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ABSTRACT

A vital aspect of an answer is the confidence that goes along with it. Misstating the level of
confidence one has in the answer can have devastating outcomes. However, confidence assessment
is rarely emphasized during typical engineering education. The confidence-based scoring method
described in this study encourages students to both think about their answers in a different way
and to evaluate their confidence in the answer. Each answer is scored based on whether the answer
is right or wrong and whether the student is confident or not in that answer. Students generally
appreciated the educational value as it made them more self-aware of their understanding. Overall,
students were able to accurately assess whether their answer was right or wrong 77% of the time.
Average self-assessment generally improved over time, but the degree of improvement varies based
on student segments. The method also benefits instructors by indicating the topics that students
tend to be less certain of, even if the students are getting the right answers, and identifies students

that are either over or under confident.

Key Words: confidence-based scoring; certainty-based markings; self-efficacy; assessment

INTRODUCTION
An important skill for students is to recognize how confident they are in their stated answers

to questions. Even if students get the right answers, they may not be sure it is right and may get

similar questions wrong. Confidence is vital in engineering jobs and in graduate education where
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the confidence students have in their solutions can be as important as the solutions themselves.
However, confidence in one’s answer or design is not typically emphasized during undergraduate
engineering courses. Information is becoming easier to quickly obtain from digital sources like
Wikipedia, internet search engines, and online literatures, but the reliability of that information is
not necessarily better. Thus, the confidence in a solution based upon that information is important
for one to evaluate and report (Gardner-Medwin 2008).

The literature has discussed many frameworks for describing problem solving, metacognition
about the answer, and how the resulting solution can lead to an increased understanding (Schoenfeld
1992). One way of thinking about a solution consists of four aspects: the information used, the method
applied, the stated answer, and the confidence one has in that answer. Undergraduate education
typically focuses on two of those: methods and answers. In fact, typical grading schemes tend to
encourage students to guess or “just put something down” in hopes that they will get partial credit,
which does not encourage a deeper understanding of their missing knowledge (Gardner-Medwin
1995). Confidence-based scoring (CBS) aims to address the last aspect - providing the incentives
and mechanism for students to assess and state their confidence in their answers (Gardner-Medwin
2006). CBS is designed to combine their answer with their confidence so they are encouraged to
further examine their answers and more seriously evaluate their confidence level. When the students
recognize that they do not know the answer, they get some credit for correctly stating their lack of
knowledge or understanding. When the students get the correct answer but are not sure, they do
not get the full credit due to the uncertainty. This method of self-assessment encourages students
to evaluate their abilities throughout a course and enables them to become more aware of this
important aspect of decision-making (Gardner-Medwin and Gahan, 2003). This method also intends
to encourage students to practice accurate self-assessment of their ability so that they can leverage
that insight to succeed in their professional life.

Two ways that confidence is commonly referred to include the common catchphrases “fake it
until you make it” or “trusting your life with it”. “Fake it until you make it” describes the idea of ap-
pearing confident in oneself despite potential shortcomings or uncertainties and encourages con-
tinual efforts such that one eventually masters the skill. Adams (2011) summarizes several research
studies that demonstrate how faking a positive behavior can lead to emotional and health benefits.
Cuddy et al. (2015) demonstrate that maintaining a pose that exudes power and confidence for two
minutes changes the hormone levels to more closely match those of people who are more often in
leadership roles; in other words, faking the physical characteristics can actually affect the behavior.
Although not the focus of this paper, the practice of appearing confident in one’s ability, whether
or not actually being confident, is encouraged in domains like entrepreneurship and research/sales

proposals. The practice tends to promote optimism and persistence to allow individuals to achieve
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the desired results and often introduces opportunities that would not be available if one appears
hesitant.

Nevertheless, not all professions or situations are suited for the practice of “fake it until you make
it.” In engineering design, practitioners must conduct quality checks and often employ safety factors
in their design to ensure a “trust-your-life-with-it confidence”. For example, if an engineer said “This
engine might be ready for flights,” one would be hesitant to use it on a commercial airline. However,
if the competent engineer signed off and stated “This engine is definitely ready for use in passenger
planes,” the engine would be shipped off and installed. In many ways, the practice of being confident
in one’s answers is essential for consumer safety and the engineering professions’ reputation. While
different levels of confidence tend to suit different professional situations or decision types, they are
all rooted in one’s ability to assess his/her knowledge in the subject matter.

