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Abstract Widening participation has been a key UK higher education policy 

for at least 20 years, but accessing university remains challenging for mature 

(aged 21+) students with low prior educational qualifications. This is 

particularly apparent in the science, technology, engineering and maths 

(STEM) disciplines, in which the lack of standard UK university matriculation 

requirements (two A levels) can increase the obstacles faced by vulnerable 

learners. Since 2013 the Open University has sought to address this by 

offering a preparatory STEM access module. In this article, the researchers 

report a comparative case study using a mixed methods approach to identify 

the extent to which the impact of a STEM access module was sustained into 

Level 4 science study. Analysis revealed that students progressing from the 

access module had a 24% greater chance of passing than a control group who 

entered the undergraduate programme directly. Results are discussed in 

relation to the increased confidence that the students acquired during their 

preparatory study. We relate the increased confidence of these students to 

two key aspects: first, an acquired tenacity, which helped learners navigate 

the initial challenging steps into undergraduate science; second, sustaining 

the confidence established by overcoming the maths fear factor.                     

Key words Mature students; widening participation; access; undergraduate 

science; low entry qualifications 

Introduction                   

This article explores two overlapping, but under-researched aspects 

of widening participation (WP) to higher education (HE) in the United 

Kingdom (UK). First are the challenges faced by mature (over 21 years 

of age at entry: HESA, 2018) learners in returning to education. 

Second, and closely linked, are the pedagogic implications of preparing 

students with low prior entry qualifications (PEQs) – below the 
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standard UK matriculation requirement of two A levels, Level 3 

Qualification and Credit Framework – to succeed in undergraduate 

(UG) study. We built on a previous study (Butcher et al., 2018) to 

explore how learners from disadvantaged backgrounds succeed in the 

science, technology, engineering and maths (STEM) disciplines. In this 

study we tracked students who began with the Open University’s Level 

0 STEM Access module and progressed successfully to study UG 

science. In the UK, the Open University uniquely teaches students in 

each of the four funding regimes (England, Scotland, Wales, Northern 

Ireland). 

Since the Dearing Report (1997), UK students from WP backgrounds 

have been identified in relation to a range of characteristics:  

• from low-participation neighbourhoods 

• from the lowest quintile of economic status 

• from specific black and minority ethnic backgrounds 

• with disabilities and/or ongoing health problems 

• mature learners who missed out at 18  

• from white working-class communities  

Guidance from the former regulator in England, the Office for Fair 

Access (OFFA, 2017), asserted that advances have been made in 

enabling more 18-year-old students from poorer backgrounds in 

England to enter HE, with a substantial increase in the number of 

economically-disadvantaged students studying in universities since 

2006 (Department of Education, 2017). However, Mountford-Zimdars 

et al. (2017) persuasively argue that opening the door is not enough – 

support is needed to enable students from disadvantaged backgrounds 

to succeed in their studies. Tinto (1993) developed a strong argument 

that academic and institutional integration is crucial in preventing 

attrition of under-represented students. Researchers and policy 

makers also increasingly understand that WP characteristics often 

intersect. For example, Clarke et al. (1999) identified rural/isolated 

learners with low socio-economic status as particularly vulnerable, and 

Heagney and Ferrier (2001) noted overlapping characteristics 

exacerbated equity issues in Australia. 

It is noteworthy that, just as participation in UK HE has increased in 

the last 20 years, numbers studying UG science degrees have also 

risen. The increases vary across science subjects: biological sciences 

increased from 34,280 in 2008 to 54,240 in 2017 while numbers 
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studying physical science went from 16,205 to 20,500 in the same 

period (UCAS, 2017). However, these figures predominantly represent 

an expansion in school leavers entering full-time HE, with acceptances 

for STEM subjects for UK 18- and 19-year-olds increasing 24% 

between 2012 and 2017 (UK Parliament, 2018).  

While such expansion is generally welcomed, there is a recognition 

that science courses are expensive to teach; and in the UK, a debate is 

growing about charging students more to study science in recognition 

of the costs (Parliamentary business, 2018; Hillman, 2018). This 

reminds us that increasing participation is not the same as WP. 

Charging higher fees for a science degree will disproportionately 

impact mature students from disadvantaged backgrounds, a group 

identified by the Office for Fair Access (OFFA, 2017) and the Office for 

Students (OfS, 2018) as more debt adverse and ‘price-sensitive’. 

Assertions from the new HE regulatory body in England, the Office 

for Students, have challenged HE to be an engine of social mobility 

(OfS, 2018). However, national policies have done little to support any 

increase in mature part-time students. Participation data shows the 

numbers of mature students engaging in HE, particularly those (the 

majority) who are only able to study part-time, has suffered a 

dramatic decline of 61% over the last decade (HESA, 2017). In 

focusing on the needs of 18-year-old HE entrants, mature learners are 

at risk of being excluded from studying sciences in university. This is a 

serious issue as rapid changes in society and in working practices 

require scientific and technological literacy. Yet for many mature 

learners it is the possession of low entry qualifications which acts as 

the most significant barrier to accessing HE, especially in STEM.  

