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ABSTRACT 

Knowledge surveys (KS) are a student self-assessment tool consisting of an ability statement 
for each learning objective in a course. Students respond by rating their confidence in 
performing a specified skill. Pre-unit KS transparently communicate learning objectives, alert 

faculty to self-assessed knowledge and skills students possess as they enter a unit of 
instruction and support metacognitive learning through the unit’s lessons and activities. Post-
unit KS allow comparison of student self-assessed learning with faculty assessments of 
student learning, providing feedback to support continued development of self-assessment 

skills, as well as metacognitive and self-regulated learning skills. This study synthesizes 

several semesters of KS implementation across six different engineering courses, taught by six 
instructors utilizing multiple assessment types (exams, technical writing, design projects) and 

delivery modes (in person, hybrid, online). Results indicate that student KS scores aligned 
with faculty assessments, and alignment improved with cycles of performance and feedback 
in a subset of courses with similar assessment types. Student feedback indicates value in KS 

as a learning guide and as a helpful addition to these courses for learning and self-assessment, 

with student quotes demonstrating positive student learning practices and evidence of 
metacognitive thinking. Faculty find KS easily manageable; they also appreciate how KS help 

maximize alignment within their courses and provide additional data to support student 
learning. Knowledge surveys are thus an effective, robust, and relatively easy-to-implement 
method to systematically incorporate a self-assessment component into a variety of courses.  
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INTRODUCTION 

Self-assessment is a critically important part of learning (e.g., Andrade and Valtcheva 2009). As 
students navigate the learning process, they need to be self aware of when they “get it” and when 

they need more help. Performance on formative and summative assessments created by faculty 
provide feedback to students with respect to their achievement of outcomes, but ultimately, students 
need to develop the skill and habit of self-assessment in order to support academic success and life-

long learning. Unfortunately, many students do not take the time to independently develop their self-
assessment skills unless faculty provide a systematic structure to cultivate them. In this paper, we 

share a self-assessment tool, knowledge surveys (KS), that can serve as an effective, robust, and easily 
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implemented method by which to engage students in self-assessment, building this important skill for 
learning.  

 
Benefits of self-assessment to support learning 
Supporting the development of self-assessment is somewhat akin to the age-old analogy of 

giving a person a fish versus teaching them how to fish. Deliberately developing student self-
assessment skills aligns with the claim that faculty should be teaching more than just subject matter 
content; we should be teaching students how to learn (Sloan and Scharff 2022; Wirth and Perkins 

2013). 

Self-assessment has been linked to student self-regulation of learning and the development of 
metacognitive skills (Sullivan and Hall 1997; Wirth et al. 2021), as successful learners monitor and 
regulate their own learning in a formative process (Pintrich 2000). Formative assessment is important 

to deep learning (Rushton 2005), and theories of formative assessment often include a mandatory 
self-assessment component (e.g., Taras 2002). Andrade (2010) further asserts that the students 

themselves, via their own self-regulation and self-assessment, are the definitive source of feedback in 

formative assessment. Not only is self-assessment important in formal education, but it is also a key 
component of future professional development and lifelong learning (e.g., Bourke 2018). 
 Self-assessment requires reflection on one’s perceived abilities and level of understanding. 

Metacognition involves monitoring these skills to develop self awareness, and then using that 
awareness to guide subsequent behaviors (Flavell 1976). The metacognitive skills practiced in student 

self-assessment include awareness focused on a process (in this case, the learning process), coupled 

with the intention to use that awareness to adjust as necessary if learning is deemed incomplete. 
When paired with instructor assessment and feedback, self-assessment can lead to an increase in self-
efficacy (Tanner 2012) and achievement (Ross 2006) as the student understands how their actions, 
behaviors, and learnings contribute to performance.  

 
Knowledge surveys as a metacognitive self-assessment tool 
Although a vital part of learning, self-assessment often appears as an amorphous and 

intangible process without defined structure (Taras 2010). Nuhfer (1996) was an early advocate of 
knowledge surveys as a straightforward tool for student self-assessment. KS are collections of 
questions that support students’ self-assessment of their understanding of course material and their 

skills and abilities across Bloom’s levels of the cognitive domain (Clauss and Geedey 2010; Nuhfer and 

Knipp 2003). Bloom et al. (1956) identified a taxonomy of educational objectives with six progressive 
levels of expertise required for knowledge-based skills (remember, understand, apply, analyze, 

evaluate, and create). KS questions typically include explicit identification of the level of Bloom’s 
domain at the end of each question, providing a clear communication of learning expectations to 
students. KS can be used to assess all levels of the taxonomy (Clauss and Geedey 2010; Nuhfer and 

Knipp 2003). We will explain more about development of KS questions in the methodology section of 
this paper; examples of KS questions and response options are also found in Beauregard, Sloan, and 
Brannon (2019); Nuhfer and Knipp (2003); Sloan and Scharff (2022); and Wirth and Perkins (2005). 

