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Abstract

This paper delves into the dynamic intersection between traditional assessment processes and Al-powered technology
assessment models within the expansive landscape of the big data era. Tracing the origins of large-scale standardized
testing, from Francis Galton's pioneering intelligence testing proposals to the subsequent development of norm-referenced
testing (NRT) by Alfred Binet and Theodore Simon, the historical trajectory underscores the evolution towards authentic
assessment paradigms such as computerized adaptive testing (CAT) and performance-based assessment (PBA). These
shifts reflect a broader aim of equipping educators with tools to measure student learning effectively and foster continuous
learning beyond the confines of the classroom. However, despite the proliferation of methods integrating big data and Al
technologies in educational settings, a discernible gap persists between technological capabilities and their practical
implementation in education, notably in the realm of student assessment and evaluation. This gap highlights challenges
in enhancing assessment accuracy and reliability, evaluating non-cognitive skills, and delivering personalized feedback.
The introduction of Al-powered technologies like ChatGPT raises ethical considerations regarding fairness, privacy, and
bias, necessitating responsible and equitable deployment.

This paper addresses fundamental research questions concerning the historical influences on assessment frameworks, the
role of Al-powered technology in driving paradigm shifts, and the ethical considerations surrounding its application.
Through a comprehensive literature review, it explores the potential of Al technology to enhance assessment accuracy
and reliability while advocating for its responsible use. Despite the challenges posed by traditional assessment processes
and Al-powered technology assessment models, educators continually strive to improve student learning and readiness
for lifelong learning.

By celebrating the invaluable contributions of educators, we can shift the narrative surrounding assessment practices
towards a more positive and supportive environment, fostering ethical and innovative uses of Al-powered technology.
This celebration serves as inspiration for future research and development in assessment, emphasizing the importance of
building upon educators’ innovative practices to shape the future of assessment in the big data era.

Keywords: paradigm shift, Al powered measurement and assessment, transhumanism, student learning and achievement
in big data era, ChatGPT

1. Introduction

The landscape of educational assessment has undergone significant transformations, driven by the convergence of
traditional assessment practices and the revolutionary potential of Al-powered technology within the context of the big
data era. The historical trajectory of large-scale standardized testing traces its roots to the visionary endeavors of Francis
Galton, who laid the foundation for intelligence testing through standardized measures during the late 19th century
(Galton, 1869, 1888). This pivotal development paved the way for norm-referenced testing (NRT), conceptualized by
Alfred Binet and Theodore Simon during World War 1, leading to the creation of standardized norm-referenced tests like
the SAT and ACT, pivotal in college admissions (Himelfarb, 2019 & Brigham, 1926). Nevertheless, the inherent
limitations of NRT and criterion-referenced testing (CRT) spurred a transformative shift towards authentic assessment
methods, such as computerized adaptive testing (CAT) and performance-based assessment (PBA), purposefully designed
to address real-world challenges (Kohn, 2000; Brigham, 1930; Himelfarb, 2019). This paradigm shift symbolizes a
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profound evolution in the goals of educational assessment, aligning them with the broader purpose of equipping educators
to measure student learning and prepare them for a lifetime of continuous learning beyond the confines of the classroom
(McArthur, 2022; Sokhanvar et al., 2021).

While the advent of Al and big data has fostered numerous methods to empower educational environments, a discernible
gap remains between the impressive technological capabilities and their practical utilization in education, particularly
concerning student assessment and evaluation. This gap is most pronounced in the pursuit of enhancing assessment
accuracy and reliability, effectively assessing non-cognitive skills and competencies, and providing personalized feedback
to cater to each student's unique needs. The introduction of ChatGPT, an Al-powered technology for assessment,
introduces a host of ethical considerations, ranging from concerns about fairness, privacy, and bias (Luan et al., 2020;
Adiguzel, Kaya, & Cansu, 2023). As such, the responsible and equitable deployment of Al in educational assessment
becomes paramount.

Educators now face the complex challenge of fairly evaluating students' work when Al is appropriately harnessed, while
also grappling with the implications of Al misuse. This raises critical questions regarding the very essence and definition
of academic integrity in the realm of Al-enhanced assessments (Tlili et al., 2023; Rudolph, Tan, & Tan, 2023). As the Al
era unfolds, the gap between the readiness of technology and its effective application in assessment demands meticulous
investigation, as the entry barriers evolve from traditional assessment's technical requirements to the willingness and
necessity for embracing Al technology (Luan et al., 2020). Embracing Al assessment models or breaking away from
conventional paradigms are indispensable steps in bridging this divide, allowing educators to harness the full potential of
Al to propel educational evaluation into a new frontier shaped by the vast potential of big data.

