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ABSTRACT Many 4-year public institutions face significant pedagogical challenges due 
to the high ratio of students to teaching team members. To address the issue, we 
developed a workflow using the programming language R as a method to rapidly 
grade multiple-choice questions, adjust for errors, and grade answer-dependent style 
multiple-choice questions, thus shifting the teaching teams’ time commitment back to 
student interaction. We provide an example of answer-dependent style multiple-choice 
questions and demonstrate how the output allows for discrete analysis of questions 
based on various categories such as Fundamental Statements or Bloom’s Taxonomy 
Levels. Additionally, we show how student demographics can be easily integrated to 
yield a holistic perspective on student performance in a course. The workflow offers 
dynamic grading opportunities for multiple-choice questions and versatility through its 
adaptability to assessment analyses. This approach to multiple-choice questions allows 
instructors to pinpoint factors affecting student performance and respond to changes to 
foster a healthy learning environment.

KEYWORDS multiple-choice questions, summative assessment, learning outcomes, 
Bloom’s Taxonomy, student demographic

O ne of the inherent struggles of many 4-year public institutions relates to the 
high student-to-teaching team ratio (STR) (1). While much of the focus is on how 

STR directly affects student learning outcomes (2–4), there is the additional impact of 
grading hours that take away from contact hours. There are only so many teaching team 
hours available, which requires a balance of efficient and equitable grading practices 
with structured teaching time. If the goal is to encourage higher-order thinking in 
Bloom’s Taxonomy (5–9), how can the instructor develop high-throughput summative 
assessments while also providing students with accurate and rapid feedback on their 
learning process?

The availability of grader hours can be heavily impacted when long-answer and 
short-answer questions are used in summative assessments. While these free-response 
questions are rigorous methods to assess student thought processes and application of 
information (10), they can quickly become overwhelming with an assessment entirely 
composed of free-response questions with limited graders and hundreds of students. 
Tools such as Gradescope have transformed the grading process as a platform tail­
ored for scanned, pen-and-paper, and open-ended assessments and allow for detailed 
feedback by assessing submissions with a defined rubric (11). This software is constantly 
updating, and the benefits of this tool continue to grow.

Here, we describe an R-script we developed to adaptively grade multiple-choice 
questions (MCQ; R v4.2.1; dplyr v1.1.4). We can quickly grade, adjust for errors, and grade 
answer-dependent style questions. The data output of an MCQ assessment can then 
be easily aligned to Fundamental Statements (FSs) outlined by the American Society 
for Microbiology to help instructors link assessment to lesson plans and/or activity 
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performance (12, 13). Similarly, incorporating Bloom’s can offer insights into cognitive 
complexity. Lastly, student demographic data can be incorporated to gain a deeper 
understanding of the diverse student academic outcomes. We envision this workflow as 
a powerful tool for instructors to maximize student outcomes and promote an inclusive 
learning environment in high-enrollment education.

PROCEDURE

The base script

The foundation of our script utilizes the “case_when()” command in dplyr (v1.1.4; Fig. 
1). This script removes dependence on scantron grading software and provides users 
with a rapid and customizable grading scheme. We assume responses to MCQs are 
output with individual questions organized as columns, such as a scantron output. Using 
“case_when(),” we can create our MCQ exam key and assign variable point values based 
on a single-answer choice or multiple-answer choices (Fig. 1A and B). We can also easily 
adjust scores when errors in the exam are found, such as during a regrade request.

Using this “case_when()” framework, we can build additional complexity in question 
type and immediately move to backend analysis to assess student learning and teaching 
strategies.

Answer-dependent multiple-choice questions

Answer-dependent MCQs provide students with the opportunity to choose their 
question progression, demonstrate their thought processes, and avoid an “all or nothing” 
question type. For the instructor, this is an opportunity to increase the complexity of 
MCQs by introducing free-response style questions in a sequential MCQ format (Fig. 1A). 
We describe two styles of answer-dependent questions, multi-step problem-solving and 
experimental design and assessment.

