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ABSTRACT 

 

Implementing formative assessment in large-enrollment statistics courses is recommended by 

mathematics and statistics education communities. Yet research maintains that large-enrollment 

courses employ few, if any, formative assessments, exacerbating negative attitudes toward statistics 

and low student achievement. This conceptual essay applies an andragogical approach to the 

theories of self-efficacy, self-regulation, and formative assessment. A literature review explicates 

the associations between formative assessment with feedback and reassessment with student 

attitudes and achievement. Resulting from the review, a conceptual framework is proposed that 

illustrates the relations between the elements of formative assessment cycles and student attitudes 

and achievement. The implications of this conceptual framework suggest a comprehensive 

transformation of assessment practices to provide pathways for student success in statistics courses.  
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1. INTRODUCTION 

 

… given the present strength of the evidence for the effectiveness of formative assessment, or assessment 

for learning, it is somehow surprising that the implementation of better classroom practises has not 

been more evident. 

(Hopfenbeck, 2018, p. 548, paraphrasing D. Wiliam, 2018) 

 

Assessment practices in undergraduate statistics education have been the subject of international 

concern for several decades. Organizations such as the National Centre for Research Methods (NCRM), 

the Economic and Social Research Council (ESRC), and the American Statistical Association (ASA) 

call for pedagogical and curriculum strategies that create opportunities and pathways for students to 

successfully complete their introductory statistics courses. Several publications have resulted from 

these efforts (see for example, Abell et al., 2018; ASA Revision Committee, 2016; Bidgood et al., 2010, 

Nind & Lewthwaite, 2015; Peck, 2019; Pfannkuch, 2018). Specifically, the research recommends 

formative assessments, especially for students who take statistical methods courses as part of a service 

course for other departments (Abell et al., 2018; Snelgar & Maguire, 2010). Formative assessments are 

those that inform the teacher about their teaching and instruction and inform the student of their 

understanding using feedback from the assessment process (Black & Wiliam, 1998; Cowie & Bell, 

1999; Ghaicha, 2016; Harlen, 2012; Shute, 2008). In contrast, evidence obtained from summative 

assessments provides judgments about student achievement with no cycle of feeding back (Harlen, 

2012).  

Additionally, the ASA and the Mathematical Association of America (MAA) delineate several 

recommendations for improving assessments in undergraduate introductory statistics courses. One 

recommendation by the ASA in the Guidelines for Assessment and Instruction in Statistics Education 

(GAISE) College Report (2016) states that assessments should be used both formatively to improve 

learning and to summatively evaluate learning in a continuous process. Furthermore, the GAISE report 

stresses the need for assessments to provide feedback to students regarding their learning through 

utilizing frequent low or no-stakes formative assessments. Likewise, the MAA Instructional Practices 
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Guide (Abell et al., 2018) discusses how instructors and course designers can use formative assessments 

to improve curriculum and instruction in undergraduate quantitative courses by providing vignettes 

with examples of different formative assessment strategies. The guide emphasizes the need for 

evidence-based assessment practices in large-enrollment courses to enhance various cognitive and 

performance-based student outcomes. Additionally, several principles for assessments outlined in the 

MAA Instructional Practices Guide echo the GAISE report. Both reports recommend courses integrate 

assessments, not as stand-alone events, but rather as a “continuous cycle” of assessment throughout the 

course (Abell et al., 2018; ASA Revision Committee, 2016).  

Despite these calls for improved assessment practices, large-enrollment undergraduate introductory 

statistics courses have been slow to implement formative assessment in due to the volume of students 

and the time-intensive nature of the assessment process (Garfield et al., 2002; Garfield et al., 2011). 

Cash et al. (2017) conducted a large study of university courses and found that students noticed a stark 

difference in the types of assessments used in large- and small-enrollment classes. Unsurprisingly, the 

findings revealed that assessments used in large-enrollment courses were less frequent and did not often 

vary in their design. In fact, summative, high-stakes assessments accounted for more than 95% of the 

assessments in large-enrollment classes (Cash et al., 2017). In addition, students reported only one to 

two exams and one final exam in these large courses, a glaring departure from the recommendations to 

utilize a continuous cycle of formative assessment with ongoing student and teacher feedback (Abell et 

al., 2018; ASA Revision Committee, 2016). Therefore, this conceptual essay focuses on examining the 

formative assessment literature to consider the impact and implementation of formative assessment as 

an embedded, continuous cycle with feedback and reassessment in large-enrollment introductory 

statistics curriculum. 

 

1.1.  LARGE-ENROLLMENT STATISTICS COURSES 

 

Introductory statistics is quickly becoming the course that satisfies the quantitative literacy 

requirements in higher education, recently replacing college algebra (Hoang et al., 2017). The growth 

of undergraduate student enrollment in introductory statistics courses brings a diversity of student 

interests and mathematical background knowledge (ASA Revision Committee, 2016; Blair et al., 2018). 

These students often do not major in science, technology, engineering, or mathematics (STEM) and are 

experiencing the course as the only statistics course in their program of study. Fong et al. (2015) found 

that students enrolled in introductory statistics lack mathematical knowledge, potentially due to this 

growth in and diversity of students. This deficiency in mathematical knowledge can result in a financial 

burden when students require multiple attempts at their introductory statistics class to pass successfully, 

creating a “bottleneck” by slowing the path to their further studies (Complete College America, 2012; 

Fong et al., 2015). To further exacerbate these problems, introductory statistics courses tend to be large-

enrollment courses in large universities, which do not allow for individualized academic attention (Blair 

et al., 2018; Cash et al., 2017).  

