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From the Editors
SANDRA GREENBERG, Ph.D.

ELIZABETH WITT, Ph.D.

It is our pleasure to bring you the Spring 2022 issue (Volume 32, No. 1) of CLEAR 
Exam Review (CER). Even as many of the pandemic-related challenges remain, the 
field of professional licensure and certification persists in finding creative solutions to 
continue protecting the public via fair and valid assessments. This issue of CER has 
a special focus on automatic item generation (AIG), along with the legal intersection 
of disability accommodations and limited examination attempts. In addition, we 
summarize the results of recent CLEAR Quick Polls.

Before describing the contents of this issue in detail, we would like to say a few 
words in remembrance of Dr. Ron Hambleton, who passed away on April 28, 2022. 
Ron was Distinguished University Professor Emeritus and Executive Director of the 
Center for Educational Assessment at the University of Massachusetts at Amherst. 
He is known for many publications, awards, and significant achievements in the field 
of measurement. He made multiple contributions to licensure and certification testing, 
completing seminal work in language accommodation, IRT, standard setting, score 
reporting, computer-adaptive testing, and differential item functioning. Several years 
ago, he was an invited presenter at the CLEAR Annual Educational Conference, 
speaking on the topic of language adaptations to examinations. Ron was very well 
respected and well liked. His colleagues suggest that we “raise a glass in his honor.”  
He will be long remembered.

In Abstracts and Updates, George Gray presents a chapter-by-chapter summary of 
Advanced Methods in Automatic Item Generation by Gierl, Lai, and Tanygin (2021). 
He also describes the gist of four recently published articles and offers a personal 
perspective on the topic. There is some overlap of references with the Dublin literature 
review described below, and we believe the two articles complement each other nicely.

Legal Beat describes a case in which limitations on the number of exam attempts 
were challenged under the Americans with Disabilities Act (ADA). The court ruled 
against the governing board, indicating they provided no evidence that a candidate 
passing the exam on the fifth attempt was less competent than one who passed 
on the fourth attempt. This case may have important implications for credentialing 
programs that limit the number of exam attempts.

CLEAR Quick Polls over the past few months have collected snapshot data on several 
topics related to licensure and certification examinations. Many organizations have 
turned to live remote proctoring as a solution to continue secure, standardized testing 
during the pandemic. Carla Caro summarizes the results of a Quick Poll on the use 
of live remote proctoring, supplemented with data from a CLEAR membership survey 
on the topic administered several months later. Responses are also presented from 
Quick Polls addressing limits and conditions placed on retaking exams, the number 

Sandra Greenberg, Ph.D.

Elizabeth Witt, Ph.D.
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of exams required, and whether separate passing scores are required for multiple examinations. Finally, results are 
presented from a Quick Poll on changes in pass rates under the pandemic.

Next, Cherry et al. of the Centre for Assessment, Research, Policy and Practice in Education (CARPE) in Dublin present 
a review of the literature related to automated/automatic item generation. Whereas the Abstracts and Updates column 
is organized by source and focuses primarily on a specific, seminal resource, this article is topically organized. It 
summarizes approaches to AIG, describes potential benefits of using AIG as well as critiques of the method, lays out 
recommendations for organizations that are considering using AIG for item development, and suggests directions 
for future research on AIG. (Note that, in keeping with the international mission of CLEAR, we have chosen to retain 
European spelling conventions for this article.)

All in all, we believe you will find much in this issue worth pondering and sharing. Readers are especially encouraged 
to share their own experiences by submitting papers describing challenges encountered and solutions developed in 
adapting to the changing landscape of regulation. Read on, and savor . . .
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Abstracts and Updates
GEORGE T. GRAY, Ed.D.

Testing and Measurement Consultant

The topic of this issue’s column is automatic item generation (AIG). I have attended several conference 
presentations on this topic but have never satisfied my curiosity on how the methodology “really works.” With 
the availability of a new book on the topic and a number of previous articles, it seemed like a good time to do a 
single-topic column. I have included some earlier articles in this column to provide additional perspectives. 

Actually, my interest in something like automatic item generation began in the 1980s, before AIG was a 
thing. I had been fascinated by item shells, similar items with use of a template and substitution of variable 
elements in the template. I was working with a medical college dean who specialized in microbiology, and this 
seemed to be a good opportunity to develop a computer program to “write” some items. We identified several 
templates, arrays to select and to complete the item stem, a link to select a correct answer, and finally a group 
of incorrect answers—lots of opportunity for the computer to select elements randomly and verify them against 
the intersections of the arrays. The dean and I were very pleased with the results. Press the enter key and get 
an item. The only limitation was that the names of some bacteria would clue the answer. The next chapter in 
the story was the submission of a paper for a national conference. Unfortunately, the paper was rejected, not 
because of the computer model, but because one reviewer was adamant that multiple choice items would 
soon be extinct as an assessment vehicle. Not all expert predictions come true. Fast forward thirty-plus years 
and automatic item generation is in full swing. Note that for AIG, some authors use the term Automated Item 
Generation but others use Automatic Item Generation.

Automated item generation: The future of medical education assessment? 
Royal, K. D., Hedgpeth, M. W., Jeon, T., & Colford, C. M. (2018). Automated item generation: The future of medical education 
assessment? European Medical Journal, 2(1), 88-93.

This article provides a basic introduction to automated item generation in medical education, along with examples 
of AIG output. It also makes an argument for the efficiency of the process, along with overall reduced cost per item.

Automated item generation with recurrent neural networks
von Davier, M. (2018). Automated item generation with recurrent neural networks. Psychometrika, 83, 847-857.  
https://doi.org/10.1007/s11336-018-9608-y

The abstract of this article indicates that although AIG is not new, most test items are still written by humans at 
considerable cost and potential loss of efficiency. Use of algorithms instead of writing individual items facilitates 
renewal of item banks. Von Davier proposes that rather than rely upon narrowly defined clones of item types, 
“recent applications of machine learning show success in solving tasks that seemed impossible for machines not 
too long ago. The proposed approach uses deep learning to implement probabilistic language models, not unlike 
what Google [B]rain and Amazon Alexa use for language processing and generation” (p. 847).