This paper presents and analyzes a confidence assessment method based on a binary choice (either
confident or not confident), which is a simplification of the more complex assessment methods in the
literature (Hassmen & Hunt 1994; Gardner-Medwin 1995). Moreover, our work applies CBS to a range
of question types including multiple choice and open-ended questions. Previously used CBS methods
are typically applied to multiple choice or true/false questions (Barr and Burke, 2013).

For clarity of understanding and conciseness, the following definitions are given:

* Right - getting the one true answer

* Wrong - any answer that is not right

» Correctness - adjective describing whether the answer is right or wrong

e Confident - student has a high level of belief that their answer is right; the student’s answer is

considered confident unless they explicitly state otherwise (i.e., default answer)

* Not confident - student is unsure of their answer; student marked the not-confident box

e Accurate assessment - correctly judging the correctness of their answer; i.e, selecting confident

when they are right and not confident when they are wrong

BACKGROUND

The idea that a person’s confidence is an important part of knowledge can be traced back to
Confucius (circa 500BC) and Aristotle (circa 300BC) as described by Hunt (2003). More recently,
confidence has been studied using frameworks that generally have the goal of encouraging a deeper
understanding of the material (Hunt 2003; Heron and Lerpiniere 2013), increasing reflection and
justification of one’s answers (Cisar, Cisar, and Pinter 2009), and as an assessment tool (Hevner 1932;

Gardner-Medwin and Gahan 2003). Self-assessment studies are often described in terms of confidence
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and/or self-efficacy (Bandura 1977; Gecas 1989; Pajares 1996). Bandura (1997) defines confidence and
self-efficacy as follows: “confidence is a nondescript term that refers to strength of belief but does
not necessarily specify what the certainty is about” and “self-efficacy refers to belief in one’s agen-
tive capabilities, that one can produce given levels of attainment.” The study presented in this paper

focuses on an individual’s judgment about whether he/she is certain of each individual answer or not.

Survey-Based Methods

Several survey-based methods have been used to examine confidence and self-efficacy. Bandura
(2006) used several scales and surveys for determining self-efficacy on a range of tasks including
exercise, driving, eating habits, and others. He measures the degree of self-efficacy on general tasks
using a scale of O to 100. Carberry et al. (2010) incorporated aspects of Bandura’s (2006) surveys
to conduct a study on a self-concept interest specifically related to how engineering students per-
ceive their abilities by asking students to rate their self-efficacy. They found the survey was able to
identify engineering students’ self-efficacy on general design problems, motivation, and anxiety.
Other surveys using different scales have also been used to ask about self-efficacy in fields such as
writing (Pajares and Johnson 1994), engineering (Kolar and Carberry 2013), and music education
(Jeanneret 1997). These studies use surveys that are not directly tied to specific questions, but are
related more generally to their knowledge and ability in a field.

Several additional survey studies provide insights regarding specifically how engineering students
perceive their skills. Parsons et al. (2009) found that first year engineering students who were better
mathematically qualified were generally more confident and successful in mathematics. A study by
Fantz et al. (2011) found that students who had hobbies related to engineering and students who
had pre-engineering classes had significantly higher self-efficacy measures than students without
these interests or extra classes in their first year. Another study showed that individuals try harder
to solve a given problem when they see someone they perceive as similarly competent solve the
same problem (Brown and Inouye 1978). Ponton et al. (2001) suggest that professors can enhance
a student’s self-efficacy by developing skills, peer interaction, encouraging students, and explaining

coping strategies, all of which are important for practicing engineers.

Impact of Confidence on Learning

Information Reference Testing (Bruno 1993) formalized the interlinked relationship of developing
one’s knowledge and confidence in the learning process. The study aimed to simultaneously identify
a person’s knowledge and confidence in that knowledge. This results in two metrics where mastery
is defined as being both confident and knowledgeable, which generally leads to smart actions.

Low confidence and low knowledge lead to an uninformed person that hinders taking action. High
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confidence and low knowledge describes a misinformed person that leads to mistakes. Low confi-
dence and high knowledge describes a person with doubts and leads to hesitation. This framework
is most closely aligned with the method tested and discussed in this paper since our method uses
two states each for confidence and correctness, where knowledge and correctness are related, but
differ in their scope.