Introductory statistics is arguably one of the most critical quantitative courses in a non-STEM 

student’s university experience, due to the “societal need for statistically literate citizens and a more 

statistically trained workforce” (Zieffler, et al, 2018, p. 50). The non-STEM students only experience 

with statistical thinking and application is through their introductory course (Aliaga et al., 2005; 

Garfield et al., 2010).The 21st century requires students to navigate statistical information critically in 

a data-driven world (Rumsey, 2002; Tishkovskaya & Lancaster, 2012). As universities address both the 

increased enrollments and increased demand for introductory statistics courses, large-enrollment 

courses become the answer. Thus, introductory statistics courses will continue to amass many students 

with varied interests, goals, and mathematical preparedness (ASA Revision Committee, 2016; Garfield 

et al., 2002; Hoang et al., 2017; Peck, 2019). Therefore, the need to increase formative assessment, 

import the assessment recommendations, and support student success in large-enrollment statistics 

courses becomes even more paramount. 
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1.2.  TWO IMPORTANT STUDENT OUTCOMES: ATTITUDES AND ACHIEVEMENT 

 

The challenges faced by students to navigate large-enrollment statistics sections impact their 

experiences, affect whether they value statistics, and influence their attitudes toward statistics 

throughout their adult lives (Ramirez et al., 2012; Tichkovskaya & Lancaster, 2012). Evidence suggests 

that students who were nonmajors experienced greater statistics anxieties and tended to avoid courses 

in statistics, which negatively affected their attitudes toward statistics and their achievement (Chew & 

Dillon, 2014; Chiesi & Primi, 2010; Lavidas et al., 2020; Onwuegbuzie & Wilson, 2003; Williams, 

2015). These negative attitudes toward statistics “stuck” with students long after they experienced their 

introductory course, affecting their motivation and appreciation for statistical literacy (Ramirez et al., 

2012; Schau, 2003). Additionally, students’ negative attitudes were associated with decreased 

achievement (Chiesi & Primi, 2010; Emmioğlu & Capa-Aydin, 2012). These anxieties and negative 

attitudes, linked to testing and assessment performance in students’ introductory statistics courses, were 

due in part to their lack of mathematical understanding and preparation in prior math courses (Chiesi & 

Primi, 2010; Malik, 2015; Onwuegbuzie & Wilson, 2003). Although large-enrollment classes answer 

the need to support increased enrollment by many non-STEM students, they aggravate anxieties and 

negative attitudes, as large-enrollment courses tend to use high-stakes examinations with minimal if 

any, feedback (Cash et al., 2017). 

Conversely, teachers who used innovative assessments influenced student attitudes, persistence, 

and achievement (Abell et al., 2018; ASA Revision Committee, 2016). Specifically, students’ positive 

attitudes toward statistics were associated with greater motivation, higher achievement, and improved 

outcomes in statistics (Chiesi & Primi, 2010; Ramirez et al., 2012). Furthermore, when classrooms 

used formative assessment with feedback focused on learning rather than performance, students 

experienced a change in their mindset and relationship with their learning (Boaler & Confer, 2017). 

Finally, recent research has asserted that a “comprehensive approach to designing a successful 

statistics pathway” is needed to provide support structures in introductory statistics for underprepared 

students to “effectively complete their college-level statistics course” (Peck, 2019, p. 35). Thus, this 

conceptual essay posits a comprehensive reform of assessment practices to align with these efforts in 

large-enrollment courses. 

 

1.3. RECOMMENDATIONS FOR ASSESSMENT PRACTICES 

 

Recommendations for improving assessments are further detailed in reports from both the ASA and 

MAA, and books such as Assessment Methods in Statistical Education: An International Perspective 

(2010). The GAISE College Report (2016) explicitly addresses how instructors should employ 

assessments in introductory statistics courses. Specifically, to “[u]se assessments to improve and 

evaluate student learning” (p. 3), the GAISE authors stress that (a) students should receive timely 

feedback throughout the course, (b) assessments should align with learning outcomes, and (c) 

instructors should maximize the use of varying types of formative assessments in addition to summative 

examinations. 

The MAA Instructional Practices Guide (2018) provides an assessment framework, gleaned from 

research explaining the benefits of evidence-based assessment practices, ASA recommendations (ASA 

Revision Committee, 2016), and the National Council of Teachers of Mathematics (NCTM) standards 

(NCTM, 2000). The assessment framework was based on the following six principles proposed by 

Steen (1999, p. 2–3):  

1.  Assessment is not a single event but a continuous cycle.  

2.  Assessment must be an open process.  

3.  Assessment must promote valid inferences.  

4.  Assessment that matters should always employ multiple measures of performance.  

5.  Assessment should measure what is worth learning, not just what is easy to measure.  

6.  Assessment should support every student’s opportunity to learn important mathematics. 

Several of the MAA’s principles for assessments overlap with the GAISE recommendations, 

specifically that assessments are not singular events, but rather, when feedback cycles back to the 

teacher and student throughout the course, assessment becomes a cycle (Steen, 1999). Additionally, the 
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Instructional Practices Guide stresses assessment tasks must be linked to learning goals or objectives 

for the course (Abell et al., 2018). Furthermore, the Instructional Practices Guide devotes a section to 

assessment in large-enrollment courses, suggesting online response systems, online homework systems, 

and the use of technology to support instructors to provide timely feedback to students (Abell et al., 

2018). 

Davies and Marriott (2010) provided several recommendations for achieving the balance of 

formative and summative assessment, which the MAA recommendations (2018) punctuate. 

Specifically, to encourage deeper understanding, instructors must utilize formative assessments to 

assess those learning outcomes valued in the course. Learning outcomes that emphasize statistical 

thinking, statistical reasoning, and statistical literacy are recommended (Garfield et al., 2011; Schield, 

2010). Finally, several authors encouraged large-enrollment courses to utilize individualized 

assessment practices through test banks and computer-based tasks to allow timely feedback and 

randomization of questions (Hunt, 2010; Simonite & Targett, 2010; Spencer, 2010; Stirling, 2010). 

Further research must address how instructors can import these recommendations more fully and use 

technology to create meaningful assessments in large-enrollment courses. 

With the focus on contributing to the field of statistics education and heeding the call to create 

successful student pathways, the purpose of this conceptual essay is to examine formative assessment 

concepts and their relationships to student attitudes and achievement in the statistics education 

literature. The next section discusses the theoretical framework for formative assessment in higher 

education. Then, following the methods of the literature review, the relationships between the elements 

of formative assessment and student attitudes and achievement are explored. These results generate the 

conceptual framework for formative assessment in large-enrollment introductory statistics courses. The 

final sections discuss the constructs of the conceptual framework to provide foci for future research and 

implications for instructors, students, and curriculum creators. Finally, the paper concludes by posing 

questions for future research to analyze formative assessment cycles and their effects in practice. 

 

2. DEVELOPING A THEORETICAL FRAMEWORK TO EXAMINE FORMATIVE 

ASSESSMENT IN LARGE-ENROLLMENT INTRODUCTORY STATISTICS  

 

… learning is an increase, brought about by experience, in the capacities of an organism to react in 

valued ways in response to stimuli.  

