the student to deal with more complex topics, it does not significantly alter their 

attitudes toward chemistry, possibly due to the introductory level of material presented at this 

grade. This could mean that secondary students may still find it difficult to relate the concepts 

to real-life situations. This is supported by observations that many chemistry courses – at both 

a secondary and tertiary level – fail to adequately connect the concepts with real-life applications 

(Clemons et al., 2018; Kubiatko et al., 2017).  

Nevertheless, Year 12 chemistry appears to be quite valuable for students undertaking a first-

year undergraduate level chemistry course, insofar as it allows them to better understand and 

engage with the content being delivered (as measured by student experiences during the lectures 

and tutorials). In turn, this is likely to reduce stress and allow them to better enjoy the delivered 

content, particularly the lecture and tutorial components. It is important to note that no data on 

student content knowledge or achievement in the introductory chemistry unit was collected here; 

hence we are not able to conclusively state if studying Year 12 chemistry improved student 

achievement, in addition to their improved learning experiences.  

We note that while there was a significant difference in the engagement of students who had 

completed Year 12 chemistry and those who had not across all subscales, the magnitude of 

difference was lowest for the laboratory class component. This scale also displayed the highest 

score among students who had not studied chemistry in Year 12. From this, it may be inferred 

that while the chemistry knowledge gained at a Year 12 level may aid in practical components 

such as laboratory work, it certainly is not essential for students to successfully understand and 

enjoy this practical side of chemistry in the higher education environment. From a teaching 

perspective, it is crucial to understand that students of all abilities and backgrounds feel more 

connected to laboratory tasks as they can often better relate these activities to real-life 

experiences and situations (Mutambuki et al., 2019). When delivered effectively, laboratory 

tasks can stimulate and engage students’ learning at different levels, challenging them mentally 

and physically in ways which other tasks such as tutorial and lecture experiences cannot 

(Matilainen et al., 2017; Rodriguez & Towns, 2018). It is well documented that students’ 

learning experiences and achievement can be enhanced through implementation of practicals 
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based on an Inquiry Oriented Learning (IOL) or Process-Oriented Guided-Inquiry Learning 

(POGIL) approach, as an alternative laboratory learning experience (George-Williams et al., 

2019; George-Williams et al., 2020; Naiker & Wakeling, 2015; Rayner et al., 2013; Vanags et 

al., 2013). In our experiences, student attitudes toward the implementation of IOL activities is 

generally positive, with students reporting that they were able to develop a range of key graduate 

attributes, such as research skills, problem-solving skills and teamwork (Naiker & Wakeling, 

2015; Naiker et al., 2020). Furthermore, Vanags et al. (2013) demonstrated that the use of a 

POGIL approach to laboratory sessions significantly improved long-term retention of 

information compared to regular laboratory classes.  

Increased student engagement with the material taught in an introductory undergraduate course 

in chemistry may improve a student’s confidence with the content of the course, and it may 

improve their academic performance. A student may also learn by being more positively 

engaged – this may have positive effects on persistence and student satisfaction when studying 

chemistry. Collectively, these may contribute positively to the overall student experience on an 

undergraduate course in chemistry, benefiting not only students, but also institutions, as they 

can potentially demonstrate that by engaging a student on a course, they are adding to the value 

of the education they provide. Also, increased student engagement may encourage a student to 

complete their chosen programme of study and graduate from University, but despite this, levels 

of student engagement are rarely quantified. 

Suggestions for chemistry educators 

Although student attitudes and experiences during an introductory chemistry unit were found to 

be generally positive in this study, education is a process that can benefit from continuous 

improvement (Hilliger et al., 2020). In particular, the cluster of students identified as having 

poorer attitudes toward chemistry may benefit from refinement of the curriculum or delivery 

methods. Hence, we provide several conclusions and suggestions that may assist in improving 

contemporary chemistry education practice.  

Firstly, the lectures appeared to be the least favoured scale compared to other learning 

resources/support provided. Particularly in cohorts of students with little to no previous 

experience to chemistry, traditional verbose “lecture”-style lectures can be overwhelming. 

Rather than using generic slides from a textbook publisher or listing information from the 

textbook in long rows of bullet points, lecturers should strive to present the content material in 

a manner that is more palatable to the student (Dowling et al., 2003; Hunt et al., 2016; 

Velázquez-Marcano et al., 2004). It is also important that chemistry educators include adequate 

applications and connections of the content to students’ everyday lives and future careers 

(Clemons et al., 2018; Kubiatko et al., 2017). This was evidenced by the relatively lower scores 

seen for the “attitude towards chemistry in society” scale. Other innovative approaches to 

delivering content continue to be investigated, including flipped classrooms (Eichler & Peeples, 

2016; Loveys & Riggs, 2019), peer-learning approaches (Thompson & Lamanna, 2020) and 

gamification as a tool to improve memory retention (Tsai et al., 2020; Wood & Donnelly-

Hermosillo, 2019). However, lectures remain a staple format of content delivery in most 

universities.  