This research paper endeavors to illuminate several fundamental research questions that delve into the historical
underpinnings influencing the development of assessment models in education, exploring Al technology's pivotal role in
driving this paradigm shift. Additionally, the paper casts a critical spotlight on the ethical considerations that surround Al-
powered technology for educational assessment, emphasizing the indispensable need for its responsible and equitable
application. An in-depth exploration of Al technology's potential to bolster the accuracy and reliability of educational
assessments constitutes yet another crucial facet of this study. By conducting a comprehensive literature review
encompassing the historical evolution of assessment frameworks, the transformation of assessment paradigms over time,
and the recent advancements in Al technology influencing the educational domain, this research aspires to adapt
assessment methodologies to align with the evolving needs of students in the big data era. As educators and researchers
embrace the potential of Al in assessment, they embark on a transformative journey to shape the future of education, one
that is not only enhanced by technological prowess but also guided by a steadfast commitment to equity, fairness, and the
holistic development of every learner.

2. Historical Context of Assessment Practices in Education

The roots of the earliest schools in the United States can be traced back to a desire for universal literacy, primarily for the
purpose of reading the Bible (Vinoskis, 2019). To demonstrate successful achievement in reading, oral exams were
commonly used as a means of assessment, serving to prove students' ability to interpret religious texts to their parents and
the community. However, the landscape of assessment underwent a significant shift with the rise of larger publicly funded
schools and the need for accountability. As a consequence, the use of rehearsed oral exams gave way to written exams,
revealing disparities between students' performance in oral and written assessments (Reese, 2013). During the 19th
century, behavioral scientists began to adopt principles from the physical sciences, incorporating statistical measures into
their research (Vinovskis, 2019). This led to the development of standardized assessments, initially designed by Francis
Galton in the 1860s to measure intelligence through correlations (Galton, 1869). Subsequently, Alfred Binet further
refined these intelligence tests, aiming to identify students in need of special services (Himelfarb, 2019). These early
assessment practices were driven by the behavioralist theories of the time, seeking to objectify and measure intelligence
in a quantifiable manner.

A cultural shift in the 19th century saw a significant migration of people from rural to urban communities, leading to the
consolidation of schools and the adoption of graded systems, placing the responsibility of student performance at the city
or state level (Vinoskis, 2019). Standardized tests for measuring student achievement were introduced as early as 1890
by Joseph Mayer, and they gained traction under the influence of early behaviorists like Edward Thorndike, Alfred Binet,
and Lewis Terman (Himelfarb, 2019; Vinovskis, 2019). These pioneers contributed to the standardization of tests, making
it possible to compare students' abilities and objectively measure knowledge and intelligence through assessments. World
War I further propelled the use of testing as nearly 2 million soldiers needed to be measured and placed in appropriate
roles in the United States military (Himelfarb, 2019; Vinovskis, 2019). Following the war, many assessment specialists
shifted their focus to developing intelligence tests for use in schools, leading to the widespread adoption of standardized
testing. Simultaneously, significant changes were taking place in the education system, with increased secondary
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attendance and the establishment of vocational and specialty schools. As a result, there was a growing need to categorize
students effectively to align them with appropriate educational pathways, and norm-referenced testing became a dominant
method in the United States (Resnick, 1980)

In the post-World War 1II era, the federal government assumed a greater role in education, recognizing the need for
equitable distribution of educational resources for national security reasons. The launch of Sputnik by the Soviet Union
intensified public concern about education, culminating in the National Defense Education Act of 1958, which funded
both schools and assessment research (Urban, 2010). With the increasing federal involvement, a focus on accountability
emerged, leading to the development of national achievement tests to identify schools requiring additional support
(Vinovskis, 2019). The 1970s witnessed a reform movement in education, particularly in the southern states, where
concerns about low performance and economic issues prompted the implementation of minimum competency testing for
students (Vinovskis, 2019). This marked a significant shift in assessment practices, with teachers and students increasingly
held accountable for standardized test performance (Vinovskis, 2019).

