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Abstract 
This paper explores the learning benefit of an inclusive Objective Structured Practical 
Examination (OSPE) in a second-year biomolecular integrative pharmacology course to 
identify gaps in student knowledge and evaluate their confidence in applying their 
knowledge in the laboratory setting. The OSPE was co-designed through incorporating 
input from students and staff. Its introduction aimed to aid formative feedback as students 
transition from different levels of pharmacology study. While further research is needed 
to fully evaluate the long-term impact of this approach across our student cohorts, this 
project suggests that OSPEs can effectively identify key gaps in student practical skills 
and provide valuable feedback on how improvements can be made in an applied 
pharmacology setting. We anticipate that wide-spread sharing of best practices learned 
from different OSPE formats will be an inclusive educational resource for the wider 
pharmacology educator community who must teach the discipline as part of an 
integrated curriculum.  
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1. Introduction and Background 

There is growing recognition that inclusive education must meet the needs of all learners 
(Koenig & Tucker, 2025), a principle that strongly aligns with Education for Sustainable 
Development (ESD). While higher education plays a vital role in advancing ESD, creating a 
truly inclusive environment for diverse student populations remains a struggle. Scientific 
literacy is a critical component of ESD, emphasising the crucial role of education in promoting 
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a more sustainable future (Iyengar & Caman, 2022). However, integrating ESD principles, 
particularly within STEM fields, imposes significant challenges, including the need for 
inclusive educational practices that facilitate deeper student learning. In Howell (2021), active 
learning (AL) is highlighted to be a practice that enables higher-cognitive levels through 
problem-based tasks, inherently integrating ESD principles and promoting critical thinking. 
Given that AL is an umbrella term for pedagogical techniques that engage students in an activity, 
encouraging them to reflect upon material and how they are using that material (Linton et al., 
2014), Objective Structured Practical Examinations (OSPEs) can be considered an AL 
technique and have been used in combination with problem-based learning (PBL) and 
competency-based pharmacy (Dymek et al., 2022). These approaches require students to apply 
knowledge practically, fostering deeper cognitive processing beyond surface-level recall.  

As Batty & Reilly (2022) highlight, despite increased diversity in UK higher education 
institutions (HEIs), STEM fields often fail to create inclusive environments, particularly within 
the laboratory. Ensuring the inclusivity of the UK pharmacology curriculum is a key objective, 
by addressing decolonisation, democratisation, diversification, and accessibility (Tucker et al., 
2022). This aligns with the broader understanding that inclusive education must be accessible 
to all students, whilst also meeting the needs of specific groups (Bain, 2023). One way to achieve 
this is by identifying and integrating core concepts (CCs) and associated sub-concepts within 
pharmacology (Guilding et al., 2023). CCs offer a framework for inclusive pedagogy therefore 
effective integration necessitates inclusive assessment strategies. Assessments are key to student 
learning, offering feedback and identifying knowledge gaps (Bain, 2023). This study develops 
a second-year biomolecular pharmacology OSPE to pinpoint knowledge gaps as part of their 
introduction to CCs in pharmacology. Literature supports that practical application enhances 
learning (Brinkman et al., 2018), potentially increasing attainment and deepening 
understanding, which CCs can structure within inclusive assessments.  