It is worth emphasising how important it is to explore these WP 

issues through a STEM lens, since governments worldwide recognise 

the pressing need for a scientifically literate population. In the UK, the 

importance of increasing the number of STEM graduates to address 

skills gaps in the workforce has prompted the government to put in 

place a number of measures. For example, funding restrictions for 

Equivalent or Lower Qualifications (ELQ) have been relaxed for STEM 

subjects, and there has been an explicit emphasis in policies targeting 

employment opportunities requiring a background in STEM (DBIS, 

2009). If Brexit results in more limited movement of science graduates 

from the European Union (Hubble et al., 2018), opportunities for more 

low PEQ mature students to engage in successful study of UG science 

are critical for the sector. 
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However, UG study in the sciences has traditionally been perceived 

as difficult for mature learners (Klinger, 2007), particularly the maths 

element. This perception has been shared in relation to students from 

under-represented groups (Grayson, 1997). Relatively few universities 

offer science as a flexible or part-time course at scale, the kind of 

provision which would meet the needs of mature students seeking to 

study whilst working. Consequently, mature students who are reliant 

upon earning a living whilst studying can be excluded from 

opportunities to increase their employment prospects.  

 This lack of opportunity to study science flexibly/part-time persists, 

despite a national commitment to social justice which has underpinned 

a burgeoning movement to widen participation to groups traditionally 

under-represented in STEM in universities. For example, there have 

been a range of national initiatives to increase the number of women 

studying in science subjects (Thompson and Bekhradnia, 2010). 

However, the perceived difficulty of studying the sciences might 

remain a barrier to mature learners with low PEQs – a challenge 

amplified for mature students ill-equipped to pay high fees. 

Increasingly, UK universities impose high selection criteria on 

prospective science entrants. It is therefore more difficult for students 

without the requisite academic entry qualifications to enter UG study in 

the sciences. This is significant for mature learners given the English 

school system formerly forced premature specialisation, particularly by 

General Certificate of Secondary Education (GCSE) subject choices 

made in Year 9 (ages 13–14), and still does at A level (age 16). As a 

result, many mature students remain disenfranchised from the 

opportunity to study sciences later in their lives.  

Yet for the last 50 years the UK Open University (OU) has sustained 

a mission of open access to HE (it has no selection criteria for UG 

qualifications), enabling hundreds of thousands of mature students to 

successfully study science part-time through distance learning. Many 

OU STEM students, as well as being mature, come from under-

represented groups and WP backgrounds.  

In this context of open access and institutional commitment to social 

justice, our research sought to explore issues around success in UG 

science for mature students entering with low PEQs. By focusing on the 

performance of those students progressing from an OU STEM Access 

module, we were able to report on the impact of the support provided 

and the benefit to subsequent performance on progression to UG 

science degrees. In comparing this group to a similar group of mature 
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students with low PEQs who had not had the preparatory experience, 

we sought to establish the ‘Access factor’ in the context of preparing 

students for science degrees. 

Literature 

When mature students with low PEQs study science, many 

challenges are reported. Three main issues are identified in the 

literature: 

(1) maths anxiety  

Successful preparation for UG study in STEM is regularly reported as 

being dependent upon confidence and achievement in maths: Parsons 

et al. (2009) and Guo et al. (2015) note the significance of high maths 

results as a predictor of achievement in STEM. However, many adult 

learners from disadvantaged backgrounds lack confidence in their 

mathematical abilities (Coben, 2003; Jameson and Fusco, 2014), and 

this crucial self-perception, framed by self-efficacy beliefs, results in 

‘math-anxiety … an emotional, cognitive and behavioural numeracy 

gap’ (Klinger, 2007). Self-efficacy, the belief that a person can 

successfully execute a desired behaviour to result in a desired 

outcome, has been shown to be low in maths-anxious individuals 

(Bandura, 1989, 1993). However, Maloney and Beilock (2012) have 

suggested that maths anxiety is simply a proxy for low maths ability, 

meaning that individuals with maths anxiety are just less skilled or 

practised in maths problem-solving than their less anxious 

counterparts.  

 Hussar and Bailey (2009) and Kenner and Weinermann (2011) 

advocate bolstering maths skills by linking content to clear 

information. Klinger (2007) asserts that special entry programmes 

providing an alternative pathway for adult learners with a negative 

view of maths can offer transformative possibilities. Such foundation or 

access programmes focus on a pedagogy of maths processes in a 

supportive atmosphere in which learners can make mistakes without 

fear or ridicule. Examples of this supportive atmosphere were 

demonstrated in Chapman (2017) and Nunez et al. (2013), who 

suggested that there may be a place in the curriculum for low risk 

assessment purely for confidence-building.  

(2) confidence issues in STEM  

The literature on the link between anxiety levels and educational 

under-performance is well established (e.g. Goetz et al., 2012; Pekrun 
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et al., 2002), and more recently there have been studies specifically in 

a STEM context. For example, Gonzalez et al. (2017) found that 

students who experienced most anxiety in the physics class obtained 

lower academic performance levels overall, whereas students with 

more hope in obtaining good results in physics performed better. 

