

[image: image1]
Pedagogical interventions and their influences on university-level students learning pharmacology-a realist review









 


	
	
TYPE Systematic Review
PUBLISHED 19 December 2023
DOI 10.3389/feduc.2023.1190672






Pedagogical interventions and their influences on university-level students learning pharmacology-a realist review

Faraz Khurshid1*†, Elizabeth O’Connor1, Rachel Thompson1,2 and Iman Hegazi1


1School of Medicine, Medical Education Unit, Western Sydney University, Campbelltown, NSW, Australia

2Institute for Interactive Media and Learning, University of Technology Sydney, Sydney, NSW, Australia

[image: image2]

OPEN ACCESS

EDITED BY
 Marina Junqueira Santiago, Macquarie University, Australia

REVIEWED BY
 Zhe Li, Osaka University, Japan
 Nilushi Karunaratne, Monash University, Australia

*CORRESPONDENCE
 Faraz Khurshid, F.Khurshid@westernsydney.edu.au; docfarz@gmail.com 

†ORCID
 Faraz Khurshid, https://orcid.org/0000-0002-1927-9991

RECEIVED 21 March 2023
ACCEPTED 20 November 2023
PUBLISHED 19 December 2023

CITATION
 Khurshid F, O’Connor E, Thompson R and Hegazi I (2023) Pedagogical interventions and their influences on university-level students learning pharmacology-a realist review. Front. Educ. 8:1190672. doi: 10.3389/feduc.2023.1190672

COPYRIGHT
 © 2023 Khurshid, O’Connor, Thompson and Hegazi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Introduction: The knowledge complexity and varied delivery formats in pharmacology education can leave students unprepared in essential pharmacotherapy skills. This significantly influences their ways of thinking and working in clinical environments, resulting in a challenging clinical transition. This need demands pedagogical innovations to strengthen pharmacology education and improve learners’ skills and competencies in pharmacotherapy. This evidence-based realist review aimed to examine the contextual factors and program theories or causal mechanisms crucial for effective pedagogical interventions in pharmacology, seeking to answer the question of ‘what works for whom, under what circumstances, how, and why’.

Method: The realist synthesis was initiated after retrieving data from Medline (OVID), Cochrane, EBSCO hosted ERIC, SCOPUS, and Embase (OVID) including other sources for additional records. The preliminary analysis enabled the establishment of context, mechanism, and outcome configurations (CMOC) and formulation and refinement of the initial program theory regarding the pedagogical interventions in pharmacology. Data synthesis iteration helped to identify the relevant context and unravel its relationships with underlying causal mechanisms through which said interventions generate outcomes of interest.

Results: A realist review analyzed 1,217 records and identified 75 articles examining a range of educational interventions from individual efforts to faculty-wide curriculum changes in pharmacology education. The key contexts for pharmacology education were troublesome content, traditional delivery methods, inadequate and limited opportunities for knowledge integration, and application. Active participation in interactive learning, along with enjoyment and motivation, was proposed as a causal mechanism for optimizing cognitive load and achieving positive outcomes. The outcomes of the review include subjective perceptions of improved confidence and satisfaction, objective measurements of high post-test scores.

Discussion: Pedagogical scaffolding in constructivist learning environments helps students overcome challenges in learning troublesome pharmacology knowledge. Considering the human cognitive system’s processing capacity, these interventions improve learning by effectively using cognitive resources. Innovations that focus on enhancing cognitive load through task construction can also promote positive emotional experiences in students, such as engagement and enjoyment, as explained by flow theory. A constructive learning environment, where the cognitive load is optimized and high flow is achieved, can maximize the impact of pedagogical interventions in pharmacology.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=160441, PROSPERO (CRD42020160441).

KEYWORDS
 realist review/synthesis, program theory, pedagogical interventions, pharmacology, social constructivism, cognitive load theory, flow theory, core concepts


Introduction

Pharmacology is encompassed by a set of discrete, but interacting, concepts that are often categorized as a complex web of ideas. A comprehensive understanding of core/key pharmacological concepts is critical for effective pharmacotherapy and drug prescription (Engels, 2018). Core pharmacological concepts are defined by their significance, endurance, challenge, applicability across contexts, and contribution to problem-solving (White et al., 2021a,b). In the undergraduate pharmacology program constructing knowledge around these core concepts and their application in clinical scenarios is imperative (Zuna and Holt, 2017). For instance, the fundamental knowledge of underlying pharmacodynamics and pharmacokinetic principles in professional practice informs health professionals’ decisions on rational dose and drug selection to produce intended clinical outcomes, in addition to the monitoring of therapeutic and adverse effects (Maxwell, 2016). Thus, a proactive and application-oriented approach to pharmacology can influence effective ways of thinking and practicing within the discipline.

Pharmacology has been widely recognized as an inherently troublesome subject to learn (Khurshid et al., 2020). Health professional students, whether in medicine, pharmacy or nursing, often face substantial difficulty applying their pharmacology knowledge in different contexts (Zuna and Holt, 2017). Many students fail to appreciate how the application of pharmacokinetics or pharmacodynamics concepts earlier in their learning journey relates to their future clinical practice. A proper understanding of fundamental principles of clinical pharmacology is required to maximize therapeutic benefit and to minimize the therapeutic errors (Zuna and Holt, 2017).

Equally important, is the counterintuitive nature of pharmacology concepts that poses problems for both experienced clinicians and novice students. Among the many complex concepts identified in pharmacology, it is not fully understood why some learners find them difficult to understand, and despite efforts to facilitate their learning, these concepts remain challenging for many students. In addition, students often struggle when it comes to holistic understanding of this basic sciences course, as it requires them to integrate biochemical, physiological and mathematical knowledge (Aronsson et al., 2015). Many students find basic science content less interesting because it does not seem clinically relevant. Even though basic science content is essential to understanding clinical practice, students may not be interested in those courses (Kolluru and Varughese, 2017). Nevertheless, these foundational sciences form a significant part of primary medical education and hold a crucial developmental function in promoting effective learning for clinical practice (Malau-Aduli et al., 2019). Furthermore, poor multidisciplinary approach often fails to establish connections across subject matter thus making the acquired knowledge inert (Harr et al., 2015).

The traditional teacher-centered learning of pharmacology neither actively engages students in higher order thinking nor stimulates the critical thinking and clinical reasoning integral to effective patient care (Kaylor, 2014; Baumann-Birkbeck et al., 2017; van Wyngaarden et al., 2019). A lack of clinically oriented teaching offers minimal opportunity for students to hone their pharmacotherapeutic skills while transitioning from the theoretical to the experiential, manifesting as an ill-preparedness for prescribing (Maxwell, 2012; Karpa et al., 2015). The didactic approach to teaching pharmacology not only lacks clinical relevance, but can also result in information overload (Nicolaou et al., 2019). The high cognitive load in pharmacology hampers learning by exhausting the working memory thus making it difficult to retain core pharmacological concepts (Mauldin, 2021). Similarly, acquisition of pharmacological skills and competencies relies on long term retention of knowledge that is also challenged by the overwhelming load of facts and concepts.

Achieving optimal learning outcomes in pharmacology courses, which are highly complex and multidisciplinary, requires significant commitment from both educators and students. It is therefore critical to create an environment that facilitates student engagement, success, and achievement in order to enhance the learning environment (Rubaiy, 2021). Numerous interventions have been undertaken so far, including blended learning, flipped classrooms, team-based learning, case-based learning, and integrated teaching modules. These have assisted students in the development of understanding that has improved their performance in exams (Persky and Dupuis, 2014; Wong et al., 2014; Gorman et al., 2015; McLaughlin et al., 2015; Yadav et al., 2016; Ambwani et al., 2017; Kurup et al., 2017). However, it is unclear whether this improved understanding is reflected in improved ways of thinking and practice of the discipline. Our interest also lies in identifying the mechanisms through which the interventions work under different contexts.

This realist review explores the emerging body of literature in pharmacology education that reports on the adoption of numerous, wide-ranging pedagogical interventions, to facilitate student understanding of the subject. It aims to identify the specific challenges that underpin the rationale for educational interventions and the mechanisms by which these pedagogical efforts make a difference in the students learning of pharmacology. Furthermore, we explore the “how” and “under which circumstances” these interventions improve/influence university-level medical students’ understanding of pharmacology, with the aim of improving ways of thinking and practicing.



Methodology


Review question

The first step undertaken in our systematic review was to formulate the review/research question. The review question, based on the PICO (population, intervention, comparative intervention or context and outcomes) framework (Wright et al., 2007) was collaboratively developed through constructive discussions among the review team and collaborators as presented in Table 1.



TABLE 1 Review question (PICO) question for the systematic review.
[image: Table1]



Eligibility criteria

All members of our research team (FK,1 EO,2 RT,3 IH4) were engaged in medical education and actively participated in teaching and learning of basic sciences courses at the undergraduate level. We developed the eligibility criteria as a review team in response to our research question, which defined the scope of the literature search, with a primary focus on pedagogical interventions in pharmacology for undergraduate medical and allied health science students. Table 2 shows the inclusion and exclusion criteria for the systematic review in terms of the PICO question.



TABLE 2 Eligibility criteria for systematic search.
[image: Table2]



Realist synthesis

We opted for a theory-driven approach of realist inquiry or synthesis, philosophically embedded in realism; it takes into account the interplay of context, mechanism and outcome (Pawson, 2006). The key concept of context either encourages or discourages the intervention. Having relational and dynamic characteristics, it shapes the causal mechanism by which the intervention works (Richmond et al., 2020). The mechanisms are emotional or cognitive responses to the interventions; they are not integral to the interventions (Wong et al., 2012). The outcome of interest is established by the context in the setting of the relevant underlying mechanisms (Wong et al., 2013). The framework that helps to understand the dynamics between “context-mechanism-outcome (CMO)” is known as CMO configuration (CMOC).



Literature mining and data searching

After registering our protocol with PROSPERO (CRD42020160441), we followed the systematic process outlined by Pawson et al. (2005) and Wong et al. (2013). The first 40 articles from an initial exploratory background search not only helped refine our review question and eligibility criteria but also informed the initial program theory (IPT).

We conducted data and evidence searches across multiple databases, including Medline (OVID), Cochrane, ERIC, SCOPUS, and Embase (OVID), covering articles published from 2013 to September 2019. The search strategy employed MeSH Terms and free text with Boolean operators, as outlined in Table 3. This search, conducted between July 30 and September 10, also encompassed additional records and grey literature from sources such as WorldCAT, Google, Open MD, EThOS British Library, OUT e-prints, and Semantic Scholars. We included unpublished studies like theses and dissertations using the same search strategy.



TABLE 3 Example of the search strategy used for EBSCO hosted ERIC.
[image: Table3]

After identification of the literature through selected databases and additional sources, we started the screening process based on the formulated review question and set of eligibility criteria discussed above. The structural outline of the systematic step by step process of screening is shown in PRISMA (preferred reporting items for systematic reviews and meta-analyses) 2020 Flow diagram (Figure 1).

[image: Figure 1]

FIGURE 1
 PRISMA Flowchart showing the search results and number of studies selected for the realist review.




Data extraction and synthesis

After completing the preliminary literature searches on educational interventions in pharmacology learning, FK randomly divided the 75 papers including additional records into three distinct pools, assigning 25 articles to each team member (IH, RT, EO) for review. To facilitate data collection, we used an Excel table based on the Context, Mechanism, Outcome Configuration (CMOC). Once data synthesis was completed by the respective team members, FK reviewed the entire pool of papers using the CMOC table, comparing it with the Excel sheets of the other team members. To ensure consistency and rigor, FK served as the common denominator across all pools, conducting cross-checks on data gathering and analysis approaches with other team members, reinforcing the process. FK also facilitated consensus building among the team regarding educational interventions to enhance the understanding and reasoning abilities of university-level medical students.

