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Abstract:  



Aims: To compare the academic performance of undergraduate dental students with 

known learning disabilities (LDs) to their peers.  

Methods: This study analysed the results of students in applied dental knowledge 

(ADK) progress tests across four cohorts of dental students. A mixed model analysis 

of variance (ANOVA) was conducted to compare the performance of students with 

known LDs to their peers. ADK test sitting was treated as a repeated measures 

variable, and the outcome variable of interest was percentage score on the ADK. 

Results: Students’ performance data on five ADK test sittings (ADK15, ADK16, 

ADK17, ADK18, and ADK19) by Disability showed a significant main effect of Test 

but no significant effect of Disability or any interaction between Disability and Test.  

Conclusions: This is the first study which explores the academic performance of 

dental students with a diagnosis of disability. The findings give reassurance to all 

stakeholders that, within the study population, students with LDs are not 

disadvantaged in knowledge-based assessments, demonstrating compliance with 

the legal obligations. Further research is required to explore how generalisable these 

findings are, as well as assess academic, clinical, and behavioural attributes of 

students with learning disabilities.   



Introduction 

Learning disabilities (LDs) is a generic term used in Higher Education settings to 

refer to a heterogeneous group of disorders manifesting as significant difficulties in 

the acquisition and use of listening, speaking, reading, writing, reasoning, or 

mathematical abilities, or of social skills.1, 2 LDs are commonly classified into Specific 

and Non-specific groups. Specific LDs include conditions such as Dyslexia, 

Dyscalculia, Development Coordination Disorder (DCD), Attention Deficit Disorder 

(ADD) and Attention Deficit Hyperactivity Disorder (ADHD).3, 4 Non-specific LDs are 

caused by deficits in auditory processing, visual processing, speed of processing, or 

any combination of these. LDs are the largest group of disabilities in higher 

education institutes (HEIs), including medical schools and usually reflect a 

discrepancy between an individual’s academic achievement and their apparent 

capacity to learn.2, 5  

It is estimated that approximately 6% of students enrolled at all higher educational 

levels in England during 2012-13 had specific LDs, representing an increase by over 

one third since 2008-9.6  With widening access to university education in the United 

Kingdom, the numbers are likely to rise further.7 Crucially, a large proportion of 

students in higher education are not aware of their LDs and these are typically 

investigated when students who were previously successful in their studies tend to 

struggle in medical schools.8 

It is recognised that individuals with formally assessed disabilities are under-

represented in HE in the UK.9 Given the national objectives to expand the HE sector 

and promote an inclusive culture, disability should not be considered a barrier as this 

approach may obscure talent that may be mutually beneficial to both HE and the 



individuals.10 In this regard legislation in the UK is based on The Disability 

Discrimination Act, 1995, The Disability Act, 2001 and the Equality Act, 2010.11 It 

protects disabled students from being treated “less favourably”.  Once there has 

been a disability assessment and provision of a Disabled Student Allowance (DSA), 

it is mandatory for HEIs to make specific “reasonable adjustments” to provision for 

students with disability to ensure that they are not disadvantaged.10  What is a 

reasonable adjustment is dependent on an individual’s needs but these have 

included specialist tuition support, assistive technology and assessment 

arrangements, such as extra time, readers, scribes, solo rooms and papers printed 

on different coloured paper.  

Diagnosis of LDs still carries a stigma that may result in non-disclosure of conditions 

such as dyslexia.12 Consequently, a large proportion of students with LDs may 

potentially remain undiagnosed at the start of an educational programme and may 

even graduate without a diagnosis.5 Moreover, despite the significant prevalence of 

LDs, many educators in HE including professional courses may not have adequate 

awareness of LDs.8 Under-diagnoses of LDs may have an adverse impact on 

students’ academic and clinical performance and ultimately their well-being.12 

Therefore, educational institutions need to ensure a supportive environment where 

students with disabilities feel welcome and protected.  