Technical aspects of automated item generation for blended learning environments  
in biology
Timm, J., Otto, B., Schramm, T., Striewe, M., Schmiemann, P., & Goedicke, M. (2020). Technical aspects of automated item 
generation for blended learning environments in biology. I-com. https://doi.org/10.1515/icom-2020-0001

https://doi.org/10.1007/s11336-018-9608-y
https://doi.org/10.1515/icom-2020-0001


● 4 ●CLEAR EXAM REVIEW SPRING 2022

Abstracts and Updates

The abstract of this article states, “Using two case studies from biology, the article demonstrates and analyses 
[sic] how domain-specific self-learning items with variable content can be generated automatically for a blended 
learning environment. It shows that automated item generation works well even for highly specific technical 
properties and that a good item quality can be produced. Evaluations are based on sample exercises from two 
courses in botany and genetics, each with more than 100 participants.”

Can automated item generation be used to develop high quality MCQs that assess 
application of knowledge? 
Pugh, C., de Champlain, A., Gierl, M., Lai, H., & Touchie, C. (2020). Can automated item generation be used to develop high 
quality MCQs that assess application of knowledge? Research and Practice in Technology Enhanced Learning, 15.  
https://doi.org/10.1186/s41039-020-00134-8

This is another recent AIG research study, and two of the authors (Gierl and Lai) are also authors of the book 
discussed below. Multiple-choice items were written using either traditional methodology or AIG. Raters (who 
were blind to the method of item generation) rated 102 items. According to the authors, “When compared to 
traditionally developed items, MCQs developed using AIG demonstrated comparable quality. Both modalities can 
produce items that assess higher order cognitive skills.”

Automatic Item Generation “By the Book”
Gierl, M. J., Lai, H., & Tanygin, V. (2021). Advanced Methods in Automatic Item Generation. Routledge.  
https://doi.org/10.4324/9781003025634

This book has twelve chapters on topics covering automatic item generation. From a conceptual perspective, 
there is discussion of different variations of item generation models. A major strength of the book that should 
appeal to all readers is the wide variety of examples of output from AIG programs. Chapters are meticulously 
documented and are typically accompanied by two pages of references.
The volume is described as an “up-to-date survey of the growing research on automatic item generation (AIG) in 
today’s technology-enhanced educational measurement sector.”

CHAPTER 1: Introduction: The Changing Context of Educational Testing
The authors begin by describing their interest in automatic item generation in 2004. The changing landscape 
begins with the transition to computerized testing and the volume of items needed for continuous testing. 
Automatic item generation is described as an augmented intelligence approach to item development. The use of 
AIG permits the subject matter expert to “create a single cognitive model that, in turn, yields many test items . . . ” 
(p. 11).

CHAPTER 2: Cognitive Model Development: Cognitive Models and Item Generation

“A cognitive model in educational testing can be defined as a description of human problem solving on 
standardized educational tasks that helps characterize the knowledge and skills examinees at different levels of 
learning have acquired in order to facilitate the explanation and prediction of examinee test performance” (p. 24).

“AIG is an explicit representation of the task requirements created by the SME (subject matter expert), which is 
used to generate items and to describe how examinees are expected to solve the generated items” (p. 24). Two 
types of cognitive models are described: the logical structures model and the key features model.

https://doi.org/10.1186/s41039-020-00134-8
https://doi.org/10.4324/9781003025634
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The authors share a word of caution for developing cognitive models. There are many tasks requiring judgment and 
expertise. Also, cognitive model development typically requires a great deal of practice.

CHAPTER 3: Item Model Development: Template-Based AIG Using Item Modelling
This chapter discusses item generation, including both item output and flow charts. The authors explain item 
generation with 1-layer templates and n-layer templates. The illustrations go well beyond the conceptual 
presentation to inform the reader of the logic of the workflow, with specific examples of results.
It is also noted that the present book covers template-based item generation only. Generating items without a 
template is considered to be a more challenging endeavor. The case is made that it is preferable to use a template 
for AIG.

CHAPTER 4: Item Generation: Three General Approaches for Generating Test Items

Three different approaches are presented, followed by “bitmasking,” the authors’ preferred approach. The methods 
described are an instruction-based approach, an ontological approach, and a logical constraint approach. In 
the instructional approach, the SME generates different formats for items in different content areas, and the 
programmer prepares a program for each format. In terms of the workload, this is not a particularly efficient 
approach, with handoffs between the SME and the programmer, particularly as each different format requires an 
iteration.

Ontological approaches do not use a template. They generate items by “drawing on information that can be 
described in a corpus or knowledge base” (p. 67). In summary, no template or subject matter expert is required; 
however, the authors note that the knowledge bases required to support relationships for complex testing 
outcomes are “limited at best” (p. 67).

“A logical constraints approach provides a straightforward way of generating items with the use of iterations” (p. 
68). This approach “is flexible because it does not need specific computer programming for every item model . . .” 
(p. 68).

CHAPTER 5: Distractor Generation: The Importance of the Selected-Response Item in Educational Testing
This chapter focuses on the construction of distractors. Several methods are discussed: distractor generation with 
rationales, distractor pool method with random selection, and systematic distractor generation. In a closing note 
to the chapter, the authors indicate that this was a challenging topic for them to research and synthesize, taking 
almost two years to fully address the topic.

CHAPTER 6: Putting it All Together to Generate Test Items: Overview

This chapter integrates the content of previous chapters through a set of examples. First is a mathematics example 
using the Logical Structures Model. Second is a medical example using Key Features. For those readers who like to 
focus their attention on learning from detailed examples, this is an excellent chapter. 

CHAPTER 7: Methods for Validating Generated Items: A Focus on Model-Level Outcomes

With banks of thousands of items, not all items can be reviewed individually by content experts. Even a sampling 
process leaves open the possibility that errors will not be detected because of the sheer number of items involved 
in the review. The authors recommend a different approach—reviewing the models for item generation, not the end 



● 6 ●CLEAR EXAM REVIEW SPRING 2022

Abstracts and Updates

product. A validation table can be used to facilitate the review “because it contains all of the relevant information 
required for producing the generated outcomes” (p. 141). 