The retention of new knowledge is correlated with the confidence in the learned material. Hunt
(2003) found that people will only remember 25% of material after a week when they stated they
were “not sure at all” of their answer. Those that stated “extremely sure” retained 91% of their learned
knowledge after a week. This finding suggests that helping students both learn and become more
confident in new material can help them retain the knowledge better. However, negative biases in
self-evaluations can affect satisfaction with learning compared to those with a positive self-evaluation
bias, even though the actual performance between both groups is the same (Narciss et al. 2011).
Learning to accurately assess one’s knowledge is, thus, important for both the learning process and

later in one’s career when applying the learned knowledge.

Emergence of Confidence-Based Scoring

One of the earliest academic papers studying the use of confidence-based scoring hypothesized
that the reliability of grading would be improved by incorporating confidence into the student’s answer
since a correct answer on a multiple choice question always has the relatively high chance of being a
guess (Hevner 1932). Hevner designed several grading schemes that score students’ answers based
on different combinations of the number of right and wrong answers. She found that the scoring
scheme using correct answers that were weighted based on the student’s stated confidence had the
highest correlation to six other measures of knowledge including training and talent.

Over the years, researchers have continued to study various confidence-based assessment
methods. The CBS methods studied tend to evaluate multiple levels of confidence. One of the
repeatedly-studied methods for CBS includes three levels of confidence with a correct or wrong
answer (Gardner-Medwin & Curtin 2007; Gardner-Medwin 2013). Other versions have used five
levels of confidence (Hassmen & Hunt 1994; Khan et al. 2001) and one used 11 levels (Petr 2000).
Dissatisfaction was high among students in the study with 11 levels (Petr 2000), but this is not the
common reaction to CBS based on larger studies with fewer levels of confidence (Gardner-Medwin
and Curtin 2007). The different impressions of the method may be based at least partially upon
the cost (e.g., time and added stress during an assessment) balanced with the benefit the students
understand they may get from enhancing their self-assessment skills.

A slightly different implementation separates the question about the knowledge from the deter-

mination of their confidence (Rosewell 2011). As opposed to the typical CBS method, students in
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Rosewell’s study stated their confidence on the problem before they could see the multiple-choice
answers to select from. Like many of the studies that use CBS, this method is implemented on a
computer. This revised method helps to transform a multiple-choice question into an open-ended
guestion since the students must formulate their answer and determine their confidence prior to
making the multiple choice selection. In comparison, this paper applies confidence on both open-
ended and multiple choice questions, and the Conclusions and Future Work section proposes some
additional methods to incorporate confidence into more complex questions that benefit from grading

with partial credit, which is common in higher level engineering courses.

STUDY DETAILS AND DATA COLLECTION METHOD

Confidence-Based Scoring Method Used in This Study

Confidence-based scoring (CBS) uses both the correctness of the answer as well as the
student’s selection of “confident” or “not confident” to determine the grade for each question.
Table 1 shows the points awarded for each of the four combinations of confidence and correct-
ness in this study. The two axes of correctness and confidence level is similar to the concept
presented as Confidence-Based Learning (Bruno 1993) and Confidence-Based Assessment
(Gardner-Medwin, 2013), but this version is the simplest version containing only two possibili-
ties for each.

The four quadrants of Table 1 can be thought of in the following way for each specific question
answered. Having a right answer but lacking confidence, is beneficial, but not perfectly so. This would
be similar to asking a colleague to double check your work, which should increase the confidence
in that work, but still requires the use of someone else’s time. The worst possible case is to be con-
fident of a wrong answer, so zero points are assigned. The best case is to have the right answer and
be confident in it. The final situation is wrong and not confident in the answer. In some ways, this is
similar to simply saying: “I do not know,” which is the perfect answer when a person truly does not
know; making up an answer is a very bad habit that is encouraged under typical grading schemes.
In this case, the student would get some credit for knowing that they do not know and that they

should ask for help.

Confident Not confident
Right 5 4
Wrong 0 2

Table 1. Points awarded for each combination of correctness and confidence.
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The scores assigned to each of the four categories listed in Table 1 are chosen to encourage
students to consider that “not confident” is an acceptable answer and to admit they do not know
when they are unsure. This method offers more incentive for students to select “not confident”
since they gain 2 points for a wrong answer, but only lose 1 point for a right answer. For example, if
students are guessing between two answers, they will get a higher score on average by selecting
not confident. This grading method reinforces the idea that stating an answer that one is not certain
of is the best alternative to having a correct answer as long as it is stated with the condition of not
being confident. The specific score values could be changed to encourage students taking courses
outside their major to select confident more often since students tend to underestimate their belief
in knowledge outside of their discipline (Knight and Smith 2010).