There is very limited published literature available on performance of dental students 

with disabilities and this study was undertaken to compare the academic 

performance of students with known LDs to their peers. Peninsula dental school 

follows an enquiry-based curriculum for the Bachelor of Dental Surgery (BDS) 

course and is based in primary care settings.13, 14 Until 2012 admission to the four-

year BDS programme was restricted to graduates. Subsequently, the BDS 



programme was extended to five years and allows entry to direct school leavers with 

10% of places reserved for graduate students. The last cohort of students enrolled 

on the four-year programme graduated in 2016. 

Dental progress testing aimed at assessing applied dental knowledge (ADK) 

constitutes the principal form of summative academic assessment at Peninsula 

dental school.15 Progress testing is a form of longitudinal feedback-oriented 

assessment which is now well-established in medical schools worldwide including 

the UK. 16-18 The standard of ADK test is set at the level of knowledge expected from 

a newly qualified graduate and mapped against the learning outcomes of dentists 

specified by the General Dental Council.19 Students from year two and beyond sit the 

same ADK tests which are conducted on multiple occasions during each academic 

year. The tests are formative in year two and summative thereafter. Students’ scores 

on ADK tests are used to measure growth in knowledge within and across each 

academic year until graduation.20 The students carry their end-of-year ADK grade to 

the next academic year to ensure continuity of assessment.  Evidence from the 

literature shows that the use of progress testing facilitates longitudinal mapping of 

students’ academic performance and allows more reliable and valid decision making 

regarding their progression.21  

This aim of this study was to investigate any differences in academic performance of 

undergraduate dental students with a known disability to their peers in dental 

progress tests.   



Methods 

Study Design: It was an exploratory study to compare the academic performance of 

students with a known learning disability with their peers. Examination data related to 

five progress test sittings conducted over a period of two years for undergraduate 

dental students was collated. Tests numbered ADK15 and 16 were conducted in the 

2014-15 academic year, while Tests 17, 18, and 19 were conducted in 2015-16 

academic year.  

Each progress test was based on 100 single best answer multiple choice items. The 

students selected their answer from one of five options or could choose a ‘Don’t 

Know’ (DK) option. A score 1 mark was awarded for each correct answer; minus 

0.25 for an incorrect answer and zero for ‘Don’t Know’. All tests were conducted on 

paper. Several adjustments were made for students with LDs including: provision of 

a separate room for each student; non-medical support staff who also functioned as 

note-takers and readers; questions printed on a cream colour paper; and allowing 

extra 20 minutes with additional rest breaks of up to 20 minutes to complete each 

test. 

Setting: Peninsula Dental School, Plymouth, United Kingdom 

Participants: The study population consisted of four cohorts of undergraduate dental 

students. The 2011-12 and 2012-13 cohorts were enrolled on a four-year BDS 

programme and sat two progress tests in each academic year. The 2011-12 cohort 

graduated after ADK16, so there is only data available for their performance in 

ADK15 and ADK16. The 2012-13 cohort sat ADK15, 16, 17, and 19. The students in 

2013-2014 and 2014-2015 cohorts were enrolled on a five-year programme and sat 



three tests in 2015-16 due to a change in frequency of progress tests from two to 

three in 2015-16.  

Data Analysis 

With regards to disability, the students were categorised as follows: 

 No known disability 

 A specific learning disability  

 Non-specific learning disabilities  

ADK was treated as a repeated measures variable, and the outcome variable of 

interest was percentage score on the ADK. All statistics were computed using 

SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 

22.0 Armonk, NY: IBM Corp.) R was used to depict differences in percentage 

ADK scores.22  



Results 

The sample size of students consisted of 250 students with 137 females and 113 

males. The distribution of sample across four cohorts is depicted in Table 1. 

Homogeneity assumptions were met in all cases (Mauchly’s and Levene’s tests as 

appropriate).  

Table 1 Distribution of students with and without disability 

 

 

 

 

 

 

 

 

 

 

With regards to the academic background of the participants, all students in the 1112 

and 1213 cohorts were graduates. The students in the 1314 cohort consisted of 53 

direct school leavers and 8 graduates; the latter included 2 graduates with specific 

LDs. The 1415 cohort included 45 direct school leavers and10 graduates. However, 

there were no graduates with any type of LDs in this cohort. 