CHAPTER 8: Content Coding: Challenges Inherent to Managing Generated Items in a Bank

Many more items in AIG, as well as far more combinations of elements for item stems and alternatives in the item 
options, pose challenges for data organization and accuracy of relationships. In a standard item banking approach, 
keeping things straight with content coding, date of use, item variations, wording updates, and “enemy” items that 
should not appear on the same form is challenging. When it comes to AIG, there is more to keep track of in the item 
bank. In chapter 9, the authors of the AIG book offer an approach to the larger challenge posed by AIG.

CHAPTER 9: Generating Alternative Item Types Using Auxiliary Information: Expanding the Expression of 
Generated Items

This chapter includes a number of examples of visual material, both as part of the item stem and as options. Use of 
symbols, radiographs, and line drawings are part of the presentation. 

CHAPTER 10: Rationale Generation: Creating Rationales as Part of the Generation Process

This chapter describes methods of providing rationales for feedback to test takers. The feedback might include 
(1) feedback to the examinee of the examinee’s choice and what the correct answer is, (2) feedback including a 
rationale for the correct answer, or (3) rationale both for the correct answer and for the flaw in each distractor that 
makes it an incorrect choice.

CHAPTER 11: Multilingual Item Generation: Beyond Monolingual Item Development

Successive-language item modelling and simultaneous-language item modelling are offered as alternatives to the 
traditional time-consuming (and expensive) methods of translation and back translation. Examples are provided of 
translated English and Korean versions of items.

CHAPTER 12: Conclusions and Future Directions

The concluding chapter lists responses to a number of commonly asked questions:

Is AIG an art or a science?

Is it “Automatic” or “Automated” Item Generation?

How do we define the word “item” in AIG?

How do you generate items?

What is an item model?

How do you ensure that the generated items are diverse?

How should generated items be stored?

How do you organize large numbers of generated items?

What does the future hold for item development?
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My personal tentative speculation: Using a programming model with carefully controlled logic, it is possible to 
generate a large number of test items flawlessly and efficiently. As the desire for varied content expands, more 
templates are needed, each requiring attention on the front end of development. As explained throughout the book, 
non-template-based item generation is particularly challenging. On another subject, the prospect of accessing 
major databases (e.g., in the style of Alexa) is exciting, but in terms of interaction style, for the time being, artificial 
intelligence remains rather artificial and can be more or less successful depending upon the language that the 
human uses in the query.
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A debate has been ongoing for several years over whether limits on attempts of high stakes, entry-level 
competence examinations are appropriate or necessary. The debate addresses whether numerous examination 
attempts threaten the security and/or validity of the examinations. Examination owners seek to ensure that 
their assessment mechanisms are legally sound and administered in secure environments. In the end, the 
exam owners have the “final” say in allowing access to these measurement instruments. Some may argue that 
legislatively enacted statutes should address limitations on examination attempts. The rationale for limiting (or 
not limiting) the number of attempts is a topic for another day. What is relevant to this edition’s article is a statute 
limiting examination attempts and the role of disabilities laws. Consider the following:

The California Business and Professions Code provides that an applicant for a medical license (referred to as a 
physician’s and surgeon’s certificate) “shall have obtained a passing score on all parts of Step 3 of the [United 
States Medical Licensure Examination-USMLE] within not more than four attempts . . . .”  There is an exception 
to this limit for persons already licensed in another state and having worked a certain number of years seeking to 
endorse into California. 

A candidate for licensure in California was unsuccessful on the Step 3 of the USMLE on four occasions: March 
2015, October 2015, March 2016, and December 2016. In 2017 and while preparing for the fifth attempt, a tutor 
for the candidate suggested that he might have an undiagnosed anxiety. The candidate consulted his primary 
care physician, who diagnosed him with “performance-related anxiety.” In August 2017, the candidate passed 
Step 3 while taking propranolol, a calming agent. He thereafter wrote the California Medical Board (Board) 
stating that because of his learning disability, he was unable to pass the Step 3 of the USMLE until his fifth 
attempt. (The judicial opinion does not reference whether the candidate was provided with accommodations 
during the administration of this fifth attempt). In his letter to the Board, the candidate stated that the Americans 
with Disabilities Act (ADA) required the Board to provide him with reasonable accommodations related to the 
four-attempt limitation. He asked that the Board recognize his passing fifth attempt as an accommodation or, 
alternatively, allow him to take a different examination in lieu of Step 3. 

The Board responded by stating that a “request for a reasonable accommodation under the ADA ‘needs to 
be sought at the time an individual requests to take the examination.’” It cited the relevant statute limiting the 
Step 3 examination attempts to four and noted that the Board does not have the authority to waive a statutory 
requirement. In June 2018, the candidate filed a petition for a writ of mandamus and complaint against the 
Board, arguing disability discrimination under the ADA, section 504 of the Rehabilitation Act, and California 
Fair Housing and Employment Act (FHEA). The candidate argued that the Board had a ministerial duty not to 
discriminate against him and that the Board failed to provide him with a reasonable accommodation regarding 
the four-attempt limit. 

Legal Beat
Disabilities Laws Meet  
Examination Attempts 

DALE J. ATKINSON, ESQ. 
Managing Member, Atkinson & Atkinson, LLC

http://www.atkinsonfirm.com/home
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The Board filed a motion seeking to have the complaint dismissed, and such was granted by the lower court. 
Regarding the writ of mandamus, the lower court held that the candidate had not alleged a ministerial duty owed 
by the Board regarding the examination limits or issuance of a license. It should be noted that a ministerial duty 
is “an act that a public officer is required to perform in a prescribed manner in obedience to the mandate of legal 
authority and without regard to his own judgment or opinion . . . .” Regarding the remaining counts, the court 
also sustained the motion to dismiss, finding that the candidate did not allege facts sufficient to constitute a 
cause of action. No leave to amend was allowed by the lower court. The candidate appealed. 