Well-designed KS questions are specific and reflect the learning objectives within a course. 

They therefore serve as a tool to gauge alignment of learning objectives with assessments. Students 
typically complete the KS questions prior to each unit of the course (pre-instruction), and then also 

immediately prior to the summative assessment, such as exams, design projects, or writing 

assignments (post-instruction). When answering the questions, students rate themselves on their 

ability to answer the question, as opposed to providing a full response to the question. Instructors 
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encourage students to use their self-assessment results to guide their subsequent learning behaviors 
consistent with Flavell (1976); if they are not confident in their ability to completely answer a 

question, they should revisit the material or seek other forms of help. Thus, KS support metacognitive 

learning because students focus their awareness on the extent of their learning and then use that 
awareness to guide their subsequent learning efforts (Nuhfer and Knipp 2003; Wirth and Perkins 2005; 

Wirth et al. 2021).  
After an exam or other assessment, timely, constructive feedback comparing student self-

assessments and performance on graded events can give students further opportunities to improve 
metacognitive skills (Zell and Krizan 2014). For example, when shown their post-KS scores alongside 

their actual performance on an exam or other assessment, students reflect about the differences and 
calibrate their own assessment abilities (Lindsey and Nagel 2013). This metacognitive calibration step 
can more powerfully guide subsequent learning than results from the instructor-graded assessment 

alone (Wirth et al. 2021). These KS implementation steps address several of the choke points and 
pitfalls in learning pointed out by Chew (2021), most notably the metacognitive pitfall of 

overconfidence, for which he proposes addressing via self-assessment and use of feedback.  

 
KS as an effective tool for self-assessment 
KS have been implemented in a variety of undergraduate and graduate courses across many 

disciplines (e.g., Nuhfer and Knipp 2003; Sloan and Scharff 2022). Most studies have focused on 
comparison of self-assessment data with grades on exams, although self-assessment mechanisms 

have been used for writing assignments (Becker and Sloan 2023; Sloan, Becker, and Frank 2022), 

undergraduate research experiences (McDevitt et al. 2016), and engineering design (Beauregard, 
Sloan, and Brannon 2019). These studies demonstrate that student self-assessments are aligned with 
faculty assessments (Clauss and Geedey 2010; Sloan and Scharff 2022; Wirth and Perkins 2005). 
Further, most first-year higher education students show good self-assessment accuracy when there is 

alignment between the KS and the actual assessments (Nuhfer et al. 2016a). Overall, KS are not about 

an end goal of student conformity to the instructor grade but about giving students agency and 
control over their own learning through metacognition and self-regulation. Thus, it seems reasonable 

to incorporate KS as a pedagogical tool in order to encourage student engagement in and 
development of self-assessment skills. 

 
Learning benefits of KS for students 
Prior research demonstrates multiple benefits of integrating KS for student learning. Students 

complete pre-unit KS as a cognitive heads up on the material to follow in the course and can use the 

KS as a learning guide as they navigate each block of a course (Sloan and Scharff 2022). The KS 
questions clarify instructors’ learning expectations and forecast the challenge ahead (Wirth et al. 
2021), which supports the development of self-regulated learning skills (Mahlberg 2015). The use of 

both pre-unit and post-unit KS support spaced retrieval practice and enhances long-term learning by 
encouraging students to reflect on their ability to answer the questions multiple times (Ariel and 
Karpicke 2018; Chew 2021). Finally, KS have the potential to support other behaviors that are believed 
to support learning, such as focusing attention (Chew 2021), driving learners toward taking greater 

responsibility for their own learning (Falchikov and Boud 1989), challenging students to think more 
deeply about a subject (Sullivan and Hall 1997), and developing students into life-long learners (Fink 

2003).  
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Teaching benefits for faculty 
In addition to supporting students’ development of their self-assessment skills, KS provide a 

variety of benefits for faculty (e.g., Wirth and Perkins 2005). Prior to the start of the term, the 

incorporation of KS within a course can heighten faculty awareness of alignment between lesson 
goals, activities, and assessments. As the course unfolds, results from student pre-unit KS provide 

valuable data, as they allow the faculty member to ascertain the level of understanding of a particular 
cohort of students on a topical basis and use that to guide instruction. Faculty who are attuned to 
their students’ feedback can learn from the student perspective and use class time more efficiently. 

For example, if students already have a moderate or high degree of self-assessed understanding on a 

particular topic, then the faculty member can spend less time on that topic than if students had low 
self-assessed understanding (Nuhfer and Knipp 2003; Wirth and Perkins 2005). Alternatively, 
individual students self-assessing at a lower level in the pre-survey may need additional instruction 

and activities to catch up with the rest of the class. In this way, KS can support metacognitive 
instruction practices of faculty. On an even more targeted level, KS data can support individualized 

conversations with students about their learning strategies and performance (Sloan and Scharff 

2022). Finally, KS can also serve as a means to evaluate the effectiveness of new pedagogical 
approaches (Wirth and Perkins 2005). 
 