Interventions designed to nurture hope and reduce anxiety in physics 

classes are suggested as a way of working on these emotions and their 

predictors directly. This is likely to be especially significant in the 

context of mature students returning to education, who report bringing 

negative emotions from previous school study, including in STEM 

(Mann, 2001; Morris, 2009; Fowle and Butcher, 2019). 

The alignment between increasing self-confidence and interest in 

STEM, and a successful learner experience, is recognised by Chang and 

Cheng (2008), although they fail to establish which comes first. 

Sheldrake (2016) helpfully distinguishes between self-concept (current 

confidence), and self-efficacy (future confidence). She argues that if 

the latter is low it can be an obstacle to participation in STEM, whereas 

if the latter is too high it can limit achievement in STEM. Given that 

adult learners have, by definition, been out of education for many 

years, the steps taken to re-engage with learning are tough for 

individuals, but the impact of low confidence in relation to STEM 

appears particularly marked. 

The demands of university life are equated with under-achievement 

and drop-out in Computing Studies (Coughlan and Swift, 2011), with 

students reportedly not understanding the benefits of study skills 

courses even if they are available. In research on bioscience, Bentley 

and Allen (2006) recognise barriers which inhibit learning as including 

students ‘at-risk’ by having taken time out of education or working 

part-time. They claim universities might offer better personal tutoring 

systems and would be more effective if study skills were embedded in 

programmes.  

(3) ‘imposter syndrome’ and STEM 

Issues of poor self-perception (‘I am not good enough’) and lack of 

preparedness affect participation and retention in STEM. The term 

‘Imposter Syndrome’ was coined by Clance and Imes (1978) to 

describe the situation where sufferers felt that they were in the wrong 

place and feared that someone might ask them to leave. Several 

researchers have recognised similar feelings being expressed when 

interviewing mature students in a higher education setting (e.g. 

Chapman, 2017; Studdard, 2002; Wilans and Seary, 2011), and 
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Busher et al. (2015) stated the importance of mature learners 

developing their identities as learners: letting go of the past and 

becoming comfortable with emergent senses of identity. This issue of 

identity and success is also reported in Kasworm (2010). 

For a specific mature learner seeking to enter STEM, any of the 

issues identified above may be relevant. If the key barrier around low 

confidence (whether generic or specific to a fear of maths) is allied to 

lack of preparedness as evidenced by low entry qualifications (as is 

disproportionately likely in some under-represented groups, for 

example mature students), the impact on retention, success and 

progression is likely to be significant. For disadvantaged students of 

any age, to succeed in STEM requires resilience, tenacity and 

‘stickability’; all personal attributes associated with overcoming 

obstacles.  

Engaging with the WP literature through a STEM lens informed our 

research in three ways: we became convinced that building confidence 

in maths through a pedagogy of processes is a crucial foundation for 

mature students with low PEQs; we agreed institutions need to 

intervene to reduce mature learner anxiety via high quality tutoring; 

and we were intrigued with the idea that institutions need to prepare 

low PEQ students by developing new ‘tenacious’ learner identities. We 

decided to explore the inclusiveness of our approach, evaluating which 

elements of a preparatory programme sustained an increase in 

confidence and skills whilst lowering anxiety and fostering resilience. 

Embedding the skills required for success in STEM in an access 

programme (whether related to maths or broader studentship skills) 

reduces unfairness and appears most likely to support the success of 

mature students with low previous educational qualifications, and thus 

increase participation in STEM.  

Rationale/Context  

At the Open University part-time mature students often enter 

science degrees with low PEQs. They also commonly lack confidence in 

basic study skills and basic numeracy. In a previous paper (Butcher et 

al., 2018) we reported ways in which we sought to address these 

issues through teaching maths embedded within the science content 

rather than as a separate module, and through personalised tuition. 

We noted increased confidence in maths, particularly for students who 

had brought with them negative previous experiences, and increased 

learner confidence, as being important elements in a successful 
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science student. However, increased confidence and skills cited by the 

students at the end of the Access module were self-reported and we 

had limited data to support how these reported gains translated into 

success at the next level of study.    

Therefore, in this study, we explored how those findings, related to 

general student confidence and specific confidence in maths, might 

impact on student behaviour and achievement in subsequent study. By 

following through a sample of STEM Access students as they engaged 

with their first UG science module, we sought to establish if their new 

confidence was justified. Our primary research aims focused on 

whether there were statistically significant differences in pass, failure 

and retention rates between students who had previously studied 

Access compared to similar (disadvantaged) students entering UG 

science directly. As secondary research aims, we compared the 

performance and submission rates in the various assessment tasks. 

Our final aim was to investigate if students’ performance on the Access 

module could be linked to their perceptions of increased confidence.  

In terms of the demographics in the two student groups (Access and 

direct entry) we have adjusted comparisons to focus on those students 

entering with low PEQs. This was intended to compare like with like in 

terms of relative disadvantage (all students on Access are likely to 

have low qualifications, while plenty of students entering directly will 

possess ‘good’ entry qualifications meeting standard matriculation 

requirements, and consequently these were excluded from this 

research). Of course, there may be differences in the type of student 

who is willing to sign up for an access module in order to prepare for 

UG study (which effectively adds a year of learning) and those who are 

more in a hurry, or who believe that they can already cope with the 

demands of UG study. Attrition from the STEM Access module is 

around 30%, and in many ways the Access programme acts as a ‘safe’ 

filter for students who do not have the time to commit to their studies. 