After identifying the standard of review, the Court of Appeals reviewed the elements necessary to establish 
violations of the ADA, the Rehabilitation Act, and corresponding FHEA. In particular, the Court noted the 
similarities in the elements of each law focusing on the requirement that an applicant seeking accommodations 
must be “otherwise qualified.” It found that this otherwise qualified element is the only element in dispute. 

A person is deemed to be otherwise qualified if he/she is one who “with or without reasonable modifications 
to rules, policies, or practices, . . . meets the essential eligibility requirements for such benefits, services, or 
participation.” A license is a government benefit, thereby bringing the ADA into relevance. Continuing, the Court 
noted that the definition distinguishes between two categories of requirements: 1) rules, policies, or practices, 
which are subject to the requirement of reasonable modification, and 2) essential eligibility requirements, which 
are not subject to modification. This distinction is vital to the Court’s opinion and carries significant relevance to 
regulatory boards and examination owners. 

To address the essential eligibility requirement (not subject to modification), previous jurisprudence analyzed the 
importance of the requirement in question. Cases have generally found that an essential eligibility requirement 
is one where the program’s purpose could not be achieved without that requirement. Accordingly, the entity 
arguing the essential eligibility requirement has the burden to demonstrate that making the modification would 
fundamentally alter the nature of the program. Stated in the alternative, a requirement is not essential if a 
reasonable accommodation would enable the person to qualify for the benefit. A reasonable accommodation 
is one that does not impose an undue financial burden or require a fundamental alteration of the program. The 
“reasonableness of an accommodation and the essentialness are inextricably intertwined and must be examined 
together.” As a result, the Board’s contention that the requested accommodation is unreasonable is fact-
based, not subject to resolution on the basis of the pleadings alone. Readers are reminded that the lower court 
dismissed the case on motion and without a fact-finding trial. 

The next issue involves the Board’s argument that the otherwise qualified issue has been established as a matter 
of law. The Board argued that the statute unambiguously limited the examination attempts to four and the Board 
could not alter that limitation. The Court held that “statutes are no more immune to judicial scrutiny for ADA 
compliance than are rules and regulations.” “Where an eligibility requirement is not essential . . . the fact that it is 
embodied in a statute . . . makes no difference.” This judicial authority makes up the very essence of challenges 
to duly enacted statutes that may be found to violate existing laws or constitutional principles. 

The Board also argued that its interpretation is entitled to deference. Again, the Court rejected this argument, 
finding that deference does not apply when evaluating the sufficiency of allegations made by a plaintiff. Because 
the motions filed by the Board sought to dismiss the case, the Court reviews the allegations as if all facts 
properly alleged are true. 
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The Board argued that it is not required to lower or eliminate licensing standards that are essential to the 
licensure process. Thus, the Court clarified the issue to be whether the four-attempt limit was essential to the 
eligibility criteria, opening the door to an analysis of the four-attempt limit and its basis in law. The Court noted 
that the Board conceded that the legislative history behind the enactment of the exam attempt limits does not 
identify a specific number of attempts that are likely to predict substandard performance. No evidence was 
presented that would distinguish between a five-attempt candidate and others that even suggest a likelihood of 
substandard care. 

Finally, the Court distinguished two cases cited by the Board as holding that a relaxation of the licensing 
standards is not a reasonable accommodation. In the cases cited by the Board, the licensure standards were 
being fundamentally altered or eliminated. In this case, the requested recognition of a fifth attempt still required 
the candidate to demonstrate his competence through the passage of an exam. He has done so, but on his fifth 
attempt. As set forth in the legislative history, nothing points toward distinguishing competence between a four-
attempt applicant and a five-attempt applicant. Thus, the Court distinguished between the cases cited by the 
Board and the current situation. Thus, the Court held that the Board had not shown as a matter of law that the 
accommodation was unreasonable, and it reversed the lower court’s holding. This reversal will result in a trial on 
the merits, and there will still be factual issues to be determined (unless otherwise resolved through agreement). 

This important ruling not only provides a roadmap for what may or may not be essential in a licensure process 
but also, in the context of this litigation, addresses the difficult question of examination attempts limits as related 
to accommodations under disabilities laws. It is hard to extrapolate the Court ruling to other boards and statutes, 
but differing legislative history and analyses may exist in other states with examination attempts limits.   

Singh v. Prasifka, 2021 Cal. App. Unpub. LEXIS 6703 (App. Ct. CA 2021) 
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Recent CLEAR 
Quick Poll Results

CARLA M. CARO, Program Director, Credentialing and Career Services, ACT

CLEAR periodically issues Quick Poll surveys asking members about their credentialing practices, policies, and issues. 
These Quick Polls are not designed as scientific studies but allow us to gather snapshot data regarding current practices 
in credentialing. This article discusses the results of several Quick Polls that were administered from November 2020 
through February 2022, plus selected results from a survey of CLEAR members conducted in the summer of 2021.

Quick Poll on Live Remote Proctoring
Questions

• Did your organization use a remote (online) proctoring solution for its examination programs prior to the start  
of the COVID-19 pandemic? (Yes/No)

• Did your organization implement a remote (online) proctoring solution in response to COVID-19? (Yes/No/Not sure)
• If Yes, do you plan to continue using remote (online) proctoring after the current situation ends? (Yes/No)
• What regulatory, governance, financial, or practitioner challenges, if any, did you face in the transition to 

remote (online) proctoring? (Open text response)
Number of responses: 28

Results
Of the 28 respondents who answered the poll, three-fourths (75%, N=21) indicated that their organization had NOT 
used live remote proctoring (LRP) before the COVID-19 pandemic, and one-fourth (25%, N=7) had employed this 
testing modality. In response to COVID-19, two-thirds of the organizations that had not previously employed LRP 
(14 of 21 organizations) began implementing this testing methodology, and all those who had previously used LRP 
continued to do so. Finally, seven organizations did not use LRP before COVID-19 and also did not implement it in 
response to the pandemic.