(Black & Wiliam, 2009, p. 10) 

 

2.1.  THEORIES OF FORMATIVE ASSESSMENT IN HIGHER EDUCATION 

 

Andragogy. Andragogy is a perspective explaining how adult learners engage in their learning 

environments (Knowles, 1978). Viewing learning theories through the lens of andragogy provides 

unique insight and understanding as to how adult learners learn and process information. The collective 

research of Knowles (1978), Lindeman (1926), and Merriam (2001) posits five central tenets: 

1. Adult learners are motivated and desire to learn. 

2. Adult learners want to apply information to life situations directly. 

3. Adults’ life experiences provide a valuable resource to their learning.  

4. Adult learners are self-directed. 

5. As age increases, differences across individuals are vast and contextualized. 

For nearly a century, these tenets have informed adult education worldwide (Merriam, 2001). As stated 

by Knowles (1978), “Adult education is an attempt to discover a new method and create a new incentive 

for learning” (p. 11). Additionally, andragogy is learner-centered, with educators given the charge to 

“involve learners in as many aspects of their education as possible” (Houle, 1996, p. 30), such that the 

educational climate fosters positive learning environments for adult learners. 

The theoretical framework for this conceptual essay in Figure 1 also includes formative assessment 

theory (Black & Wiliam, 2009; Harlan, 2012). By taking up an andragogical lens, we can draw from 

these central tenets to leverage adult learners’ engagement in their learning through assessment design. 

It is important to note that each of these theoretical discussions could span volumes of text (and 



5 

academic journals abound regarding these theories). For the purposes of this conceptual essay, a general 

discussion of these theories provides the foundation for the resulting conceptual framework. 

 

 
Figure 1. A theoretical framework for formative assessment in higher education 

 

Andragogy and self-regulation theory. Schunk and Zimmerman (1997) considered self-regulation 

to be a skill acquired through several active processes. As a self-directed agent, the adult learner pursues 

tasks and goals with actions, such as planning, strategizing, and taking risks to pursue and solve 

problems (Martin, 2010). Martin suggested that classrooms provide “self-regulatory activities as 

embedded and entwined with their ongoing, active engagement in curricular tasks” (p. 143). Adult 

learners use their rich life experiences in the classroom; they actively engage in the problem-solving 

process as they adapt to the learning environments, acting as agents in their educational outcomes. 

Bandura defined agency as “the power to originate actions for given purposes” (Bandura, as cited in 

Martin, 2010, p. 138). One agentic mode considered within the lens of andragogy is that of self or 

personal agency: the self-regulative abilities of an adult learner are an active agent unto themselves—

to self-motivate, self-guide, and self-correct (Bandura, 2001). These aspects of personal agency 

describe adults as self-directed agents. 

Adult learners, as self-directed agents, set standards of performance regarding their learning goals 

and affect change through their environment. Furthermore, the adult learner creates paths of action to 

meet learning goals and must change, adapt, and act within these paths to accomplish those goals 

(Bandura, 2001). The self-regulation of motivation is bi-directionally associated with goal setting and 

proximity; goals in the near future engender greater motivation and self-regulatory action than goals in 

the distant future (Bandura, 2001). 

 

Andragogy and self-efficacy theory. Self-efficacy is an essential factor in the self-regulation of an 

adult learner. Self-efficacy theory regards the beliefs which are “the foundation of human agency. 

Unless people believe they can produce the desired results and forestall detrimental ones by their 

actions, they have little incentive to act or to persevere in the face of difficulties” (Bandura, 2001, p. 

10). Adult learners are internally motivated and more self-directed in their learning (Knowles, 1978; 

Merriam, 2001; Sosibo, 2019). In a sense, the adult learner is learning because they want to. The actions 

of the adult learner are rooted in their core beliefs that their efforts will produce the desired outcomes 

in their education (Bandura, 2001). Thus, if adult learners believe in their ability to achieve their goals, 

their actions stem from those beliefs (Mangels et al., 2006). Additionally, Good et al. (2008) suggested 

that students’ learning beliefs are attributable to their performance in academic tasks. 

 

2.2.  FORMATIVE ASSESSMENT THEORY IN HIGHER EDUCATION 

 

Formative assessment theory, in the intersection in Figure 1, creates the essential foundation for 

this research in tandem within the theories of self-efficacy and self-regulation, seen through an 

andrological lens. Assessment theory began as a study in elementary and secondary education (Black 

& Wiliam, 1998, 2009; Harlen, 2012). The application of formative assessment in tertiary education, 
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however, has brought undergraduate assessment research, regarding adult learners’ needs, to light 

(Abell et al., 2018; ASA Revision Committee, 2016; Steen, 2006). 

 

Situating formative assessment. “… assessment is operationally defined as part of the educational 

process where [faculty] instructors appraise student achievements by collecting, measuring, analyzing, 

synthesizing, and interpreting relevant information … under controlled conditions in relation to 

curricula objectives set for their levels” (Ghaicha, 2016, p. 212). This definition succinctly 

circumscribes all assessments. Thus, formative assessments are those assessments through which 

students can make progress towards the course’s learning goals by receiving feedback on their learning 

and, therefore, take ownership of their education (Black & Wiliam, 2009). 

Black et al. (2004) defined Assessment for Learning as “any assessment for which the first priority 

in its design and practice is to serve the purpose of promoting students’ learning” (p. 10). The 

Assessment Reform Group (2002) defines Assessment of Learning as summative assessments whose 

only purpose is for grading and reporting. Additionally, Harlen (2012) described a gradient of 

assessments ranging from formative to summative assessments and broadly as Assessment for Learning 

to Assessment of Learning, respectively. These definitions situate formative assessment theory in 

Assessment for Learning. 

 

Cultivating self-regulation through formative assessment. Adult learners are agents for their 

learning, they decide actions to take to achieve learning goals. Formative assessment allows adult 

learners to recognize the learning goals or outcomes expected in the course curriculum (Yorke, 2003). 

Choosing the tasks for formative assessments must be “justified in terms of the learning aims that they 

serve” (Black & Wiliam, 1998, p. 143). Thus, learning outcomes must be clearly defined and 

communicated for formative feedback to be utilized (Stiggins, 2002). 

