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Abstract  
 
In this CGHE working paper, we draw on the outcomes of a major CGHE project: 

The Understanding Student Knowledge and Agency Project. Based on the data from 

this project, we examine how students’ accounts of the discipline of chemistry in 

England and South Africa change over the three years of their undergraduate 

degrees. Based on a longitudinal phenomenographic analysis of 105 interviews with 

33 chemistry students over the course of their undergraduate degrees in four 

institutions, we constituted five qualitatively different ways of describing chemistry. 

These ranged from describing chemistry as something that happens when things are 

mixed in a laboratory to a more inclusive account that described chemistry as being 

able to explain molecular interactions in unfamiliar environments. Most students 

expressed more inclusive accounts of chemistry by the end of their degrees and the 

level of change appeared to be related to their educational expectations. These 

outcomes highlight the importance of understanding the role that disciplinary 

knowledge plays in student outcomes from higher education and the importance of 

students understanding their degrees as an educational experience. 

 

Keywords: chemistry, knowledge, phenomenography, higher education outcomes, 

students 
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Introduction 

How the outcomes from higher education for students should be measured and 

thought about is an area of contest and debate (see Carson 2021, Monteiro et al. 

2021). Whilst some argue that these can be thought about generically in terms of the 

graduate attributes developed by students or graduate salaries (see Fryer 2021 for a 

summary and critique), others argue that the outcomes of higher education are 

particular to the study of particular subjects and bodies of knowledge (for example, 

see Wald & Harland 2019).  This second way of understanding outcomes is focused 

on how higher education changes the ways in which students see the world by giving 

them access to a body of knowledge that changes their understanding of the world 

(Bowden and Marton 1998). In order for this way of understanding the outcomes 

from higher education for students to be developed further, there is a need to have a 

sense of the ways in which students’ engagement with particular bodies of 

knowledge change their understanding of the world. In this paper, we draw on the 

CGHE project ‘Understanding Knowledge and Student Agency’ to examine how the 

understanding of students’ studying chemistry changed over the course of their 

undergraduate degrees and how this relates to their educational expectations of their 

role as students. 

Students’ relations to knowledge in higher education 

It has long been established, from a variety of research perspectives, that there are 

disciplinary differences in teaching and learning (for example, Donald 1986, Becher 

& Trowler, 2001; Trowler, Saunders & Bamber, 2012). There is a growing sense that 

the processes and outcomes of learning vary between disciplines, as students 

engage with different kinds of knowledge (Entwistle, 2018). However, whilst much is 

known about the principles of curriculum design and pedagogy that support high 

quality student learning in higher education (Ashwin et al. 2020), less is known about 

the ways in which particular forms of knowledge are positioned in higher education 

curricula, the ways in which students come to engage with these forms of 

knowledge, and the transformative relations that are established between students 

and knowledge. 
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Donald (1986) explored four levels at which disciplinary differences could be 

expected to occur: The nature of the concepts used, the logical structure of the 

discipline, in the criteria for truth adopted and the methods used. Whilst Donald’s 

work focused on apparently objective differences between disciplines, the body of 

the literature that the current paper contributes to focuses on students’ 

understanding of their subjects of studies. This focus helps to highlight the ways in 

which students can be supported to develop their understanding of disciplinary 

knowledge because it focuses on how this knowledge appears to students rather 

than how this knowledge appears in the curriculum. To use Ashwin’s (2014) 

terminology it focuses on ‘knowledge-as-student-understanding’ rather than 

‘knowledge-as-curriculum’ or ‘knowledge-as-research’. 