Attrition from a first direct entry UG module is similar at around 30% 

but is nearer 40% for the more disadvantaged students (e.g. those 

with low PEQs). 

The main purpose of the STEM Access module at the OU is not only 

to reintroduce STEM subjects to students, and to embed the study 

skills required to successfully study UG STEM, but also to introduce 

students to the cultural/environmental aspects of HE study. Familiarity 

not just with what will be studied but also how it will be studied is key 

to students having confidence as they progress to their first UG 
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module. The table below indicates how the Access module compares in 

key areas to the first UG module studied as part of the OU BSc Natural 

Sciences (hereafter referred to as the ‘UG science module’). By giving 

Access students a taste of important aspects of HE study (assignment 

submission, computer-marked tests, online content delivery) alongside 

intensive tutor support, we hoped students were prepared to engage 

fully when they progressed beyond Access.  

Table 1 – a comparison of the differences and similarities between the tuition 
delivery, content and assessment on the Access module versus the UG 
science module 

Comparison of Access module to UG science module 

Element STEM Access module UG science module 
Tuition 1:1 telephone calls with tutor Group tutorials; one 

face-to-face, the 
remainder online 
  

Module content 
delivery 

Combination of print and 
online – mostly print for first 
20 weeks of module, then 10 
weeks of online 
  

Wholly online for 30 
weeks  

Assignments 3 assignments, all formative 
1 end of module assignment, 
summative (student mark 
determined on this piece) 
  

6 assignments, all 
summative  

Interactive 
computer tests 

6, all formative 10, all summative 
(carrying up to 1% of 

module total) 
  

Peer support Students have a module wide 
forum and a tutor group 
forum 

Students have a variety 
of forums available 
through the module for 
different purposes 
  

Assignment 
submission 

First assignment can be 
submitted in print, if 
necessary; the rest need to be 
submitted online  

All online submission 

 

Methodology 

In order to explore how a STEM Access module was effective in 

preparing part-time mature learners with low PEQs for their first 60-

credit UG science module, we needed multiple sources of information 

from a range of data sources. As the context of the study was highly 
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pertinent (Yin, 2004), we conducted a comparative case study (Stake, 

1995) using mixed methods, in which our case was bounded by the 

comparison between a group of OU UG science students with low PEQs 

who had begun their studies with an Access module, and a group of 

similar students who entered directly at Level 4. 

We drew on an iterative series of five data collection methods, in 

two stages. This enabled us to triangulate between student and tutor 

qualitative perceptions of the impact of the STEM Access module 

(Stage 1), and quantitative performance data to identify the extent to 

which any impact was sustained into UG learning (Stage 2). 

Institutional ethical guidance was followed, with modifications to some 

of the research instruments resulting from feedback from the 

University Ethics Committee. 

In Stage 1, the research team re-analysed the qualitative data from 

our previous study (Butcher et al., 2018) in order to identify key 

themes. We analysed secondary data (600 open text comments) from 

end-of-Access module surveys, which offered valuable context into 

how much more confident Access students felt at the end of their 

preparatory module. This became a form of ‘pre-data’ (Boyle, 1994) 

which we used to conceptualise the research question, helping us 

frame our approach to re-analysis of interview data elicited from 

students at the end of their STEM Access module.   

This data set consisted of 30 semi-structured telephone interviews 

and responses to an e-forum consultation, all from self-selected 

volunteer students. Seven volunteer students were subsequently re-

interviewed during their UG science module, prompting reflection on 

how effectively they felt the Access module had prepared them for the 

UG module. We then compared the student interview data to findings 

from 26 interviews with UG science tutors (selected as they had former 

Access students in their groups).  

Our approach to analysis drew on Corbin and Strauss’ (2008) 

concept-driven theoretical sampling, enabling us to develop ‘emergent 

partial conceptual frameworks’ (p.195), with coding arrived at through 

an inductive framework informed by Bassey’s (1995) case study work. 

In Stage 2 we sought to align these findings with analysis of student 

performance data on the first UG science module (Level 4), comparing 

direct entry students flagged as low PEQ with those similarly flagged 

who had progressed from the (voluntary) STEM Access module. We 

were particularly interested in the extent to which student and tutor 
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perceptions of enhanced confidence gained from the Access module 

were translated into performance and persistence at Level 4. 

 We analysed quantitative data on engagement and achievement of 

the 58 students with low PEQs who progressed from the Access 

module to the UG science module. We compared these with the 

performance of the 282 students with low PEQs who entered the UG 

programme directly (choosing not to study Access). We analysed four 

main aspects: 

• the percentage of assignments submitted for each assessment 

point 

• the scores on each written assessment 

• the performance in computer-marked assessments (the key 

indicator for maths engagement and skills) 

• the final module score 

Where appropriate, statistical analyses were performed using a 

student’s t-test (Chalmers and Parker, 1989). 