The learning environment poses significant importance as to whether the adult learner understands 

the learning goals. That learning environment is contingent upon the educational community, such as 

the educator, curriculum developer, or course designer, to generate (Ben-Zvi et al., 2018). Stiggins 

(2002) posited several strategies for educators to transform their assessment processes into Assessments 

for Learning. First, educators must apprise the adult learners of the course’s learning goals, specifically 

to understand what the intended purposes or outcomes are. Thus, Stiggins suggested that instructors 

must know and communicate those learning outcomes in the syllabus before students engage in course 

material over those objectives. Additionally, Black and Wiliam (2009) described implementing 

Assessment for Learning with three critical processes for educators to implement in the course design: 

(1) clarify learning outcomes, (2) create tasks consistent with those outcomes to provide evidence of 

student learning, and (3) provide feedback (p. 8). Moreover, the tasks and formative assessments 

provide evidence of the course outcomes and allow the adult learner to self-regulate and act upon the 

feedback. 

 

Self-assessment and feedback. Black and Wiliam (2009) drew on a partnership between teachers 

and students in their formative assessment framework: that both students and teachers are equally 

responsible for student learning. Teachers must provide feedback to the students and students must be 

resources for themselves by taking ownership of their learning by utilizing the feedback provided by 

the teachers. Black and Wiliam (1998) cautioned that formative assessment may not be productive 

without students being able and willing to self-assess to further their learning goals. Students’ self-

assessment is the “essential component of formative assessment” (p. 143). Black and Wiliam (1998) 

made a case for formative assessment in classroom practice through a meta-analysis of over nine years 

of empirical research. Among the outcomes of this analysis was the importance of feedback in the cycle 

of formative assessment. Feedback that aligned with learning outcomes helped to identify gaps in 

student knowledge and assisted students to see where they should improve. Feedback directly assists 

adult learners, as these students willingly engage in self-assessment and are more motivated and able 

to self-regulate their learning (Ghaicha, 2016).  

Stiggins (2002) also underscored critical features of formative assessment by explaining that when 

students employ continuous self-assessment with consistent learning outcomes, they can better reflect 

on their knowledge developed over time. Through incorporating regular self-assessment as part of the 

assessment cycle, students watch themselves grow as learners (Black & Wiliam, 2009; Stiggins, 2002; 
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Wride, 2017). “Indeed, unless linked to an effective process of reflection, assessment can easily become 

what many faculty fear: a waste of time and effort” (Steen, 1999, p. 2). Steen (1999) maintained that 

assessment must be an open process using learning goals to inform both the teacher and the student of 

the student’s progress. Therefore, feedback must provide vital information to guide students in their 

learning. Moreover, the onus is on the adult learner to use that feedback to improve their understanding 

(Sosibo, 2019). 

Students in large-enrollment courses reported that communication with the professor lacks one-on-

one, personable interaction (Cash et al., 2017), making the feedback students receive from these classes 

even more critical. Bayerlein (2014) investigated undergraduate students’ perceptions of feedback: both 

the timeliness of feedback and constructiveness. Constructiveness concerned the use of automatically 

generated feedback versus handwritten feedback. Interestingly, undergraduate students found the 

automatically generated feedback to be substantially more constructive than the manually-written 

feedback. Simple, automatically generated feedback with non-judgmental wording aligned with 

learning outcomes is all that is needed to create constructive feedback (Stiggins, 2002). 

Complex feedback is unnecessary for students to gain information about correctness and learning 

goals; instead, productive, concise feedback improves learning and student outcomes (Abell et al., 2018; 

Shute, 2008). Simply stated, “provide feedback that moves learning forward” (Black & Wiliam, 2009, 

p. 8). Two meta-analyses conducted on formative feedback and achievement found that providing 

feedback had a positive effect on student achievement (Hattie & Timperley, 2007; Wisniewski et al., 

2020). Specifically, the effect of computer-generated feedback and corrective feedback benefited 

student learning (d = 0.79; Hattie & Timperley, 2007). Wisniewski et al. (2020) found that feedback is 

most effective when it includes several factors: timeliness, strategies, and self-regulation (d = 0.48). 

When feedback maintained the qualities of timeliness, concise elaboration on the learning outcomes, 

and computer delivery, it was associated with increased performance and learning (Shute, 2008). As 

the adult learner is self-directed, these meta-analyses provide important evidence that concise, 

automated feedback is sufficient to elicit self-regulation and affect student achievement. 

 

Self-efficacy and reassessment. Reassessment allows multiple attempts at learning tasks to 

progress through a curriculum. Having utilized feedback by learning from mistakes, reassessment 

allows the adult student an additional opportunity to show evidence of learning. Because the focus of 

formative assessment is on the process of learning rather than performance, formative assessment 

fosters self-motivation, goal-orientation, and positive motivational beliefs of persistence and confidence 

(Duckworth et al., 2007; Dweck, 2008; Yin et al., 2008). In fact, Grant and Dweck (2003) found these 

beliefs gave students the ability to persevere despite an initial poor performance. Additionally, one of 

the outcomes of Assessment for Learning, which Boaler and Confer (2017) found in their work, is that 

students changed their perceptions of who they are as learners, thinkers, and problem-solvers. Thus, 

Assessment for Learning can change the landscape of mathematics education, equipping quantitative 

learners with self-efficacy—hope and belief in their educational pursuits (2017). 

Steen (1999) asserted, “Assessment that matters should always employ multiple measures of 

performance” (p. 3). One way of creating multiple measures of performance is by setting up assessments 

with opportunities for numerous attempts, retakes, or reassessments, giving students additional 

opportunities to demonstrate learning from formative feedback (Abell et al., 2018). Cognitive 

psychology research has consistently found that errors on tests can spark significant learning and 

retention, but only if the feedback is immediate, not delayed (Brame & Biel, 2015; Hays et al., 2013). 

Based on the cognitive psychology literature on testing, Brame and Biel (2015) recommended that low- 

and no-stakes testing environments offer the most benefit of “test-enhanced learning” (p. 9). Test-

enhanced learning is when testing becomes a learning opportunity for students, and the vehicle that 

provides this tremendous learning value is using formative assessments with reassessment. Thus, the 

authors suggested that incorporating multiple testing opportunities such as reassessments or retakes 

increases student learning in undergraduate science courses. The increased frequency of formative 

feedback allowed adult students to view formative assessments as “learning events” and students began 

to evaluate their errors based on learning outcomes for the course, creating the potential for greater 

recall on the reassessment (p. 10). 