Used LRP before pandemic Added LRP in response to pandemic

No NoYes Yes

25%

75%

33%

67%
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Of those organizations that employed LRP before the pandemic, all intended to continue to do so in the future. 
Of the 14 organizations that implemented LRP for their exams in response to the COVID-19 pandemic, 10 (71%) 
indicated they would continue to offer this option, two said they would not continue to offer LRP, and two were 
unsure of their future plans with regard to LRP. 
Respondents who began offering LRP in response to the pandemic, as well as organizations that had previously 
used LRP, listed a number of challenges in their transition to or continued use of live remote proctoring. Among 
the primary challenges were

• security issues, including concerns about the safety of intellectual property and potential increased 
opportunity for cheating;

• privacy concerns among candidates;
• speed of the transition (although several organizations indicated that COVID-19 simply accelerated an 

already-planned transition); 
• educating regulators so they were confident in examination results; 
• technology issues, including educating candidates about the technology to be used, as well as internet and 

connectivity issues for individual candidates during exams; and
• developing a communication and education plan for stakeholders.

Question on Remote Proctoring from Membership Survey 
As part of a membership survey on organizational responses to COVID-19 conducted in the summer of 2021 (eight 
months after the Quick Poll on this topic was conducted), two questions related to remote proctoring were posed.

Questions
• Did your organization shift to the remote proctoring of examinations during the pandemic? (Yes/No)
• Is your organization planning on continuing the use of remote proctoring of examinations beyond the 

pandemic? (Yes/No/Not sure) 
Number of responses: 101

Results
While the survey did not include a question on whether organizations already offered remote proctoring before 
the COVID-19 pandemic (as did the Quick Poll), results also indicated a large shift toward remote proctoring 
as a result of the pandemic, with 61% offering this testing modality (N=62) as a result of COVID-19 and 
39% (N=39) not making remote proctoring available. Of those organizations that made the shift to remote 
proctoring, a larger percentage than in the Quick Poll were not sure they would continue offering this option 
beyond the end of the pandemic, with 42% saying they were not sure; 51% said that their organization was 
planning on continuing the use of remote proctoring of examinations beyond the pandemic, and 7% said they 
were not planning on doing so. 
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Organization shifted to the remote 
proctoring during pandemic 

Planning on continuing remote 
proctoring beyond pandemic

No NoYes Yes Not sure

51%42%
39%

61%

7%

With a somewhat larger number of respondents and the insights gained through some eight additional 
months of pandemic experience, it can be seen that those responding to the survey in the summer of 2021 
were somewhat less likely to plan on continuing remote proctoring beyond the pandemic than were those 
who responded to the Quick Poll in November 2020 (51% versus 71%, respectively). Whether this is due to 
additional challenges that became more apparent over time, or differences in the professions or regulatory 
requirements of respondents to the different data collection efforts, or for some other reason might be the 
subject of additional research initiatives. 

Quick Poll on Exam Retakes

Questions
• When a candidate fails an exam, do you limit the number of times the candidate may retake the exam? 

(Yes/No)
• In total, how many attempts does the candidate have before remediation is required prior to another 

attempt? 
• When a candidate fails an exam, do you require the candidate to wait a period of time before testing again? 

(Yes/No)
• How long do you make candidates wait?

Number of responses: 143 total, then varied by routing to subsequent questions

Results
One hundred forty-three responses were received. Of these, 64% (N=91) limited the number of times candidates 
could retake the examination, and 36% (N=52) did not limit the number of retakes permitted. Eighty-four 
respondents completed the follow-up question on the number of retakes permitted. The most common response 
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was three retake attempts (54%, N=45), followed by two retake attempts (21%, N=18), with various other number 
of retakes permitted. Qualitative responses also included retakes limited to a specific eligibility time period (e.g., 
within 18 months or within two years of graduation) or a lifetime limit regardless of remediation. 

Organizations typically required candidates to wait a certain amount of time before retesting after an unsuccessful 
attempt. Six percent of those making another attempt were allowed to retest within one week or less; 20% could 
retest in 2 weeks to 4 weeks/30 days/1 month; 13% needed to wait 45 days to 60 days/2 months. The most typical 
wait time for retesting was 90 days/3 months/quarterly (28%). In some instances, this was a requirement of the 
exam vendor. Smaller percentages required wait times in excess of 3 months. Some respondents indicated the 
candidates could retest at the next examination window or administration without specifying how long that might 
be after the failed attempt. Finally, a number of respondents indicated that the wait times between retests got 
progressively longer after subsequent unsuccessful attempts by a given candidate. 

Number of retakes permitted before remediation required

1
0%

10%

20%

30%

40%

50%

60%

2 3 4 5 6 7 8 9 10 >10

6%

21%

54%
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How long must candidates wait to re-test? 

0%

5%

10%

15%

20%

25%

30%

3% 3%

7%

12% 12%

28%

6%

9%

4% 4%

10%

1% 1%

Quick Poll on Cut Scores for Multiple Examinations 

Questions
• When a candidate achieves a certification or license from your program, do they take one examination or 

more than one examination? (One/More than one)
• When more than one examination is used, is each examination scored separately with its own cut score 

(passing score), or are scores summed together before the total is compared to one single cut score? 
(Separate, One, Other)

Number of responses: 107

Results
Slightly more than half the respondents (54%, N=58) 
required one examination for their certification or licensure, 
and the remainder (46%, N=49) required candidates to 
pass more than one examination. 

# of exams N %
One 58 54.2%

More than 1 49 45.8%
Total 107 100.0%
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Of the 49 organizations administering more than one examination, six respondents did not provide details of 
whether they used separate cut scores or a combined cut score for their examinations. Only one group summed all 
scores together to create a single passing score. Forty-two respondents indicated they have separate cut scores for 
each examination, and five organizations provided additional details. In one case, the respondent organization was 
an umbrella regulatory body with different requirements for different professions; another indicated that one exam 
is written while the other is psychomotor; another used constructed-response exams with no set cut score. Other 
responses indicated non-examination requirements to achieve the certification (e.g., reference checks, education). 

Quick Poll on Pandemic Pass Rate Changes

Questions
• Since the start of the COVID-19 pandemic response, has your program experienced a change in pass rates? 