CONTEXT AND PURPOSE 

Given the potential benefits and efficacy of KS, several faculty members at the United States 

Air Force Academy (USAFA) initiated an interdisciplinary scholarship of teaching and learning (SoTL) 

research project in the spring 2018 semester focused on student self-assessment using knowledge 
surveys. Approved through the institutional review board, the overall project included dozens of 
faculty members participating in courses that span the humanities, social sciences, basic sciences, 

and engineering. The goals of the overall project were to answer three research questions: 1) How 
aligned are student self-assessments with faculty assessments? 2) What are the student attitudes and 

self-reported behaviors related to KS? and 3) What are the instructor attitudes, decisions, and lessons 
learned regarding the implementation of KS in their courses?  

In the process of answering these research questions in other works (e.g., Sloan and Scharff 
2022; Scharff et al. in press), we also discovered that KS are robust, effective, and relatively easy to 
implement. The purpose of this paper is to share a synthesis of our results implementing KS across a 

variety of civil engineering courses to support our claims that KS offer a robust and manageable 

method by which to support best practices for teaching and learning, including student self-
assessment and metacognitive skills. Derived from our extensive implementation of KS in engineering 

courses, the key contributions of this paper are the synthesis of results across many different courses 
from second-year to fourth-year students in a single program of study, by faculty with differing 
education and experience levels, using several different assessment types (exams, design projects, 

and technical writing), while providing longitudinal results in one course that includes in-person, 
online, and hybrid delivery modes.  
 
METHODOLOGY 

This study builds on the work by Beauregard, Sloan, and Brannon (2019); Sloan and Frank 
(2023); Sloan and Scharff (2022) at USAFA (Sloan, Beauregard, and Russell 2023). In total, our study 

includes KS data from 18 sections of six engineering courses from 2018 to 2022. Six faculty taught 219 
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total students across these courses. The following subsections describe the institutional and program 
context, the courses and instructors, and the implementation methods.  

 
Institutional context 
USAFA is an undergraduate-only military-focused institution that requires students to 

complete their course of study within four years. Students complete a large general education 
curriculum, totaling 93 semester hours across the humanities, social sciences, basic sciences, and 
engineering. The demographics of the students in the courses in this study were 82% male and 18% 

female, with 67% White, 11% Hispanic, 9% Asian, 7% Black, 1% American Indian, 1% Native 

Hawaiian/Pacific Islander, and 4% not specified.  
 
Faculty 
As an undergraduate-only institution, faculty primarily focus on teaching. Class sizes are 

generally small, with civil engineering major’s courses typically having 10–18 students in each section. 

All faculty in the study voluntarily used KS in their courses: three were male, three were female, and all 

six were White. Three held a PhD as their highest degree, and three held a master of science (MS) 
degree. Teaching experience of the faculty varied widely, with three being categorized as “new” (zero 
to two years’ experience), two being characterized as “mid” (three to 10 years’ experience), and one 

being categorized as “advanced” (11+ years of experience). In some cases, faculty used KS over 
multiple courses and multiple years, so experience grew during the time of the study. 

 
Courses 
Courses in this study included one course from the general education curriculum, two third-

year courses required for students’ major, a fourth-year required course, a major’s elective course, 

and a design elective course. Table 1 summarizes course titles, the nature of the course (general 
education, elective major’s course, or required major’s course), the assessments, and the number of 

KS questions in each course.  
Faculty implemented self-assessment using KS alongside a variety of course assessment 

types. In most of our courses, the students’ KS questions focused on the content within each block of 
instruction, and faculty directly compared KS scores with instructor grades on exams. As engineering 
courses, most of the exams consisted of problems at the “apply” to “create” levels of Bloom’s 

taxonomy, where students used principles from the courses to solve problems. However, within 

computer applications, the KS questions focused on aspects of technical writing. Students repeated 
the same 11 KS questions while completing the technical writing assignment for each of the four 

blocks of instruction. Also unique from the other courses, in foundation engineering, assessment 2 KS 
questions focused on their design project, offering comparisons with instructor grades on that 
project. Thus, our results compare instructor assessments of student performance with student self-

assessments across assessment types that include exams, technical writing, and design projects, as 
shown in Table 1.  