The body of assessment research has provided evidence for formative assessments to be viewed not 

simply as evaluative but also transformative to student learning when accompanied by immediate 



8 

feedback and the opportunity to reassess. The formative assessment process changed the students’ 

beliefs about testing situations and their abilities by directing the learner’s goals from being oriented 

toward performance to learning (Grant & Dweck, 2003). Feedback accomplished this shift in goal 

orientation by helping students view learning as a skill advanced by practice, effort, and mistakes 

(Shute, 2008). Building confidence, students shifted responsibility for their learning to themselves, 

which can lead to life-long learning and even success in future classes (Ghaicha, 2016; Hassi & Laursen, 

2015; Shute, 2008; Wride, 2017). 

Thus, a literature review is warranted to connect the formative assessment cycle with the important 

student outcomes of attitudes toward statistics and improved achievement. The purpose of the literature 

review is to uncover research that studied elements of the formative assessment cycle in large-

enrollment, undergraduate introductory statistics courses, and its effects on student outcomes. From the 

search, gaps in the research will also be identified. 

 

3. METHODS 

 

To explore empirical research connecting the curriculum intervention of formative assessment in 

large-enrollment, undergraduate quantitative courses with the outcomes of student attitudes and 

achievement, the author conducted an informal search of the literature from the years 2007-2020. This 

search was conducted from electronic search engines: ERIC, Google Scholar, and EBSCOhost using 

combinations of the search terms shown in Table 1. The selection of articles included empirical studies 

or meta-analyses from peer-reviewed journals. Research on formative assessments utilizing technology, 

and large-enrollment quantitative introductory courses measuring the outcomes of attitudes and/or 

achievement are targets for the review. 

 

Table 1. Search criteria categories 

 

Criteria 1 Criteria 2 Criteria 3 Criteria 4 

Introductory Statistics Undergraduate Formative Assessment Attitudes 

Statistics Education Large Enrollment Feedback Achievement 

 Tertiary Reassessment   

 

Some articles found through the literature search were excluded for the following reasons: small 

sample sizes, practitioner papers, and those whose interventions were not formative assessment 

elements. Other exclusion criteria included studies that did not measure cognitive attributes (e.g., 

motivation, attitudes, persistence) or achievement scores. Books were also not included. Searching the 

ERIC database provided 215 articles, yielding 5 articles applicable to this essay. EBSCOhost produced 

268 articles, of which six were appropriate to the search terms. The Google Scholar search of the search 

terms gave three empirical articles out of a total of 46 articles. Thus, the author turned to the MAA 

Instructional Practices Guide (2018), which provided five articles and a meta-analysis that 

demonstrated the use of formative assessment in quantitative, large enrollment courses (beyond 

introductory statistics) to impact student attitudes and achievement. From those three articles, three 

more studies related to the search terms. See the Appendix for a list of the empirical studies and the 

country in which the studies were conducted. 

A total of 22 empirical studies were found for this conceptual essay of which 15 articles studied 

introductory statistics courses and courses that had a statistics component (e.g., psychology or business 

statistics). Few empirical studies were found to address large-enrollment classrooms using formative 

assessment to improve the important student outcomes of attitudes toward statistics or achievement. 

Given the research by Cash et al. (2017), it is not surprising that the research lacks large-enrollment 

courses importing the recommendations for formative assessments.  

Although the author does not purport this search to be exhaustive, this search illustrates the large 

gap in the important research of statistics education and formative assessment in large-enrollment 

undergraduate settings. More research in introductory statistics is needed where formative assessment 

is incorporated into the curriculum of a large-enrollment introductory statistics course to improve 

student attitudes and student achievement. The findings are explained in the next section.  
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4. THE CONCEPTUAL FRAMEWORK FOR FORMATIVE ASSESSMENT CYCLES IN 

LARGE-ENROLLMENT INTRODUCTORY STATISTICS 

 

As explicated in theory, formative assessment is a cycle of assessment utilizing three elements: 

lower or no-stakes assessments, feedback, and reassessment opportunities. These three elements, 

embedded into a large-enrollment course, create continuous, open assessments (Steen, 1999). First, by 

employing frequent, low-stakes assessments rather than few high-stakes assessments, students are given 

more assessment opportunities versus a single midterm for a large portion of a student’s grade. The 

MAA describes assessment as more than a few high-stakes tests, but rather, as a “wider set of 

measures,” in which varied assessments measure students’ progress on learning outcomes (Abell et al., 

2018, p. 50). Moreover, having more frequent low- to medium-stakes assessments embeds continuous 

assessments in a course (Steen, 1999). 

Second, instructors must connect timely feedback from the formative assessments to learning goals. 

Students see their level of understanding, self-assess their learning, and utilize self-regulation to create 

actions for improving their knowledge from the learning goals. Finally, by allowing reassessment of 

the learning goals not yet mastered, students engage in self-efficacy as they see their learning and 

understanding improve. As suggested for large-enrollment courses, technology allows these large class 

sizes to be assessed ongoingly with feedback and reassessments to achieve course objectives (Abell et 

al., 2018; Simonite & Targett, 2010; Spencer, 2010; Stirling, 2010). Furthermore, implementing 

formative assessments with feedback and reassessment opportunities creates a continuous cycle rather 

than isolated assessment events. 

Research has reported that student attitudes and achievement are important outcomes in 

introductory statistics (Ramirez et al., 2012; Xu & Schau, 2019). When improved, these two student 

outcomes could be key in providing pathways for students to successfully complete their quantitative 

requirements for their undergraduate studies (Peck, 2019). The literature review revealed studies 

regarding at least one of the formative assessment cycle elements and measuring the outcomes of 

student attitudes and achievement. Thus, the conceptual framework implements the entire cycle as the 

base of the introductory statistics curriculum to improve both attitudes and achievement (see Figure 2). 

The dotted lines in Figure 2 suggest a possible association between the formative assessment cycle and 

student attitudes toward statistics or student achievement. 

 

 
Figure 2. The conceptual framework for embedding formative assessment cycles in large-enrollment 

introductory statistics to improve student outcomes of attitudes and achievement. 
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4.1. COMPUTER-ASSISTED ASSESSMENTS 

 

Using technology in mathematics and statistics courses has been studied for over 35 years. An 

overwhelming body of evidence supports its use in introductory statistics courses (Abell et al., 2018; 

ASA Revision Committee, 2016; Simonite & Targett, 2010; Spencer, 2010; Stirling, 2010). 