We are acutely aware of potential limitations in relation to the 

design of the study. In Stage 1, the interviewees, participants in e-

forums and respondents to the end of module survey were all self-

selecting volunteers and therefore may not have included students 

with a more negative perception of the impact of the Access module 

experience. This possible skewing effect was to some extent mitigated 

by the interviews with UG tutors who had a mix of students in their 

groups. We are more assured that by focusing quantitative data on 

aspects of performance for all relevant students in Stage 2 that the 

results warrant greater confidence about the sustained impact of the 

Access module in the conclusions drawn.  

Findings 

Module completion and pass rate 

Comparing the attainment of students who had studied Access prior 

to embarking on UG science, versus students who studied the UG 

science module as their first module, there were clear and statistically 

significant differences between the two groups (see Figure 1). The 

proportion of students with low PEQs who failed/did not complete the 

UG science module was much higher (42%) for students who had not 

previously studied the Access module, compared to students who had 
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studied Access first (18%). This was statistically significant using a 

student t-test at p< 0.001.  

The proportion of students who passed the module (64%) was 

greatly enhanced for students who had studied the Access module 

first, compared to students who had not studied Access (40%). Again, 

this was statistically significant using a student t-test at p < 0.001 

(Figure 1).  

Distinction rate 

On the UG science module there is an opportunity for students to 

achieve a distinction grade if they perform particularly well. There was 

no noticeable difference (see Figure 1) in the percentage of students 

attaining a distinction grade whether they had studied Access first 

(18%) or not (18%).  

 

 

Figure 1 Graphical representation of the attainment of low PEQ students who 
studied the Open University UG science module. Students who had previously 
studied the Access module are shown in light grey and students who were 
new to the University are shown in dark grey.   

The students with low PEQs who studied the Access module first 

stood a greater chance of passing the UG science module than those 

who entered the UG science module directly (Figure 1). To understand 

why this might be, we investigated performance on individual 

assessment pieces during the UG science module.  
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Performance on individual pieces of assessment 

The UG module is assessed through a series of six summative 

assignments that comprise 90% of the overall module mark and ten 

interactive computer tests that comprise the remaining 10% of the 

overall module mark. Figure 2 shows the average score on the six 

assignments for students who previously studied the Access module 

compared to students who studied UG science without taking Access. 

There were only very minor differences in the average score achieved 

by students who had previously taken the Access module compared 

with those who had not. On assignment 2 the students who had 

previously studied Access performed 1% better (86% versus 85%), on 

TMA 4 they performed the same (both groups scoring 62%) and for 

the remaining assignments (1, 3, 5 and 6) they performed a little 

worse. However, a statistical analysis using a student t-test showed 

that none of these differences were statistically significant.  

 

 

Figure 2 Graphical representation of the assignment scores of low PEQ 
students who studied the Open University UG science module. Students who 
had previously studied the Access module are shown in light grey and 
students who were new to the University are shown in dark grey. The figures 

above each bar indicate the average percentage score 

We performed a similar analysis of the interactive computer test 
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Access (see Figure 3). On the first two computer tests, students who 

had taken Access initially scored marginally better than those students 

who had not. For the remaining eight computer tests, students who 

had taken Access first performed at a lower level. For five of these 

computer tests (3, 5, 7, 8 and 10) the differences were statistically 

significant using a student t-test at p < 0.01.  

 

 

 

 

 

 

 

 

 

 

Figure 3 Graphical representation of the interactive computer marked test 
scores of low PEQ students who studied the Open University UG science 
module. Students who had previously studied the Access module are shown in 

light grey and students who were new to the University are shown in dark 
grey. The figures above each bar indicate the average percentage score 
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rate of individual pieces of assessment 

From the results presented above we have shown that students who 
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higher pass rate and a lower failure rate than those students who did 

not study Access (Figure 1). However, the assignment scores attained 

were not materially different (Figure 2) and indeed the computer-

marked tests scores were slightly worse (Figure 3). We were interested 

in what was driving the higher pass rates if it was not the assessment 

scores. We therefore investigated the number and percentage of 

students who submitted each assignment (see Table 2 and Figure 4). 
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four times as many low PEQ students who elect to have direct entry 

onto UG science rather than taking the Access module first.   

Table 2 The total number of submissions from low PEQ students on UG 

science that submitted [A] Computer marked tests or [B] assignments.  

A:        Numbers of students submitting 
computer marked tests 

Computer 

marked test 
number 

Direct entry 

low PEQ 
students 

Previous 

Access 
students 

1 212 47 

2 190 43 

3 177 42 

4 170 42 

5 169 44 

6 167 39 

7 162 38 

8 145 32 

9 149 43 

10 134 34 

B:           Numbers of students submitting 
written assignments 

Assignment 
number 

Direct entry 
low PEQ 
students 

Previous 
Access 

students 

1 236 58 

2 214 53 

3 202 50 

4 198 50 

5 189 48 

6 183 49 

Figure 4 shows that at each submission point the percentage of 

students who submitted a written assignment was much greater if they 

had studied Access before UG science. The differences were stark: on 

assignment 2 there was a 15% difference in submission rate (76% 

compared to 91%); on assignments 4 and 5 there was a 16% 

difference in submission rate. However, the greatest difference was 

found in submission of the final assignment (6), worth 40% of the 

overall assessment of the UG science module. Here there was 19% 

difference in favour of those students who had previously studied 

Access (84%) compared to those students who had not (65%). Again, 

statistical analysis showed that for all six assignments the differences 

observed were highly statistically significant at p < 0.001.  
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Figure 4 Graphical representation of the assignment submission rates of low 
PEQ students who studied the Open University UG science module. Students 
who had previously studied the Access module are shown in light grey and 
students who were new to the University are shown in dark grey. The figures 
above each bar indicate the average submission rates. 