Although confidence is not usually a clear binary choice, this method aims to encourage students
to seriously think about their knowledge of the subject while minimizing the additional cognitive
burden. Since students are generally motivated to try to get as many points as possible and con-
fidence is an important part of their grade, students are motivated to put some thought into their
choice. Some students may always check the “not confident” box, so they are guaranteed a minimum
score of 40%, but they are also limiting their maximum score to 80%. Some students may never
check the box marked “not confident” if they are always confident in their work. |deally, students
will think about how sure they are of each individual answer and respond accordingly with different

confidence markings for different questions.

Participants

The study included 137 senior undergraduate students majoring in mechanical engineering at the
University of South Florida in Tampa. The students participated over three separate Fall semesters
of the same course taught by Dr. Reed (one of the authors). None of the students included in this
study were repeating this class nor had they previously taken a similar class. They may have had
previous exposure to some of the concepts, but we did not consider their prior knowledge of this
material in this study.

The participants consisted of 14 females and 123 males. On average, 7.8% of the questions were
not answered due to student absences, so the following data includes a total of 1,769 problems.
Dr. Reed or the class TA graded the quizzes and each student verified the grading of their own
quizzes when returned. Each question has one clear right answer.

The University of South Florida’s Institutional Review Board approved this study and the
data collection procedure. All students had the study explained to them and they were freely
given the option of participating in this study or not participating in this study. All students

were graded the same in either case, but only those students that agreed to be included in the
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study and signed the consent form, hence explicitly participating in the study, were included in
this analysis. The signed consent forms were handled by an independent third party during the
IRB consenting process and were only returned to the authors after the grading period ended

to avoid any possible bias related to participating or not.

Data Collection

The CBS method described in above was integrated into every quiz (but not on any exams)
in a senior-level engineering Mechanical Controls course, except for the first quiz. The first quiz
was intentionally excluded to get the students accustomed to the all-or-nothing grading (i.e., no
partial credit). This first quiz was used to make the point that there are clearly right and wrong
answers and if you do not get the right answer, it is wrong. Either the engine will power the plane
and make it fly or it will fail. The remainder of the quizzes had some questions with a checkbox to
indicate that they are “not confident” in their answer. By default (not marking the box), they are
confident. Future versions of this study could include separate checkboxes for “confident” and
“not confident” to avoid any possible ambiguity about the student’s choice. However, all students
included in this study explicitly agreed to participate with full understanding of the procedure
and grading technique. The problems on quizzes with the “not confident” checkbox are scored
out of five total points as shown in Table 1. Students were shown Table 1 at least two days prior
to the first quiz with CBS and again during each quiz, so they were aware of the scoring method
before and during each quiz. No specific instructions were given to the students before or after
any of the quizzes other than how the scoring works. The only feedback provided to the students
was the quizzes themselves that indicated their score that was based on the confidence and
correctness of their answers. An anonymous questionnaire was distributed to students during
the last week of class (after all quizzes had been taken, graded, and returned) asking for the
student’s opinions about confidence-based scoring; the qualitative survey results are discussed
in the Student Feedback Section below.

Although the quiz questions used in this study are specific to this course, any questions that have
a clear right and wrong answer can use this method. Some possible methods to incorporate partial
credit are described in Conclusions and Future Work section. For reference, the general topics of the
questions used in this research are shown in Table 2 and three example questions are shown in the
appendix. The quiz questions stayed the same each year with slight changes (for example, changes
in numeric values) between each year to reduce the chance of “sharing” from students who already
took the course. The consistency of each question ensures a similar level of difficulty between the
semesters. No students took the course twice during this time. A two-way ANOVA with interaction

effects was performed to evaluate if the fourteen questions were perceived similarly across the years.
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Question # Quiz # Concept of the problem

1 2 Block diagram reduction
2 3 Laplace transform
3 3 Final Value Theorem
4 3 Block diagram reduction
5 4 Order of a system from a Bode plot
6 4 System response from a step input
7 4 System parameters from a transfer function
8 4 System parameters from a Bode plot
9 5 Gain margin from a bode plot

10 5 Phase margins from a bode plot

11 5 Gain margin from a bode plot

12 5 Phase margins from a bode plot

13 6 Binary logic truth table

14 6 Ladder logic multiple choice question

Table 2. Summary of quiz questions that used confidence-based scoring (examples of

specific questions in the appendix).