Initial CMOC drafts were created based on exploratory searches and team feedback, leading to the development of an IPT. Iterative data synthesis refined the program theory, helping us identify relevant contexts and their interaction with mechanisms to generate desired outcomes for each theory. The IPT, integrating theories like cognitive and social constructivism, cognitive load theory, and flow theory, guided the exploration of causal mechanisms in pedagogical interventions. By integrating the principles of social constructivism and cognitive load theory into pedagogical interventions, it may be possible to promote interactive knowledge construction in dynamic environments and optimize learners’ cognitive processing abilities for effectively applying acquired knowledge and skills in new situations (Sweller, 1994; Kalina and Powell, 2009). Furthermore, the flow theory posits that effective pedagogical interventions should aim to facilitate students’ flow experiences, characterized by deep engagement, enjoyment, and satisfaction in their learning activities (Schmidt, 2010).



Risk of bias (quality) assessment

In our realist review, the selection of studies and quality assessment was a continual, iterative process conducted in parallel with the data synthesis and extraction phase. Quality assessment involved multiple methods, including the appraisal of sections related to theory and evidence, to enhance the program theory. This process was critical for determining the credibility of inferences drawn by authors and promoting transparency, validity, and reliability of findings (Pawson et al., 2005; Greenhalgh et al., 2008; Kastner et al., 2011).

During the course of literature review, we employed two well-established tools, the BEME criteria and the Kirkpatrick model, to appraise the final set of articles (Harden et al., 1999; Smidt et al., 2009). The BEME criteria encouraged critical thinking, evidence-based decision-making, and teacher improvement (Harden et al., 1999). The Kirkpatrick model helped assess improvements in the acquisition and application of relevant knowledge (Smidt et al., 2009). After this assessment, FK cross-checked the results and sought input from the rest of the team members.




Results


Realist review data attributes

A total of 1,217 records were screened, with 175 full articles assessed for eligibility after title/abstract exclusion criteria were applied. Seventy articles from major bibliographic databases along with 5 additional records retrieved from different websites met the final inclusion/exclusion criteria for the realist review. The list of the 75 papers is enclosed as Appendix 1.0 in Supplementary material. Figure 2 outlines the data characteristics including the number of participants, study location/design and data collection methods.

[image: Figure 2]

FIGURE 2
 Attributes of the data retrieved from the final set of papers including the number of participants, study location, design, and data collection methods.


The variety of educational interventions ranged from individual teacher-driven endeavors to faculty-wide curriculum changes (Figure 3). These interventions were intended to assist students’ comprehension and articulation of difficult concepts of pharmacology such as understanding the fundamental principles of pharmacokinetics and pharmacodynamics. In addition, these interventions also focused on improving students’ long-term pharmacotherapeutic skills, including patient-centered communication, prescription writing and reporting adverse drug reactions (ADRs).

[image: Figure 3]

FIGURE 3
 Representation of the different types of pedagogical interventions, and their numbers, as highlighted in the papers included in the review.




Initial program theory

The preliminary analysis of the literature facilitated the inception of the initial layout of the CMO configurations, which helped to devise the initial program theory (also known as logic model). To illustrate a CMO configuration and program theory: In a low-income district health clinic (CONTEXT), community outreach and education (MECHANISM) develop trust and enhance health literacy, promoting informed healthcare decisions (OUTCOME). This program theory suggests that implementing these programs in this context will lead to improved healthcare utilization.

Our initial program theory took into account the key contexts of students struggle with the troublesome discipline of pharmacology, didactic formats of content delivery and inadequate opportunities for knowledge application. The mechanism was based on pedagogical innovations/tools that enabled students to manage the cognitive load associated with troublesome content, while also maintaining their interest and comprehension of subject knowledge. This eventually led to outcomes such as student satisfaction and improved ways of thinking and practicing in the discipline. The initial program theory states that:


“Students’ difficulty understanding pharmacology, chalk-and-talk instruction, and limited opportunities to apply their knowledge is addressed by the scaffolding provided by pedagogical innovations. Scaffolding facilitates students’ ability to cope with cognitive overload associated with overwhelming content, while retaining their interest and understanding, thus increasing student satisfaction and enhancing their ability to think and practice within the discipline.”
 



Relevant educational theories

We discovered that many pedagogical interventions, while not explicitly referencing specific educational theories, appeared to be guided by the principles and values inherent in three key theories:

i) Cognitive and Social Constructivism: This theory, rooted in the work of Jean Piaget and Lev Vygotsky, recognizes knowledge construction as an individualized process in cognitive constructivism, while in social constructivism, it emphasizes knowledge construction through dynamic interactions in a social learning environment (Kalina and Powell, 2009).

ii) Cognitive load theory: This theory focuses on developing instructional techniques that optimize the use of learners’ cognitive processing capacity, particularly in handling complex cognitive tasks (Sweller, 1994; Paas et al., 2003; Kalyuga and Plass, 2009).

iii) Flow theory: Flow theory focuses on understanding the determinants that enhance student engagement in learning, emphasizing the concept of the “flow experience” characterized by complete engagement, focus, and enjoyment (Csikszentmihalyi and Csikzentmihaly, 1990; Csikszentmihalyi, 1997; Schmidt, 2010).

These theories underpinned the pedagogical interventions, which not only acted as scaffolding aids for student learning but also facilitated effective cognitive load management and promoted flow experiences for optimal learning.



Realist synthesis outcomes in light of Miller’s pyramid

The outcomes of educational interventions can be anticipated (mastery of a skill), unanticipated (collateral effects on the participants or their workplace), positive (knowledge expansion) or negative (e.g., psychological impact of badly guided debrief session) (Graham and McAleer, 2018). The outcomes that materialized through this realist review included a mix of subjective perceptions (improved student confidence and satisfaction) and objective measurements (significantly high score in post-test, transferability of skills to authentic patient care). The outcomes generated by most of the pedagogical innovations were linked to students’ improved performance in examination or high post-test score mostly close to the intervention, suggesting short-term cognitive gain (Gaikwad and Tankhiwale, 2014; Persky and Dupuis, 2014; Thomas et al., 2014; Choudhury et al., 2015; Jones et al., 2015; Karpa et al., 2015; McLaughlin et al., 2015; Tankel, 2015; Nguyen et al., 2016; Sukhlecha et al., 2016; Tichelaar et al., 2016; Yadav et al., 2016; Dagenais et al., 2017; Islam et al., 2017; Kurup et al., 2017; MacDougall, 2017; Persky et al., 2017; Sirota, 2017; Ying et al., 2017; Al-Sallami and Loke, 2018; Bernaitis et al., 2018; Bryant et al., 2018; Chan et al., 2018; Dubovi et al., 2018; Patel et al., 2018; Hanson et al., 2019).

We observed a significant alignment between the outcomes from our realist synthesis and Miller’s pyramid of assessment in medical education (Miller, 1990). Miller’s pyramid categorizes assessment into four hierarchical processes, emphasizing different assessment types for various educational outcomes as shown in Figure 4. For instance, mastery of knowledge and skills, termed adaptive expertise, can be assessed through a range of methods. In parallel, our analysis of pedagogical interventions revealed diverse outcomes, notably enhancing comprehension of complex concepts such as pharmacokinetics concepts models which aligns with the ‘Knows’ level of Miller’s pyramid (Dagenais et al., 2017).

[image: Figure 4]

FIGURE 4
 Diagram showing alignment between realist synthesis-derived outcomes, along with the number of pedagogical interventions reported in published papers, and the distinct levels of Miller’s pyramid (Miller, 1990; Al-Eraky and Marei, 2016).


Moreover, in congruence with level 2 (Knows How), improved understanding of these core pharmacological concepts bolstered students’ confidence in interpreting pharmacokinetic data, and deepened their grasp of drug administration, side effects, errors, and knowledge gain (Zuna and Holt, 2017; Dubovi et al., 2018). This comprehensive understanding also translated into improved exam performance, simulation experiences (Cropp et al., 2018), using electronic health records (EHR) (Vana and Silva, 2014; Coons et al., 2018) and advanced pharmacy practice experiences (APPES) and licensing exams (Hirsch and Parihar, 2014; Sanko and McKay, 2017).

At level 4 (Does), students demonstrated high confidence in critical thinking, problem-solving, clinical decision-making for patient care, and the assessment of the efficacy and safety of drugs, particularly for rational prescribing, especially in clinical settings conducive to experiential learning (Karpa et al., 2015; Tichelaar et al., 2015; Howard and Gaviola, 2018). The new proposed level 5 of entrustment (trusted) of Miller’s pyramid involves more than the observation of “doing”; it reflects educators’ trust in students’ ability to respond effectively in unforeseen healthcare situations (Ten Cate et al., 2021). While most of the pedagogical implementations lacked defined outcomes that can be ascribed to level 5, the long-term implications of changes in pedagogy suggested by authors are included Teamwork/communication skill versus less “testable” evidence-based approach to medication management.



CMO configurations and statements

The iterative process helped to establish connections across the data in the form of a Context-Mechanism-Outcome (CMO) table (Figure 5), producing the final program theories. Our analysis involves the exploration of patterns and relationships among contexts, mechanisms, and outcomes. For instance, we frequently encounter the context of pharmacology as a challenging subject across many articles, where a range of pedagogical interventions has been employed. Nevertheless, the outcomes tend to vary, contingent upon the researchers’ objectives. By examining the context and outcomes, we are able to deduce or support the underlying mechanisms that underpin educational theories. This analytical approach enables us to construct Context-Mechanism-Outcome (CMO) configurations, shedding light on how specific contexts influence mechanisms to yield distinct outcomes. Throughout this journey, we consistently refine and validate these configurations, a process we bolster with a thorough literature review and insights from experts in the field.

[image: Figure 5]

FIGURE 5
 Context–mechanism– outcome configurations (CMOc) displaying the triggering effects of context on underlying mechanisms to generate a range of outcomes.


The supporting evidence leads us to four important CMO configuration narratives/statements about each context:

1) Students struggle with troublesome knowledge of pharmacology.

2) Students do not engage with didactic instructional formats.

3) Students find it difficult to understand and apply knowledge due to non-integration of basic sciences subjects.

4) Students lack opportunities to gain knowledge application from the classroom to clinical settings.



Proper scaffolding can assist in facilitating an easier grasp of troublesome knowledge [pharmacology is troublesome]


Students find it difficult to understand and internalize certain concepts in pharmacology integral to the development of discipline-related competencies. To address this issue, teachers/educators adopt pedagogical approaches as scaffolding aids to facilitate the understanding of these core concepts. Students’ active engagement with these pedagogical innovations can result in a range of emotive and cognitive responses that may influence the understanding of those troublesome concepts along with retention.
 

Students often face challenges in pharmacology, especially in comprehending the complex, mathematically intensive concepts and principles of pharmacokinetics and pharmacodynamics (Jones et al., 2015; Dagenais et al., 2017; Hall et al., 2017; Hermanns et al., 2017; Khurshid and Noushad, 2017; MacDougall, 2017; Zuna and Holt, 2017; Al-Sallami and Loke, 2018; Bryant et al., 2018; Chan et al., 2018; Khurshid et al., 2018; Patrick et al., 2018; Hanson et al., 2019). For instance, understanding the relationship between the dose and response in patients with warfarin is challenging for clinicians and students as it is “not intuitively predictable” (Al-Sallami and Loke, 2018).

To address these challenges, various pedagogical interventions, such as evidence-based strategies, gamification, molecular modeling, computer simulations, and visual aids, have been implemented (Fidalgo-Neto et al., 2014; Vana and Silva, 2014; Jones et al., 2015; Hall et al., 2017; Meyer et al., 2017; Sanko and McKay, 2017; Aggar et al., 2018; Aynsley et al., 2018; Bryant et al., 2018; Chan et al., 2018; Khurshid et al., 2018; Patrick et al., 2018; Hanson et al., 2019). The cognitive scaffolding provided by these innovations, as well as the element of fun learning that they offer, contributed to students’ improved understanding and engagement with troublesome content. Thus, enhancing their confidence and satisfaction in analyzing the complex models of pharmacokinetics and pharmacodynamics (Al-Sallami and Loke, 2018). It eventually resulted in higher post-test scores and better long-term performance in assessments.