Additionally, using technology for online homework and quizzes results in positive responses from 

students and instructors. For example, the American Mathematical Society (2009) surveyed over 1,200 

mathematics and statistics departments in universities in the United States and found three main 

advantages to online homework and learning systems: immediate feedback, multiple attempts allowed 

for problems, and less grading. The studies described in the next section from the literature review 

employed computer-based elements of formative assessment cycles which appeal to large-enrollment 

classes to minimize grading time for the instructor. 

The results presented next synthesized this research to illustrate the connections with the three 

elements of formative assessment and student attitudes and achievement in large-enrollment 

quantitative literacy courses. 

 

4.2. FORMATIVE ASSESSMENT AND ATTITUDES AND ACHIEVEMENT 

 

Formative assessments comprise low to no-stakes assessments with feedback. Simple yet effective 

feedback is a necessary condition for an assessment to be formative. Formative feedback consistently 

is the most critical element of formative assessment to assist learning (Hattie and Timperley, 2007). 

Recall that feedback should connect to learning goals. The adult learner then uses self-assessment to 

learn from the feedback. Thus, feedback is an inseparable component of the definition of formative 

assessment. Therefore, formative assessment as no- to low-stakes assessment with feedback is the focus 

of this section, relating to student attitudes and achievement. 

Formative assessments can be employed both in-and out-of-class. For example, in-class assessment 

strategies can utilize an online student response system (OSRS) or polling system for large-enrollment 

courses. Several studies suggest these in-class, no-stakes assessments effectively elicit student 

motivation and activate learning (Freeman et al. 2014; Gundlach et al., 2015, Muir et al., 2020). What 

is apparent is that through using in-class low and no-stakes formative assessments, the curriculum 

embeds active-learning approaches, which positively affects many aspects of the educational climate in 

large-enrollment courses: student achievement, attitudes, motivation, engagement, and perceived 

achievement (Freeman et al., 2014; Gundlach et al., 2015, Muir et al., 2020). For example, in a meta-

analysis of 225 studies in STEM courses, online student response systems promoted active learning in 

large-enrollment course lectures. In these activated lectures, exam scores increased by 6% over 

traditional lectures (Freeman et al., 2014). 

Gundlach et al. (2015) used both an OSRS and online homework in a large face-to-face section of 

introductory statistics. They measured student attitudes using the Survey of Attitudes Toward Statistics 

(SATS-36) instrument (Schau, 2003), finding that student attitudes improved in both the affect and 

cognitive competence subscales. In addition, these students’ summative exam scores were higher than 

the flipped and online introductory statistics sections (Gundlach et al., 2015). In a large-enrollment 

introductory statistics study for non-statistics majors by Hodgson and Pang (2012), online formative 

activities (OFAs) improved self-regulation. More than 60% of students reported increased motivation, 

and over 70% stated that the OFAs helped their learning and understanding of statistics. 

Computer-assisted assessments such as online homework have increased course performance in 

quantitative classes. For example, in a large study of both freshmen mathematics and statistics students, 

computer-based formative assessments helped identify under-performing students and improved final 

exam scores in learning mathematics and statistics (Tempelaar et al., 2014). Another large-scale study 

evaluated the use of web-based homework for a calculus course and found that freshman students’ 

grades improved on average by two letters of those who utilized the web-based homework (Hirsch & 

Weibel, 2003). Finally, several studies found web-based homework significantly improved test scores 

over pen and paper homework in large cohorts of introductory students (Balta & Güvercin, 2016; Chua-

Chow et al., 2011; Jonsdottir et al., 2017). The authors of these studies all noted that the improvement 

of exam scores could be attributed to the immediate feedback the online homework provided. 
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Frequent, low stakes assessments via online homework or tests have been shown to improve both 

student motivation and achievement. Broadbent et al. (2018) suggested breaking up larger summative 

assessments into smaller, lower-stakes assessments to assist large-enrollment courses with employing 

formative assessments. Used in a large undergraduate psychology class, students reported increased 

motivation, improved ability to self-assess, and higher achievement in the course. 

In large-enrollment quantitative literacy courses, the Just in Time Teaching (JiTT) model was 

developed in 1996 to aid undergraduate science and mathematics students to use out-of-class time more 

effectively (Novak et al., 1999). With web-enhanced learning, the use of JiTT quizzes before class to 

inform teachers of student understanding relative to learning outcomes has been improved and made 

simpler (Abell et al., 2018). The implementation of JiTT has also been successful in introductory 

statistics courses at major universities. Testing JiTT’s effectiveness by analyzing pre- and post-test 

scores, the average post-test scores were higher than semesters where JiTT was not implemented 

(McGee et al., 2016). Implementing these formative assessments before class time can improve student 

participation and ownership of class material (McGee et al., 2016; Natarajan & Bennett, 2014). 

 

4.3. FORMATIVE FEEDBACK AND ITS EFFECT ON QUANTITATIVE LEARNING IN 

LARGE-ENROLLMENT COURSES 

 

Feedback is often studied apart from the formative assessment as students report motivation and 

competence with self-assessment and find that feedback assists them in improving their performance 

on assessments (Abell et al., 2018; ASA Revision Committee, 2016; Shute, 2008). Automatic feedback 

given through computer assessment is the focus of the conceptual framework for large-enrollment 

quantitative courses. When feedback maintains the qualities of timeliness, concise elaboration on the 

learning outcomes, and computer delivery, it is associated with increased performance and learning 

(Shute, 2008). 

Feedback can also improve self-efficacy in adult learners. Several studies reported that the 

automated feedback in the formative assessments contributed to students’ enjoyment of their learning 

experience (Balta & Güvercin, 2016; Beemer et al., 2018; Chua-Chow et al., 2011; Hodgson & Pang, 

2012; Jonsdottir et al., 2017; Krause et al., 2009; Posner, 2011). For example, Krause et al. (2009) found 

that e-learning provided university students with perceived competence in statistics. Additionally, the 

feedback helped students’ achievement with little prior statistics knowledge or experience, which is 

particularly notable as students experience anxiety toward statistics and lack confidence in their 

quantitative abilities in introductory statistics courses (Onwuegbuzie & Wilson, 2003; Williams, 2015). 