The dependent variable was the score on each question and the independent variables were class
year (1-3) and the problem number (1-14). The results show that there was no statistically significant

interaction effect between the problems and the years (F(1727,26) = 1.2, p = .21).

RESULTS AND DISCUSSION

The three classes studied had very similar overall quiz performance. Table 3 provides the overall
information about the three classes and quiz results. The average size of each class was 45.7 students.

On average, 62% of the answers were right and 63% of the answers were reported as “confident”.

Class 1 Class 2 Class 3 Overall
Students 44 47 46 137
Questions answered 546 631 592 1,769
Right answers 60% (324) 64% (400) 63% (374) 62% (1,098)
Confident answers 63% (338) 65% (402) 62% (370) 63% (1,110)

Table 3. Overall statistics of the quiz results.
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The total number of questions answered in each class varies due to the slightly different number of
students and absences throughout the semester. A two-way ANOVA with interaction effects was
performed with scores on each quiz question as the dependent variable and independent variables
of class year (1-3) and the problem number (1-14). The results show that there is not a statistically
significant difference between the three different classes (F(1727,2) = 1.6, p = .19). The results also
show that there is a statistically significant difference between the performance on the problems
(F(172713) =14.6, p < .00001) throughout the semester, which is to be expected with different mate-
rial and question types. A separate one-way ANOVA showed that there is a statistically significant
difference between students (F(1619,136) = 3.43, p < .00001). The variability between students is
much higher than the variability between years. Given the similarity of the quiz questions each year
and the lack of statistical difference between the performance over the three classes, the subsequent

discussions in this paper are based on the combined data from all three classes.

Accurate Assessment of the Answer

The data shows that confidence tends to correlate with correctness (R? = 0.45). Table 4 provides
the breakdown of answers by correctness and confidence. While 82% of the right answers are as-
sociated with a confident selection, only 32% of wrong answers are associated with a confident
selection. Similarly, while 68% of the wrong answers are associated with a not-confident selection,
only 18% of right answers are associated with a not-confident selection. Students tend to select
“confident” when they have the right answer, and select “not confident” when they have the wrong
answer. More often than not, students accurately assess the answer so they obtain the maximum
score possible (i.e., optimizing their confidence selection). The maximum obtainable score for
each question is calculated by assuming a confident selection for correct answers (5 points) and
a not-confident selection for wrong answers (2 points). Similarly, the minimum score is calculated
by assuming a confident selection for wrong answers (O points) and a not-confident selection for
correct answers (4 points).

Students tend to be better at optimizing their confidence selection (i.e., more accurate) with the
right answers than wrong answers. The data shows that accurate confidence selections are more

common with right answers (82%) than wrong answers (68%). There are several possible explanations

Correctness Confident Not Confident Row total
Right 82% (897) 18% (201) 100% (1,098)
Wrong 32% (213) 68% (458) 100% (671)

Table 4. Breakdown of correctness of an answer and confidence selection.
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to such behavior. One explanation is that students are inherently confident in their abilities and are
unaware of their mistakes; it is unlikely that the whole class would have a perfect assessment of their
answers. Furthermore, it is reasonable to interpret that students with right answers tend to be more
self-aware and are able to better optimize their confidence choice than those with wrong answers.
Regardless of the underlying explanation, this finding reinforces the importance of working with
underperforming students to better assess their capabilities so that they can focus more on areas
that need improvement and also to enable them to seek needed help. Here, underperforming can
mean the traditional view of low scores, but in the context of CBS, underperforming can also mean
low accuracy in self-assessment.

Students accurately assessed their answers 77% of the time, but could generally improve their
score if they were more accurate in their assessments for every question. While CBS encourages
students to select confident with right answers and not confident with wrong answers, students need
to have an accurate assessment of their knowledge of the course material in order to maximize their
scores. Perfect assessment is not expected since students are learning the material. The observed
sub-optimal confidence selection suggests some room for improvement. We searched through all
of the answers to find those with an accurate assessment and those with an inaccurate assessment.
Accurate assessment is defined as selecting confident when right or not confident when wrong;
inaccurate assessment is defined as not confident when right or confident when wrong. Accurate
assessment maximizes the scores for a given correctness. By analyzing the 1,769 answers, we iden-
tified that 414 answers (23%) could have received a better score if students could more accurately
assess their abilities. Keeping the answer the same, but assuming a perfectly accurate assessment,
the average score would increase from 3.2 to 3.6 (out of 5 points), corresponding to an approxi-
mately 10% improvement. On the other hand, if the students were perfectly inaccurate in assessing
their ability (i.e., selecting not confident when right and confident when wrong), the average score
would decrease from 3.2 to 2.3, corresponding to an approximately 30% reduction in the average
score. Figure 1shows the actual scores with bars that represent the maximum and minimum of scores

possible assuming their answer does not change and only their confidence response is changed.