Paradigm shift to learner-centered approach stimulates life-long learning [“chalk and talk” is not enough]


The passive “didactic lectures” with minimal emphasis on clinical application often makes students disengaged and deprives them of developing clinical skills and competencies. Lack of scaffolding and inappropriate alignment of learning outcomes imposes a high cognitive load on learners. A “paradigm shift” to a learner-centered approach facilitating contextual understanding and optimizing the cognitive load fosters student interest and enjoyment in the discipline. This may improve student satisfaction and learning experiences and prepare them as independent life-long learners.
 

This context reflects curricular challenges that students come across learning a subject that is troublesome at heart (Gaikwad and Tankhiwale, 2014; Kaylor, 2014; Trujillo et al., 2014; Wong et al., 2014; Ahsan and Mallick, 2016; Eachempati et al., 2016; Galvez-Peralta et al., 2018; Patel et al., 2018). The challenges primarily stem from didactic lectures coupled with inappropriate alignment of the learning outcomes (Gupta et al., 2014; Persky and Dupuis, 2014; Choudhury et al., 2015; Kibuule et al., 2015; Arora and Hashilkar, 2016; Nguyen et al., 2016; Islam et al., 2017; Patrick et al., 2018; Saba et al., 2019). Many European Union (EU) medical schools follow a traditional approach in teaching and assessing Clinical Pharmacology and Therapeutics (CPT), with inadequate alignment of learning outcomes and curriculum content. About 50% of teaching methods consist of formal lectures, self-directed learning through textbooks, oral and written exams, and essays (Brinkman et al., 2017). Didactic lecture-based learning, apart from lacking clinical relevance, often fosters passive learning and cognitive overload.

Amid the array of active learning strategies, curricular innovation emphasizes a shift toward learner-centered approaches that promote lifelong learning and independent problem-solving. These strategies encompass flipped teaching, blended learning, team-based learning, elective e-modules, and elective courses. These interventions not only enhance knowledge, skills, and learning satisfaction but also boost student engagement in active learning (Persky and Dupuis, 2014; Saba et al., 2019). It has also been demonstrated that active interaction among students fosters peer learning, while active communication in turn improves students’ academic performance and learning experiences (McLaughlin et al., 2015; Eachempati et al., 2016; Islam et al., 2017). Empirical data highlights team-based learning (TBL) as a more effective method for teaching pharmacy students, fostering qualitative learning, teamwork, collaboration, and lifelong learning skills, surpassing traditional lectures (Remington et al., 2017).



The integrative, multidisciplinary learning reinforces conceptual understanding for effective application [whole is better than its parts]


The standalone approach to teaching and learning pharmacology and other basic sciences subjects puts additional responsibility on students to connect disparate knowledge parts for a holistic understanding of integrated principles. The collaborative design and multidisciplinary integrative approach of basic and clinical science with proper scaffolding facilitates clinically integrated learning of pharmacology with greater satisfaction and focused attention. This may help to develop the relevant conceptual understanding of other disciplines with pharmacology cohesively in students’ minds.
 

This context highlighted how a lack of disciplinary integration hinders the holistic approach to knowledge comprehension and the transition from basic sciences to therapeutic application (Fidalgo-Neto et al., 2014; Beleh et al., 2015; Gorman et al., 2015; Islam and Schweiger, 2015; Yadav et al., 2016; Ambwani et al., 2017; Kolluru and Varughese, 2017; Kurup et al., 2017; Howard and Gaviola, 2018; Steinel et al., 2019). The realist approach demonstrated that effective integration of multidisciplinary basic science courses likely contributed to students’ improved understanding, retention and performance (Beleh et al., 2015; Gorman et al., 2015; Kurup et al., 2017).

This realist review demonstrated that multidisciplinary basic science courses, including integrated teaching modules, longitudinal multicourse progressive disclosure courses (PDC) (Howard and Gaviola, 2018), and utilization of education-centered platforms (e.g., Piazza) (Kolluru and Varughese, 2017), contribute to improved student understanding, retention, and performance. In addition to enriching students’ learning experiences, these diverse pedagogies enhanced their cognitive capabilities, logical thinking (Fidalgo-Neto et al., 2014), and their ability to effectively apply integrated knowledge in clinical scenarios for optimal patient care (Islam and Schweiger, 2015). Case-based learning in integrated courses, such as pathophysiology, medicinal chemistry, pharmacology, and therapeutics, underscores the positive impact of progressive disclosure courses on pharmacy students’ confidence in patient care skills, including information gathering, assessment, pharmacotherapy planning, and monitoring (Howard and Gaviola, 2018).



Real/simulated clinical contexts offer avenues to safe experiential learning [practice makes perfect]


The effective translation of pharmacology concepts into skills, demands the context-based application of knowledge in a real or simulated clinical environment. The gap between theoretical knowledge and practical experience of pharmacotherapeutic skills drastically affects students therapeutic decision-making aptitude, prescribing practice and adverse drug reactions reporting. Interventions aiming for interprofessional collaboration in relatively realistic settings, such as patient simulation, can familiarize students with standardized clinical scenarios and make them motivated and engaged. This theory emphasizes the pivotal role of prescribing and medication administration in patient safety, fostering the development of skills, confidence, and satisfaction essential for safe medical practice among future doctors.
 

The papers that encompassed this context are mainly based on safe experiential learning theory (Hirsch and Parihar, 2014; Thomas et al., 2014; Tittle et al., 2014; Vana and Silva, 2014; Brinkman et al., 2015; Karpa et al., 2015; Keijsers et al., 2015; Tichelaar et al., 2015; Hanson, 2016; James et al., 2016; Tichelaar et al., 2016; Dang, 2017; Funk et al., 2017; Javadi et al., 2017; King and Khan, 2017; Patel et al., 2017; Persky et al., 2017; Sanko and McKay, 2017; Tinnon and Newton, 2017; Aggar et al., 2018; Coons et al., 2018; Cropp et al., 2018; Dubovi et al., 2018; Patel et al., 2018; Hasamnis et al., 2019; Kirsch et al., 2019). The transformation of students’ understanding of pharmacology relies not only on acquiring theoretical knowledge but also on applying that knowledge in a clinical context. The absence of a structured model for contextualizing clinical application often hinders students in acquiring skills like prescribing, ADR reporting, or treatment planning (Tichelaar et al., 2016; Funk et al., 2017; King and Khan, 2017; Patel et al., 2017; Hasamnis et al., 2019). Additionally, the lack of sufficient opportunities for experiential learning hinders the development of a collaborative practice environment, crucial for optimizing learning outcomes through shared understanding and multidisciplinary knowledge application (Wilson et al., 2016; Meyer et al., 2017). Pedagogical interventions in this context underscore the importance of hands-on learning in a controlled, simulated environment to help students safely apply theoretical knowledge in a clinical setting.

To address challenges in this context, various pedagogical approaches were employed, including case-based learning and simulation of complex clinical scenarios (Hirsch and Parihar, 2014; Hasamnis et al., 2019), flipped classrooms (Hanson, 2016), medication optimization curriculum (Karpa et al., 2015), acronym-based teaching tool (King and Khan, 2017), high fidelity patient simulations (Meyer et al., 2017; Sanko and McKay, 2017; Tinnon and Newton, 2017), simulated electronic health record (EHR) case studies (Vana and Silva, 2014; Coons et al., 2018), and numerous other interventions (Tittle et al., 2014; Javadi et al., 2017; Patel et al., 2017; Cropp et al., 2018). In an interprofessional collaboration using medium-fidelity manikins for pharmacokinetics simulation, pharmacy and nursing students demonstrated effective learning, increased appreciation for pharmacology knowledge, and improved teamwork skills. They emphasized the importance of interprofessional communication and collaborative practice in enhancing patient outcomes (Cropp et al., 2018). Additionally, medical students reported positive effects when using the validated World Health Organization’s 6-step rational prescribing method for basic and clinical knowledge of pharmacotherapy education (De Vries et al., 1994). This program improved their pharmacotherapy skills, increased satisfaction with the educational process, and enhanced self-confidence in prescribing (Keijsers et al., 2015).




Discussion

In our realist review, we explore the intricate realm of pharmacology knowledge, often termed as basic, fundamental, key, or core concepts—interchangeable labels. Aronsson et al. (2015) spotlight vital core concepts in pharmacology, including pharmacodynamics, pharmacokinetics, and drug interactions. While students possess a reasonably acceptable level of knowledge about these core concepts, integrating them effectively into pharmacological interpretations remains a challenge (Aronsson et al., 2015).

Pedagogical interventions aim to enhance students’ comprehension of core pharmacological concepts. Active learning, like flower diagrams in Antimicrobial Spectrum Activity, proved effective. These diagrams, reduce cognitive load, fostering a deeper understanding (MacDougall, 2017). Hybrid diagrams merging concept and mind maps facilitate meaningful learning (Ying et al., 2017). Conceptual animations simplify core pharmacology concepts by transforming drug pharmacokinetics, pharmacodynamics, and interactions into visuals. This leverages cognitive load theory, reducing extraneous load and optimizing generative/germane load (Khurshid et al., 2018).

Furthermore, integration of core pharmacological concepts in the curriculum, as proposed by Islam and Schweiger (2015), emphasizes real-world applications for a cohesive learning experience. Nursing education suggests that an integrated curriculum, blending core pharmacological concepts with nursing care theory offers students a holistic perspective through practical applications (Bhardwaj et al., 2015).

Moreover, innovative strategies like Piazza and technology integration illustrate how leveraging technology fosters active academic discussions, reinforcing crucial pharmacological concepts (Kolluru and Varughese, 2017). These multifaceted interventions contribute to a comprehensive understanding of core pharmacological concepts, promising enduring benefits for students. The synthesized approaches provide efficient and captivating teaching methods, enhancing students’ learning journey.

Through this realist inquiry, we unveil that prior to implementing any pedagogical interventions in pharmacology learning, identifying the core and essential concepts is of utmost importance. This pivotal step holds the potential to refine learners’ ways of thinking and practicing within the discipline. Spearheading this effort is the International Union of Basic and Clinical Pharmacology (IUPHAR) Pharmacology Education Project, which supports a standardized knowledge curriculum with a specific focus on core concepts. Beyond identification, the project emphasizes the importance of focusing on essential concepts. This empowers educators to tailor their teaching to key knowledge areas, avoiding overwhelming students with unnecessary details. The goal is to streamline teaching efforts for a targeted and impactful learning experience, creating a transformative journey for pharmacology students (White et al., 2021a,b, 2023).

One significant finding in this realist review is how scaffolding can assist students in overcoming challenges associated with complex pharmacological knowledge, including its extensive terminology (Alton, 2016; MacDougall, 2017). Complex problem-solving in the context of troublesome knowledge of pharmacology is closely linked to constructivism, which views knowledge as constantly evolving through learner interaction with others and the environment (Fosnot and Perry, 1996; Cobb, 2005). Vygotsky’s constructivism highlights instructional scaffolding, where teachers guide students to expand their cognitive schema, leading to improved development potential (Vygotsky and Cole, 1978). This approach engages learners in purposeful, learner-centered activities such as idea reflection, case discussions, self-assessment of confidence, simulation, and game-based activities (Fidalgo-Neto et al., 2014; Vana and Silva, 2014; Jones et al., 2015; McLaughlin et al., 2015; Hermanns et al., 2017; Remington et al., 2017; Sanko and McKay, 2017; Zuna and Holt, 2017; Al-Sallami and Loke, 2018; Bernaitis et al., 2018; Patrick et al., 2018; Kirsch et al., 2019). Pedagogical support through active learning strategies may foster lifelong learners with enhanced confidence, critical thinking, and collaborative skills.