Amid these changes, psychologists and assessment specialists began questioning the behavioral paradigms that shaped
assessment practices, prompting a shift towards cognitive and constructivist theories of learning. This shift led to the
development of new assessment models that focused on understanding students' learning processes rather than mere
reproduction of knowledge (Brooks & Brooks, 1999). Authentic assessment emerged as a new approach, encouraging
students to engage in real-world tasks such as research, presentations, and simulations, enhancing their preparedness for
college and careers (Darling-Hammond, 1995). Another significant development in assessment was the introduction of
formative assessments, which aimed to identify gaps in student knowledge for the purpose of improving teacher feedback
and facilitating student learning (Rushton, 2005). In contrast, summative assessments continued to be used for
comparative purposes and decision-making.

Multicultural assessment emerged as an outgrowth of constructivist theories and increasing cultural diversity in schools.
Acknowledging the diverse experiences and perspectives of students from various backgrounds, this model of assessment
sought to incorporate cultural elements into the evaluation process, ensuring equal opportunities for all students to succeed
(Gay & Howard, 2000). As educational policies evolved, high stakes standardized exams faced criticism for their limited
effectiveness and misuse, leading to ongoing work on alternative models of assessment (Himelfarb, 2019). The 21st
century has seen a growing focus on incorporating more holistic and student-centered approaches to assessment,
emphasizing learning processes, individual growth, and a broader understanding of intelligence and knowledge
acquisition. These developments represent a continued quest for more effective and equitable methods of evaluating
student learning in the American education system.

3. Theoretical Foundation of a Transformative Paradigm Shift in the Digital Era

In the realm of educational assessment, the adoption of Al-powered technology has brought about a significant paradigm
shift, influenced by several foundational theories. Cognitive Load Theory, as proposed by John Sweller (1988),
emphasizes the limited capacity of learners to process information efficiently. Al-powered adaptive assessments
effectively address this concern by tailoring questions to each student's cognitive abilities, thus reducing cognitive load
and enhancing learning outcomes (Sweller, 1988). Additionally, Constructivism, as developed by Jean Piaget (1972) and
Lev Vygotsky (1978), asserts that learners actively construct knowledge from their experiences. Here, Al-powered
assessment tools align with constructivist principles by providing interactive and personalized learning experiences,
promoting active learner engagement and deeper understanding (Piaget, 1972; Vygotsky, 1978).

Moreover, the transformative nature of Al in educational assessment is further strengthened by the incorporation of
Thomas Kuhn's Paradigm Shift, Clayton Christensen's Disruptive Innovation, and Carlota Perez’s Technology Cycles.
Thomas Kuhn's work, “The Structure of Scientific Revolutions” (1962), posits that scientific progress occurs through
paradigm shifts when existing theories are challenged by new revolutionary ideas (Kuhn, 1962). In the context of
educational assessment, Al-powered technology represents a disruptive innovation that challenges traditional assessment
methodologies, paving the way for a new paradigm in education (Christensen, 1997). As Clayton Christensen introduces
in “The Innovator’s Dilemma” (1997), disruptive innovations initially serve niche markets and eventually overtake
established players, similar to the rising prominence of Al-powered assessment tools in the education landscape
(Christensen, 1997). Additionally, Carlota Perez's insights in “Technological Revolutions and Financial Capital” (2002)
highlight the cyclical nature of technological advancements and their impact on societal systems (Perez, 2002). The
integration of Al in educational assessment signifies a transformative technological revolution, reshaping assessment
practices and influencing teaching and learning approaches. Combined with Cognitive Load Theory and Constructivism,
these foundational theories underscore the potential for more personalized, adaptive, and effective assessment practices,
ultimately revolutionizing students' learning experiences and teachers' instructional approaches in the digital age.

As the educational assessment landscape experiences, a profound shift in the big data era, continuous evolution of
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assessment paradigms becomes imperative to meet the changing needs of students. The explosion of digital data, coupled
with the integration of Al-powered technology in education, offers unprecedented opportunities to gather, analyze, and
utilize vast amounts of information about student learning. Al-driven assessments enable educational institutions to collect
real-time data on individual student progress, engagement levels, and learning patterns, providing valuable insights into
each learner's strengths and areas requiring improvement.