(Yes/No)
• Have the pass rates increased or decreased?
• By what percentage did the pass rates change?

Number of responses: 57

Results
Just over half of the 57 respondents (54%, N=31) indicated that their program had experienced a change in pass 
rates since the start of the COVID-19 pandemic, while 46% (N=26) reported no change in pass rates. Of the 
31 respondents whose organizations had experienced changes in pass rate, 81% (N=25) had seen pass rates 
decrease, and 19% (N=6) had seen pass rates increase. 

Pass rate changed since COVID-19 Pass rate has:

No IncreasedYes Decreased

46%
54%

19%

81%
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Percentage decreases in pass rates were provided by 17 respondents and ranged from 1% to 20%, with an 
average of just over 9% decrease in pass rates. Percentage increases in pass rates were only provided by four 
respondents and ranged from 4% to 40%, with an average increase of 16%—however, the small number providing 
this data suggests caution in making generalizations from this data. For the organizations responding to this poll, 
it is clear that the pandemic has had an effect on the ability of candidates to pass their examination(s). Whether 
this is due to changes in exam delivery formats (e.g., switch to remote proctoring, fewer testing locations leading 
to impacts on travel), issues related to preparation such as truncated educational programs or lack of access 
to training or preparation, changes in the candidate population due to disruptions in employment, or the other 
pandemic-related stressors or issues remains to be investigated in future research.
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Introduction
Test questions/items are essential for assessing learners’ knowledge and/or understanding (Ch & Saha, 2020). 
However, item construction using traditional, manual methods can be challenging and is a process that involves 
many trained experts including item writers, subject experts, and psychometricians (Kurdi et al., 2020). It is also 
fundamental that the items developed are of a high quality and that there is a large enough pool from which 
to draw (Kurdi et al., 2020). This is because items frequently need to be replaced to ensure test security and 
minimise item exposure (Gierl & Lai, 2012; Kurdi et al., 2020). As such, manual test item generation can prove to 
be an expensive and time-consuming task (Ch & Saha, 2020). 
Automatic Item Generation (AIG) has emerged in recent decades as a response to the challenges involved 
with traditional item development. AIG is a rapidly evolving research area where various methods are used to 
generate items using computer technology and item models1 based on a set of rules (algorithms) (Gierl & Lai, 
2012; Gierl, Ball, et al., 2015). AIG is thought to provide a method for the continuous production of high volumes 
of content-specific test items (Gierl & Lai, 2013). Von Davier (2018) highlights that because the majority of items 
used in commercial testing continue to be written by humans, AIG may prove to be a valuable resource in terms 
of enhancing and shortening the overall item development process. However, to date, much of the research and 
literature focused on AIG has taken place in the context of K-12 and university level education. The purpose of 
this paper is to provide an overview of current trends in AIG and detail its applicability and relevance for large-
scale assessments in certification and licensure. This paper presents the key findings from a literature review 
focusing on the critiques and benefits of using AIG. A series of recommendations is then provided to aid decision 
making regarding incorporating AIG into the item development process. The paper concludes by highlighting 
several areas that are deserving of future research.

Approaches to Automatic Item Generation 
There are numerous different approaches to AIG that have been identified in the literature. Kurdi et al. (2020) 
conducted a systematic review of over 70 papers and determined that approaches to AIG could be classified 
along two different dimensions: level of understanding and procedure of transformation. 

• The level of understanding dimension determines the extent to which test developers need to have 
comprehension of the meaning of the text/information that is being used to automatically generate the 

1 An item model, as described by Gierl, Lai, and Turner (2012), is a template that contains the information (e.g., item stem variations, elements   
  of the stem that can be manipulated, response options) needed to generate test items. This information can be manipulated, thus enabling a
  single item model to generate a large number of unique items. For further detailed information, please see Gierl et al. (2012). 
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items. Within this dimension are syntactic and semantic-based approaches to AIG. In the syntactic 
approach, items are generated automatically from a given piece of text. Under the syntactic approach, test 
developers are not required to have a working understanding of the meaning of the text itself. In light of 
this, the role of humans in the item development process is significantly curtailed. For example, a computer 
programme that has been written to automatically generate items from an encyclopaedia entry about the 
rules of cricket would not require the programmer to have any knowledge of cricket. In contrast, semantic 
approaches require test developers to have “a deeper understanding of the input” (Kurdi et al., 2020, p. 137) 
and generally require content experts to be involved in the item development process. 

• The procedure of transformation dimension determines the process by which the items are automatically 
generated from the input information. Within this dimension, there are template-based, rule-based, and 
statistical approaches. The template-based approach requires test developers to think deeply about 
what they are assessing and how to do this. Each item generated via the template-based approach will 
subsequently be reviewed by a subject matter expert to ensure it is of a high quality. In a rule-based 
approach, items are automatically generated by applying various “rules” to the input information. In 
comparison, statistical approaches to AIG are still largely in the development stage and involve using 
machine learning tools and artificial intelligence to automatically generate items. 

Approaches to AIG can be conceptualised as combining a syntactic or semantic level of understanding with a 
template, rule, or statistical procedure to transform the input material into items. 

The Scope of this Research 
For the purpose of this paper, a computer-aided search for relevant literature was completed using the Dublin City 
University Library Database. Once relevant articles were identified, the reference lists were then screened in order 
to find further studies of interest. An additional literature search was also conducted using Google Scholar. The 
remainder of this paper focuses primarily on methods of AIG that combine a semantic and template approach to 
generate multiple-choice items, as this represents the bulk of peer-reviewed work on AIG that has been conducted 
thus far. Additionally, these are addressed because they represent the approaches that are most relevant to the 
field of certification and licensure testing. As items included in large-scale assessments in this area are typically 
developed with significant input from content experts and undergo a rigorous process of evaluation, it is unlikely 
that the generation of items with no input from experts and with no one involved who has a deep understanding 
of the material will be used widely in the short term. For example, statistical approaches are an exciting prospect; 
however, large amounts of data/information are needed to train these models (von Davier, 2019). Additionally, at 
present, it may prove difficult to defend test results stemming from items that have limited human input in their 
development. It is therefore unlikely that this approach will be easily accessible for all assessment organisations/
providers (Thompson, 2019) in the immediate future. The authors do, however, acknowledge that alternative 
approaches to AIG will become more prominent in the future as they are further developed. 