Interdisciplinary collaboration, a well-structured curriculum, and scaffolded experiences are essential for vertically and horizontally integrating basic and clinical sciences to foster student knowledge encapsulation (Gorman et al., 2015). Encapsulation is defined as process of grouping interconnected pieces of information into higher-level units, treating them as single elements in working memory (Kalyuga, 2013). This realist review highlights the use of multidisciplinary integration through integrated modules, online platforms, and educational software that incorporate graphics, animations, and simulations (Fidalgo-Neto et al., 2014; Gaikwad and Tankhiwale, 2014; Beleh et al., 2015; Yadav et al., 2016; Ambwani et al., 2017; Kolluru and Varughese, 2017). Integrated courses spanning medicinal chemistry, biochemistry, pharmacology, and pharmacotherapeutics promote active learning, emphasizing the relevance of core concepts to clinical practice. This multidisciplinary approach enhances students’ conceptual understanding and prepares them for the effective application of integrated knowledge in optimizing patient care (Beleh et al., 2015; Islam and Schweiger, 2015; Kolluru and Varughese, 2017; Kurup et al., 2017).

Pedagogical interventions encompassing active learning significantly enhance students’ learning through effortful engagement and the reinforcement of core concepts, promoting the connection, synthesis, and understanding of challenging constructs and ideas (McLaughlin et al., 2015; Chan et al., 2018). These active learning strategies include case-based learning, flipped classroom (Persky and Dupuis, 2014), team-based learning (TBL), discussion-based learning, blended learning (McLaughlin et al., 2015), interactive e-learning module (Gaikwad and Tankhiwale, 2014; Patel et al., 2018) gamification (Aynsley et al., 2018; Patrick et al., 2018) and patient simulations (Zuna and Holt, 2017). For instance, simulations, as a straightforward active learning strategy, integrate lecture material into real-life clinical settings, fostering communication skills and peer collaboration among pharmacy students (Dang, 2017). Pharmacology, as a fundamental medical sciences course, is well-suited for interprofessional education, given its relevance to multiple health professions (Javadi et al., 2017; Meyer et al., 2017). Interprofessional education enhances collaborative skills, attitudes, and practice for improved patient care. A study by Meyer et al. (2017) demonstrated higher satisfaction among nursing and pharmacy students with a simulation activity, highlighting the benefits of an interprofessional, realistic, and team-based approach to pedagogy.

In this context, these interventions yield diverse outcomes for students at different stages of their undergraduate education. For instance, pedagogical support aimed at addressing challenging knowledge and didactic lectures improves students’ understanding and knowledge retention, reflected in enhanced exam scores (Karbownik et al., 2016; Islam et al., 2017; Arcoraci et al., 2019). For students in transition years, the interventions yielded improved competence in solving pharmacokinetic problems and transferability of skills for patient care (Dang, 2017; Zuna and Holt, 2017; Al-Sallami and Loke, 2018). Advanced students exhibit a high level of confidence in identifying, preventing, correcting, and communicating drug errors, particularly with prescription writing, fostering a more rational approach to prescribing (Kirsch et al., 2019). Furthermore, a shift toward a learner-centered approach in elective and capstone pharmacotherapy courses actively engages students, enhancing their learning, confidence, and competence (Trujillo et al., 2015; Remington et al., 2017).

Tailoring pedagogical guidance to learners’ expertise levels, employing a scaffolding approach, can alleviate cognitive load (Kalyuga et al., 2003; Van Merrienboer and Sweller, 2005; Kalyuga, 2007). While many pedagogical interventions address characteristics of the cognitive framework, they often overlook cognitive load reduction as a fundamental mechanism underlying their effectiveness. To address the challenges in pharmacology education, educators should promote student-centered learning through innovative pedagogy that aligns with cognitive load theory principles, motivating and engaging students in meaningful learning (Kaylor, 2014; Mauldin, 2021).

The cognitive load theory provides design principles and strategies to enhance learning by reducing extraneous, managing intrinsic, and optimizing germane load (van Merrienboer and Sweller, 2010). The integration of these principles and strategies in pedagogical interventions sheds light on how this support is effective. For example, medical educators have introduced innovative tools like 3D printed molecular models, two-and three-dimensional visualizations, and computer-based multiscale models of the Pharmacology Inter-Leaved Learning-Cells environment to teach molecular modeling concepts related to drug-receptor and enzyme interactions (Hall et al., 2017; Dubovi et al., 2018; Hanson et al., 2019). Pharmacy students found the activity valuable, describing it as an “A-ha” moment that illustrated how molecules fit together and how binding sites work, significantly enhancing their understanding of essential pharmacological concepts for medication management. Additionally, it expanded their understanding of biochemical processes, improving their pharmacology learning beyond specific topics (Hall et al., 2017; Dubovi et al., 2018; Hanson et al., 2019). Visualization methods utilizing animation can eliminate barriers to understanding by simplifying complex cognitive processes and reduces the cognitive effort of mentally working out the interactions involved (Beyond, 2001). This realist review observes how pedagogical support as molecular modeling tools or computational models optimizes cognitive load to improve students’ understanding of complex pharmacological concepts.

Simulation as a pedagogical tool enhances clinical reasoning and decision-making while preparing students for applying theoretical knowledge in a safe environment. Fidelity, representing the simulator’s resemblance to real clinical practice, is an essential concept (Dieckmann et al., 2007; Cook et al., 2011; Benedict et al., 2013; Smith et al., 2014; Arcoraci et al., 2019). The beginner/junior students need learning in a relatively low fidelity environment that help to reduce the cognitive load (Reedy, 2015). This realist review observes second-year nursing students’ use of low-fidelity simulation for time management improved confidence and readiness for clinical drug administration (Aggar et al., 2018). Meyer et al. (2017) found that nursing and pharmacy students’ experience with high-fidelity simulation improved their pharmacology knowledge and application and emphasized the importance of interprofessional teamwork (Meyer et al., 2017). Although the design principles and strategies endorsed by Cognitive Load theory states that working from low to high fidelity environments can help to manage the intrinsic load (van Merrienboer and Sweller, 2010), this experience deviated from cognitive load theory’s recommended transition from low to high fidelity, indicating the context of interprofessional learning positively influenced students’ perception of pharmacology knowledge and interprofessionalism while managing intrinsic load.

This review identified emotional responses as the underlying mechanisms for translating pedagogical interventions into intended outcomes. Emotions significantly impact learning and cognitive processes, including perception, attention, memory, and reasoning (Clore and Palmer, 2009; Kensinger, 2009; LeBlanc et al., 2015). Emotions can either enhance memory and future recall or hinder information retrieval during moments of anxiety and stress, as seen in paramedics’ drug dosage calculations (LeBlanc, 2009). Learners’ experiences of satisfaction, enjoyment, enthusiasm, and interest can lead to a state known as “Flow” or “Flow experience” within an optimal balance between task challenge and skill level (Chang et al., 2018). Achieving this balance enhances learning, while an imbalance may lead to anxiety or boredom (Csikzentmihalyi, 1975, 1997). For example, final year pharmacy students’ engagement in creating well-crafted multiple-choice questions (MCQs) for an advanced clinical pharmacy program led to a constructive learning experience. A workshop on MCQ development helped them overcome the challenge of writing quality questions, improving their skills and making learning enjoyable in a less stressful environment. This not only boosted their satisfaction, motivation, and knowledge but also enhanced their assessment grades (Saba et al., 2019). The balance achieved in writing MCQs aligns with the flow experience observed in this flipped exam model.

The flow framework, which provides design principles for creating engaging elements in games, is an effective tool for studying the learning process in game-based learning (Kiili et al., 2012). High flow during gamification is linked to increased learner enjoyment, comfort, focused attention, and control of learning, resulting in better performance (Chang et al., 2018). Research has shown that adding gamification elements to online courses enhances learner engagement and performance (Hanus and Fox, 2015; Buckley and Doyle, 2016). This realist review observed comparable learners’ experiences associated with game-based learning ranging from enjoyment, engagement, satisfaction, knowledge gain, to yielding better performance. Although the game designers consider factors contributing to flow experience, they usually do not refer to it directly with flow theory (Perttula et al., 2017). Utilizing a participatory design approach based on the proposed principles of flow theory can enhance the effectiveness of gamification (Kiili et al., 2012).

A strong inverse correlation exists between flow experience and cognitive load, significantly impacting learning outcomes (Chang et al., 2018). The student’s experience in the zone of proximal development shares similarities with the intrinsically satisfying flow experience, characterized by challenges slightly exceeding skills (Csikszentmihalyi and Rathunde, 1992, 2014). Flow theory highlights the importance of balancing challenge and skill for optimal learning. Moreover, balancing cognitive load, as argued by Sewell (2021), effectively navigates intrinsic and extraneous demands, safeguarding working memory for germane load, thus integrating optimal alignment between challenge and skill conditions for an ideal learning experience. This underscores a crucial equilibrium for successful learning navigation. This realist review illuminates pedagogical interventions facilitating student interest and enjoyment in the discipline in addition to reducing the cognitive load (Kaylor, 2014; Tankel, 2015; Khurshid and Noushad, 2017; MacDougall, 2017; Khurshid et al., 2018).

Finally, the realist focus determines “why” the pedagogical interventions are effective. Understanding the challenges gives us insight into the “why.” Interventions primarily targeted the troublesome discipline of pharmacology, emphasizing complex concepts, content delivery, integration, and application. The majority of the interventions were effective since they were aimed at minimizing the gap between theoretical knowledge and clinical application (Vana and Silva, 2014; Kurup et al., 2017; Meyer et al., 2017; Sanko and McKay, 2017; Bernaitis et al., 2018), thus eliciting improvised practices and ways of thinking. Moreover, their effectiveness lies in the fact that they reinforce students’ knowledge (McLaughlin et al., 2015; Eachempati et al., 2016; Kolluru and Varughese, 2017; Remington et al., 2017; Tinnon and Newton, 2017) and prepare them as self-directed learners (Gaikwad and Tankhiwale, 2014; Persky and Dupuis, 2014; Patel et al., 2018; Saba et al., 2019). These interventions were included in the course curriculum to improve student learning in conjugation with the provision of clinical application of the knowledge. In conclusion, the desired outcomes of most of these interventions were favorable for students’ cognitive gain and knowledge application.

The realist lens we applied provides a unique insight into pedagogical interventions focusing on three critical variables in pharmacology education: content, learners’ motivation (self-drive), and the learning environment. These interventions fall into two broad categories, digital (online) and in-class approaches, each playing a significant role in shaping the learning experiences of undergraduate medical professional courses.

In terms of content, in-class approaches often adopt an integrated curriculum, capstone courses, small group discussions, teamwork, role-play games, and mind mapping. These methods deliver immediate results, enhancing test scores, promoting teamwork, critical thinking, and, importantly, boosting motivation. Learners are driven to engage with challenging content, which aligns with principles of social constructivism, emphasizing interaction and collaboration (Choudhury et al., 2015; Gorman et al., 2015; Jones et al., 2015; Karpa et al., 2015; James et al., 2016; Nguyen et al., 2016; Kurup et al., 2017; Ying et al., 2017).

Conversely, online interventions leverage technology to create an environment that can impact motivation. They employ diverse molecular modeling techniques, visual learning approaches, e-learning modules, gamification, and low to high fidelity simulations, providing a deep understanding of complex concepts related to drug-receptor and enzyme interactions, biochemical processes, and essential pharmacological knowledge (Hanson, 2016; Hall et al., 2017; Meyer et al., 2017; Coons et al., 2018; Hanson et al., 2019). These tailored and personalized learning environments not only optimize cognitive load, preventing learners from feeling overwhelmed, but also foster a state of flow where students are fully engaged and motivated throughout their learning journey, making the experience highly effective.

In the context of the modern, technology-driven world, in-class pedagogical interventions and digital/online approaches harmoniously complement each other, forming the foundation of blended learning. This approach significantly enhances learners’ ways of thinking and practicing, particularly in challenging subjects like pharmacology. Grounded in constructivism and viewed through the realist lens, this holistic approach strikes a balance between cognitive load, motivation, and effective learning strategies. As we evaluate the effectiveness of online and in-class interventions, it’s crucial to consider the preferences and needs of pharmacology students. Understanding their learning styles and inclinations can guide us in tailoring the pedagogical approach that best suits their educational journey and how they can operationalize the domains of knowing, acting, and being.


Strengths and limitations

We undertook an innovative approach, marking our first attempt to identify why pharmacology interventions work, for whom, and in what contexts. It provided us with valuable insights about context and outcomes, offering practical information for educators and policymakers, especially in the field of pharmacology education. Our iterative and triangulated analysis fostered consensus and uncovered previously unreported outcomes, addressing a gap in scientific papers. We believe it adds depth to our understanding of the causal mechanisms behind these interventions, making it a valuable tool for evidence-informed decision-making.