We then investigated the percentage of students who submitted 

each interactive computer test (see Figure 5). At each submission 

point the percentage of students who submitted a computer test was 

much greater if they had studied Access before the UG science 

module. The differences were stark: on computer test 9 there was a 

25% difference in submission rate (61% compared to 86%); on 

computer test 5 there was a 19% difference in submission rate (69% 

compared to 88%). For every remaining computer test, there was an 

enhanced submission rate for students who had previously studied 

Access compared to students who had not. Again, statistical analysis 

showed that for all ten computer tests the differences observed were 

highly statistically significant at p < 0.001.  
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Figure 5 Graphical representation of the interactive computer test submission 
rates for low PEQ students who studied the Open University UG science 
module. Students who had previously studied the Access module are shown in 
light grey and students who were new to the University are shown in dark 
grey. The figures above each bar indicate the average submission rates. 

Given that the computer tests are the key place for assessing 

mathematical skills in the module, it appears that low PEQ students 

who have studied Access are far more likely to continue engaging with 

the mathematics learning and assessment throughout the module 

compared to other low PEQ students.  

Reports of increased confidence at interview 

After observing the increase in submission rates (Figures 4 and 5) 

we re-analysed the interview data from our previous study and 

explored these for comments that pertained to students reporting 

either an increase in confidence generally or an increase in maths 

confidence specifically. During the interviews we had been careful not 

to prompt students and therefore any increase in confidence they 

mentioned was self-reported. It was startling to observe that 75% of 

all students interviewed reported an increase in general confidence and 

50% reported an increase in maths confidence, with no students at all 

reporting a decrease in confidence as a result of studying the Access 

module.  

In Table 3 we report some of the information that students gave us 

about the areas they thought that they were more confident in. The 

quotations covered three themes: elevated confidence levels in their 
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maths abilities, general confidence as a learner, and reflection around 

their tenacity to keep on studying. 

Table 3 Example quotes taken from transcripts of interviews with Access 
students where they specifically mentioned observing an increase in 
confidence levels 

Student quote Nature of quote 

“But I think that the most important thing that I 

have got from this module is that I have significantly 

gained in confidence as I have found that I am better 

prepared for studying and working in the sciences…”  

General confidence  

 

“Finally, confidence.  While it is something that I still 

really struggle with, I was worried when I started the 

module that I’d fail spectacularly after a long break 

from education.  That didn’t happen, and I am now 

confident enough to want to keep going, even with 

my self-doubt.”  

General confidence 

 “When I started the module I had no confidence in 

my maths or science ability.  It had always been my 

weakest subject in school, so to achieve high marks 

in the module proved to myself if I believe I can do 

something it is possible.”  

Maths confidence 

 

“Improved maths skills: despite my initial feeling 

that I would struggle with this subject, I found that 

by going over the problems given and the solutions 

provided, it slowly started to make sense.”  

Maths confidence  

 

“Thirdly, I learned that everyone makes 

mistakes.  Not being upset about failure or rejection 

is the key success, and that most important thing is 

not where I am now with my studies but where I am 

heading to.  Therefore, I am willing to put all of my 

effort into my academic success.” 

Persistence/Tenacity  

 

Discussion 

In this study of mature low PEQ students the most striking feature 

was that students who had previously taken an Access module were 

significantly more likely to complete and pass the first UG science 

module compared with similar students who had not studied the 

Access module (Figure 1). They also reported increased confidence. 

This is of note as Morris (2009), when commenting on the increasing 
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number of WP students (including mature low PEQs) in UK HE 

institutions, noted that such students frequently lack confidence 

because they fear that their earlier, often limited, schooling will not 

equip them to succeed in such academic environments.  

Our findings align with Busher et al. (2015) who reported views 

from mature students on effective Access programmes in the UK, 

categorised as: 

‘instrumental practices that build students’ skills as learners; affective 

practices that build confidence and supportive environments for 

learning; and organisational practices that provide structural space 

and values that facilitate the implementation of the first two values’ 

(p.308). 

The Open University STEM Access module achieves the first two by 

direct student to tutor interaction on a one-to-one basis (see Butcher 

et al., 2018). 

It is worth recalling that it is not a requirement to study Access 

before embarking on an UG module at the Open University and indeed 

Table 2 shows that the majority of low PEQ students choose not to. 

However, our findings clearly indicate that those that do benefit from 

the experience. We suspect this non-engagement could be down to 

additional cost or the additional time that students need to expend in 

undertaking a module that does not formally count towards their 

degree. As Bowl (2001) indicated, mature students must fit their 

studies around financial responsibilities in addition to other factors 

such as childcare and family requirements.   