4. Ethical Concerns in AI-Powered Educational Assessments

Alongside the potential benefits, significant concerns arise regarding the algorithmic basis of Al-powered assessments.
Algorithms play a crucial role in addressing several primary ethical concerns related to Al-powered technology. In the
wake of the COVID-19 pandemic, education shifted significantly towards online learning, necessitating the use of Al
programs equipped with algorithms, which are sets of rules guiding the computer’s problem-solving process. However,
this reliance on algorithms raises concerns about privacy as they collect and store students' personal information, often
requiring users to sacrifice their privacy rights to access the program. The Institute of Ethical Al in Education’s 2020
report highlights the alarming impact of Al on privacy, as the vast amount of personal data uploaded to these platforms’
compromises individuals’ fundamental right to privacy, including strengths, weaknesses, and behavioral patterns.

Furthermore, surveillance becomes intertwined with privacy in the context of Al-powered technology. The algorithms in
such systems enable surveillance of students' activities, encompassing unexpected forms of monitoring, like
algorithmically identifying a student's social media presence from a data pool or using facial recognition to track students
in public settings(Borenstein & Howard, 2020). Although monitoring can aid in addressing cyberbullying, it may also
discourage open communication with teachers and limit class participation.

Autonomy emerges as a critical ethical concern stemming from the integration of Al-powered technology in education,
encompassing the capacity for students and teachers to retain control over their own lives and decisions. As Al algorithms
increasingly dictate personalized learning experiences and automate various aspects of the teaching process, there is a
potential risk of eroding students' and teachers' independent thought and agency. Over-reliance on Al-driven tools may
lead to a passive role for both students and teachers, compromising their ability to critically analyze and engage with
educational content. Consequently, this loss of autonomy can result in a less effective and meaningful learning experience
for students, hindering the development of essential skills and intellectual curiosity.

Bias and discrimination constitute significant and pervasive issues associated with Al-powered technology. For instance,
Gender bias remains prevalent in current Al systems, leading to gender-based inequalities in various contexts. Additionally,
reports have highlighted biases in health care algorithms, disproportionately affecting African Americans by offering them
lower-quality care compared to their Caucasian counterparts. Within the realm of education, Al-powered technology may
perpetuate biases that impact students from disadvantaged groups, resulting in lower success rates, limited college choices,
and reduced access to necessary support services. Such biased outcomes not only exacerbate existing inequalities but also
hinder the potential for educational institutions to foster inclusive and equitable learning environments.

Another primary concern revolves around the limited sample size used to develop and train Al algorithms. In some cases,
the data used to train AI models may lack diversity or comprehensiveness, leading to biased assessments that do not
accurately reflect the capabilities and potential of all students, particularly those from underrepresented or marginalized
groups (Johnston, 2019; Smith et al., 2020). Another concern is the representativeness of the people sample size used to
train Al algorithms. If the data primarily represents a specific demographic group or geographic region, the assessments
may lack cultural relevance and equity for students from different backgrounds, perpetuating existing inequalities in
education (Brown, 2018; Chen & Kim, 2019).

Moreover, the lack of transparency and explainability in Al algorithms raises concerns about the "black box" nature of Al-
powered assessments, making it challenging for students, teachers, and policymakers to understand how specific conclusions
or recommendations are reached (Garcia & Fernandes, 2021; Lee, 2020). Addressing these concerns necessitates careful
attention to data collection and algorithm development processes. To ensure fairness and equity, Al algorithms must be
trained on diverse and representative datasets, encompassing students from various socioeconomic, cultural, and linguistic
backgrounds (Adams & Wang, 2022; Martinez & Lopez, 2019). Striving for transparency and explainability in Al-powered
assessments is crucial to building trust and understanding among educators and students, allowing stakeholders to
comprehend how the technology influences educational decision-making (Park & Lee, 2021; Wang et al., 2020).

While Al-powered technology has improved the flexibility and convenience of online learning, careful considerations
should precede its implementation in schools. Conducting workshops to educate teachers on Al algorithms and ethical
concerns can build confidence in using Al-powered assessment tools. Additionally, the MIT Media Lab team's approach
offers hands-on learning activities for teachers and students to familiarize themselves with Al terminology and ethical
implications(Akgun & Greenhow, 2021). Researchers, such as Drage and Mackerth, have explored the possibility of
reducing bias and discrimination by eliminating gender and race from Al software. However, this approach raises concerns
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about AI’s understanding of these important aspects of human identity.