Table 2 summarizes the six courses, semester offered, instructor education and experience, 
number of students, course, and course delivery mode. Data come from a total of 219 students, 

resulting in 720 data pairs comparing KS and faculty assessed student performance. Importantly, 
faculty shared grading of assessments among those teaching the same course in the same semester, 

which helps to reduce the opportunity for grading bias from a single instructor. 
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Table 1. Summary of course and assessment characteristics 
Course Nature of 

course 
Primary 
student 
population 

Assess. 1 
(# of KS 
questions) 

Assess. 2 
(# of KS 
questions) 

Assess. 3 
(# of KS 
questions) 

Assess. 4 
(# of KS 
questions) 

Fundamentals of 
Mechanics 

General 
education 

Second-year Exam 
(18) 

Exam 
(13) 

Exam 
(26) 

- 

Computer 
Applications 

Elective CE 
major’s course 

Third-year Technical 
writing 
(11) 

Technical 
writing 
(11) 

Technical 
writing 
(11) 

Technical 
writing 
(11) 

Fundamental 
Hydraulics 

Required CE 
major’s course 

Third-year Exam 
(22) 

Exam 
(23) 

Exam 
(19) 

Cumulative 
final exam 
(89) 

Analysis of 
Structures 

Required CE 
major’s course 

Third-year Exam 
(11) 

Exam 
(9) 

Exam 
(9) 

- 

Foundation 
Engineering 

Elective CE 
major’s course 
 

Fourth-year Exam 
(42) 

Design 
project 
(25) 

- - 

Pavement Design Required CE 
major’s  

Fourth-year Exam 
(88) 

Exam 
(73) 

Cumulative 
final exam 
(221) 

- 

 

 

Table 2. Course offerings chronologically by semester with instructor(s), enrollment, and delivery mode 
Course Semester(s) Instructor(s) 

education and 
experience* 

Number of 
students 

Course delivery 
mode 

Pavement Design Spring 2018 PhD - mid;  
MS - new 

35 In-person 

Foundation Engineering Fall 2018 PhD - mid 6 In-person 
Fundamental Hydraulics Spring 2019 PhD - mid 16 In-person 
Fundamental Hydraulics Fall 2019 PhD - mid; 

MS - new 
32 In-Person 

Fundamental Hydraulics Spring 2020 PhD - mid 16 In-person / online 
Fundamental Hydraulics Fall 2020  PhD - mid 23 Hybrid 
Fundamental Hydraulics Spring 2021 PhD - mid 30 Hybrid 
Computer Applications Fall 2021 PhD – mid; 

PhD - advanced 
21 In-person 

Analysis of Structures Fall 2021 PhD - mid; 
MS - new 

21 In-person 

Fundamentals of Mechanics Fall 2021 PhD - mid 13 In-person 
Analysis of Structures Spring 2022 PhD - mid 6 In-person 

*Experience legend: New (zero to two years teaching); mid (three to10 years teaching); advanced (more than 10 years teaching) 
 

Faculty taught all courses from Table 2 in a single delivery mode, except for Fundamental 

Hydraulics. Given that the offerings of Fundamental Hydraulics spanned the COVID-19 pandemic, 
faculty taught in a variety of delivery modes. Faculty taught pre-pandemic sections (spring and fall 
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2019) fully in-person. When the pandemic hit in the spring 2020 semester, faculty taught 
approximately 60 percent of the course in-person before shifting to synchronous online instruction for 

the remaining 40 percent of the course. Faculty delivered the fall 2020 and spring 2021 sections in a 

hybrid manner. Hybrid delivery consisted of asynchronous online content lessons with each 53-
minute lesson condensed into a 15–20 minute video that students watched before working example 

problems reinforcing lesson content. Every three to four lessons, the instructor met in-person with the 
students, and these lessons consisted entirely of board-work (problem solving at the “apply” Bloom’s 
level) that enabled the instructor to monitor students’ grasp of the concepts in a formative way prior 
to the exams.  

 
KS implementation procedures 
For most courses, faculty developed KS questions from the existing learning objectives by 

simply adding an “I can” ability statement to the beginning of the objective. Having pre-existing 
learning objectives makes the transition to KS relatively easy, presuming objectives are well-written 

and specific (not general).  

Figure 1 illustrates sample KS questions from three of the courses in this study with Bloom’s 
level shown in parenthesis at the end of each question. Bloom’s level varied within courses, with 
upper-level courses having more questions at higher Bloom’s levels.  

We also examined Cronbach’s (1951) alpha for the KS in each course (29 to 221 questions per 
course other than Computer Applications which had 11 questions as shown in Table 1) to ensure they 

had good internal consistency at the pre- and the post-unit implementations. Overall, the internal 

consistency check assured us that we had a reliable self-assessment tool as pre-unit KS Cronbach’s 
alpha ranged from 0.79 to 0.95 and post-unit Cronbach’s alpha ranged from 0.79 to 0.98. These results 
align with those from Nuhfer and Knipp (2006), who report that reliability for KS are generally high.  

KS implementation procedures across all courses and semesters from Table 3 generally 

followed processes described by Sloan and Scharff (2022). Researchers designed these common 

procedures to reinforce the value of KS to students (practicing an important skill, not simply 
busywork). They provide the feedback necessary for students to improve their self-assessment skills 

with each successive use. The procedures are summarized as follows: 
● Faculty introduced KS and Bloom’s taxonomy during lesson 1. Course policy letters contained 

information describing KS and Bloom’s taxonomy and explained why self-assessment is an 

important skill to develop. 