Key Findings: The Benefits of Automatic Item Generation 
This section of the paper outlines some of the benefits of AIG, focusing on those that are most frequently cited in 
the literature. 

1. AIG can create a large number of items. 
• One of the main benefits of AIG is that it can be used to develop large banks of items much more quickly 

than would be possible if the items were generated manually. Owing to this, test security is enhanced as 
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the risk of item exposure is significantly reduced. In contrast, traditional item development is a more 
time-consuming process in which subject matter experts are required to write each item individually 
(Gierl & Lai, 2016b). As such, it is often the case that the demand for items exceeds the supply, 
particularly with computer-based testing (CBT) increasing the frequency of testing. In large-scale 
assessments, it is beneficial for items to be used as infrequently as possible, in order to minimise the 
risk of prospective test-takers coming into contact with items that have been leaked.

• AIG has been cited as a major step forward in addressing these problems, with authors publishing on 
the use of AIG in various contexts consistently reporting a high number of generated items (see Gierl 
et al., 2016; Embertson & Kingston, 2018). The efficiency of developing items via AIG compared to 
traditional methods is clearly evidenced by the higher item output within a shorter time frame (Gierl et 
al., 2012). 

• Research suggests that to ensure this benefit is realised, test developers need to determine how 
to best create items that are likely to be of sufficient quality to be used for their intended purpose 
(Embertson & Kingston, 2018). For example, if AIG were used to generate thousands of items, but a 
large proportion of these items were of insufficient quality, developers would still end up spending time 
and money on quality control processes to filter out unsuitable items, thus negatively impacting the 
cost-benefit rationale for AIG. 

2. AIG can be cost- and time-effective. 
• Another significant benefit of AIG that is frequently mentioned in the literature is that it is likely to be 

more cost- and time-effective than creating items manually. When items are created manually, human 
test developers are required to map out the content areas that the items will assess and then create a 
series of items one-by-one. However, with AIG, the role of human content experts is different. Content 
experts will outline the knowledge, skills, and content to be tested by the items, which are then 
generated using computer software (Gierl et al., 2012). 

• While both AIG and traditional methods of item generation entail work by human content experts, the 
actual time it takes to produce items one-by-one should be significantly reduced using AIG. However, it 
is also noted that AIG may not be cheaper than manual item development in every case. For example, 
the initial upfront costs of creating AIG item models can be significant, as they require more time and 
expertise on behalf of content experts than creating items one-by-one (Kosh et al., 2019). This, coupled 
with the costs of developing software to generate items from the item models, means that AIG is likely 
to be more cost-effective on a per-item basis when a large number of items are produced/required. 

• Furthermore, the cost-benefit analysis of AIG is affected by the extent to which created items need to 
be screened for quality control purposes. It is therefore incumbent upon test developers to determine 
whether AIG is likely to be the more cost-effective approach for their specific item development needs 
(Kosh et al., 2019). 

Key Findings: Critiques Arising from the Literature 
While AIG may be appealing to testing organisations whose demand for test items exceeds their current 
ability to develop these items (Pugh et al., 2020), there are critiques arising from the literature regarding this 
method of item development that must be considered. 

A Consideration of Factors Affecting the Use of Automatic Item Generation (AIG) in Developing 
Items for Use in Certification and Licensure Assessments: A Review of the Literature
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1. Quality assurance processes are an essential element of AIG. 
• One of the most prominent critiques in literature focusing on AIG is concerned with quality assurance. 

Previous research suggests that items generated via AIG may not be of the same quality compared 
to items generated using traditional methods (Pugh et al., 2020). It is theoretically possible that test 
developers could face legal action from test-takers, alleging that AIG items are not equivalent to 
manually generated items, thus calling into question the validity of inferences made on the basis of 
awarded scores. As such, it is imperative that test developers can point to evidence regarding the 
equivalence of AIG and manually generated items. 

• A further area of concern pertaining to quality assurance is the risk of the efficiency of AIG being 
undermined if the generated items continue to require traditional and time-consuming review/evaluation 
processes (Embertson & Kingston, 2018). Currently, all items generated via AIG must meet qualitative 
criteria regarding content and must also have satisfactory psychometric properties. As noted by 
Embertson and Kingston (2018), if this review process cannot be reduced, then AIG will not perform 
as efficiently as it could in meeting the demand for test items. However, recent studies have indicated 
that a more limited, less expensive review process for items generated via AIG may be possible. For 
example, Embertson and Kingston (2018) investigated “to what extent are the psychometric properties 
across item variants from the same family predictable?” (p. 113). In their study, few psychometric 
differences were found, with item discrimination and item difficulty comparable across AIG and 
operational items. The authors argued that these promising results provide evidence that supports a 
shortened review process. 

• As AIG continues to develop and be introduced into various testing programmes, it is crucial that 
time and resources are dedicated to the quality process. This will ensure that generated items meet 
required qualitative and psychometric standards. 

2. Existing approaches to AIG do not address best practice for distractor generation.
• There are concerns expressed in recent literature regarding the quality of AIG distractors, with Kosh 

(2021) suggesting that the transition of AIG from theoretical research to operational implementation has 
led to unexpected challenges, particularly in the area of distractor generation. Some previous research 
has acknowledged that existing approaches to AIG did not address the best methods/practices for 
generating answer choices (Gierl, Lai, et al., 2015). For example, an established three-step process for 
automatically generating items put forward by Gierl et al. (2012) models the stem and the key; however, 
it does not specifically model the distractors (Gierl & Lai, 2013). 

• Research also draws attention to the fact that it is unfeasible to quality check distractors generated 
via AIG (Kosh, 2021). Because AIG can be used to generate large numbers of items (often in the tens 
of thousands; Gierl, Lai, et al., 2015), it is impossible to check the distractors for each generated 
item. In contrast, items developed via traditional methods are individually reviewed by subject matter 
experts. As such, distractors generated via AIG may not blend together and may confuse test-takers by 
including answer choices that are the same, answer choices that appear as outliers, or answer choices 
that are in different formats. 