1.1. Aligning IUPHAR-Ed Core Concepts with Accreditation Requirements within the 
Evolving Landscape of Pharmacology 

The International Society for Basic and Clinical Pharmacology Education (IUPHAR-Ed) 
Section group (Santiago et al., 2021) has developed a comprehensive list of CCs as a 
standardised tool for pharmacology curriculum benchmarking. These CCs align with the Quality 
Assurance Agency (QAA) benchmarks for UK biomedical science programmes (QAA, 2023). 
Currently being developed are resources for teaching, learning, and assessment (Guilding et al., 
2024; Babey et al., 2025; Kelly-Laubscher et al., 2025), informed by identified student 
misconceptions (Figure 1). This knowledge could help with the development of more inclusive 
strategies to support the diverse learning needs of different student cohorts who are taught 
pharmacology. Inclusive assessments cannot be planned in isolation (Bain, 2023) and instead 
should be integrated into curriculum and refined through feedback. This demands a 
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collaborative approach that considers various pedagogical considerations, taking all aspects of 
teaching and learning into account, and translates theoretical frameworks into practical 
applications. This project highlighted the use of Braun & Clarke's (2006) inductive analysis for 
identifying course knowledge gaps within OSPE performance data. Furthermore, a well-
designed inclusive assessment has the potential to assess the attainment and application of CCs. 
Simple measures could be achieved by providing extended time for students with additional 
learning requirements, offering alternative formats, and ensuring clear language in all 
instructions to accommodate diverse language backgrounds. With the appropriate analysis 
methods, these assessments can identify misunderstandings, contributing to the development of 
more effective educational resources. 

 

Figure 1. New Challenge: Customising Resources for Diverse Pharmacology Cohorts 
 The Pharmacology Community of Practice, guided by IUPHAR-Ed, is focusing on core concept 
development. The ‘New Challenge’ panel highlights a shift towards tailored resources for diverse cohorts 
to support application of concepts in the practical setting. Figure created in BioRender. 

2. Moving Towards an Inclusive Curriculum 

Through acknowledging the diversity within the pharmacology community, the British 
Pharmacological Society (BPS) is committed to innovating pharmacology teaching by making 
it more inclusive and equitable (Tucker et al., 2022). Beyond the UK, a professional network 
called the Teaching Innovation Network in Pharmacology (TINP) has advanced pedagogical 
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practices towards innovative ways of teaching pharmacology, with one of the shared objectives 
being to encourage critical thinking in students (Baños et al., 2024). The need to move beyond 
traditional teaching and assessment methods is incentivised by the understanding that 
assessments often struggle to bridge theory and practice and effectively engage students.  

2.1. Implementation of OSPE 

Typically used in clinical degrees as a practical assessment, OSPEs provide a versatile 
foundation for inclusive assessment. They provide an objective framework that allows students 
to be examined on individual practical skills, helping to identify gaps in student knowledge. By 
determining these gaps, OSPEs have the potential to direct teaching approaches and curriculum 
modifications through regular feedback between educators and students to enhance student 
learning (Lakum et al., 2023). Our stationary OSPE (rather than OSPE stations), where students 
did not move and instead were given individual trays with the necessary equipment, was 
developed for a second-year cohort of biomolecular pharmacologists (151 students). This format 
accommodated the large cohort side. With an appreciation for collaboration, our OSPE was 
developed with consultation between administration staff,  PhD students, technical staff and 
teaching staff (Figure 2). 

 

Figure 2. OSPE Development Workflow:  Refining and integrating OSPE into the curriculum included 
identifying misconceptions through various analyses. Students completed the OSPE in three groups. Initial 
screening explored student attitudes and categorised question types. Thematic analysis then identified key 
areas of misunderstanding. Figure created using BioRender. 

OSPEs have been well received in other degree disciplines (Brinkman et al., 2017), further 
evidenced in Makwana’s (2025) recent study, which revealed 70.84% of students who 
completed a traditional assessment and an OSPE, one week apart, preferred OSPEs, with only 
4% disagreeing. OSPEs also resulted in significantly higher marks. However, it should also be 
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noted that feelings of 'embarrassment' or 'intimidation' with assessor observation were also 
acknowledged in that study. This should be considered in OSPE design. To address identified 
gaps in student skills and knowledge, as observed by teaching staff, this OSPE assessed basic 
skills, like pipetting, and foundational knowledge, such as dose-response relationships. The 
OSPE was set as an informal assessment and allowed students to opt out of answering the 
question by including a ‘circle unsure’ option, aiming to reduce anxiety around assessment. 
Technical staff were integral in designing the stationary aspect of this OSPE, and other members 
of teaching staff were given checklists to objectively assess the students. This approach helped 
to minimise bias and ensure that all students have an equal opportunity to demonstrate their 
competence, knowledge and understanding of concepts fundamental to pharmacology. In one 
of the tasks, (Figure 3), students were first asked to define EC50 and then asked to highlight the 
EC50 on a concentration-response curve. This was a fundamental measurement the students had 
to derived from laboratories across the semester and is an essential term pharmacology students 
should understand. EC50 itself is a sub-concept of CC5: dose / concentration-response 
relationships and CC8: drug potency. The visualisation of the EC50 example used here clearly 
highlights the diversity in misconceptions across a single student cohort. Out of 151 students 
who completed the OSPE, 66.2% answered correctly. Out of the 33.8% of students who 
answered incorrectly, obvious knowledge gaps were identified (Panel B-G), with students 
unable to estimate EC50 placement on a sigmoidal curve (Panel H-I). This highlights the 
diversity in misconceptions across a single student cohort. 