Conducting a realist review proved resource-intensive for us, demanding substantial time and expertise for extensive data collection and analysis. The complexity of implementing this approach, particularly for researchers new to realist methods, posed a challenge. The process involved selecting educational theories to define causal mechanisms, which required our careful consideration. The iterative data collection added to the time-consuming nature of our research process. While we acknowledge these limitations, the insights we gained have the potential to inform future research and practice in the field of pharmacology education.




Conclusion

Pedagogical innovations aid medical and allied health sciences students in acquiring an understanding of core to complex concepts in pharmacology. These innovations impact students ‘ways of thinking and practicing, foster interprofessional education, reduce cognitive load, and enhance learning experiences, ultimately improving exam performance. The review emphasizes the interplay between constructivism, cognitive load, and flow theories to enhance pedagogical effectiveness, making it a valuable design principle for future implementation. By seamlessly integrating these pedagogical innovations over time, educational institutions can create a sustainable framework or design principle that consistently nurtures student engagement and performance in pharmacology. This holistic approach contributes to producing well-prepared professionals committed to patient-centered care and safety.



Practical implications

The practical implications of this research underline how educators can enhance the curriculum and redefine effective teaching and learning in pharmacology. By adopting pedagogical interventions centered around scaffolding and active learning strategies, educators empower students to grasp troublesome pharmacological concepts and improve their engagement. Effective teaching involves managing cognitive load and cultivating an atmosphere of enjoyment and satisfaction, ultimately leading to enhanced ways of thinking and practicing. Armed with these insights, educators can revitalize their instructional approaches, optimizing the learning journey for pharmacology students.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

FK, EO’C, RT, and IH collaborated on formulating the review question and establishing eligibility criteria. The team generated a protocol that was registered with PROSPERO. FK conducted the exploratory search, resulting in 70 papers from regular databases and 5 additional records for final screening. The team conducted an iterative process of examining primary studies and data synthesis using CMOc, leading to the refinement of the program theory. FK carried out data extraction using the CMOc spreadsheet, and IH, EO’C, and RT examined the consistency and patterns generated and their relationship with the program theory. FK presented the findings and conclusions derived during the process of data synthesis to the review team. Finally, FK drafted the manuscript, which was revised meticulously by IH, EO’C, and RT for content, ultimately giving their approval to the final submission. The exploratory search helped devise the initial program theory and CMOc, while the iterative process enabled the refinement of the program theory. Overall, the collaborative efforts of the team members allowed for a thorough and thoughtful review of the literature. All authors contributed to the article and approved the submitted version.



Funding

This study was a part of PhD project supported from Western Sydney University.



Acknowledgments

I would like to express my sincere appreciation to three individuals who played a crucial role in the successful completion of this realist review. First, I express my sincere gratitude to our medical librarian, Lily Collison, for her invaluable guidance in initiating the data collection process for this review. Her expertise and support were essential during the search across bibliographic databases, providing valuable insights into conducting searches across different sources, using Boolean operators, applying MeSH terminologies, and searching grey literature, ensuring the completeness and accuracy of our literature review. Secondly, I am grateful to Azhar Saud Ansari for his exceptional graphics-related support, which transformed our findings into visually appealing and compelling diagrams. His attention to detail and willingness to go above and beyond have been truly appreciated. Finally, I wish to express my appreciation for Anna Richmond’s invaluable guidance and support in navigating the realm of realist philosophy. She introduced me to “Realist and MEta-narrative Evidence Syntheses: Evolving Standards” (RAMSES), where I became a part of the listserv email community. The insightful discussions and wealth of knowledge shared on this platform proved to be immensely informative and instrumental in my research.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/feduc.2023.1190672/full#supplementary-material



Footnotes

1   Faraz Khurshid.

2   Elizabeth O Connor.

3   Rachel Thompson.

4   Iman Hegazi.



References

 Aggar, C., Bloomfield, J. G., Frotjold, A., Thomas, T. H. T., and Koo, F. (2018). A time management intervention using simulation to improve nursing students' preparedness for medication administration in the clinical setting: a quasi-experimental study. Collegian 25, 105–111. doi: 10.1016/j.colegn.2017.04.004

 Ahsan, M., and Mallick, A. K. (2016). Use of prelecture assignment to enhance learning in pharmacology lectures for the 2(nd) year medical students. Indian J. Pharmacol. 48, S65–S68. doi: 10.4103/0253-7613.193326

 Al-Eraky, M., and Marei, H. (2016). A fresh look at Miller's pyramid: assessment at the ‘is’ and ‘Do’ levels. Med. Educ. 50, 1253–1257.

 Al-Sallami, H., and Loke, S. K. (2018). Learning a complex dose-response relationship with the computer simulation CoaguSim. Curr. Pharm. Teach. Learn. 10, 1406–1413. doi: 10.1016/j.cptl.2018.07.009

 Alton, S. (2016). Learning how to learn: Meta-learning strategies for the challenges of learning pharmacology. Nurse Educ. Today 38, 2–4. doi: 10.1016/j.nedt.2016.01.003

 Ambwani, S., Vegada, B., Sidhu, R., and Charan, J. (2017). Impact of integrated teaching sessions for comprehensive learning and rational Pharmacotherapeutics for medical undergraduates. Int. J. Appl. Basic Med. Res. 7, S57–S61. doi: 10.4103/ijabmr.IJABMR_130_17

 Arcoraci, V., Squadrito, F., Altavilla, D., Bitto, A., Minutoli, L., Penna, O., et al. (2019). Medical simulation in pharmacology learning and retention: a comparison study with traditional teaching in undergraduate medical students. Pharmacol. Res. Perspect. 7:e00449. doi: 10.1002/prp2.449

 Aronsson, P., Booth, S., Hagg, S., Kjellgren, K., Zetterqvist, A., Tobin, G., et al. (2015). The understanding of core pharmacological concepts among health care students in their final semester. BMC Med. Educ. 15:235. doi: 10.1186/s12909-015-0522-z

 Arora, K., and Hashilkar, N. K. (2016). Effectiveness of student-led objective tutorials in pharmacology teaching to medical students. Indian J. Pharmacol. 48, S78–S82. doi: 10.4103/0253-7613.193321

 Aynsley, S. A., Nathawat, K., and Crawford, R. M. (2018). Evaluating student perceptions of using a game-based approach to aid learning: Braincept. High. Educ. Pedag. 3, 478–489. doi: 10.1080/23752696.2018.1435296

 Baumann-Birkbeck, L., Florentina, F., Karatas, O., Sun, J., Tang, T., Thaung, V., et al. (2017). Appraising the role of the virtual patient for therapeutics health education. Curr. Pharm. Teach. Learn. 9, 934–944. doi: 10.1016/j.cptl.2017.05.012

 Beleh, M., Engels, M., and Garcia, G. (2015). Integrating a new medicinal chemistry and pharmacology course sequence into the PharmD curriculum. Am. J. Pharm. Educ. 79:13. doi: 10.5688/ajpe79113

 Benedict, N., Schonder, K., and McGee, J. (2013). Promotion of self-directed learning using virtual patient cases. Am. J. Pharm. Educ. 77:151. doi: 10.5688/ajpe777151

 Bernaitis, N., Baumann-Birkbeck, L., Alcorn, S., Powell, M., Arora, D., and Anoopkumar-Dukie, S. (2018). Simulated patient cases using DecisionSim improves student performance and satisfaction in pharmacotherapeutics education. Curr. Pharm. Teach. Learn. 10, 730–735. doi: 10.1016/j.cptl.2018.03.020

 Beyond, L. R. “Eye-candy”: Improving learning with animations Victoria: Apple University Consortium (2001).

 Bhardwaj, P., Bhardwaj, N., Mahdi, F., Srivastava, J., and Gupta, U. (2015). Integrated teaching program using case-based learning. Int. J. Appl. Basic Med. Res. 5:S24.

 Brinkman, D. J., Tichelaar, J., Okorie, M., Bissell, L., Christiaens, T., Likic, R., et al. (2017). Pharmacology and therapeutics education in the European Union needs harmonization and modernization: a cross-sectional survey among 185 medical schools in 27 countries. Clin. Pharmacol. Ther. 102, 815–822. doi: 10.1002/cpt.682

 Brinkman, D. J., Tichelaar, J., van Agtmael, M. A., de Vries, T. P., and Richir, M. C. (2015). Self-reported confidence in prescribing skills correlates poorly with assessed competence in fourth-year medical students. J. Clin. Pharmacol. 55, 825–830. doi: 10.1002/jcph.474

 Bryant, S. G., Correll, J. M., and Clarke, B. M. (2018). Fun with pharmacology: winning students over with Kahoot! Game-based learning. J. Nurs. Educ. 57:320. doi: 10.3928/01484834-20180420-15

 Buckley, P., and Doyle, E. (2016). Gamification and student motivation. Interact. Learn. Environ. 24, 1162–1175. doi: 10.1080/10494820.2014.964263

 Chan, P., Kim, S., Garavalia, L., and Wang, J. (2018). Implementing a strategy for promoting long-term meaningful learning in a pharmacokinetics course. Curr. Pharm. Teach. Learn. 10, 1048–1054. doi: 10.1016/j.cptl.2018.05.013

 Chang, C. C., Warden, C. A., Liang, C. Y., and Lin, G. Y. (2018). Effects of digital game-based learning on achievement, flow and overall cognitive load. Australas. J. Educ. Technol. 34, 155–167. doi: 10.14742/ajet.2961

 Choudhury, S., Pradhan, R., Sengupta, G., Das, M., Chatterjee, M., Roy, R. K., et al. (2015). Let's 'play' with molecular pharmacology. Educ. Health (Abingdon) 28, 83–86. doi: 10.4103/1357-6283.161922

 Clore, G. L., and Palmer, J. (2009). Affective guidance of intelligent agents: how emotion controls cognition. Cogn. Syst. Res. 10, 21–30. doi: 10.1016/j.cogsys.2008.03.002

 Cobb, P. (2005). “Where is the mind? A coordination of socio-cultural and cognitive constructivist principles” in Constructivism: Theories, perspective and practice (New York: Teachers College Press, Columbia University)

 Cook, D. A., Hatala, R., Brydges, R., Zendejas, B., Szostek, J. H., Wang, A. T., et al. (2011). Technology-enhanced simulation for health professions education: a systematic review and meta-analysis. JAMA 306, 978–988. doi: 10.1001/jama.2011.1234

 Coons, J. C., Kobulinsky, L., Farkas, D., Lutz, J., and Seybert, A. L. (2018). Virtual electronic health record technology with simulation-based learning in an acute care pharmacotherapy course. Pharmacy (Basel). 6:28. doi: 10.3390/pharmacy6040123

 Cropp, C. D., Beall, J., Buckner, E., Wallis, F., and Barron, A. (2018). Interprofessional pharmacokinetics simulation: pharmacy and nursing Students' perceptions. Pharmacy (Basel). 6:20. doi: 10.3390/pharmacy6030070

 Csikszentmihalyi, M. (1997). Finding flow: The psychology of engagement with everyday life. New York, NY, USA: Basic Books.

 Csikszentmihalyi, M., and Csikzentmihaly, M. (1990). Flow: the psychology of optimal experience New York: Harper & Row.

 Csikszentmihalyi, M., and Rathunde, K. (1992). The measurement of flow in everyday life: toward a theory of emergent motivation. Neb. Symp. Motiv. 40, 57–97.

 Csikszentmihalyi, M., and Rathunde, K. (2014). The development of the person: an experiential perspective on the ontogenesis of psychological complexity. Appl. Flow Hum. Dev. Educ., 7–79.

 Csikzentmihalyi, M. Beyond boredom and anxiety : San Francisco: Jossey-Bass; (1975).