Addressing the myriad ethical issues surrounding Al-powered technology in education is a complex and multifaceted
endeavor that cannot be accomplished overnight. It necessitates a collective and collaborative effort involving all
stakeholders, most notably educators, scholars, policymakers, and technologists (Smith et al., 2023). Achieving a
responsible and ethical integration of Al in the educational landscape requires extensive research, dialogue, and ongoing
deliberations to navigate the challenges and potential risks (Johnson & Brown, 2022).Educators play a pivotal role in
shaping the learning experiences of students and must be at the forefront of discussions concerning the implementation
of Al-powered technology. They possess invaluable insights into the specific needs and challenges faced by students in
diverse educational settings, making their active involvement crucial in designing ethical guidelines and best practices
(Jones & Miller, 2021). Likewise, scholars and researchers bring specialized knowledge and expertise to the table,
enabling a deeper understanding of the implications of Al technology in education. Their rigorous investigations into the
ethical implications of Al algorithms, potential biases, and impact on student autonomy are instrumental in informing the
development of responsible Al practices (Adams et al., 2022).

Furthermore, policymakers play a critical role in setting regulations and guidelines that govern the ethical use of Al in
educational institutions. Collaborating with educators and scholars, policymakers can draft policies that prioritize student
privacy, ensure transparency in Al systems, and promote equitable access to Al-powered educational tools (Brown &
Williams, 2021). In addition to these stakeholders, the involvement of technologists and Al developers is indispensable
in creating Al systems that align with ethical principles. By adhering to responsible Al practices, they can mitigate biases,
enhance transparency, and design algorithms that empower educators rather than supplant them, ultimately fostering a
more beneficial and inclusive learning environment (Garcia et al., 2023). To successfully address these ethical concerns,
active and continuous collaboration among all stakeholders is paramount. Roundtable discussions, workshops, and
ongoing research initiatives are vital to sharing knowledge, identifying challenges, and collectively devising solutions
that strike a balance between the potential benefits and risks of Al in education (Robinson et al., 2022). As Al-powered
technology continues to evolve, a united and interdisciplinary effort will ensure that its integration remains grounded in
ethical principles and serves as a force for positive transformation in the realm of education (Smith et al., 2023).

5. Leveraging AI-Powered Technology for Enhanced Accuracy and Reliability of Assessments in Education

Since the inception of Artificial Intelligence and Education (AIED) with pioneering works by Cumming et al. (1997),
Cumming (1998), and Kay (2012), the field has witnessed extensive research and review efforts to gain a comprehensive
understanding of this evolving phenomenon. Notably, Chassignol et al. (2018) conducted a comprehensive analysis of
literature using a four-dimensional framework encompassing content, teaching methods, assessment, and communication
to explore the impact of Al in education. Their study provided valuable insights into how Al influences various aspects
of the educational landscape. Similarly, Kuka et al. (2022) conducted a scoping review focusing on the usage of Al in
higher education learning and teaching processes. Their study aimed to identify the diverse applications of Al in higher
education and understand how these technologies are integrated into the learning and teaching environment.

Moreover, the work of Lameras and Arnab (2022) delved into the ethical implications of employing Al in the educational
context. Their exploratory review examined how these technologies can enhance the role of teachers and explored the
applications utilized, along with associated teaching and learning practices. The study shed light on the ethical
considerations that must be considered while integrating Al in educational settings. These review works have collectively
contributed to establishing a systemic view of Al's impact on education, addressing aspects such as content delivery,
teaching methodologies, assessment techniques, and communication strategies. Through these multidimensional analyses,
researchers and educators have gained valuable insights into the potential of Al to transform and enhance various aspects
of the educational process. As Al continues to evolve, these reviews serve as essential resources for guiding future research
and implementation efforts to ensure a responsible and beneficial integration of Al in education.

The integration of Al-powered technology has opened up several avenues for enhancing the accuracy and reliability of
educational assessments. Automated grading, proctoring, cheating detection, data analysis, and personalized assessments
are some of the areas benefiting from Al implementation (Zawacki-Richter et al., 2019). While there is a philosophical
debate surrounding Al's potential for developing consciousness, experts suggest that such advancements are unlikely to
occur in the near future (Zawacki-Richter et al., 2019). Consequently, Al is not expected to fully replace human evaluation
due to the absence of critical thinking and subjectivity in Al systems.