 

Figure 3. Student representation of EC50 on a Sigmoidal Concentration–Response Curve: (A) 
Correct EC50 labelling. (B–G) Incorrect labelling, revealing knowledge gaps. (H–I) Technically correct 
labelling, but explanations showed limited understanding. Figure created in BioRender. 

771



Inclusive Pharmacology: Using OSPEs to Identify Knowledge Gaps in Pharmacology Undergraduates 
 

6 

 

3. Discussion  

Our project holds importance for the greater higher education and pharmacology community as 
OSPEs provide a versatile framework for inclusive educational resources. Given that 
pharmacology is an ever evolving, multidisciplinary field, it is unsurprising that it is a global 
struggle to decide how to inclusively teach and assess pharmacology. The expected information 
overload is the result (Guilding et al., 2023), and in turn, there has been an overdependence on 
traditional didactic teaching and rote learning. As OSPEs are adaptable, they can be tailored to 
assess a range of fundamental practical skills, learning objectives and competencies. Varying 
literature supports the use of OSPEs across clinical disciplines, as they can be used for formative 
and summative assessments (Dhar et al., 2023). OSPEs have received positive feedback both 
from students and staff (Hultgren et al., 2023). Opinion-based data, gathered from pre- and post-
OSPE surveys, can then help to develop future OSPEs further, aiming to improve student 
experience, engagement and performance overall and will be incorporated into our OSPE as 
part of future developments. This OSPE effectively identified knowledge gaps in the cohort’s 
understanding of fundamental course content. Building on this knowledge, the development of 
future OSPEs can integrate the IUPHAR-Ed CCs to identify misconceptions of these.  

Using Braun & Clarke's (2006) inductive thematic analysis, we aim to identify any 
misunderstandings revealed in student responses to OSPE questions. This method, which allows 
for coding data without preconceived themes, is particularly valuable for exploring the nuanced 
and complex qualitative data generated by student answers within the practical assessment. By 
systematically analysing how students articulate their responses and identify potential errors, 
inductive analysis can pinpoint specific areas of conceptual difficulty. Furthermore, this 
approach can highlight common behavioural patterns, such as 'competence with a lack of 
confidence' (Akbari & Sahibzada, 2020), where students possess the knowledge but express 
uncertainty in their answers. This identification can inform strategies to improve attitudes and 
inclusivity (Bain, 2023). Scaling OSPEs for larger cohorts or other disciplines that are integrated 
with pharmacology presents logistical challenges, particularly concerning laboratory space due 
to their traditional station-based design. Stationary OSPEs, using individual trays, suit basic 
skill assessments; however, equipping numerous students for advanced skill assessments is a 
challenge. Individual specialised equipment could hinder sustainable practices. 

While our primary focus at this early stage is on exploring the viability of OSPEs as an inclusive 
assessment tool for identifying knowledge gaps, we recognise the importance of quantitative 
data and comparative studies for evaluating their effectiveness. Makwana (2025) has 
demonstrated significantly higher scores with OSPEs compared to traditional assessments, 
suggesting a positive impact of OSPEs on student performance. Although further research is 
needed to assess long-term effects, our current findings indicate that OSPEs effectively identify 
student misconceptions and gaps in understanding of core concepts, while also providing 
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targeted feedback. This approach has the potential to improve student engagement, enhance 
learning outcomes, and contribute to a more inclusive and accessible learning environment 
across pharmacology curricula. 
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