Due to the structure of the programme and its assessments (detailed in the methods) 

there were some ADK tests which were not sat by some cohorts. To overcome this, 

the results were analyses in four separate ANOVAs (one for each cohort), thus 

Cohort Disability Status Sample Sizes (N) 

ADK15 ADK16 ADK17 ADK18 ADK19 

1112 No Known Disability 66 66 -- -- -- 

Specific LD 4 4 -- -- -- 

 Non- Specific LD 2 2 -- -- -- 

1213 No Known Disability 53 54 56 -- 56 

Specific LD 3 3 3 -- 3 

 Non- Specific LD 3 3 3 -- 3 

1314 No Known Disability 56 57 57 57 57 

Specific LD 5 5 5 5 5 

 Non- Specific LD -- -- -- -- -- 

1415 No Known Disability -- -- 48 48 48 

Specific LD -- -- 5 5 5 

 Non- Specific LD -- -- 1 1 1 



factoring out Cohort as a source of variability. Comparisons across tests and stages 

within each cohort was then conducted and the differences in growth in knowledge 

between students with and without disability are illustrated in Figure 1. 

 

 

Figure 1 Mean scores by cohort, ADK test, and Disability 

 

A 2 Test (ADK15, ADK16) by Disability (No-Known Disability, Specific LD, Non-

Specific LD) repeated measures ANOVA for the 1112 Cohort reveals a significant 

main effect of Test, such that ADK16 scores are higher than ADK15 scores 

[F(1,69)=4.934, p=.030, η2
p=.067], but no significant effect of Disability 

[F(2,69)=.880, p=.419, η2
p=.025], or any interaction between Disability and Test 

[F(2,69)=.615, p=.544, η2
p=.018]. 



 

A 4 Test (ADK15, ADK16, ADK17, ADK19) by Disability (No-Known Disability, 

Specific LD, Non-Specific LD) repeated measures ANOVA for the 1213 Cohort 

reveals a significant main effect of Test [F(3,168)=7.522, p<.001, η2
p=.118], but no 

significant effect of Disability [F(2,56)=.258, p=.773, η2
p=.009], or any interaction 

between Disability and Test [F(6,168)=1.471, p=.191, η2
p=.050]. The main effect of 

Test reveals that scores for ADK16>ADK15 (p<0.001) and ADK19>ADK15 (p=.004). 

 

A 5 Test (ADK15, ADK16, ADK17, ADK18, ADK19) by Disability (No-Known 

Disability, Specific LD, Non-Specific LD) repeated measures ANOVA for the 1314 

Cohort reveals a significant main effect of Test [F(4,236)=69.758, p<.001, η2
p=.542], 

but no significant effect of Disability [F(1,59)=1.594, p=.212, η2
p=.026], or any 

interaction between Disability and Test [F(4,236)=1.980, p=.098, η2
p=.032]. The main 

effect of Test reveals that all test scores differ significantly (p<.001) except the 

scores for ADK18 and ADK19 (p=.991). 

 

A 3 Test (ADK17, ADK18, ADK19) by Disability (No-Known Disability, Specific LD, 

Non-Specific LD) repeated measures ANOVA for the 1415 Cohort reveals a 

significant main effect of Test [F(1,102)=15.129, p<.001, η2
p=.229], but no significant 

effect of Disability [F(2,51)=.494, p=.613, η2
p=.019], or any interaction between 

Disability and Test [F(4,102)=.160, p=.958, η2
p=.006]. The main effect of Test 

reveals that scores for ADK18>ADK17 (p=.002) and ADK19>ADK17 (p<.001), but 

ADK19≈ADK18 (p=.123). 