● Students had continuous access to KS questions to use as a learning guide in each course, 
often via multiple means: printed KS questions from lesson 1, a document listing the KS 

questions on the course learning management system (LMS), and an electronic survey on the 
course LMS that allowed unlimited attempts throughout the semester. 

● Students completed either:  

o A comprehensive pre-course KS at the beginning of the course (2018 and 2019 

offerings) or  
o Pre-unit KS at the beginning of each unit. We opted for the pre-unit KS method in later 

offerings as it supports spaced retrieval practice in closer succession with the learning 

activities and is likely more effective (Sloan and Scharff 2022).  
● KS questions were specific and aligned with explicit content and instruction (Pintrich 2002). 

The KS questions corresponded one-for-one with the learning objectives for the lessons that 

made up a given block of instruction. 
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Figure 1. Sample KS questions and response options from three courses in this study 

 
 

● Students also completed a post-unit KS for each assessment (exam, design project, or writing 

assignment, as noted in Table 1) within the 24 hours prior to completing the assessment. Most 
instructors offered a small number of points on each assessment event (typically 5%) to 1) 
communicate to students the value of completing the KS, 2) reward them for their time to 

complete it, and 3) as an incentive for students to complete the KS. KS completion rates in 
each course exceeded 95%. 

● Although not required, faculty encouraged students to consult the KS regularly throughout 

the course as a learning guide rather than solely in preparation for assessments. 
● Faculty provided feedback to students after each assessment on how their self-assessment 

compared with the faculty assessments. An example of such feedback from Fundamental 
Hydraulics is given in Figure 2, which depicts pre-unit KS, post-unit KS, assessment score, and 

error (KS minus exam score) for each student. Students knew their own student number but 
could see anonymous data from other students. Faculty challenged the students to self-assess 

accurately and described the goal of self-assessment error being within +/-10% (Nuhfer et al. 

2016b).  
● Instructors also shared the correlation between KS and assessment scores and the average 

absolute value of error of the cohort for that exam. As the semester progressed, these 

correlation and error statistics were shared for the previous as well as the current exam, to 

communicate whether the class was improving in their self-assessment accuracy. 
Longitudinal data from individual students also enabled conversations between faculty and 

students about why a student, for example, may be habitually over- or under-confident.  
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Figure 2. Sample feedback given to students after exam 2 in Fundamental Hydraulics (spring 2021)  

 
This figure shows pre-unit KS, post-unit KS, exam score, and error (KS minus exam score) by student, and the correlation of KS to exam 
score and average absolute value of KS minus exam score for the student cohort. 
 

Student feedback surveys 
To better understand the student perspectives, faculty collected student feedback at mid and 

end-of-semester by one of two methods 1) via a paper survey administered by a neutral third party, or 

2) via an online survey. Faculty teaching the respective courses did not have access to the student 
survey results until after they submitted final grades for the semester. The surveys included the 

following closed-ended questions to which students responded using a 4-point Likert scale (strongly 

disagree, disagree, agree, strongly agree): 
1) The knowledge surveys provide clear guidance as to what I am expected to know or be able to 

do for the exam or design project. 

2) The knowledge surveys are a useful addition to this course with respect to supporting my 

learning of the course material.  
3) The knowledge surveys are a useful addition to this course with respect to supporting my 

ability to self-assess my knowledge and preparation for exams.  

 
In addition, the feedback survey included two open-ended questions: 

1) Explain why the knowledge surveys are or are not useful. Please include any 

recommendations for improvement.  

2) How would you suggest future students use the knowledge surveys to succeed in this class? 
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RESULTS 
Our evidence of effectiveness, robustness, and ease of implementation includes data from 

two sources that span the variety of courses and instructors: 1) the alignment of student self-

assessments with faculty grades (i.e., amount of error) and 2) student perspectives on the use of KS 
and their value as a self-assessment tool.  

 
Assessing KS effectiveness and student development of self-assessment skills 
Histograms of error 
Using a format inspired by Nuhfer et al. (2017), Figure 3 shows histograms summarizing error 

(KS self-assessment minus actual assessment score) for all assessments within a given course. Error 
closer to zero indicates better alignment of student self-assessments with faculty grades. A positive 

number indicates students are over-confident (KS higher than assessment score) compared to their 
grade, and a negative number indicates students are under-confident. Tighter grouping of error 
around zero indicates that student self-assessments are better aligned with faculty grades. 

The use of the term “error” rather than “self-assessment error” is intentional, as error may be 

due to a variety of reasons. They could be due to a student’s lack of self-assessment ability but could 
also result from a lack of clear learning objectives, misaligned courses or assessments, bias in grading, 
or unclear expectations on the part of the faculty member. Thus, excessive error, especially if shown 

across multiple students, should be a clue to faculty to delve deeper into their own possible 
contributions to the error.  