 

Research examining students’ understanding of their subjects of study have 

generally taken a phenomenographic perspective (Marton & Booth 1997). This is 

because phenomenography focuses on the qualitative variation in the ways that 

people experience particular phenomena. Table 1 sets out the structure of students’ 

accounts from phenomenographic studies examining a number of different 

disciplines. Whilst the studies vary in the number of accounts of each discipline 

produced, in each case the variation can be argued to fall into three main stages 

(van Rossum and Hamer 2010). First, there is a least-inclusive basic account that 

focuses only on the immediately visible aspects of the discipline. Second there is a 

‘watershed’ account in which students focus on a structured body of knowledge. This 

is a key shift because engagement with structured bodies of knowledge is the key 

focus of higher education (Ashwin 2020).  Third, there is a most inclusive account in 

which students see this body of knowledge in a wider context. What all of the 

structures of variation have in common is that they are based on different 

configurations of the discipline, the world and the student.  

 

 

 



 
 

 

 

8 

 

 

Table 1: Structure of students’ accounts of different disciplines from 

phenomenographic studies  

Discipline Studies Least inclusive 

account 

‘Watershed’ 

account 

Most Inclusive 

account 

Accountancy Sin et al. 2012 

 

Routine work Meaningful 

work 

Moral work 

Geography Bradbeer et al. 

2004 

 

General world 

 

Structured into 

parts 

Interactions 

Geoscience Stokes 2011 Composition of 

earth – the earth 

 

Processes – 

interacting 

systems 

Relations earth 

and society 

Law Reid et al. 2006 

 

Content System Extension of self 

Mathematics Crawford et al. 

1994, 1998; 

Wood et al. 

2012 

 

Numbers Models Approach to life 

Music 

 

Reid 2001 Instrument Meaning Communicating 

Sociology Ashwin et al. 

2014 

Developing 

opinions 

Study of society Relations self, 

people and 

societies 

 

 

 

One aspect of students’ accounts of their disciplines that is less examined is how 

students’ accounts change over time. This is because the existing research has 

tended to take a snapshot of how students describe their relations to their disciplines 

at particular times. Students’ changing understanding over time was examined in the 

study looking at students accounts of sociology (Ashwin et al. 2014) and has been 

undertaken into  students’ accounts of particular concepts ( for example see 

Dahlgren 1989; Trumper 1998), research into students’ epistemological development 

(for example see Baxter Magolda 1992,  2004), research into students’ conceptions 

of learning (for example van Rossum and Hamer 2010) and research into students’ 

learning patterns (for example see Donche et al. 2010, Neilsen 2013; Richardson 

2013).  
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In this study we were interested in examining the variation in students’ accounts of 

chemistry and how student accounts changed over the course of their undergraduate 

degree. Research into students’ understanding of chemistry knowledge has primarily 

focused on their understanding of particular chemical concepts (Johnstone 1982, 

2006; Ebenezer and Erickson 1996; Case and Fraser 1999; Ebenezer and Fraser 

2001; Taber 2019). This focus on individual concepts can be seen to mirror the 

dominant approach to teaching chemistry: teaching chemistry as a ‘collection of 

somewhat isolated topics’ (Sevian and Talanquer, 2014). More recently, there has 

been a shift to focus on the development of ‘chemical thinking in students (Sevian 

and Talanquer, 2014; Sjöström and Talanquer, 2018; Talanquer et al., 2020) as well 

as examinations of how students developed a more general understanding of 

science (Flaherty, 2020). 

 

However, there have been very few longitudinal studies that have examined how 

students’ understanding of chemistry develops over time and these have tended to 

focus on school children (for example, see Øyehaug and Holt, 2013). Mathias (1980) 

followed a small group of science students, including chemistry students, through 

their undergraduate course. However, this study examined how students 

approached their studies rather than their understanding of chemistry. The current 

study sought to build on the work in chemistry education research by examining 

whether factors in students’ educational environment were related to changes in 

students’ understanding of chemistry. Previous studies of changes to students’ 

understanding of their discipline suggests that these were more likely when students 

saw their degree course as involving personal change (Ashwin et al. 2016) and 

experienced a supportive relationships with their teachers (Ashwin et al. 2017).  