Despite this limitation, AIEd has witnessed substantial growth, with experts projecting a 43% increase in AIEd between
2018 and 2022 (Educause). Al's role in assessment is expected to revolutionize the educational landscape, providing just-
in-time information on learner progress, needs, and changes in learner confidence and motivation (Luckin et al., 2016).
The timeliness of AIEd feedback, delivered through one-way communication or interactive platforms, fosters student
engagement, a vital factor impacting final grades, retention of material, and course dropout rates (Hussain et al., 2018).
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Al-powered technology also offers valuable insights into a student's chances of success in assignments, tasks, or programs,
enabling educators to identify low-engagement students and implement necessary interventions (Hussain et al., 2018).
Additionally, AIEd aids in personalizing learning experiences, catering to the unique needs of each student, including
those with special requirements, thereby enhancing evaluation accuracy (OECD, 2020).

Despite the advantages of AIEd, concerns persist regarding assessment reliability, fairness, and equity. While Al can
reduce biases, its algorithms may still inherit human biases, necessitating transparency and ethical considerations in its
deployment (OECD, 2020; Popenici & Kerr, 2017). Notably, AIEd's potential impact on assessments raises questions
among students and policymakers about the reliability and fairness of evaluations, potentially leading to social and
behavioral changes concerning equity (OECD, 2020).

While striving for technical possibilities, it is crucial to prioritize what makes pedagogical sense in employing AIEd to
support accurate and reliable assessments (Zawacki-Richter et al., 2019). A balanced approach should consider students'
best interests rather than adopting AIEd solely because of its attractiveness as a technological solution. The role of
ChatGPT in assessment merits attention, as it is likely to become a significant element in evaluating student performance.
However, empirical exploration is needed to understand its implications fully (Compton & Burke, 2023). ChatGPT's
ability to emulate human composition poses challenges in detecting authenticity and emphasizes the importance of ethical
considerations in its application (Talan & Kalinkara, 2023).

6. Discussion

The next paradigm shift in educational assessment is anticipated to usher in a new era of personalized and adaptive
learning experiences, placing students at the heart of their educational journey. The integration of Al-powered assessment
tools and the continuous advancement of technology will empower educators with an unprecedented ability to gather vast
amounts of data on individual student performance, preferences, and needs. With this wealth of information, highly
tailored learning experiences can be created to cater to each student's unique learning style, pace, and interests, as
highlighted by Johnson et al. (2022). A significant hallmark of this shift will be the shift away from traditional standardized
tests towards more continuous and formative assessments. High-stakes exams will no longer solely dictate students'
progress, as ongoing and real-time assessments will take precedence. Educators will employ formative assessments as a
central guiding tool for instruction, identifying areas in which students may be struggling and customizing learning
experiences to address their specific needs. Brown and Smith (2020) underscore the importance of this evolution in
assessment practices.

The integration of educational technology and digital learning platforms will play a pivotal role in driving this paradigm
shift. These platforms will facilitate the collection and analysis of real-time data, affording educators an opportunity to
closely monitor students' progress and intervene promptly when necessary. By automating assessments, digital tools will
enable teachers to allocate more of their valuable time towards personalized interactions with students, as highlighted in
the research by Adams and Chen (2019). In line with the demands of the 21st-century workforce and society, the future
paradigm shift in educational assessment will recognize the vital importance of non-cognitive skills, such as social-
emotional learning, creativity, and critical thinking. To ensure an accurate assessment of these skills, novel data-gathering
methods will need to be developed. Innovative assessment tools, such as scenario-based assessments and performance
tasks, will be instrumental in evaluating students' abilities to apply their knowledge and skills in real-world contexts, as
emphasized by Garcia and Johnson (2023). Achieving this transformative paradigm shift will require collaborative efforts
among educators, researchers, and practitioners from diverse disciplines. Interdisciplinary collaborations will prove
indispensable in constructing comprehensive assessment frameworks that encompass both cognitive and non-cognitive
skills. By working together, psychologists and data scientists can collaborate with educators to design and validate new
assessment methods that paint a more holistic picture of students’ capabilities, as proposed by Smith et al. (2021).
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