Having ascertained that the STEM Access module was effective in 

improving completion and pass rates for the UG module, we 

investigated the behaviour of low PEQ students during the UG science 

module in further detail.   

An analysis of the two main types of assessment that students were 

asked to undertake on UG science indicated that low PEQ students who 

had previously studied the Access module either performed at the 

same level (for the more highly weighted assignments – Figure 2) or at 

a slightly lower level (for the lower weighted computer-marked tests – 

Figure 3) than low PEQ students who had not. Chapman (2017), when 

reporting on suggested ways in which imposter syndrome could be 

overcome in mature students, suggested that careful use of 

assessments was one way forward. She argued that a key skill that 

students needed to develop was that of academic literacy, and clearly 

students who had already undertaken one module within the institution 
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might have enhanced this skill. Whilst the exact reason(s) for students 

performing slightly less well for the computer-marked tests cannot be 

ascertained from the data, it is tempting to speculate that students 

who have already studied one module with the OU have a greater 

degree of awareness about how the assessment is weighted and so 

can be more strategic in how much time they devote to assessment 

tasks.  

This links to the observations of Mann (2001) who showed that the 

judgement process students acquire with getting grades allows them 

to judge their ability within a ‘hierarchy of success’. Therefore, a 

student more confident in their module learning journey may think it 

preferable to concentrate efforts on learning the module material and 

submitting assignments rather than spending time on the computer-

marked tests – and to move on when they have completed sufficient 

assessment tasks rather than fall behind on the module. As most 

mature learners have jobs and/or family commitments and are time-

poor, one of the most significant risks to retention is falling behind, 

losing confidence that successfully completing the module is still an 

achievable goal. The ability to study strategically at times of pressure 

is therefore a vital skill for a mature learner. Fragoso et al. (2013) 

noted that the failure to equip mature low PEQ students with the 

necessary skills and experience to adapt to HE culture was a failure of 

the university itself rather than the individual student. Clearly 

equipping such students with the necessary knowledge at the earliest 

stage in their academic career enhances the chances that students 

make the right tactical/strategic decision when faced with a difficult 

assessment choice. 

Another possible explanation for the data in Figures 2 and 3 is that 

although we were comparing cohorts of students with low PEQs, the 

students who chose to start with Access rather than beginning the 

degree module directly may have had the lowest PEQs or perhaps had 

gained fewer relevant numeracy skills through their work (hence 

partially explaining their choice to start with Access). 

Figures 2 and 3 demonstrate that it was not increased assessment 

scores driving increased pass rates in the low PEQ students who had 

previously taken Access (observed in Figure 1). Hence, we investigated 

the submission rates for the individual pieces of assessment (written 

assessments in Figure 4 and computer assessments in Figure 5). It 

was clear that for low PEQ students who had taken the Access module 

prior to the UG module, at every opportunity (16 pieces of potential 
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assessment), a far greater percentage submitted something compared 

to students who had not taken the Access module first. This supports 

Kasworm’s (2010) statement that mature learners position their 

academic identity through academic success – and having the right 

assessment schedule and process are vital in ensuring that students 

become established learners and quickly become more confident in 

their abilities.   

From our evidence we cannot pinpoint with certainty which aspects 

of the Access module account for the enhanced submission rates. 

However, awareness of the importance of feedback gained from 

submitting assessments, and how to use feedback to improve learning, 

is something emphasised on the Access module. One student, when 

asked what had helped them on the Access module, said: ‘Learning 

how to write and receiving the feedback from the tutor, where I had 

made mistakes and how I can rectify it.’ This aligns with the advice 

given in Busher et al. (2015) who stated that a:  

‘tutor’s support [to mature students] in giving constructive positive 

feedback on assignments helped students to experience how to be 

competent learners, interrupting the ineffective study habits that 

students had previously learnt in their former unsuccessful learner 

experiences’ (p.308). 

We can speculate that, having previously studied the Access 

module, low PEQ students realise the significance of assessment and 

have an understanding that submitting even an incomplete or 

relatively weak assignment results in feedback that can assist them 

throughout the remainder of the module. Submitting something also 

means that students contribute to their overall module score. This 

accumulation of scores mean that these students stand a greater 

chance of passing overall – hence the results observed in Figure 1.  

We reflected on the lower average computer test scores in Figure 3 

for students who have previously studied the Access module. We 

wonder if studying Access first means that students are more aware of 

how the final module score is calculated, and that the computer 

assessments have relatively low weightings in the overall module 

score. Jameson and Fusco (2014) note that mature learners with low 

PEQs self-report lower levels of maths self-efficacy and higher levels of 

maths anxiety. They also show that mature learners report lower 

confidence in their ability to complete ‘academic’ maths tasks but not 

in their ability to complete more routine maths tasks. Students on our 

study, who had been exposed to similar computer tests on their 

previous access module, may have realised that the tasks were of a 
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more routine nature and so were willing to attempt them but not to 

invest much time. This might suggest that if other institutions were 

seeking ways of getting mature students to engage with maths-related 

assessment, then being particularly clear about the ways in which the 

tasks were structured, and their relative weightings, are important. OU 

computer assignments only result in computer generated feedback 

(rather than the personalised feedback advice from a tutor on written 

assignments), and students tell us they consider computer generated 

feedback less ‘threatening’ than written feedback delivered by their 

tutor. 