 

In summary, the purpose of the current paper is to examine how variation in 

students’ accounts of chemistry change over the course of their degrees and how 

these changes relate to students’ understanding of their educational responsibilities.   
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Methodology 

The research project 

The data from this project comes from the CGHE project: Understanding Knowledge 

and Student Agency. This project researched undergraduate degrees of chemistry 

and chemical engineering in two universities each in England, in South Africa and in 

the USA.  This paper reports on data from the longitudinal study of chemistry 

students we tracked through the three years of their degree in England and South 

Africa. We excluded the student data from the USA because the greater level of 

choice in the modules that students studied meant that most of the students were not 

studying a chemistry degree that was comparable with that studied by students in 

England and South Africa. 

 

The students were drawn from a larger self-selecting sample of 66 students (31 

England, 35 South Africa) who were interviewed in their first year. From these 

students, we selected a smaller sample of 40 (20 from each country) students that 

reflected the diversity of the degree programmes in terms of ethnicity and gender. 

We have only included students in the analysis for this paper if they had completed 

an interview in their third year of studies and at least one interview in their first and 

second year. There were 33 students who had sufficient data to be included in the 

analysis for this paper, 19 from England and 14 from South Africa.  

 

All institutions and participants are anonymised in line with the ethical approval 

granted by the lead institution in the research (Reference Number FL15035).  Ethical 

approval was also obtained as required at each of the research sites. The English 

and South African universities in this research were given pseudonyms based on 

chemical elements to protect anonymity.  These are:   

• England - Erbium University and Europium University 

• South Africa - Samarium University and Sodium University 

Students have also been given pseudonyms reflecting the cultural diversity of the 

cohorts.  
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It is important to note that the South African and English Chemistry degrees have 

slightly different structures. Due to the earlier specialization in the English education 

system, the curriculum in the first year in the English chemistry degrees has more in 

common with the second year of the South African degrees. Whilst in England 

students register for a three year Bachelor of Science degree with honours (or a four 

year Masters’ degree), in South Africa students register for a three year Bachelor of 

Science degree and then can apply for a stand-alone one year Honours degree.  

 

Semi-structured interviews followed a common protocol with questions covering 

students’ background, route into university, study practices, understanding of 

disciplinary knowledge, assessment experiences, views on diversity and future 

aspirations.  The methodology of this larger project owes a considerable debt to a 

previous project looking at students’ engagement with knowledge in sociology (see 

McLean et al. 2018). 

Data analysis 

In this paper we have analysed our interview data using a phenomenographic 

approach (Marton and Booth 1997). All authors of the paper worked on the analysis, 

which was focused on the qualitative variation in the ways in which the students’ 

described their understanding of chemistry as a subject. Categories of description 

were formed by iterating between individual analysis of the interviews and group 

discussions of the outcomes of this analysis. We examined the qualitative variation 

in the meaning of students’ accounts of chemistry and the logical relations between 

each of the categories of description. The categories were formed and reformed by 

moving between these different forms of examination with the aim of constituting a 

hierarchy of empirically grounded and logically consistent outcome space which 

captured the qualitative variation between each of the categories of description. This 

hierarchy is understood to be inclusive, with the later categories including the earlier 

categories (Marton and Booth 1997; Åkerlind 2005).  

 

It should be noted that it is the variation between the categories, rather than the 

categories themselves, that is the focus in phenomenography and that the outcomes 
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from phenomenographic studies are based on the variation across all of the 

interview transcripts rather than a categorisation of each individual in the study 

(Marton and Booth 1997; Åkerlind 2005). Thus, in line with the inclusive structure of 

the hierarchy, any one interview may contain more than one of the categories of 

description constituted in this study. To reflect this, we discuss students’ accounts in 

terms of their alignment with each category of description rather than suggesting 

their accounts ‘contain’ different categories of description. 

