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Abstract. Prescribing skills are a crucial competency in medical practice 
considering the increasing numbers of medications available and the increasingly 
complex patients with multiple diseases faced in clinical practice. Medical students 
need to become proficient in these skills during training, as required by medical 
licensing colleges.  Not only is teaching the fundamentals of safe and cost-effective 
prescribing to medical students challenging but evaluating their prescribing skills 
by faculty members is difficult and time consuming. Covid-19 has accelerated the 
interest in clinically relevant online exams, including automated assessment of short 
answer style questions. The goal of this project was to design a software to automate 
the assessment of learners’ prescriptions written during low stakes formative 
assessments. After establishing the components of a legal prescription with multiple 
medications, and identifying the sources of errors in prescribing and prescribing 
assessment, we designed and validated an architecture and developed a prototype 
for automated parsing of learner prescriptions.   
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1. Introduction 

Teaching medical students the art and science of safe and cost-effective prescribing 
is challenging yet essential for any high quality, sustainable health care system [1]. Aging 
patients with multimorbidities means that polypharmacy is common and necessary. An 
increasingly large armamentarium of effective medications means that medical students 
need to learn how to prescribe many more medications, frequently in combination with 
other medications. The stakes can be quite high. Increasingly fragile patients end up 
being hospitalized from iatrogenic causes. More than 700 million prescriptions are 
written annually in Canada for drugs from approximately 1100 therapeutic groups [2]. 
Medication errors are common, usually go unrecognized and can pose a serious patient 
safety hazard [3-7]. Medical students and residents are particularly at risk, with a 7-10% 
error rate in their prescriptions [4].  
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In 2020, the Medical Council of Canada added Prescribing Skills to its specific list 
of mandatory training objectives for medical schools. However, the number of clinical 
pharmacology and toxicology specialists who can teach prescribing skills effectively is 
very small in Canada, making it necessary to maximize use of online resources and make 
better tools available for teaching prescribing skills.   

Multiple choice questions (MCQs) with single best answer are the dominant testing 
method for most university programs including the health professions.  However, MCQs  
have well-known limitations, including cueing effect, testing prompted memory rather 
than ability to generate an answer, and difficulty representing many important areas of 
medicine where no appropriate distractors can be created [8]. Recently, computer-
readable very short answer (VSA) question responses have been validated as a novel 
pragmatic innovation with excellent results.  VSAs better represent actual processes in 
clinical practice and test actual case-based knowledge and skills with better 
discrimination than MCQs with single best answer [8,9]. 

Marking prescriptions and providing high quality feedback to students is time 
consuming, labor intensive and requires expertise. There is a need for an automated 
solution that can assist educators to provide high quality feedback to trainees at different 
stages of training in a timely manner [10]. An automated prescription marker could also 
create opportunities for more frequent formative assessments and feedback cycles, 
helping improve prescribing skills faster. 

Health professions training has relied on in-person, patient-based, preceptor-
supervised learning in hospitals and clinics for centuries. However, over the past couple 
of years, the Covid-19 pandemic has led to the sudden loss of this in-person learning and 
accelerated the necessity for online curricula, low stakes assessments and high stakes 
exams. Recognized as one of the most advanced in the world, Canada’s medical training 
system will depend increasingly on high quality eLearning and online evaluation 
opportunities with appropriate technology and the best faculty trained in delivering 
education in virtual environments over the next several decades.   

2. Methods 

We gathered requirements for a Prescription Parser-Marker software through review of 
the literature and expert panel consensus. This included parsing of legal prescriptions 
into their component parts and creating a standardized prescription. Based on initial 
requirements, we developed a draft software architecture (Figure 1). The intent was to 
have a single Parser-Marker software that could handle a variety of question sets with a 
Marking File that had standard features but was customized for each new question set.  
This would enable the software to be used for multiple question sets without 
reprogramming and enable extension of the Parser-Marker function to new question sets. 

We then developed a prototype software using the RapidMiner® (RapidMiner 
GmbH, Dortmund, Germany) software platform version 9.1 using the built-in Regex 
functions for text matching. The prototype was tested on responses to 5 clinical scenarios 
(12 total prescriptions) developed with pre-set marking for alternatives, by an 
experienced prescribing competence expert (AH). The test scenarios were completed by 
10 medical learners using Examplify examination software from ExamSoft (ExamSoft, 
Dallas, TX, USA) (https://examsoft.com). The prescriptions were typed in manually by 
students with no prompts or direction about how the prescription should be written.  A 
Marking File was developed using the pre-set marking criteria.  We ran the student 
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generated prescriptions through the Parser-Marker software and scored the prescriptions.  
The prototype-generated scores were examined by two co-authors (KK and AK) to 
identify issues and reasons why the scores were incorrect. 