As the computer tests are designed primarily to test maths skills, we 

could be seeing an initially maths-poor and maths-unconfident cohort 

are prepared, after Access, to attempt maths-based assessments 

despite their difficulty with the subject. This may be because their 

overall confidence levels have been elevated as a result of studying 

Access. These students are demonstrating a level of tenacity in the 

face of difficulties which, we suspect, is exactly what is required for low 

PEQ students to succeed in their studies.  

It is of interest that traditional teaching approaches in STEM, both in 

school and university settings, have been criticised for a tendency to 

‘silo knowledge’ and privileging artificial boundaries between subjects. 

This prevents students who might have an interest across the STEM 

disciplines, or who come to STEM later in their life, from being able to 

access UG study. The key underpinning skill for science learning is 

maths but too often it is taught separately or is a ‘bolt-on’ for students 

lacking confidence in their maths ability. This amplifies the fear factor 

related to maths, and particularly impacts on older learners who may 

carry with them a negative experience of maths learning from school. 

On the Access module mathematics skills are interwoven through the 

science learning. In addition, students benefit from highly personalised 

tuition and we believe these two factors significantly increase student 

confidence in mathematics. 

 This relates to the work of Hussar and Bailey (2009) who stressed 

that enrolling mature learners in developmental mathematics courses 

linked to their main content courses was an important way to increase 

maths self-confidence. Our approach takes this one step further in 

allowing the mathematics to be taught in a seamless fashion – an 

approach supported by Kenner and Weinermann (2011) who stated 

that framing course information in a way that mature learners see as 

meaningful and relevant is the best way to get them to engage. 
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While we acknowledge the UG science module also seeks to develop 

mathematical skills in a supportive way, it is inevitably ramping up 

quickly to UG level and its pace may be overwhelming for under-

confident low PEQ students. They need the resilience learned from 

Access to persist at this more demanding academic level. 

The fact that on the UG module there is no statistical significance in 

average scores between the cohorts of low PEQ students who 

previously studied Access compared to those who did not (Figure 2 and 

Figure 3) might, at first glance, be taken to indicate that studying 

Access had not improved student skills. However, what might be 

expected in a cohort of low PEQ students (and is commonly seen in 

students directly entering the UG science module) is that the weakest 

students tend to stop submitting assignments and do not complete the 

module. In contrast, what is demonstrated in Figures 4 and 5 is that 

nearly all the students who have previously studied the Access module 

are submitting assignments throughout the UG science module, 

suggesting that both the stronger and weaker students are persisting.  

Our approach to mathematics assessment in the Access module is in 

line with recommendations given by Nunez-Pena et al. (2013) who 

stated that to encourage students to persist with the mathematical 

elements of their module then students should submit small, low 

stakes assessments throughout their module as this means that 

students accumulate credit towards their final grade. The average 

scores on the UG module that are observed for students who have 

studied Access (Figure 2 and Figure 3) are therefore likely to be the 

result of a mix of stronger and weaker students’ scores, whereas in the 

group of low PEQ students who did not take Access first, only the 

stronger students are likely to continue to submit. Hence the fact that 

there is no statistical significance in average scores between the 

cohorts of low PEQ students who previously studied Access compared 

to those who did not may be a testament to the good preparation of 

the weakest students. 

Conclusion 

From a WP perspective, it is a significant finding that low PEQ 

students who have studied the STEM Access module and progress to 

the first UG science module show increased assignment submission 

(+19%) and pass rates (+24%), compared to similar direct entry 

students. This importantly demonstrates that there is an ‘Access factor’ 

which is sustained, and that the module has supported students to 
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become ‘tenacious learners’ (for example, final quote in Table 3). This 

is a vital attribute in a cohort of mature learners with many other calls 

on their time and who, typically, have had poor previous educational 

experiences. 

Having identified increased confidence and competence in maths as 

key attributes for mature low PEQ students in STEM in our previous 

study of the Access module (Butcher et al,, 2018), we conclude critical 

findings from this follow-up study are: the extent to which Access 

students demonstrated and sustained strategic learning approaches in 

their UG science module; how Access students were much more 

confident (for example in pro-actively seeking tutor support); and the 

extent to which Access students perceived themselves to have been 

acculturated into their particular learning environment in the sciences. 

This demonstrates more than the simple benefit of general 

preparedness, by identifying the confidence accrued by mature STEM 

learners from disadvantaged backgrounds through greater student 

agency – pro-actively seeking tutor support and taking a strategic 

approach to learning. 

Whilst this research has been conducted specifically on low PEQ 

mature learners studying in a distance learning context, our findings 

have surfaced issues that are likely to affect any diverse body of STEM 

UG students; particularly those with low confidence or low previous 

educational qualifications. Enhancements to curriculum, assessment 

and tuition that benefit these students are likely to benefit all students. 
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