 

When examining how students’ accounts of chemistry changed between their first 

and final interviews, individuals were assigned to the highest category of description 

that was evident in their interview. It is important to recognise that this is a use of 

phenomenographic outcome space rather than a part of the phenomenographic 

study. Finally, the claim being made about the outcome space is that it is constituted 

in the relation between the researchers and the data (Marton & Booth 1997). Thus, it 

is accepted that it is not the only possible outcome that could be constituted from the 

data. What is important is that the categories can be argued for convincingly on the 

basis of the data (see Åkerlind 2005 for an analysis of the different approaches taken 

in phenomenographic studies). 

 

In forming the categories, we were aware of Ashworth and Lucas’s (1998) criticism 

that phenomenography tends to overly focus on authorised accounts rather than the 

meaning the particular phenomena have for students. In analysing the data, we 

attempted to bracket our understandings of chemistry. It is worth noting that the 

phenomenographic method is very rarely employed in the chemistry education 

literature and, when it is, it tends to focus on experience of learning environments 

rather than interrogating conceptions of knowledge (Chopra et al.  2017; Tekane et 

al.  2020).  

 

Outcomes 

Based on our analysis of the interview data we constituted five different ways of 

accounting for the discipline of chemistry:  
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Category 1: Chemistry happens when you mix things in the laboratory  

Category 2: Chemistry is about seeing chemical reactions  

Category 3: Chemistry is about the learning about molecular interactions  

Category 4: Chemistry is about explaining molecular interactions  

Category 5: Chemistry is about explaining molecular interactions in unfamiliar 

situations in the world. 

These different ways of accounting for chemistry involved different relations between 

the student, the world and the discipline of chemistry. Table 3 sets out the outcome 

space as a whole and how the different categories of description fit within this. The 

structural aspects focus on the changes in what is in the foreground and background 

of the accounts. These shift from chemistry being about doing things, to chemistry 

being about seeing certain things, to chemistry being explaining certain things. The 

referential aspects focus on the meaning of chemistry which shifts from chemistry 

referring to chemical reactions to chemistry referring to molecular interactions to 

chemistry referring to unknown situations in the world. These structural and 

referential aspects come together to form each category of description: under 

category 1 chemistry is about doing chemical reactions whereas, under category 5, 

chemistry is about explaining things that are happening in new situations in the 

world. The watershed shift comes in category 3 where students shift to 

understanding chemistry as about chemical reactions to seeing chemistry as about 

molecular interactions  

 

We now set out each of the categories in turn and in doing so focus on giving a 

richer sense of the variation between the categories 
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Table 2: The referential and structural aspects of the categories of description 

for students’ accounts of chemistry 

 Referential Aspects 

 

Chemical reactions Molecular 

Interactions 

World  

Structural Aspects 

 

   

Doing Category 1   

Seeing  

 

Category 2 Category 3  

Explaining  

 

 Category 4 Category 5 

 

Category 1: Chemistry happens you mix things in the laboratory  

Students’ accounts which aligned with this category described chemistry in a way 

that focused on doing chemistry to create particular kinds of chemical reaction. 

Chemistry was discussed as a fairly nebulous subject and in terms of what happens 

in a laboratory in a very broad way, which was external to the student:  

 

For me, I think it's how you can have two different elements and they can make, 

literally, like a hundred different things just by adding two together or adding… It just 

fascinates me how something so small and how you don't really need to do anything 

but something amazing can happen. I think that to me is like quite unique (Henry, 

Europium, Year 1). 

 

A lot of educated putting things together and proving that it works. I think to be fair, 

our lab environments are very controlled. We have got step-by-step processes, we’re 

not playing around with anything (Steffi, Sodium University, Year 2). 

Category 2: Chemistry is about seeing chemical reactions  

In student accounts aligned with this category of description, there was a shift away 

from doing chemistry to chemistry being about seeing the world in terms of chemical 
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reactions. Students whose accounts aligned with this category of description often 

referenced the US TV series ‘Breaking Bad’ and the idea that chemistry is about 

change, although chemistry was still talked about as something that was external to 

the student: 

 

It’s lots of things, really, but boiling it down to simple, it’s elements and what they do. 