The most straightforward description of a multi-step MCQ would be a series of 
formulas. Students could be asked to use different formulas to calculate cell count, 
growth rate, and generation time in three separate questions based on the initial values 
provided. This could also be adapted to a series of reduction–oxidation reactions that 
follow the flow of electrons and calculate corresponding standard reduction potential, or 
through the tracking of nucleic acids in DNA replication and mRNA transcription 
eventually leading to translation and interpretation of a mutation (Supplemental 
Material).

From an experimental design and assessment perspective, students could be asked to 
reflect on various processes learned in class. For example, students could be asked to 
choose a microscope and sequentially match methods of implementation for a given 
specimen. Questions could ask students to explore challenges that might be encoun­
tered when using different methods of horizontal gene transfer. Lastly, data visualization 
interpretation could be broken down into steps of defining axes, exploring patterns, and 
describing levels of significance for a graph of the students’ choosing.

All of these question types have been used thus far in an introductory microbiology 
course, and the implementation continues to grow.

Aggregation by question category

By breaking complex questions into simple questions, we can also further separate 
questions by question category, such as Bloom’s, Fundamental Statements, Program 
Learning Objectives, or specific date (e.g., implementation of a new activity). This 
question category is inserted as a new row that can be used to aggregate outcomes and 
assess student learning and/or instructor teaching of a category of interest (Fig. 1C). This 
integration yields a holistic perspective on student performance, and instructors gain 
valuable insights into the multiple factors shaping student performance for their course 
(Fig. 1D and E).
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FIG 1 A truncated flowchart for grading answer-dependent multiple-choice questions. An example series of three questions is provided (A) along with the 

corresponding syntax in R (B). A sample scantron output includes a question category row (C). The corresponding score output indicates individual question 

scores and total score (D). Data can be viewed in a tabular form to assess performance on individual questions (E) or go through an additional series of steps to 

graphically parse student performance by question category and/or student demographic (F). The full walkthrough is available in the Supplemental Material.
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Disaggregation by student information

Disaggregation by student information may require access to and/or authorized use 
of data. Student information could include pre-confidence or time spent preparing 
(e.g., exam wrappers) (14). It could also include identity-based data. This data may be 
collected at the time of the summative assessment or accessed separately. In either 
case, these data are appended to a working data set to align with individual students’ 
performance on the assessment. While this can provide a snapshot of where all students 
stand, coupling these data with question categories can be used to recognize disparities 
and opportunities for course-based interventions, whether that is an intervention for the 
students or the instructor themselves (Fig. 1F).

DISCUSSION

The high-throughput grading scheme described here can substantially reduce grading 
time, while balancing an equitable approach to grading with assessment questions at 
higher orders of thinking. The workflow we describe here is not meant to suggest a 
reduction in time spent on teaching, but a redirect of valuable teaching time toward 
increased student contact hours. This also provides additional flexibility when there 
are time or personnel constraints on grading, such as a reduction in teaching assistant 
availability or implementation of near-peer tutors who cannot serve as graders. We do 
not suggest this as a replacement to any assessment strategy, but merely as an additional 
approach to provide instructors with versatility in assessment design.

Answer-dependent MCQs provide an alternative method when the sheer number 
of students is an impediment to other assessment formats. The most straightforward 
approach is to incorporate answer-dependent MCQs into a summative assessment. The 
automated output of MCQs lends themselves well to post-analysis by the aggregation 
and disaggregation of data. The analysis could provide guided instructions on which FS 
a student needs to improve (e.g., through a FS focused retake) or provide the instructor 
with feedback to suggest improved study habits for lower-order Bloom’s (e.g., studying 
vocabulary) or higher-order Bloom’s (e.g., case–study analysis). Instructors could then 
integrate interactive activities that reinforce FS or provide real-world relevance of those 
FS. Moreover, making the concepts more relatable and helping students understand 
how to use the information in new situations will challenge students to engage at 
higher-order Bloom’s.

While post-analysis is not limited to MCQs, the output may provide a more precise 
assessment of student performance on exams by definitively separating out individual 
questions by learning category (e.g., FS or Bloom’s). This workflow provides instructors 
of high-enrollment courses with a high-throughput method to directly link higher-order 
assessment questions to a new or existing curriculum in an effort to rapidly respond to 
changes in student performance and foster a healthy learning environment.
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