Similarly, tutorial classes should be designed with student engagement as one of the foremost 

priorities (Green et al., 2018). In some university settings, student attendance rates at tutorials 

forms part of their overall grade; hence students may turn up to the tutorial in order to get 

‘marked off the roll’, but not engage with the class. In this study, the tutorial classes showed the 

second-highest score for student experiences, only exceed by the laboratory classes. We 

highlight that tutorials should be delivered in such a manner that students are genuinely 

interested in actively participating and interacting with the topic material, in order to strengthen 

and solidify their understanding (Hubbard et al., 2019; McLaren & Kenny, 2015).  
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As observed by previous researchers (Pullen et al., 2018), we note that the practical laboratory 

components form an important opportunity for lecturers to reinforce key concepts that have 

been previously delivered through the lecture content. The laboratory component had the 

highest average score for student experiences (Table 5), although a slight reduction in this score 

was observed throughout the term. It is possible that the use of more investigative and/or 

inquiry-based tasks within the laboratory program could allow students to garner greater 

engagement and ownership of the tasks (Naiker et al., 2020; Szalay & Tóth, 2016).  

In light of the recent COVID-19 pandemic and the concurrent shift towards online-only teaching 

(Crawford et al., 2020; Johnson et al., 2021; Rapanta et al., 2020), it is also important that 

educators are able to leverage online learning platforms to provide the best experiences for 

students (Muir et al., 2020; Sharma et al., 2020; Sharma et al., 2018). The use of online-only 

teaching may potentially exacerbate many of the issues discussed previously (Raje & Stitzel, 

2020). For instance, Perets et al. (2020) found that non-STEM major students studying 

introductory chemistry tended to find lectures less engaging following the transition to online 

learning. These authors also highlighted the importance of increasing the frequency of feedback 

given to students, as well as providing specialised training in online chemistry instruction to 

instructors. However, with adequate teacher-student interactions and thoughtful modes of 

content delivery, reasonable levels of student engagement can be maintained (Ranga, 2020). 

Although some authors have developed virtual chemistry laboratory modules which can be 

completed online (Dunnagan et al., 2020; Faulconer et al., 2018; Su & Cheng, 2019; 

Winkelmann et al., 2017), teaching adequate hands-on laboratory skills without the use of in-

person instruction is likely to be one of the most challenging aspects of online-only chemistry 

education.  

Finally, we propose that it is important that educators are aware of and are able to quantify their 

students’ attitudes and preferences towards the study of introductory chemistry units in higher 

education (Montes et al., 2018), as has also been proposed in other disciplines (Brown et al., 

2017). This is significant, as Brown et al. (2015) suggested that students who have less interest 

in chemistry may adopt a surface-style learning approach (i.e. rote-style learning), which can 

potentially lead to poorer learning outcomes. Routine monitoring of student attitudes and 

engagement could allow teaching teams to develop appropriate approaches that assist students 

to refine their learning habits. Regular assessment of students’ approaches to learning may also 

guide curriculum planners in their consideration and integration of curriculum strategies, in 

order to encourage deeper and engaging learning experiences (Brown et al., 2014).  

Limitations 

It is important to note that this study has several limitations, as briefly outlined in the following 

sections. Firstly, data were only collected from one cohort of students. However, due to the 

reasonable sample size and repeated survey responses throughout Semester 1 and 2, we can 

have reasonable certainty that the data provided an accurate representation of the cohort’s 

attitudes and engagement.  

Due to ethical concerns, achievement data was unable to be correlated with student attitude and 

engagement responses. However, determining the correlation between attitude, engagement and 

achievement in future studies would add considerable confirmatory value to the conclusions 

drawn here.   

Another limitation imposed by the ethics committee was that all responses had to be anonymous, 

meaning that individual students could not be tracked across all three time points. Consequently, 

this reduces the statistical power of the analysis and makes it more difficult to infer the changes 

in student attitude throughout the course of the study. Future studies could possibly explore 

alternative tracking methods, such as anonymous participant ID numbers, to follow students 

throughout the study period.  
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No data were gathered on students’ mathematical abilities. As mathematical abilities form an 

important aspect of learning chemistry (Powell et al., 2020), it could be of interest to correlate 

students’ mathematical abilities to their attitudes toward chemistry and learning experiences in 

introductory chemistry courses. Although Powell et al. (2020) found a positive correlation 

between arithmetic automaticity and student success in second-semester general chemistry, 

Adkins and Noyes (2018) found no connection between advanced mathematics skills of school 

leavers and their subsequent success in chemistry degrees. Hence further research in this area is 

recommended.  

Many universities use different pedagogical approaches in teaching chemistry (Clemons et al., 

2018), which may in turn have an impact on student attitudes. Hence caution should be used 

when generalising results from this student cohort to Australian chemistry students more 

broadly. Further work is required to determine the impact of different styles of pedagogy and 

teaching approaches (e.g. flipped classrooms) on student attitudes and experiences.  

The instrument used in this study (CAEQ) does not specifically measure student engagement, 

and we use measures of attitude and experience to speculate on the engagement of students. 

Future studies which explore the student experiences of learning introductory chemistry at 

university should endeavour to quantify both attitude and engagement concurrently. 

Conclusion 

This study of first-year undergraduate students studying an introductory chemistry unit found 

that student attitudes toward the study of chemistry were generally positive, although some 

students appear to find it difficult to connect the content and concepts to their primary discipline, 

which is often not directly in a chemistry field. This was evidenced by a decrease in the average 

attitude toward a career interest in chemistry throughout the course of their first year of study. 

Students who had studied chemistry in Year 12 did not show any significant differences in their 

attitudes toward chemistry, when compared to students who had not studied Year 12 chemistry; 

however, their learning experiences in first-year chemistry were rated as being significantly 

more positive. We discuss suggestions for chemistry educators, including the use of engaging 

lecture and tutorial content. Finally, we highlight the role of the laboratory class as a highly 

engaging and interactive learning environment.  
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