How they work in the world, and how they react. What affects what. I don’t know, 

really. It’s quite hard to explain, isn’t it? Yes, it’s just how and why things happen the 

way they do. Generally how, and looking at it (Denise, Erbium University, Year 1). 

 

Well, I would say it’s just studying everything that- studying just how things change, 

that’s probably the easiest way. The study of just yes, probably change, because 

that is what it’s about. Change and changing things for what you want them for or 

changing things to see what would happen or why things change (Hayden, Europium 

University, Year 1). 

Category 3: Chemistry is about the learning about molecular interactions  

In student accounts aligned with this category of description, chemistry was 

described in terms of learning about molecular interactions rather than just seeing 

chemical reactions. Chemistry was also positioned as something that was internal to 

the student that they were engaged in rather than something that was external to 

them. This can be seen as a watershed because it is the category in which students 

accounts of chemistry begin to focus on the structure of the body of knowledge of the 

discipline through a focus on understanding the causality of submicro molecular 

interactions.  

 

Okay, so looking at molecules, elements, how they interact. Maybe how you can use 

them to make other molecules and things. And just learning about the, I don’t know, 

their characteristics and things (Ming, Samarium University, Year 2). 

 

Virtually everything you study is about a reaction taking place or something changing 

on a molecular level or whatever it is – changing state (Dale, Erbium University, Year 

2). 
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Category 4: Chemistry is about explaining molecular interactions  

In student accounts aligned with this category of description, the emphasis was on 

being able to explain molecular interactions rather than simply learning about them. 

In these accounts chemistry was positioned as a way of using an understanding of 

molecular interactions in order to explain the world and was positioned as something 

that was internal to the student: 

 

Chemistry is, well it’s basically, let’s say, the knowledge of how everything is formed. 

How everything, or physical properties of the universe, how it forms and how it’s put 

together, how it’s taken apart. Knowing how it happens, what happens with it, why it 

happens (Scarlet, Sodium University, Year 3).  

 

Chemistry is the science of understanding life at the molecular level. It’s about 

understanding and trying to improve life at the molecular level. Making maybe 

alterations to those tiny things that are not visible to our eyes and stuff so that we 

can maybe get desired results (Mawonde, Samarium, Year 2). 

 

Category 5: Chemistry is about explaining molecular interactions in unfamiliar 

situations in the world  

Student accounts aligned with this category of description, positioned chemistry in 

terms of the explanation of molecular interactions in unfamiliar or new situations. 

Thus, rather than simply explaining things in situations that were already familiar, this 

category of description foregrounds the capacity to act on the world and develop 

explanations in new situations. In accounts aligned with this category of description, 

students’ understanding of chemistry informs their action and gives them agency:  

 

It’s a neat way of explaining how things work. It allows you to fine-tune processes 

and think about things in ways that people may not have thought of before. 

Especially with environmental issues popping up, it’s going to be more useful in 

finding ways around things like fossil fuels (Demi, Erbium University, Year 3).  
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Now we’ve been trying to see if you bring two molecules that you’ve never ever seen 

before, you apply all of those different rules together, you’ll form a new molecule. If 

you followed the rules properly, and then you did it in real life, you would get the 

same answer. So I think it’s useful for if you want to design anything, any new 

material (David, Erbium, Year 3). 

Changes to students’ accounts of chemistry over time 

Table 3 shows that 29 of the 33 students’ accounts of chemistry appeared to be 

more inclusive in their third year than their initial interview (the dark shaded 

cells). In students initial interviews, none of their accounts aligned with 

categories 4 or 5, whereas in the third year interview over a third of their 

accounts did.  In five cases the account of chemistry appeared to be the same 

in terms of the outcome space (the unshaded cells). In no cases did the 

student’s account appeared to be less inclusive in their third year than their 

initial interview (the light shaded cells).  