  



Discussion  

This is a pioneering study comparing the academic performance of students with 

disability with their peers in an undergraduate dental programme. The results of this 

exploratory study show that the academic performance of students with disability 

was at par with their peers and any differences were non-significant. No comparable 

published studies were identified from the dental education literature. Nevertheless, 

the findings of this study corroborate with the results of studies on medical students 

in the UK. A longitudinal study on medical students reported that students with 

disability perform poorly in written assessments such as extended matching 

questions (EMQ), short answer question (SAQ) compared to their peers.23 However, 

these differences are mainly observed in earlier years of the programme and may be 

partly due to delayed adjustment to medical school or implementation of assessment 

concessions such as allowing extra time. Another study on medical students in years 

1 and 2 did not report any effect of LDs on examination results based on the scores 

of written assessments (EMQs, MCQs, SAQs) and Objective structured clinical 

examinations.24 However, students with LDs may find clinical environments 

particularly challenging which may affect their performance.7,8 In any case, academic 

and clinical tutors require a greater awareness and preparedness to meet the needs 

of students with LDsand design their learning resources to be more inclusive from 

the outset.25 

Although the students with disability were a small group in each cohort, our approach 

to data analyses allowed clear identification of the effects of each factor and provides 

an easily interpretable, exploratory, analysis of these effects. The assumptions of the 

analysis were met by the data (normality, skew, kurtosis, homogeneity of variance 

and residuals), though it is acknowledged that deviations from these assumptions 



may be more difficult to detect with small sample sizes. ANOVAs are generally 

considered more robust to differences in sample size than possible alternative 

analyses.26 Though this robustness is reduced in factorial designs, the proportions of 

students with and without a disability was similar across cohorts and tests, so the 

variation in sample size was not confounded with other factors. 

Over the years the government funding for disabled students in HE provided a range 

of support, including the purchase of specialist equipment and provision of support 

workers. There is now a shift away from DSA-funded support to HEI-funded support. 

From September 2016, this funding will be the responsibility of universities who will 

need to provide for non-medical support staff, including note-takers, and readers and 

examination support workers. Various stakeholders’ representative bodies including 

the National Students Union have expressed concerns at these changes as they 

may have an adverse impact on students with disability including an increase in 

graduate loan repayments.27 Therefore, the universities now have an increased level 

of responsibility and the dental schools also need to work with their parent 

universities to ensure that an appropriate level of support is provided to students with 

disability. 

With regards to the limitations of this study, the data reported is from a single 

undergraduate dental programme and it would be helpful to explore the performance 

of disabled students at other dental schools in the UK and beyond. This will be 

particularly useful in overcoming sample-size issues, allowing robust factorial and 

alternative analyses to further investigate any potential difference in performance. 

Such collaborative efforts may also enable distinctions to be drawn between different 

types of reported disability which may require different adjustments. Given that 

declaration of disability is voluntary, it is possible that some students classified as 



“No disability” in this study may not have declared any disability and / or may not 

have been assessed formally. Nevertheless, students with borderline/unsatisfactory 

academic performance are offered study skills support and are also signposted to 

the disability assessment services at the university.     

Academic performance represents only one of the several attributes expected from 

dental students. Given the challenges of clinical dentistry involving irreversible 

procedures on patients and communicating effectively with colleagues and patients, 

it would be worthwhile to compare the skills of students with disabilities to those of 

their peers.  Such studies in the future would be valuable not only to inform the 

educational policies of the government in HE but they would also provide immense 

opportunities for the dental schools to reflect on the provisions of their support 

systems and training requirements for the faculty. 

  



Conclusions 

This is the first study to address a topic which has not been investigated in dental 

education research and explores the academic performance of dental students with 

a diagnosis of LDs. The findings give reassurance to all stakeholders that students 

with LDs are not disadvantaged in knowledge-based assessments and that 

Peninsula dental school is meeting its legal obligations. The data shows that 

students with a learning disability, when assessed using the same tests of applied 

dental knowledge as their peers with no disability, perform at a similar level.  

However, these findings may be limited to the study population only. Further 

research is required to explore how generalisable these findings are, as well as 

assess academic, clinical and behavioural attributes of students with LDs. 
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