Broadbent et al., (2018) studied a large-enrollment undergraduate course (N ~ 1,500) that used 

formative assessments and found over 83% of the students agreed that the online formative feedback 

on assessments motivated them to learn, improved their understanding, and increased their learning. 

Moreover, because the instructors improved upon the feedback for the following semesters, students’ 

average achievement increased over 10% in the subsequent semesters as the feedback improved 

(Broadbent et al., 2018). Thus, feedback can provide essential information to the adult learner in large-

enrollment courses which results in improved attitudes and achievement. 

In addition, large-enrollment introductory statistics courses employing formative examinations with 

feedback reported improved learning outcomes. Massing et al. (2018) studied the use of computer-

assisted assessments with automated feedback in a large-enrollment statistics course. They found three 

significant increases in academic outcomes linked to the computer assessments using automatic 

feedback: student effort, student success in achieving learning outcomes, and final grades (Massing et 

al., 2018). Together, these studies support formative assessment with feedback as instructional 

interventions to improve student outcomes in large-enrollment introductory statistics. However, to 

make the cycle complete, giving adult learners the opportunity to retest their knowledge and learn from 

their mistakes is needed. 

 

4.4. REASSESSMENT AND ATTITUDES AND ACHIEVEMENT 

 

An often-overlooked aspect of the formative assessment cycle is reassessment. With formative 

feedback as a necessary condition of formative assessment, allowing students to learn from their 

mistakes is a natural next step. Unfortunately, there is less literature studying reassessment opportunities 
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in large-section introductory quantitative courses. However, as andragogy posits that adult learners are 

motivated and desire to learn through self-assessment, reassessment is a valuable element in the 

formative assessment cycle for creating successful student pathways in introductory statistics. Grant & 

Dweck (2003) studied pre-med majors in a large chemistry class. They found that the key to making 

retakes work was the ability for students to recover from a poor initial attempt by using achievement 

goals to provide coping, motivation, and higher achievement on exams. 

Students in mathematics and statistics courses have benefitted from reassessments. A large study of 

undergraduate mathematics and statistics students by Collins et al. (2019) investigated reassessment 

opportunities. The assessments allowed multiple attempts with credit only for mastery. Well over 80% 

of the students felt the assessments and reassessment opportunities helped them understand the material, 

prepared them for problem-solving, and reflected their knowledge. Allowing reassessments led to 

reduced pressure on students during examinations and improved attitudes because of added 

opportunities for student success. In addition, the reassessments also showed that students felt the 

motivation to utilize feedback, which stated simply whether the student “mastered,” was “progressing,” 

or was “insufficient” in that concept for the next assessment attempt. Because the learning outcomes 

were directly related to assessment material, the students revisited course material to develop further 

understanding (Collins et al., 2019). In another study of undergraduate mathematics students using web-

based homework with the opportunity for students to revise and resubmit answers, Hirsch and Weibel 

(2003) found a high correlation (r = .944) between attempts made at homework problems and the 

percentage of problems solved in a calculus course. This study suggested that students displayed 

persistence with the web-based homework system: they kept working on a problem until they achieved 

the correct solution, despite students’ prior mathematical ability for the course. Thus, students’ 

persistence was more a function of “effort rather than ability” (p. 14). Lenz (2010) found that 

mathematics undergraduates’ homework scores improved due to web-based homework assessments 

that utilized both feedback and the opportunity to resubmit homework multiple times. 

Several studies specifically evaluated reassessment in introductory statistics. Posner (2011) found 

that students who chose to resubmit work increased their proficiency in introductory statistics concepts, 

compared to those who achieved proficiency with only one submission. Hodson and Pang (2012) noted 

that computer-assisted assessments created favorable attitudes in quantitative classes when online 

formative activities used feedback and multiple attempts. They found that students were highly satisfied 

with the online approach and noted that their abilities to self-assess increased as they actively worked 

on finding solutions. A large study conducted in Italy allowed multiple attempts at exams: students who 

failed the exam could utilize feedback to self-assess and learn from their mistakes (Chiesi and Primi, 

2010). Using a mathematical preparedness test score taken prior to the semester, Chiesi and Primi 

divided the subjects into low and high mathematics preparedness groups to determine the change in 

attitudes among these groups. Both groups’ attitudes increased. The students with lower mathematical 

preparation, however, experienced lower feelings of competence, which impacted students’ self-

efficacy in statistical and mathematical concepts. Reassessment provided these students additional 

chances to succeed, experiencing higher self-confidence and greater worth in statistics at the end of the 

course. The authors noted that creating pedagogical interventions to increase students’ feelings of 

competence could impact student achievement especially in students with lower mathematical 

preparedness. These studies punctuate the importance of reassessment for student attitudes and 

achievement. 

As the literature highlights and the conceptual framework posits, student attitudes and achievement 

can be impacted effectively when all three elements of the formative assessment cycle are implemented 

in large-enrollment quantitative courses. 
 

5. IMPLEMENTING THE FORMATIVE ASSESSMENT CYCLE IN INTRODUCTORY 

STATISTICS 

 

Several practitioner papers and book chapters provided examples of large-enrollment introductory 

statistics courses implementing elements of the formative assessment cycle using technology. These 

papers are excellent resources for ways to apply computer-based formative assessments in the 

introductory statistics curriculum. For example, using online student response systems (OSRS) such as 

clickers or polling software import formative assessment with automatic feedback and the opportunity 
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to reassess a students’ understanding. Full lesson plans, including OSRS questions and how the 

instructors used these lesson plans in their classes for exam reviews, data exploration, and lectures are 

available (Bruff, 2011; Gunderson & McGowan, 2011; Murphy et al., 2011). In addition, Peck (2011) 

created a website with links to OSRS questions and other online resources 

(http://mathquest.carroll.edu/resources.html). An informal experiment by Peck (2011) found that 

students who used an OSRS had higher average final exam scores than those students who did not. An 

important confounder to this informal study is that students in the OSRS sections of introductory 

statistics had higher attendance. 

There are also many options for online and web-based homework systems for introductory statistics: 

from textbook publishers to free and open-source homework systems mentioned in Lunsford and 

Pendergrass (2016). The authors also discussed the importance of affording students’ multiple attempts 

on each homework question, allowing students to take advantage of the automated feedback available 

in the online environment. Additionally, Lunsford and Pendergrass provided suggestions for 

instruction. They suggested using 10 minutes of class time to discuss the online homework, using 

student homework notebooks to take notes of their problem-solving processes, and assigning frequent, 

even daily, online homework. Implementation of web-based homework benefited students when 

options to resubmit homework are provided. 