 

 

Table 3: Relations between the category of chemistry that students expressed 

in their first and final interviews 

 3rd Year highest category  

Initial 

category1 

1 2 3 4 5 Total 

1 1 2 9 3 1 16 

2  1 4 6 1 12 

3   3 1 1 5 

4    0 0 0 

5     0 0 

Total 1 3 16 10 3 33 

1. In 30 cases this was an interview in their 

first year, in 3 cases this was in their second 

year 
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We will now shift to examine the relationships between students’ accounts of 

chemistry and changes to their account of chemistry to a number of aspects of their 

educational experiences. In examining these relationships, we acknowledge the 

limited size of our sample. This examination is intended to offer an insight into the 

factors that appeared to shape students’ understanding of chemistry but in further 

studies are needed.  

 

Tables 4 and 5 show that we did not find any clear institutional or national 

differences in students’ accounts of chemistry. Whilst Erbium University had the 

student with the largest change in the category of description that their account 

aligned with, it also had the most students who had no change, Table 5 shows that 

one English (Erbium) and one South Africa University (Samarium) had the greatest 

range in the most inclusive category of description aligned with students’ accounts of 

chemistry in their final year interview.  Whilst it is noticeable that no student studying 

in South Africa had accounts of Chemistry aligned with Category 5, this is likely to be 

due the differences in degree structure mentioned earlier with students in South 

Africa having another year’s study before reaching honours. 

Table 4: Changes to the most inclusive category of description aligned with 

students’ accounts of chemistry first and final interview by their university  

University No 

change 

+1 

category 

+2 

categories 

+3 

categories 

+4 

categories 

Total 

Erbium  3 0 5 1 1 10 

Europium 1 2 4 2 0 9 

Samarium 1 3 3 0 0 7 

Sodium 0 1 4 2 0 7 

 

 

 

 

 



 
 

 

 

19 

 

 

Table 5: The most inclusive category of description aligned with students’ 

accounts of chemistry in students’ final interview by their university  

University Category 

1 

Category 

2 

Category 

3 

Category 

4 

Category 

5 

Total 

Erbium  0 2 6 0 3 10 

Europium 0 0 7 2 0 9 

Samarium 1 2 2 2 0 7 

Sodium 0 0 1 6 0 7 

 

We examined whether the changes in students’ accounts of chemistry were related 

to other aspects of their educational experience. There appeared to be two aspects 

of the students’ experiences of education that related to the extent to which students’ 

accounts changed over the three years and the most inclusive category expressed in 

their interview. Both of these aspects were related to what students expected of 

themselves as students. The first aspect concerned whether students expected that 

they should do what was required on their degree programme (-C) or whether they 

expressed expecting that they would change as a result of their education (+C). It is 

important to be clear that students who foregrounded the expectation to do what was 

required on their programme did sometimes talk about being changed by their 

studies. The distinction being made is that they did not express this as an 

expectation of their role as students. We illustrate this difference with quotations from 

Matodzi (-C) and Mawonde (+C). These quotations are useful because Matodzi 

positions himself as an active learner but, in contrast to Mawonde, there is not a 

sense that he expects to be changed by his studies.  

 

It’s being an active learner, one who not only goes to lectures and studies but I need 

to have an inquisitive mind and learn more about my work for myself 

Matodzi, Year 2, Chemistry, Samarium University 

 

A university degree is valuable because it allows you to think in a way that a person 

who doesn’t have a degree wouldn't think... All these parts in your brain that wouldn’t 
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be at any time unlocked or unleashed or whatever, universities allows you to reach 

those parts  

Mawonde, Year 2, Chemistry, Samarium University 

 

The second aspect of students’ expectations was whether they expected to decide 

what aspects of their education to engage with (-E) or whether they expected to fully 

engage with the educational environment provided by their institution (+E). In the 

illustrative quotations below both students are focused on their individual 

expectations. However, Hayden (-E) is very clear that it is up to him to decide which 

aspects of his educational environment he draws on, whereas Sivuyile (+E) 

foregrounds an expectation that he fully engages with the educational environment 

provided by the University.  