We then conducted a root cause analysis to identify the reasons for incorrect marking 
of the prescriptions (Figure 2). Using this information, we redesigned the software 
architecture to address the issues identified in the root cause analysis and redeveloped 
the software to address the issues that lead to incorrect assessments using an automated 
approach (Figure 3). 

  
Figure 1.  Draft software architecture for prescription marker 

3. Root cause analysis of failure of automated prescribing assessment 

Several factors affected the performance of the Prescription Parser-Marker. They are 
grouped into the following factors: student-related, exam software-related, question-
related, response-related, marking file-related and software (parsing and matching)-
related factors (Figure 2). 

Figure 2. Fishbone diagram of root cause analysis for errors in prescribing assessment 

Rx = Prescription 
SIG = components 
of the prescription 
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4. Software requirements derived from root cause analysis 

The root cause analysis made it clear that variability in the prescription strings (e.g., 
synonyms for drug names, synonyms for frequency of dosing) was the key issue creating 
problems with correct marking and accurate scores. Misspellings and non-responses 
(e.g., to questions which required multiple prescriptions) were other sources of problems. 

Variability in students’ completion of the prescription elements was a key factor in 
explaining poor scores on the exam; e.g., it is common for prescribers to leave out certain 
elements because they are assumed, such as the form of the medication (e.g., tablet) or 
the route of administration (usually the oral route). This suggested that either this should 
be a recognized weakness of learners that forms a ‘teachable moment’ for feedback, or 
the exam instructions need to be more specific regarding expectations of what constitutes 
a valid prescription. Variability in responses also arises when there are different possible 
treatments for a case or different allowed doses or when the correct response is a non-
specific instruction (e.g., double the dose of X). Ambiguous questions led to higher 
variability in answers, threatening successful automation. Straightforward and 
unambiguous questions will help students give unambiguous responses. Ideally, 
questions need to have a single prescription string as the correct answer. Representing 
all the potential variability in the Marking File was difficult and it also threatened the 
ease of creating new Marking Files for new question sets.  In addition to being accurate 
for a single question set, a key requirement for the Parser-Marker software is for it to be 
easy to extend to new question sets without major reprogramming. 

5. Resolution of Architecture for Prototype Prescription Parser-Marker 

Variability arising from synonyms can be solved by standardizing the elements of the 
prescription strings in student responses before being marked. This was accomplished 
using a ‘replace dictionary’ (Standardization File) which pre-processes the student 
response file before passing it onto the Marking File (Figure 3). The Standardization File 
replaces synonyms with a single, standard word or phrase (e.g., po, by mouth and orally 
are all replaced with ORAL), making automated marking easier. Since updating the 
Standardization File is simpler than building variability into the Marking File, it 
facilitates Marking File generation for new question sets.  The Standardization File can  
 

 
 

Figure 3. Final architecture for the Parser-Marker Software 
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be used for all new question sets.  Errors in marking due to misspelling of drug names 
was solved by using the Levenshtein distance of drug names [11].  If the drug name the 
trainee provided was equal to or less than 75% distant from the correct response, the 
system would mark it 0. For example, Atorvastatin and Rosuvastatin have a Levenshtein 
distance of 75%.  Lack of responses to some of the multi-prescription questions was 
handled by comparing the marked student responses against the original Marking File to 
identify questions that had not been answered. 

6. Conclusion 

We have developed a prototype Prescription Parser-Marker which demonstrates a proof 
of concept for automated prescription writing assessment. The developed software 
architecture solves some of the key issues that threaten automated prescription marking, 
namely variability in prescription elements, misspellings, and non-responses.  The 
Prescription Parser-Marker is also scalable to new question sets by creating a customized 
Marking File for the new question set.   

Limitations of the current software include the limited pilot testing to date. The next 
iteration of the project will address the following issues: 1) scalability to additional 
question sets, 2) development of a version control system to better connect question sets 
to Marking Files, 3) a better user interface to enable users to run the software in their 
own environments, and 4) improved instructions for additional developers. 
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