We chose to label a range of +/-10% as “good,” +/-10 to 20% as “adequate,” and greater than 

+/-20% as “inadequate.” Although there is no standard convention, our selection of these ranges is 
consistent with (but a simplified version of) Nuhfer et al. (2017). Note that the histograms include 
multiple responses from students enrolled in each course, because each course had multiple 

assessments (see Table 1). Later in this sub-section, we address potential improvement in self-
assessment skills across assessments. 

For all courses, some of which multiple faculty members taught, the histograms in Figure 3 
reveal a distribution of error with a mean near zero, indicating that student self-assessments using KS 

are generally well-aligned with instructor assessments. Although not presented in this paper, we did 
review results for individual instructors with the results for all instructors showing a similar theme 
with alignment of error centered around zero. Across the six courses, more than half (56%) of KS 

scores were of good accuracy (within +/- 10% of the faculty grade) while only 16% were inadequate 

(outside of +/- 20% of the faculty grade). Overall, these results indicate that most students in these six 
courses effectively practiced and exercised their self-assessment skills using KS. 

Given that Fundamental Hydraulics was the only course in this study where faculty taught in 
more than one learning mode, we used it to take a closer look at the data across the different learning 
modes: in-person during spring and fall 2019, a combination of in-person and online during spring 

2020, and hybrid during fall 2020 and spring 2021. Figure 4 shows histograms of error for these three 
learning modes. Students in each of the three modalities showed similar patterns of self-assessment, 
with most students self-assessing within the good and adequate categories, indicating that student 
self-assessments via KS align with faculty assessments, regardless of learning mode.  
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Figure 3. Histograms of error (student KS minus faculty grade) on each assignment by course 

 
 

Correlations between student KS and faculty assessment  
The histograms above aggregated data across assessments within each course in Figure 3; 

however, correlations between student KS and faculty assessments can also help us examine the 
alignment of self-assessments and grades for individual courses and sections of courses. Earlier we 

claimed that KS can serve as a metacognitive tool to support students in the development of their 
self-assessment skills. To examine this claim, we narrowed the data set to courses with multiple, 

similar assessment types within the semesters. Thus, for this analysis, we focus on results from three 

courses (Fundamental Hydraulics, Analysis of Structures, and Fundamentals of Mechanics), each of 
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which had three exams where we could assess students’ self-assessment skills across similar 
assessments.  

 
Figure 4. Histograms of error by learning mode in Fundamental Hydraulics 

 
Table 3 contains correlations for a combination of the three courses taught by four of the six 

faculty in this study over eight semesters. In this case, the course was not the variable of interest but 
rather the exam sequence. Thus, we combined the data across courses for exams 1, 2, and 3 and 

calculated a combined correlation for each exam. All correlations are positive and statistically 
significant (p < 0.001), and there is a clear increase in the correlation between student KS and 
instructor grades from exam 1 to 2 to 3 in these three courses. These results illustrate that alignment 
of student self-assessments with faculty assessment of student performance can improve with 

practice and feedback through a given semester, and they provide evidence that students are 

applying the feedback they receive on their self-assessment ability (similar to Figure 2) in a 

metacognitive way to influence subsequent behaviors, consistent with Flavell’s (1976) definition and 

results from the literature (Sloan and Frank 2024).  
 
Student feedback data 
Student responses to Likert-scale feedback questions 
The 4-point Likert-scale questions provide insight into student perceptions about the utility of 

KS. Average responses and standard error for each course on a 4-point Likert scale are shown in Table 

4. Data from Pavement Engineering in the spring 2018 semester is unavailable as we developed and 

implemented these questions in the fall 2018 semester. Student feedback is generally positive, 
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irrespective of the course or an individual instructor. The average response is greater than 3.0 (agree) 
across all courses (N = 112) and is above 3.0 for most questions in most courses.  

 

Table 3. Correlations between KS and instructor assessment in courses with three consecutive unit exams 
Courses Correlation between KS 

and instructor exam 1 
(df) 

Correlation between KS 
and instructor exam 2 
(df) 

Correlation between KS 
and instructor exam 3 
(df) 

Fundamental Hydraulics, Analysis 
of Structures, and Fundamentals 
of Mechanics 

0.29** 
(135) 

0.32** 
(140) 

0.44** 
(135) 

df = degrees of freedom (n – 2) 
**statistically significant correlation (p < 0.001) 
  
 

Table 4. Averages and (standard errors) of student feedback data using a 4-point Likert scale 
Question Fund. of 

Mech. 
(N = 3) 

Computer 
Apps 
(N = 14) 

Fund. 
Hydraulics 
(N = 80) 

Analysis of 
Structures 
(N = 9) 

Found. 
Engr. 
(N = 6) 

Average 
response 
(N = 112) 