 

I suppose educationally, it's down to me. They can't drag me to a table and make me 

work, or drag me into university and make me sit through lectures. They've not got 

any kind of responsibility, or right, to a certain degree. Because if I want a day off, I 

can have a day off. I've paid for it. That's the way I see it.  

Hayden Year 2, Chemistry, Europium University 

 

My responsibility as a student is to create a network and allow myself to 

communicate and make use of all the structures and facilities that the university has 

made available for me to better myself 

Sivuyile Year 1, Chemistry, Sodium University 

 

Table 6 shows that, across our sample, students who expressed their educational 

expectations in terms of doing what was required in their education through deciding 

which aspects of their education they engaged with (-C-E) tended to have less 

change in the way they talked about chemistry than other students. Table 7 shows 

that these students did not talk about chemistry beyond the way captured under 

Category of Description 3. Without either a sense that they expected to change 

through their studies (+C-E) or they should engage fully with the educational 

environment provided by their institution (-C+E) or both (+C+E), they appeared to 
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gain less in terms of their engagement with knowledge and develop less inclusive 

accounts than other students.  

 

Table 6: Changes to the most inclusive category of description aligned with 

students’ accounts of chemistry in their first and final interview by their 

account of their educational expectations  

 No 

change 

+1 

category 

+2 

categories 

+3 

categories 

+4 

categories 

Total 

 

-C-E 

 

5 3 3 0 0 11 

-C+E 

 

0 2 9 2 0 13 

+C-E 

 

0 0 1 2 1 4 

+C+E 

 

0 1 3 1 0 5 

-C= Expectation to do what is required on their degree programme 

+C = Expectation to change myself through their degree programme  

-E = Expectation to decide which aspects of their education they engage with 

+E = Expectation to engage fully with the educational environment provided by their 

university 
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Table 7: The most inclusive category of description aligned with students’ 

accounts of chemistry in their final interview by their account of their 

educational expectations  

 Category 

1 

Category 

2 

Category 

3 

Category 

4 

Category 5 Total 

-C-E 1 3 7 0 0 11 

-C+E 0 0 7 5 1 13 

+C-E 0 0 0 3 1 4 

+C+E 0 0 2 2 1 5 

-C= Expectation to do what is required on their degree programme 

+C = Expectation to change myself through their degree programme  

-E = Expectation to decide which aspects of their education they engage with 

+E = Expectation to engage fully with the educational environment provided by 

their university 

 

Discussion 

In discussing the significance of our outcomes, we focus on three aspects of the 

study: the relations between the structure of variation in students’ accounts of 

chemistry and those in other disciplines, how the outcomes of the study relates to 

previous studies of students’ understanding of chemistry and the significance of the 

ways in which changes to students’ accounts of chemistry appeared to be related to 

their expectations of their educational relationship with their programme and 

university.  

 

The first aspect is how the structure of the variation in students’ accounts of 

chemistry relate to the other subjects that were discussed earlier. For chemistry the 

outcome space develops from a less inclusive category of description focused on the 

doing of chemistry to a watershed category of description focused on learning about 

molecular interactions to a most inclusive category of description focused on 
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explaining in these interactions in unfamiliar situations. In common with the studies 

from other disciplines (Crawford et al. 1994, 1998; Reid 2001; Bradbeer et al. 2004; 

Reid et al. 2006; Stokes 2011; Sin et al. 2012; Wood et al. 2012; Ashwin et al. 2014), 

there is a shift from knowledge being external to the student and based on it most 

obvious features, to knowledge being placed in a disciplinary structure and then a 

shift to students developing a personal relationship to knowledge. It is important to 

be clear that whilst students can have a personal relationship to knowledge prior to 

knowledge being placed in a disciplinary structure what is important in the second 

shift is develop a personal relationship with knowledge that has been placed within 

this disciplinary structure.  