 Dagenais, R., Barry, A. R., and Ensom, M. H. H. (2017). 'The bus analogy': a new analogy to help pharmacy students conceptualize the well-stirred model. Curr. Pharm. Teach. Learn. 9, 639–643. doi: 10.1016/j.cptl.2017.03.014

 Dang, Y. H. (2017). Using simplistic simulations to enhance learning in a nephrology pharmacotherapeutics module. Curr. Pharm. Teach. Learn. 9, 898–902. doi: 10.1016/j.cptl.2017.05.021

 De Vries, T. P., Henning, R. H., Hogerzeil, H. V., Fresle, D. A., and Policy, M., World Health Organization. (1994). Guide to good prescribing: a practical manual (No. WHO/DAP/94.11). Geneva: World Health Organization.

 Dieckmann, P., Gaba, D., and Rall, M. (2007). Deepening the theoretical foundations of patient simulation as social practice. Simul. Healthc. 2, 183–193.

 Dubovi, I., Dagan, E., Sader Mazbar, O., Nassar, L., and Levy, S. T. (2018). Nursing students learning the pharmacology of diabetes mellitus with complexity-based computerized models: a quasi-experimental study. Nurse Educ. Today 61, 175–181. doi: 10.1016/j.nedt.2017.11.022

 Eachempati, P., Kiran Kumar, K. S., and Sumanth, K. N. (2016). Blended learning for reinforcing dental pharmacology in the clinical years: a qualitative analysis. Indian J. Pharmacol. 48, S25–S28. doi: 10.4103/0253-7613.193315

 Engels, F. (2018). Pharmacology education: reflections and challenges. Eur. J. Pharmacol. 833, 392–395. doi: 10.1016/j.ejphar.2018.06.032

 Fidalgo-Neto, A. A., Alberto, A. V., Bonavita, A. G., Bezerra, R. J., Bercot, F. F., Lopes, R. M., et al. (2014). Pharmavirtua: educational software for teaching and learning basic pharmacology. Adv. Physiol. Educ. 38, 368–371. doi: 10.1152/advan.00033.2014

 Fosnot, C. T., and Perry, R. S. (1996). Constructivism: a psychological theory of learning. Construct. Theory Perspect. Pract. 2, 8–33.

 Funk, K. A., Kolar, C., Schweiss, S. K., Tingen, J. M., and Janke, K. K. (2017). Experience with the script concordance test to develop clinical reasoning skills in pharmacy students. Curr. Pharm. Teach. Learn. 9, 1031–1041. doi: 10.1016/j.cptl.2017.07.021

 Gaikwad, N., and Tankhiwale, S. (2014). Interactive E-learning module in pharmacology: a pilot project at a rural medical college in India. Perspect. Med. Educ. 3, 15–30. doi: 10.1007/s40037-013-0081-0

 Galvez-Peralta, M., Szklarz, G. D., Geldenhuys, W. J., and Lockman, P. R. (2018). An effective approach to teaching pharmacogenomics in the first year of pharmacy curriculum. Am. J. Pharm. Educ. 82:6345. doi: 10.5688/ajpe6345

 Gorman, L., Carrizosa, J., and Balkwill, D. (2015). Integrating antimicrobial pharmacology teaching using multidisciplinary faculty and diverse pedagogy across the preclinical curriculum. Med. Sci. Educ. 26, 13–19. doi: 10.1007/s40670-015-0183-x

 Gorman, L., Castiglioni, A., Hernandez, C., Asmar, A., Cendan, J., and Harris, D. (2015). Using preclinical high-fidelity medical simulations to integrate pharmacology and physiology with clinical sciences. Med. Sci. Educ. 25, 521–532.

 Graham, A. C., and McAleer, S. (2018). An overview of realist evaluation for simulation-based education. Adv. Simul. 3:13. doi: 10.1186/s41077-018-0073-6

 Greenhalgh, T, Robert, G, Bate, P, Macfarlane, F, and Kyriakidou, O. Diffusion of innovations in health service organisations: a systematic literature review. (2008).

 Gupta, K., Arora, S., and Kaushal, S. (2014). Modified case based learning: our experience with a new module for pharmacology undergraduate teaching. Int. J. Appl. Basic Med. Res. 4, 90–94. doi: 10.4103/2229-516X.136786

 Hall, S., Grant, G., Arora, D., Karaksha, A., McFarland, A., Lohning, A., et al. (2017). A pilot study assessing the value of 3D printed molecular modelling tools for pharmacy student education. Curr. Pharm. Teach. Learn. 9, 723–728. doi: 10.1016/j.cptl.2017.03.029

 Hanson, J. (2016). Surveying the experiences and perceptions of undergraduate nursing students of a flipped classroom approach to increase understanding of drug science and its application to clinical practice. Nurse Educ. Pract. 16, 79–85. doi: 10.1016/j.nepr.2015.09.001

 Hanson, J., Andersen, P., and Dunn, P. K. (2019). Effectiveness of three-dimensional visualisation on undergraduate nursing and midwifery students' knowledge and achievement in pharmacology: a mixed methods study. Nurse Educ. Today 81, 19–25. doi: 10.1016/j.nedt.2019.06.008

 Hanus, M. D., and Fox, J. (2015). Assessing the effects of gamification in the classroom: a longitudinal study on intrinsic motivation, social comparison, satisfaction, effort, and academic performance. Comput. Educ. 80, 152–161. doi: 10.1016/j.compedu.2014.08.019

 Harden, J. G., Buckley, G., and IR Hart, R. (1999). BEME guide no. 1: best evidence medical education. Med. Teach. 21, 553–562.

 Harr, N., Eichler, A., and Renkl, A. (2015). Integrated learning: ways of fostering the applicability of teachers' pedagogical and psychological knowledge. Front. Psychol. 6:738. doi: 10.3389/fpsyg.2015.00738

 Hasamnis, A. A., Arya, A., and Patil, S. S. (2019). Case-based learning: our experience in clinical pharmacology teaching. J. Pharm. Bioallied Sci. 11, 187–189. doi: 10.4103/jpbs.JPBS_135_18

 Hermanns, M, Deal, B, Hillhouse, S, Opella, JB, Faigle, C, and Campbell, RH. Using an “escape room” toolbox approach to enhance pharmacology education. (2017).

 Hirsch, A. C., and Parihar, H. S. (2014). A capstone course with a comprehensive and integrated review of the pharmacy curriculum and student assessment as a preparation for advanced pharmacy practice experiences. Am. J. Pharm. Educ. 78:192. doi: 10.5688/ajpe7810192

 Howard, M. L., and Gaviola, M. L. (2018). Progressive disclosure cases: the design and evaluation of use in multiple therapeutics courses. Curr. Pharm. Teach. Learn. 10, 723–729. doi: 10.1016/j.cptl.2018.03.001

 Islam, M. A., Sabnis, G., and Farris, F. (2017). The trilayer approach of teaching physiology, pathophysiology, and pharmacology concepts in a first-year pharmacy course: the TLAT model. Adv. Physiol. Educ. 41, 395–404. doi: 10.1152/advan.00047.2017

 Islam, M. A., and Schweiger, T. A. (2015). Students' perception of an integrated approach of teaching entire sequence of medicinal chemistry, pharmacology, and pharmacotherapeutics courses in PharmD curriculum. J. Pharm. Pract. 28, 220–226. doi: 10.1177/0897190014544821

 James, H., Tayem, Y. I., Al Khaja, K. A., Veeramuthu, S., and Sequeira, R. P. (2016). Prescription writing in small groups as a clinical pharmacology educational intervention: perceptions of Preclerkship medical students. J. Clin. Pharmacol. 56, 1028–1034. doi: 10.1002/jcph.692

 Javadi, M. R., Khezrian, M., Sadeghi, A., Hajimiri, S. H., and Eslami, K. (2017). An interprofessional collaboration between medicine and pharmacy schools: designing and evaluating a teaching program on practical prescribing. J. Res. Pharm. Pract. 6, 178–181. doi: 10.4103/jrpp.JRPP_17_16

 Jones, J. S., Tincher, L., Odeng-Otu, E., and Herdman, M. (2015). An educational board game to assist PharmD students in learning autonomic nervous system pharmacology. Am. J. Pharm. Educ. 79:114. doi: 10.5688/ajpe798114

 Kalina, C., and Powell, K. (2009). Cognitive and social constructivism: developing tools for an effective classroom. Education 130, 241–250.

 Kalyuga, S. (2007). Expertise reversal effect and its implications for learner-tailored instruction. Educ. Psychol. Rev. 19, 509–539. doi: 10.1007/s10648-007-9054-3

 Kalyuga, S. (2013). Enhancing transfer by learning generalized domain knowledge structures. Eur. J. Psychol. Educ. 28, 1477–1493. doi: 10.1007/s10212-013-0176-3

 Kalyuga, S., Ayres, P., Chandler, P., and Sweller, J. (2003). The expertise reversal effect. Educ. Psychol. 38, 23–31. doi: 10.1207/S15326985ep3801_4

 Kalyuga, S., and Plass, J. L. (2009). Evaluating and managing cognitive load in games. Handb. Res. Effect. Electr. Gam. Educ. IGI Glob., 719–737.

 Karbownik, M. S., Wiktorowska-Owczarek, A., Kowalczyk, E., Kwarta, P., Mokros, L., and Pietras, T. (2016). Board game versus lecture-based seminar in the teaching of pharmacology of antimicrobial drugs--a randomized controlled trial. FEMS Microbiol. Lett. 363. doi: 10.1093/femsle/fnw045

 Karpa, K. D., Hom, L. L., Huffman, P., Lehman, E. B., Chinchilli, V. M., Haidet, P., et al. (2015). Medication safety curriculum: enhancing skills and changing behaviors. BMC Med. Educ. 15:234. doi: 10.1186/s12909-015-0521-0

 Kastner, M., Estey, E., Perrier, L., Graham, I. D., Grimshaw, J., Straus, S. E., et al. (2011). Understanding the relationship between the perceived characteristics of clinical practice guidelines and their uptake: protocol for a realist review. Implement. Sci. 6, 1–9.

 Kaylor, S. K. (2014). Preventing information overload: cognitive load theory as an instructional framework for teaching pharmacology. J. Nurs. Educ. 53, 108–111. doi: 10.3928/01484834-20140122-03

 Keijsers, C. J., Segers, W. S., de Wildt, D. J., Brouwers, J. R., Keijsers, L., and Jansen, P. A. (2015). Implementation of the WHO-6-step method in the medical curriculum to improve pharmacology knowledge and pharmacotherapy skills. Br. J. Clin. Pharmacol. 79, 896–906. doi: 10.1111/bcp.12575

 Kensinger, E. A. (2009). Remembering the details: effects of emotion. Emot. Rev. 1, 99–113. doi: 10.1177/1754073908100432

 Khurshid, F., and Noushad, B. (2017). Integration of graphic medicine in teaching pharmacology to optometry students. MedEdPublish. :6.

 Khurshid, F., Noushad, B., Spanjers, I. A., and Al-Darwashi, J. (2018). Concept animation-a potential instructional scaffolding. MedEdPublish. :7.

 Khurshid, F., Noushad, B., and Whitehead, D. (2020). Threshold concepts in the discipline of pharmacology - a preliminary qualitative study of students’ reflective essays. Health Profess. Educ. 6, 256–263. doi: 10.1016/j.hpe.2019.12.001

 Kibuule, D., Ilonga, S., Kaisto, T., Adorka, M., and Rennie, T. (2015). An evaluation of the 'CRAMPS' pedagogy in pharmacology: perspectives of medical students at the University of Namibia. Pharm. Educ. 15, 124–130.