Lastly, but importantly, implementing the formative assessment cycle with frequent, low-stakes 

examinations in large-enrollment introductory statistics is made possible with computer-generated 

testing and grading. Creating individualized testing can be time consuming but can provide easy grading 

for the instructor of large-enrollment courses, and immediate, individualized feedback making the time-

commitment worth the effort to import formative assessments for all (Spencer, 2010; Stirling, 2010). 

The effort of creating test banks, randomizing questions, and providing individualized assessments is 

an investment of instructor and departmental resources, but one that affords students the opportunity to 

experience automatic feedback, self-assessment, and retakes or reassessments in a large-enrollment 

learning environment (Simonite & Targett, 2010). 
 

6. CONCLUSIONS 

 

But all can be judged by the same criteria: an open process, beginning with goals, that measures and 

enhances students’ mathematical performance; that draws valid inferences from multiple instruments; 

and that is used to improve instruction for all students. (Steen, 1999, p. 5) 

 

There is a large body of research examining formative assessment, bringing awareness to the 

educational community of the need for students to experience more courses with formative assessment: 

lower-stakes assessments, automatic feedback aligned with learning outcomes, and the opportunity to 

be reassessed. In addition, with the recent advent of learning management systems, the internet, and 

online resources, large-enrollment classes can provide formative assessment cycles by incorporating 

embedded, computerized formative assessments with feedback and multiple attempts in the curriculum. 

Due to high-stakes summative examination practices, introductory statistics courses often evoke anxiety 

and negative attitudes (ASA Revision Committee, 2016; Chew & Dillon, 2014; Malik, 2015; Williams, 

2015). The use of computer-based online assignments that utilize the elements of assessment theory for 

importing high-quality, continuous assessments with automatically generated feedback and multiple 

attempts can transform large, introductory statistics courses into those where formative assessment is 

the norm. 

A conceptual framework of a three-pronged approach to formative assessment resulted from the 

review of empirical studies in large-enrollment, quantitative courses. Additionally, the research 

suggested using web-based or online assessments to manage the large enrollments. Finally, the literature 

indicated that students reported improved attitudes using web-based formative assessment and these 

assessments prepared them for summative exams. Thus, the formative assessment cycle could help 

answer the call for a comprehensive transformation of introductory statistics courses, creating pathways 

for students to complete their quantitative literacy requirements successfully (Pfannkuch, 2018; Peck, 

2019). Providing a learning environment with formative assessment cycles embedded in the curriculum 

could foster self-efficacy and self-regulation in adult learners. Although this review suggests that pieces 

of the formative assessment cycle have been studied to some extent, empirical research lacks in 

http://mathquest.carroll.edu/resources.html
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implementing the entirety of the formative assessment cycle in large-enrollment undergraduate statistics 

courses. Thus, future studies are needed in large-enrollment introductory statistics to examine formative 

assessment cycles’ impact on students’ self-efficacy and self-regulation through andragogical tenets to 

improve student and course outcomes, providing a gateway rather than a bottleneck in furthering 

students’ educational pursuits. 

As student attitudes towards statistics are an outcome in introductory statistics courses the statistics 

education community has deemed valuable and aspires to improve (Xu & Schau, 2019), there is a need 

for studies of formative assessment cycles as a curricular intervention that potentially improves student 

attitudes toward statistics, thereby fostering an appreciation for statistics and statistical thinking that 

extends beyond the classroom (Ramirez et al., 2017) especially for students with such diverse and 

varying mathematical backgrounds found in introductory statistics courses. Where there is a 

bidirectional association between student attitudes and achievement, the impact of formative 

assessment cycles could be the key to successfully completing the introductory statistics course. 

The effects of formative assessment cycles have far-reaching implications for instructors, students, 

statistics departments, and curriculum designers. Currently, instructors tend to be their own barrier to 

implement a change in assessment in a classroom of several hundred students (Cash et al., 2017; 

Garfield et al., 2002, 2011). Instructors require support for applying evidence-based pedagogical 

transformations to their courses, stating the “lack of time to plan, practice, use and reflect” being of 

great concern regarding making those changes (Ghaicha, 2016, p. 222). Instructors must also respond 

to student feedback constructively and without judgment, which is difficult with large-enrollment 

courses without computer-assisted testing (Shute, 2008). To address these concerns, mathematics and 

statistics departments can allocate resources for instructors to create and implement formative 

assessment cycles in large-enrollment courses. Moreover, with future research, introductory statistics 

curricula and course designers will more readily design course curriculum employing formative 

assessment cycles, creating a learning environment which empowers all adult learners. 

The purpose of this essay was to provide a conceptual framework for formative assessment cycles 

(FACs) in the introductory statistics curriculum. As evidenced by the literature, the individual elements 

of FACs can improve the student outcomes of attitudes toward statistics and achievement. Thus, 

embedding FACs can potentially renovate the introductory statistics curriculum, providing all students 

successful pathways to achieve their quantitative literacy requirement in higher education. 

The following research questions are offered for future study: 

• How does the implementation of FACs in large-enrollment introductory statistics courses 

support achievement? 

o Do pass/fail/withdrawal rates improve? 

o Do assessment (homework, quiz, exam) scores improve when offered reassessment? 

o Do FACs improve summative scores? 

o Do FACs improve statistical thinking and statistical understanding? 

• What is the impact on student attitudes toward statistics, statistics anxiety, self-efficacy, self-

regulation, and other cognitive attributes after experiencing a large-enrollment course with 

FACs? 

• Do FACs provide an equitable student experience among students of diverse mathematical 

backgrounds, majors, genders, ethnicities, and interests?  

 

With the current focus on improving statistics achievement and creating successful experiences for 

students, assessment must be integrated as a continuous cycle—the foundation of the introductory 

statistics experience (ASA Revision Committee, 2016; Steen, 1999). Formative assessment cycles can 

impact students during the course as they complete their education, and potentially improve their 

attitudes toward statistics throughout their lives. As students experience increased opportunities for 

success through self-assessment from formative feedback and repeating assessment opportunities, 

formative assessment cycles could reduce statistics anxiety, improve attitudes towards statistics, and 

increase statistics achievement, preparing a new generation of statistically literate citizens for a data-

driven world. 
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