 

Whilst the different disciplines share this overall general shift, in terms of the way in 

which this relationship with knowledge within a disciplinary structure becomes 

personal is more like geography (Bradbeer et al. 2004) and geoscience (Stokes 

2011) where the way of engaging with the world is more important than the way in 

which the self is implicated by the structure of knowledge as is the case with 

accountancy (Sin et al. 2012); law (Reid et al. 2006); mathematics (Crawford et al. 

1994, 1998; Wood et al. 2012); music (Reid 2001) and sociology (Ashwin et al. 

2014). This difference is worthy of further exploration to consider whether it reflects 

differences in knowledge-as-research, knowledge-as-curriculum, or knowledge-as-

student-understanding (Ashwin 2014) or whether it is reflective of differences in the 

focus of the studies of these different disciplinary areas.  

 

In terms of the understanding that the current study offers of students’ accounts of 

engaging with knowledge in chemistry it offers something between the very general 

ways of understanding students’ accounts of knowledge (for example Baxter 

Magolda 1992,  2004) or approaching scientific reasoning (for example Flaherty 

2020) and studies of students’ understanding of particular chemical concepts 

(Johnstone 1982; Ebenezer and Erickson 1996; Case and Fraser 1999; Ebenezer 

and Fraser 2001; Taber 2019). The outcomes are aligned with recent research on 

the development of chemical thinking (Sevian and Talanquer, 2014; Sjöström and 

Talanquer, 2018; Talanquer et al., 2020) and reflect the shift from the macro to the 

sub micro level that is a key feature of the chemistry educational literature 
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(Johnstone 1982). However, these outcomes focus on the structure of students’ 

explanations of chemical phenomena whereas the current study gives an insight into 

students’ accounts of the discipline of chemistry and how they position themselves in 

relation to it.  

 

Finally, the current study shows how changes in students’ accounts of chemistry 

appear to relate to their educational expectations. It appears that where students 

expect to change through their studies themselves and/or to fully engage with their 

educational environment then they are more likely to develop more inclusive 

understandings of chemistry. Whilst it may seem strange that students tended to 

only adopt one of these positions, it makes sense that to develop a richer 

understanding of chemistry students either need to be focused on how they change 

themselves through chemistry or they need to commit to fully engaging with their 

educational environment. These are two different ways of expressing an expectation 

of engaging in an educational relationship with their studies and at least one of these 

is needed to develop a richer understanding of their discipline. Whilst this general 

outcome would be expected given previous research (for example, see Entwistle 

2018), the ways in which students educational expectations of their role as students 

is related to changes in their understanding of a particular discipline is new and 

echoes findings about changes in students’ understanding of sociology and how they 

perceive their education environment (Ashwin et al. 2016; 2017). It again highlights 

that students need to understand that a key part of their university experience is to 

enter into an educational relationship with their degree programme. It is important to 

be clear that we are not suggesting that it is solely up to students to be clear about 

their educational expectations. Rather, the implications of this observation are 

related to the ways in which degree programmes help to shape students educational 

expectations rather than to suggest we should ‘blame the student’ for not 

understanding their educational responsibilities.  

Conclusion 

In conclusion, this paper contributes to a growing body of literature that highlights the 

importance of students’ engagement with particular bodies of disciplinary and 
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professional knowledge when considering the outcomes of higher education for 

students. The study shows that students’ developing understanding of chemistry 

contributes to a way of thinking about how to engage with the world and is related to 

their educational expectations of their role as students. This adds further weight to 

arguments that considering the outcomes of higher education in generic terms 

obscures both what is central to what students’ gain through their engagement with 

knowledge and the importance of students being committed to changing themselves 

through an educational relationship with their institution if they are to maximise the 

likelihood of them making these gains.  
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