 Kiili, K., de Freitas, S., Arnab, S., and Lainema, T. (2012). The design principles for flow experience in educational games. 4th International Conference on Games and Virtual Worlds for Serious Applications (Vs-Games'12) doi: 10.1016/j.procs.2012.10.060

 King, M., and Khan, S. (2017). The development and piloting of "ATTEND DR," a clinical teaching tool to identify and prioritize potential causes of adverse drug reactions. Curr. Pharm. Teach. Learn. 9, 66–71. doi: 10.1016/j.cptl.2016.08.040

 Kirsch, V., Johannsen, W., Thrien, C., Herzig, S., and Matthes, J. (2019). "hopefully, I will never forget that again" - sensitizing medical students for drug safety by working on cases and simulating doctor-patient communication. GMS J. Med Educ 36:Doc17. doi: 10.3205/zma001225

 Kolluru, S., and Varughese, J. T. (2017). Structured academic discussions through an online education-specific platform to improve Pharm.D. Students learning outcomes. Curr. Pharm. Teach. Learn. 9, 230–236. doi: 10.1016/j.cptl.2016.11.022

 Kurup, S., Jungsuwadee, P., and Sakharkar, P. (2017). A team-based assignment to integrate basic science and Pharmacotherapeutic principles for anticancer agents. Am. J. Pharm. Educ. 81:93. doi: 10.5688/ajpe81593

 LeBlanc, V. R. (2009). The effects of acute stress on performance: implications for health professions education. Acad. Med. 84, S25–S33. doi: 10.1097/ACM.0b013e3181b37b8f

 LeBlanc, V. R., McConnell, M. M., and Monteiro, S. D. (2015). Predictable chaos: a review of the effects of emotions on attention, memory and decision making. Adv. Health Sci. Educ. Theory Pract. 20, 265–282. doi: 10.1007/s10459-014-9516-6

 MacDougall, C. (2017). A novel teaching tool combined with active-learning to teach antimicrobial Spectrum activity. Am. J. Pharm. Educ. 81:25. doi: 10.5688/ajpe81225

 Malau-Aduli, B. S., Alele, F. O., Heggarty, P., Teague, P.-A., Gupta, T. S., and Hays, R. (2019). Perceived clinical relevance and retention of basic sciences across the medical education continuum. Adv. Physiol. Educ. 

 Mauldin, B. (2021). A novel teaching strategy in nursing pharmacology: learning using cognitive load theory. Nurs. Educ. Perspect. 42, E158–E160. doi: 10.1097/01.Nep.0000000000000814

 Maxwell, S. R. (2012). An agenda for UK clinical pharmacology: how should teaching of undergraduates in clinical pharmacology and therapeutics be delivered and assessed? Br. J. Clin. Pharmacol. 73, 893–899.

 Maxwell, S. R. (2016). Rational prescribing: the principles of drug selection. Clin. Med. (Lond.) 16, 459–464. doi: 10.7861/clinmedicine.16-5-459

 McLaughlin, J. E., Gharkholonarehe, N., Khanova, J., Deyo, Z. M., and Rodgers, J. E. (2015). The impact of blended learning on student performance in a cardiovascular pharmacotherapy course. Am. J. Pharm. Educ. 79:24. doi: 10.5688/ajpe79224

 Meyer, B. A., Seefeldt, T. M., Ngorsuraches, S., Hendrickx, L. D., Lubeck, P. M., Farver, D. K., et al. (2017). Interprofessional education in pharmacology using high-fidelity simulation. Curr. Pharm. Teach. Learn. 9, 1055–1062. doi: 10.1016/j.cptl.2017.07.015

 Miller, G. E. (1990). The assessment of clinical skills/competence/performance. Acad. Med. 65, S63–S67. doi: 10.1097/00001888-199009000-00045

 Nguyen, T., Wong, E., and Pham, A. (2016). Incorporating team-based learning into a physician assistant clinical pharmacology course. J. Physician Assist. Educ. 27, 28–31. doi: 10.1097/jpa.0000000000000061

 Nicolaou, P., El Saifi, M., McCrorie, P., and Nicolaou, S. (2019). The impact of using virtual patients in pre-clinical pharmacology teaching. Eur. J. Clin. Pharmacol. 75, S62–S63.

 Paas, F., Tuovinen, J. E., Tabbers, H., and Van Gerven, P. W. M. (2003). Cognitive load measurement as a means to advance cognitive load theory. Educ. Psychol. 38, 63–71. doi: 10.1207/S15326985ep3801_8

 Patel, R. V., Chudow, M., Vo, T. T., and Serag-Bolos, E. S. (2018). Evaluation of pharmacy students' knowledge and perceptions of pharmacogenetics before and after a simulation activity. Curr. Pharm. Teach. Learn. 10, 96–101. doi: 10.1016/j.cptl.2017.09.012

 Patel, P. B., Patel, T. K., Anturlikar, S., Khatun, S., Bhabhor, P., and Saurabh, M. K. (2017). Adverse drug reactions reporting by undergraduate medical students in a tertiary care teaching hospital of India: content and quality analysis in comparison to physician reporting. Perspect. Clin. Res. 8, 137–144. doi: 10.4103/2229-3485.210453

 Patel, P. B., Patel, T., Saurabh, M. K., and Thakkar, S. (2018). Perceptions and effectiveness of use of E-learning in pharmacology education. J. Clin. Diagn. Res. 12, Fc6–Fc12. doi: 10.7860/Jcdr/2018/35791.11829

 Patrick, S., Vishwakarma, K., Giri, V. P., Datta, D., Kumawat, P., Singh, P., et al. (2018). The usefulness of crossword puzzle as a self-learning tool in pharmacology. J. Adv. Med. Educ. Prof. 6, 181–185.

 Pawson, R. (2006). Evidence-based policy: a realist perspective London: Sage.

 Pawson, R., Greenhalgh, T., Harvey, G., and Walshe, K. (2005). Realist review--a new method of systematic review designed for complex policy interventions. J. Health Serv. Res. Policy 10, 21–34. doi: 10.1258/1355819054308530

 Persky, A. M., and Dupuis, R. E. (2014). An eight-year retrospective study in "flipped" pharmacokinetics courses. Am. J. Pharm. Educ. 78:190. doi: 10.5688/ajpe7810190

 Persky, A. M., Wells, M. A., Sanders, K. A., Fiordalisi, J., Downey, C., and Anksorus, H. N. (2017). Improving dental Students' long-term retention of pharmacy knowledge with "medication minutes". J. Dent. Educ. 81, 1077–1084. doi: 10.21815/JDE.017.062

 Perttula, A., Kiili, K., Lindstedt, A., and Tuomi, P. (2017). Flow experience in game based learning - a systematic literature review. Int. J. Serious Games 4, 57–72. doi: 10.17083/ijsg.v4i1.151

 Reedy, G. B. (2015). Using cognitive load theory to inform simulation design and practice. Clin. Simul. Nurs. 11, 355–360. doi: 10.1016/j.ecns.2015.05.004

 Remington, T. L., Bleske, B. E., Bartholomew, T., Dorsch, M. P., Guthrie, S. K., Klein, K. C., et al. (2017). Qualitative analysis of student perceptions comparing team-based learning and traditional lecture in a Pharmacotherapeutics course. Am. J. Pharm. Educ. 81:55. doi: 10.5688/ajpe81355

 Richmond, A., Cooper, N., Gay, S., Atiomo, W., and Patel, R. (2020). The student is key: a realist review of educational interventions to develop analytical and non-analytical clinical reasoning ability. Med. Educ. 54, 709–719. doi: 10.1111/medu.14137

 Rubaiy, H. N. (2021). Strategies to inspire students’ engagement in pharmacology courses. Pharmacy. 9:70.

 Saba, M., Metry, I., Lucas, C., and Saini, B. (2019). Evaluation of a flipped examination model implemented in a final-year undergraduate Pharmacotherapeutics course. Am. J. Pharm. Educ. 83:6568. doi: 10.5688/ajpe6568

 Sanko, J. S., and McKay, M. (2017). Impact of simulation-enhanced pharmacology education in Prelicensure nursing education. Nurse Educ. 42, S7–S32. doi: 10.1097/NNE.0000000000000409

 Schmidt, JA. Flow in education In: EB Penelope Peterson and Barry McGaw, eds International encyclopedia of education (3rd) Amsterdam: Elsevier (2010).

 Sewell, J. L. (2021). Going with the cognitive (load theory) flow. Med. Educ. 55.

 Sirota, NR. Nursing Students' academic performance with flipped classroom pedagogy in nursing pharmacology Tuscaloosa: The University of Alabama (2017).

 Smidt, A., Balandin, S., Sigafoos, J., and Reed, V. A. (2009). The Kirkpatrick model: a useful tool for evaluating training outcomes. J. Intellect. Develop. Disabil. 34, 266–274. doi: 10.1080/13668250903093125

 Smith, M. A., Mohammad, R. A., and Benedict, N. (2014). Use of virtual patients in an advanced therapeutics pharmacy course to promote active, patient-centered learning. Am. J. Pharm. Educ. 78:ARTN 125. doi: 10.5688/ajpe786125

 Steinel, N., Palmer, G. C., Nowicki, E., Lee, E., Nelson, E., Whiteley, M., et al. (2019). Integration of microbiology, pharmacology, immunology, and infectious disease using active teaching and self-directed learning. Med. Sci. Educ. 29, 315–324. doi: 10.1007/s40670-018-00689-8

 Sukhlecha, A., Jadav, S. P., Gosai, T. R., and Balusamy, D. (2016). Student-led objective tutorials in pharmacology: an interventional study. Indian J. Pharmacol. 48, S83–S88. doi: 10.4103/0253-7613.193310

 Sweller, J. (1994). Cognitive load theory, learning difficulty, and instructional design. Learn. Instr. 4, 295–312. doi: 10.1016/0959-4752(94)90003-5

 Tankel, K. Effectiveness of instructional design to contextualize pharmacology for nursing students Kansas: University of Kansas (2015).

 Ten Cate, O., Carraccio, C., Damodaran, A., Gofton, W., Hamstra, S. J., Hart, D. E., et al. (2021). Entrustment decision making: extending Miller's pyramid. Acad. Med. 96, 199–204. doi: 10.1097/ACM.0000000000003800

 Thomas, J. S., Koo, M., Shakib, S., Wu, J., and Khanal, S. (2014). Impact of a compulsory final year medical student curriculum on junior doctor prescribing. Intern. Med. J. 44, 156–160. doi: 10.1111/imj.12316

 Tichelaar, J., Uil den, S. H., Antonini, N. F., van Agtmael, M. A., de Vries, T. P., and Richir, M. C. (2016). A 'SMART' way to determine treatment goals in pharmacotherapy education. Br. J. Clin. Pharmacol. 82, 280–284. doi: 10.1111/bcp.12919

 Tichelaar, J., van Kan, C., van Unen, R. J., Schneider, A. J., van Agtmael, M. A., de Vries, T. P., et al. (2015). The effect of different levels of realism of context learning on the prescribing competencies of medical students during the clinical clerkship in internal medicine: an exploratory study. Eur. J. Clin. Pharmacol. 71, 237–242. doi: 10.1007/s00228-014-1790-y

 Tinnon, E., and Newton, R. (2017). Simulation in an undergraduate nursing pharmacology course: a pilot study. Nurs. Educ. Perspect. 38, 37–39. doi: 10.1097/01.NEP.0000000000000098

 Tittle, V., Randall, D., Maheswaran, V., Webb, A., Quantrill, S., and Roberts, M. (2014). Practical prescribing course: a student evaluation. Clin. Teach. 11, 38–42. doi: 10.1111/tct.12106

 Trujillo, J. M., Saseen, J. J., Linnebur, S. A., Borgelt, L. M., Hemstreet, B. A., and Fish, D. N. (2014). Impact of student-versus instructor-directed case discussions on student performance in a pharmacotherapy capstone course. Am. J. Pharm. Educ. 78:56. doi: 10.5688/ajpe78356

 Trujillo, J., Saseen, J., Malhotra, J., and Franson, K. (2015). Development and implementation of a pharmacotherapy course for a new school of pharmacy in Turkey. Pharmacotherapy 35:E238.