Good learning 
guide 

3.67 
(0.272) 

3.14 
(0.094) 

3.17 
(0.077) 

3.00 
(0.105) 

3.83 
(0.152) 

3.19 
(0.058) 

Useful addition 
for learning 

2.67 
(0.544) 

3.14 
(0.171) 

3.11 
(0.068) 

2.86 
(0.105) 

3.33 
(0.304) 

3.09 
(0.057) 

Useful addition 
for self-
assessment 

2.33 
(0.272) 

3.07 
(0.122) 

3.14 
(0.070) 

3.00 
(0.189) 

3.83 
(0.152) 

3.13 
(0.057) 

 
Student responses to open-ended feedback questions 
To analyze the open-ended student feedback questions, we conducted a thematic analysis of 

student responses. Two reviewers (not among the six faculty teaching the courses) independently 

read the student responses and developed categories of responses without any preconceived notions 
on what those categories might be. The reviewers reached an agreement on the categories. They then 
independently coded all the responses into these categories. The coders checked interrater reliability; 
if any category showed more than 10% disagreement, the coders would recalibrate and 

independently recode until all categories showed less than 10% disagreement (most ended up with 
less than 5% disagreement). In some cases, a single written response from a student had portions that 
touched on more than one category. 

Response themes from the open-ended questions are summarized in the tree plots shown in 
Figures 5 and 6 which summarize 94 and 98 student responses (respectively) to open-ended 
questions. Responses are grouped by five major themes and in two categories: procedural (green) and 

metacognitive (blue), along with a representative quote from each theme. Percentages in each figure 

total more than 100%, as some student responses fell into more than one theme. Since feedback was 
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voluntary, fewer students responded compared to the number of students in the courses from Table 
2. 

Responses to the question about KS usefulness, shown in Figure 5, were overwhelmingly 

positive. Students noted several procedural (green boxes) and metacognitive (blue boxes) benefits of 
KS, with the largest group of responses noting how KS helped them study. However, almost half of the 

students clearly noted metacognitive benefits, with quotes indicating that they used self-regulation to 
guide behaviors per Flavell’s (1976) definition of metacognition.  

Based on their experiences with KS in these courses, students also had positive suggestions 
for future students on how they should use KS, as shown in Figure 6. Like in Figure 5, responses in 

Figure 6 are also categorized by procedural (green boxes) and metacognitive themes (blue boxes), 
with more than half of students highlighting positive metacognitive benefits. 

One student quote especially captured several of the procedural and metacognitive themes 

above:  
 

I actually enjoyed this as an aspect of the class as it added almost like a mini study guide 

for me to work through and remember what the particular survey covered. This allowed 
me to formulate a study plan to ensure any questions I felt deficient on were covered 
again adequately. I treated these as my form of study guide and I did not feel it 

necessary to work out many problem types over again when I understood them to my 
desired extent. I felt that these surveys closely followed the learning objectives too and 

asked something about almost every topic type so I felt prepared for a test when I used 
these actively. 

 
In summary, the open-ended feedback responses from students reveal positive perspectives 

of KS and illustrate the metacognitive thinking and self-regulated learning skills that KS are designed 

to stimulate in students. 
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Figure 5. Open-ended question 1: Explain why the knowledge surveys are or are not useful 

 
 

Figure 6. Open-ended question 2: How should future students use KS?  

 
 
DISCUSSION 

Overall, our results support our claim that KS are an effective and robust method for 
developing student self-assessment skills. Although prior work has shown elements of effectiveness 

(e.g., Nuhfer and Knipp 2003), the uniqueness of our work comes via demonstrating these qualities of 
KS in a breadth of courses, assessment types, delivery modes, and varying faculty education and 
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experience levels. The histograms with error grouped near zero and the significantly positive 
correlations illustrate that KS are a reliable tool for engaging students in self-assessment in a way that 

aligns with instructors’ articulation of learning objectives. Further, student feedback indicates that 

students generally look favorably on KS as a good learning guide and a useful addition to support 
learning and their self-assessment abilities. Their open-ended comments suggest that students 

exercised metacognitive skills when engaging with KS. These responses illustrate Flavell’s (1976) 
conceptualization of metacognition, because our students used the KS to assess their confidence in a 
topic area and then take subsequent action to further study that topic in preparation for an 
assessment or to stop studying when they reached a level of competency on that topic. Further, the 

improved alignment between student KS and faculty assessments from exam 1 to exam 3 (Table 3) 
indicates that students can incorporate metacognitive feedback on their self-assessment skills and 
further develop these skills in the context of an academic course.  

The robustness of KS stems from their effective implementation across courses, faculty 
members, assessment types, and learning modes. Essential elements of effective implementation in 

any context include: 1) specific KS questions, 2) alignment of learning objectives (from which KS 

questions are derived), learning activities, and assessments, and 3) clear feedback to students on how 
their KS compare with instructor assessments. Faculty in this study possessed varying levels of 
teaching experience and education and successfully implemented KS in six engineering courses. 