• Any benefits gained in terms of generating more items will come with costs in terms of the additional 
time and resources spent ensuring quality (Royal et al., 2018). At the time of writing, methodological 
innovations are currently being developed to alleviate the challenges of automatically generating 
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distractors (for example, see Kosh, 2021). However, only methodological details are currently being 
published, and these novel approaches have not yet been operationally or psychometrically tested. 

3. The “automatic” element of AIG is questionable. 
• While called automatic item generation, Gierl and Lai (2016a) state that AIG is anything but automatic. 

This is because AIG places significant demand on software developers and subject matter experts. 
Furthermore, it has been argued that because many current AIG approaches involve significant human 
preparation, they end up as “fill-in-the-blanks approaches” (von Davier, 2019, p. 2). 

• Perhaps one of the most important considerations regarding AIG is that if the testing community 
decides to embrace it, there will likely be challenges involved in extending it into everyday practice 
(Royal et al., 2018). For example, content experts will require professional development, while item 
writers and subject matter experts will need to learn how to use highly complex software to do a job 
they were already doing themselves. It is not known how these individuals will respond to this or how 
they will view this new process (Royal et al., 2018). 

Recommendations 
Based on the cited literature, the following recommendations should be considered by certification/licensure 
testing organisations that are considering incorporating AIG into their item development processes: 

1. Carry out an evaluation of their current item generation methods. The potential for AIG to be used in 
the development of large numbers of items is well recognised. However, as there are also limitations to 
using AIG, it is recommended that testing organisations conduct an extensive evaluation of their current 
item generation methods, including a cost-benefit analysis. This analysis should include a review of the cost 
of content experts, software generation, and quality assurance procedures. Only after such an evaluation 
can a move to AIG be justified, as organisations will be able to meaningfully compare AIG methods to those 
methods currently in use. 

2. Develop unique evaluation procedures for items generated via AIG. Currently, items that are developed 
using AIG require a rigorous process of evaluation before they can be included in any large-scale 
certification/licensure assessment. It is recommended that testing organisations develop an evaluation 
procedure for AIG items. This evaluation should include qualitative appraisal by content experts and 
extensive empirical piloting within assessment administrations. 

3. Select the most appropriate approach to AIG. As reviewed, there are numerous approaches to AIG, 
and these are likely to be better suited to particular subject areas. At present, the recommended approach 
that is most applicable to certification and licensure assessments is the semantic approach combined 
with the template-based approach. As this requires the creation of bespoke item generation software, it is 
recommended that testing organisations investigate and determine the associated cost of creating similar 
programmes. It is also recommended that an evaluation be carried out to determine the most relevant 
approach to AIG for each specific subject area.

4. Monitor advancements in AIG. It is critical that testing organisations stay aware of advancements in AIG 
approaches (such as statistical methods). Research on these emerging approaches is likely to become 
more common and may be viable for testing organisations in the future. Organisations are therefore 
recommended to keep abreast of published work in this area. 
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Highlighted Areas for Future Research
Research focusing on AIG has proliferated in recent years but remains at an early stage overall. Considering 
this, there are several important directions for future research, four of which are outlined below.

1. Higher-Order Cognitive Domains. To date, a significant amount of research has sought to determine 
whether AIG can be used to create large numbers of multiple-choice items (for example, Gierl & Lai, 2016). 
However, these item types generally assess skills on the lower end of Bloom’s taxonomy, such as remember 
and understand (Bloom, 1956). It remains to be seen whether AIG can be used to assess higher-order 
domains such as apply, analyse, evaluate, and create. 

2. Automating the Production of Templates/Item Models. As noted earlier in this paper, the most common 
method for producing AIG items is for human content experts to develop an item model and for an item 
generator to produce the items from this model (see Gierl et al., 2012). However, it is evident that this 
approach requires significant resources, which impedes the cost-effectiveness of using AIG (Embertson & 
Kingston, 2018). Further research could explore how/if the item models themselves could be automated, to 
further reduce the cost and time commitments associated with AIG. 

3. Testing AIG in Different Domains. To date, a significant amount of research in the area of AIG has focused 
on its application and potential uses in medicine (Gierl et al., 2016) and education (Kurdi et al., 2020; 
Embertson & Kingston, 2018). In theory, AIG should be a usable approach in any subject where there is 
a need for the development of large numbers of items (particularly multiple-choice items). Indeed, some 
research has examined the possibility of using AIG in other areas, such as language acquisition (Arendasy 
et al., 2011) and music psychology (Harrison et al., 2017). However, given the relative extent of the research 
completed in education and medicine, further research is needed to determine the applicability of AIG in other 
fields and whether there are unique challenges that arise when AIG is applied elsewhere. 

4. Evaluation Procedures. As it stands, items generated using AIG are usually evaluated qualitatively by human 
content experts and/or through an extensive empirical trial (for example, by placing pilot items within larger 
tests). This process remains time-consuming and expensive, thus limiting the cost-effectiveness of AIG (Kosh 
et al., 2019). Further research is required to determine whether the evaluation process for AIG items can be 
streamlined or automated. 

Conclusions
The main goal of this paper is to provide an overview of the prominent literature and research focusing on the 
topic of AIG, concentrating particularly on its relevance to large-scale certification and licensure assessments. 
Specifically, this paper details critiques arising from the literature and highlights the main benefits that testing 
organisations can expect if they choose to incorporate AIG. It is evident that AIG is becoming more common 
and represents a growing research area (Kurdi et al., 2020). This is likely to continue in the future owing to the 
extensive benefits that are associated with this method of item development when compared to traditional 
methods. However, it is also important that testing organisations take note of the current limitations 
connected with this approach to item development. It is clear that further research is required in order to 
strengthen the field. Moving forward, it seems likely that as further research is undertaken, more testing 
organisations will lean towards this new and innovative approach to developing test items. 
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