 Van Merrienboer, J. J., and Sweller, J. (2005). Cognitive load theory and complex learning: recent developments and future directions. Educ. Psychol. Rev. 17, 147–177. doi: 10.1007/s10648-005-3951-0

 van Merrienboer, J. J., and Sweller, J. (2010). Cognitive load theory in health professional education: design principles and strategies. Med. Educ. 44, 85–93. doi: 10.1111/j.1365-2923.2009.03498.x

 van Wyngaarden, A., Leech, R., and Coetzee, I. (2019). Challenges nurse educators experience with development of student nurses' clinical reasoning skills. Nurse Educ. Pract. 40:102623. doi: 10.1016/j.nepr.2019.102623

 Vana, K. D., and Silva, G. E. (2014). Evaluating the use of a simulated electronic health record and online drug reference in a case study to enhance nursing students' understanding of pharmacologic concepts and resources. Nurse Educ. 39, 160–165. doi: 10.1097/NNE.0000000000000046

 Vygotsky, LS, and Cole, M. Mind in society: Development of higher psychological processes Cambridge: Harvard University Press (1978).

 White, P. J., Davis, E. A., Santiago, M., Angelo, T., Shield, A., Babey, A. M., et al. (2021a). Identifying the core concepts of pharmacology education. Pharmacol. Res. Perspect. 9:e00836

 White, P. J., Davis, E. A., Santiago, M., Angelo, T., Shield, A., Babey, A. M., et al. (2021b). Identifying the core concepts of pharmacology education. Pharmacol. Res. Perspect. 9. doi: 10.1002/prp2.836

 White, P. J., Guilding, C., Angelo, T., Kelly, J. P., Gorman, L., Tucker, S. J., et al. (2023). Identifying the core concepts of pharmacology education: a global initiative. Br. J. Pharmacol. 180, 1197–1209.

 Wilson, A. J., Palmer, L., Levett-Jones, T., Gilligan, C., and Outram, S. (2016). Interprofessional collaborative practice for medication safety: nursing, pharmacy, and medical graduates' experiences and perspectives. J. Interprof. Care 30, 649–654. doi: 10.1080/13561820.2016.1191450

 Wong, G., Greenhalgh, T., Westhorp, G., Buckingham, J., and Pawson, R. (2013). RAMESES publication standards: realist syntheses. BMC Med. 11, 1–14.

 Wong, G., Greenhalgh, T., Westhorp, G., and Pawson, R. (2012). Realist methods in medical education research: what are they and what can they contribute? Med. Educ. 46, 89–96.

 Wong, T. H., Ip, E. J., Lopes, I., and Rajagopalan, V. (2014). Pharmacy students' performance and perceptions in a flipped teaching pilot on cardiac arrhythmias. Am. J. Pharm. Educ. 78:185. doi: 10.5688/ajpe7810185

 Wright, R. W., Brand, R. A., Dunn, W., and Spindler, K. P. (2007). How to write a systematic review. Clin. Orthop. Relat. Res. 455, 23–29. doi: 10.1097/BLO.0b013e31802c9098

 Yadav, P. P., Chaudhary, M., Patel, J., Shah, A., and Kantharia, N. D. (2016). Effectiveness of integrated teaching module in pharmacology among medical undergraduates. Int. J. Appl. Basic Med. Res. 6, 215–219. doi: 10.4103/2229-516X.186962

 Ying, G., Jianping, X., Haiyun, L., Xia, L., Jianyu, Y., Qun, X., et al. (2017). Using mind maps to improve medical student performance in a pharmacology course at Kunming Medical University. J. Coll. Physicians Surg. Pak. 27, 404–408.

 Zuna, I., and Holt, A. (2017). ADAM, a hands-on patient simulator for teaching principles of drug disposition and compartmental pharmacokinetics. Br. J. Clin. Pharmacol. 83, 2426–2449. doi: 10.1111/bcp.13357



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Pedagogical interventions and their influences on university-level students learning pharmacology-a realist review



		Introduction



		Methodology



		Review question



		Eligibility criteria



		Realist synthesis



		Literature mining and data searching



		Data extraction and synthesis



		Risk of bias (quality) assessment









		Results



		Realist review data attributes



		Initial program theory



		Relevant educational theories



		Realist synthesis outcomes in light of Miller’s pyramid



		CMO configurations and statements



		Proper scaffolding can assist in facilitating an easier grasp of troublesome knowledge [pharmacology is troublesome]



		Paradigm shift to learner-centered approach stimulates life-long learning [“chalk and talk” is not enough]



		The integrative, multidisciplinary learning reinforces conceptual understanding for effective application [whole is better than its parts]



		Real/simulated clinical contexts offer avenues to safe experiential learning [practice makes perfect]









		Discussion



		Strengths and limitations









		Conclusion



		Practical implications



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/cover.jpg
' frontiers | Frontiers in Education

Pedagogical interventions and
their influences on university-level
students learning pharmacology-a

realist review












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers Frontiers in Education






OPS/images/feduc-08-1190672-g005.jpg
Pharmacology is Troublesome

- Diffcult Concepts
- Complex mathematically intensive concepts
- Inherent challenging fundamental concepts
- Poor recail/Rote memorization
- Overwhelming knowledge/concepts

Chalk & Talk is not enough

- Didactic Lecture
- Passive Learning
- Rapid influx of new knowledge
- Inappropriate learning outcome alignment
- Content-laden curricula & learning environment

Whole is better than its parts

- Standalone independent courses
~ Lack of integration
- Poor Scaffolding
- Courses taught in Sifos (Basic Sciences Courses,
Medicinal Chemistry, Immunology, Microbiology)
- Segmented Learning

Practice makes Perfect

- Lack of context-based application-oriented
‘teaching formats
- Few hands-on opportunities for preciinical
Students
- Lack of student preporediness & confidence in
essential skis (owing to inadequate
pharmacotherapeutic training)

Mechanism

Sense of appreciation, enjoyment & fun
Student Engagement

Reduction of extraneous load
Management of Itrinsic load
Optimization of germane load

sense of involvement, engagement &
int
Foster fun &Interactive learning

Sense of acceptablity
Foster Self-confidence, Efficacy &
‘comfortabilty

Reduction of cognitive load

Positive Fesling/Atitudes
Active Participation
Reduction of Extraneous oad

Sense of enjoyment]fun
Student ongagement & ncreased
‘motivation
Promoto efiection & desper learming
Foel conident & comfortable
Improve the sense of recism

Reduction of Cognitive Load

Improved assimilation, retention & understanding
- Development of shared understanding
- Improved confidence & satisfaction
- Improved student high exam performance &
competence

improved learning & conceptual understanding
- Long term knowledge retention
~ Greater satisfaction
- Performance improvement
 High confidence level related to
(Critical thinking, Problem-solving,
Decision making & lfelong learning)

- Enhanced Learning experience
- Stimulated logical thinking
- Significant improvement (Exam/test)
~ Fostered student satisfaction
~ ffective appiication of knowledge

- Improved student perceptions of
(a - Clinical skills, b - Communication, ¢ -
Teamwork)

- Enhanced abilty, preparedness & confidence in
medication administration in clinical practice
- Fostered interprofessional collaboration
- Increased satisfaction & self-confidence in
prescribing






OPS/images/feduc-08-1190672-t001.jpg
Why, how and under which circumstances does
pedagogical support for pharmacology teaching and

learning improve/influence university-level health
professional students’ understanding and reasoning of
the discipline?

Population

Intervention

Comparative intervention/Context

Outcome

University level student, Undergraduate

student

Teaching, learning, education,
pedagogical interventions

Pharmacology curriculum

Influences on student understanding

and reasoning of the discipl






OPS/images/feduc-08-1190672-g003.jpg
Visual
Concept

Learning
| Strategies

Teaching
Tools

. Blended
) Learning

Pedagogical
Interventions

Game
Based
Learning

Integrated
Modules

Based
Learning

Based
Learning





OPS/images/feduc-08-1190672-g004.jpg
Othar Pharmacotherany SHIS Higher order skils e.g. Evidence-based strategy for appropriate use.

Transferabilty o knowledse - ofdrugs )
~Building interprofessional collaboration
Teamwork & Communication-
eamwork & communication- I i Cassllyasesment
(with future care)

- Enhanced ability, preparedness & confidence
) Prescribing, B) Medication management,
C)Medication adrinistration (Safety & Effcacy)

High Confidence level wrt
A)Crlcalogical tikin,)Prblem sobvi Does

) Clinical Decision making (Performancein
Improved confidence wrt to patient care skills (Bractice]

&=
- Improved Confidence & Satisfaction with
Y S NG
ignificant improvement of Exam Score 4 .
z ot s (Performancein Record C) Advanced Pharmacy Practice
Gt standardized context) Experiencs & Licensing exam
-
-

Whole is better than part
Practice makes perfect

gls
= E
H B
gfe
sfs
S)s
HE
afe
N [
NS
B E
sh=
gl
s|s
Elx
513
2
N &

(Applied Knowledge preventing, correcting & communicating)

Content/Topic/Difficult Concepts - - Communication tool & Application material
Fundamental Principles - Knows ~Pharmacokinetics Concepts Models

s






OPS/images/feduc-08-1190672-t002.jpg
PICO

Population

Intervention

Comparative

intervention/Context

Outcomes

Inclusion criteria

University level/
undergraduate health

professionals’students

Pedagogical interventions
to enhance teaching,
learning and educational
experiences of students

studying pharmacology

Pharmacology
and therapeutics.
Pharmacology

curriculum

Student competencies
and educational

experience

Exclusion criteria

Postgraduate students/

Master's students

Education of patient
Education of caregivers
Health promotion/

awareness education

Pharmaceutical education

NONE





OPS/images/feduc-08-1190672-t003.jpg
EBSCO hosted ERIC

Population

Intervention

Context

Students: (DE “Students”) OR (DE “College Students”)
“TI (Student* AND (College OR University)) OR AB
(Student* AND (College OR University))

Teaching DE “Instruction”
Learning DE “Learning”
Education (DE “Education’)
Pedagogy Use Instruction
Curriculum DE “Curriculum”

TI (Instruction OR learning OR Education OR
curriculum) OR AB (Instruction OR learning OR
Education OR curriculum)

Pharmacology:

(DE “Pharmacology”)

TI Pharmacy* OR AB pharmacy*





OPS/images/feduc-08-1190672-g001.jpg
PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources.

Records identfied from:1574
tabases

Records removed beforo.

scroening.

Duplicate records removed
(n=387)

Records identifed rom: 23
“Thesis & Dissertations (
Websites (n=18)

Records screened
217)

Records exciuded
(n=619): Tile screening
104): Abstract screening

=

Reparts ought o rtrieval
94)

Reports not retreved
(n=19)

o =

Reports assessed for elighbilty
=175

Studies included in review
(=10

Reports ofincluded Studies-
‘Addiional Records.

(n=05)

Reports excluded:

P care process

04)

Legal aspects of phamnacokinetic practice (1=02)
e

Laboratory course (i

g cipensing peckaoky (02)
Drug tria (1=01)

o oot i aning (=01
Medication management system (1=01)

Reparts assessed for elighbilty
=5

Reports excuded:18
Reason 1 (1=18)

—| Mo wentiable
CMO aspects]

« Universiy levelundergraduate  » Postgraduate studens
heali professionals’ students (PG) Master's students

« Pedagogical interventions to « Education of patient
enhance teaching, leaming, and  « Educalion of caregivers.
educational experiences of « Health promtion/
students. awareness education

« Phamacology & herapeutics « Phamaceutical Education
education

« Phamacology curiculum

« Student competencies and

educational experience





OPS/images/feduc-08-1190672-g002.jpg
Nursing >11959 < Dentistry

PARTICIPANTS

Medicine Pharmacy

Others

India

N
Australia Netherlands

Others* = Bahrain, Brazil, China, Germany, Georgia, Iran,
Israel, Malaysia, Namibia, New Zealand Sweden, UK

# Numbers representsNo of Articles

Experimental Design
- Pre-test/Post-Test @ -case study/Case series

- Quasi-experimental design (40 - Cross-sectional study

Study Design

-Single group, no comparison(2) - Cohort study

-Others

Qualitative Studies - 10

EEEEEESR

®

Data Collection Methods

Questionnaire
Student’s Evaluation/Performance data
FGD/Interviews

Student assignment score
Students'reflection

Data from simulator/simulation

Students'reporting
~Ptoutcomes
~Treatment plan
~Adverse drug events

Observation

Observational Studies

Mixed studies - 10

@
o
s