These courses encompassed a range of levels, topics, and delivery modes, and the assessments 
included exams, projects, and writing assignments. Finally, student perspectives also support the 

robustness of KS due to the positive perceptions of KS across all courses. Our results build on the 
findings of other researchers who have implemented KS across other disciplines (Clauss and Geedy 

2010; Nuhfer and Knipp 2006; Wirth and Perkins 2005).  
 

Faculty perspectives 
As part of our work over the years, we and the other faculty involved at USAFA discussed our 

experiences and believe it is important to explore and share faculty perspectives. It takes time and 
effort to make changes in our courses, and it is important to consider faculty perspectives when 

promoting a pedagogical approach. We found that faculty across all levels of experience were able to 
implement KS without unreasonable levels of effort, plus they reported several areas of benefit. 

 
Ease of implementation 
As described in the methodology section, KS are developed by taking existing learning 

objectives from courses and rephrasing them as “I can” ability statements, as shown in Figure 1. Post-

processing of KS data to produce a normalized self-assessment score and a plot-like Figure 2 does 
require additional time and effort for the first iteration (<2 hours in our experience), but it then 
becomes much quicker and easier to simply repeat these steps with each successive iteration of an 

assessment (<30 minutes). Faculty in this study were eager to do this postprocessing in order to 
determine whether student KS scores aligned with their grades and whether students improved in 
their self-assessment skills. More information regarding the implementation of KS is found in Nuhfer 
and Knipp (2003), Sloan and Scharff (2022), and Scharff et al. (in press). 

 
KS support faculty efforts in course design and alignment 
The implementation of KS forces faculty to continually evaluate the design of their courses 

and the alignment between learning objectives, in-class and out-of-class activities, and formative and 

summative assessments. Although most faculty have a broad understanding that course alignment is 
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important, the deliberate act of developing the KS questions from learning objectives, designing 
learning activities to achieve the objectives, and evaluating student performance in light of their KS 

scores force faculty to examine this alignment more closely. 

 
KS facilitate productive conversations with students and scaffold effective learning 
Rather than simply having an assessment grade to discuss, KS also provide faculty with data 

from students’ self-assessments. This helps lead productive and individualized conversations, 
because there are many possible combinations of KS and instructor assessment scores. For example, 

a low-performing but accurately self-assessing student may require feedback on motivation or on 

effective study and preparation techniques to improve their skills. An underconfident student may 
become more confident by viewing their high performance on an exam in relation to their self-
assessment score (as in Figure 2) and by having a conversation with their instructor about self-

assessment and academic performance. And an overconfident student may learn to calibrate future 
self-assessments by viewing feedback on their self-assessment scores in relation to instructor 

assessments as recommended by Chew (2021). Incorporating KS in a course provides a natural path 

for faculty to discuss learning strategies and the importance of self-assessment in their classes. 
Further, most faculty appreciate that they are teaching students more than subject-matter 

content; they are also teaching students about the learning process itself and how to acquire new 

knowledge (Wirth and Perkins 2013). KS support spaced retrieval practice (Ariel and Karpicke 2018) 
starting when students complete the pre-unit KS at the beginning of each unit as a cognitive “heads 

up” on the learning material upcoming in that unit. Students view the KS questions (learning 

objectives) for each lesson and in a well-designed course, formatively self-assess using the KS 
questions through in-class activities and low-stakes assessments. Finally, students self-assess using 
the post-unit KS prior to the graded assessment. Self-assessing with the KS early and in continuous 
preparation for a summative assessment allows students to apply the metacognitive exercise of 

spaced retrieval practice. 

  
Limitations 
We obtained the results from this study at a single undergraduate-only institution in the 

United States with 1) a teaching focus and small class sizes (10—18 students in major’s courses), 2) a 
strong culture of faculty development, and 3) a military focus. Although the relatively small sample 

sizes in each course precluded our ability to investigate effects of demographics, and the results are 

primarily limited to the civil engineering program of study, our sense, given the experience of other 
faculty at our institution and our review of the literature, is that the results of this study are applicable 

to other contexts and disciplines. A logical next step would be to analyze the potential impact of 
gender, race, and ethnicity on the accuracy of student self-assessment as our sample size continues to 
grow.  

 
CONCLUSION 

This paper shares results from incorporating knowledge surveys into six engineering courses 
taught by six faculty members with widely varying experience levels over nine semesters to 219 

students in order to develop and evaluate student self-assessment skills. KS provided the means to 
encourage students to engage in self-assessment and cultivate metacognitive and self-regulated 

learning skills that they might not develop otherwise. Our results indicate that KS are robust, effective, 

and relatively easy to implement. KS can offer a positive addition to a course by providing a 

systematic way for students to cultivate self-assessment and metacognitive skills.  
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