Under or Over Confident

To gain deeper insights into individual students’ behavior, we examined the distribution of
confidence and correctness. Figure 2 is a scatter plot where the size of each data point repre-
sents the number of students. The y-axis represents the percentage of right answers, and the
x-axis represents the percentage of answers that confident is stated. The diagonal line repre-
sents the students that were accurately assessing their answers; on average, 19% of the students

were on the diagonal line. The further away the students are from the diagonal, the worse they
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Figure 1. The average student scores on each problem are shown with the range of scores
that are possible given that students were perfectly accurate (maximum obtainable; only
confident-right and not-confident-wrong) or perfectly inaccurate (minimum obtainable;
only not-confident-right and confident-wrong) in assessing whether their answer was right
or wrong.

are in accurately assessing their abilities. The figure highlights two groups of students that are
not typically noticed, but have behaviors that can be detrimental to engineering decisions. The
students on the top left typically get the right answer, but are under confident in the answer.
This group will not assert their answer and may be convinced to go along with another solution
posed by a more confident individual. On average throughout the semester, 35% of students
were under confident. The second group, shown on the bottom right, is composed of students
that tend to state confident more often than they get the right answer. This group is more haz-
ardous than the first since they would be likely to implement wrong solutions and may convince
others to go along with them. On average throughout the semester, 46% of the students were
overly confident. As opposed to helping only those students who do not perform well on the
quizzes, these students represent two groups that should also receive guidance to help them

better assess their work.

12 SUMMER 2015



ADVANCES IN ENGINEERING EDUCATION
Engineering Student Self-Assessment Through Confidence-Based Scoring

® indicates number : ;

% Right answers

0 10 20 30 40 50 60 70 80 90 100
% Confident in answers

Figure 2. The relationship between students’ having the right answer vs. being confident
based on the percentage of the problems they answered. Individuals to the bottom right
of the diagonal line are overly confident (46%) and individuals to the top left are under
confident (35%). The 19% of students on the line are, on average, accurately assessing their

answers to the questions.

Gender Influences

Studies in the literature have demonstrated that gender is a factor related to self-perception of
engineering abilities (Marra et al. 2009; Riegle-Crumb and Moore 2013). The percentage of females
in mechanical engineering tends to be low in general. As such, although our study only includes
14 females, it is important to include our data in the literature. Table 5 shows the quiz statistics
divided by gender. Our data shows a slight indication that female students are less confident than
male students and generally do not get the right answer as often, but there is no evidence of a
gender-difference in their ability to choose an appropriate confidence level. The data shown here
suggests that correctness and confidence should be jointly studied (i.e., accurate self-assessment)

when examining gender in engineering and other fields.
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Male Female
Students 90% (123) 10% (14)
Questions answered 90% (1,584) 10% (185)
Right 63% 54%
Confident 64% 56%
Accurate Confidence Selection 77% 76%
Table 5. Overall statistics of the quiz results by gender.

Self-Assessment Over Time

Overall, students are accurately choosing their confidence 77% of the time and demonstrated a
slight increase of three percentage points between the first two quizzes and the last three. Looking
only at the group average performance occludes interesting aspects about the changes throughout
the semester, thus the following analysis divides the students into subgroups.

To more clearly observe assessment accuracy trends throughout the semester, we segmented
the students based on their initial accuracy assessment. Segmenting the students this way allows
for an analysis of how subgroups within the entire sample change over time; the group average only
had a slight change throughout the semester. Specifically, the segmentation is based on their ability
to accurately assess their answers on quizzes 2 and 3 (i.e., the warm-up period), which consists of
four quiz questions that incorporate this CBS method. The groups are based on the percentage of
accurate assessments. All students were able to accurately assess at least one of their answers dur-
ing the warm up period, thus there are inherently four groups based on a segmentation using the
four questions on quizzes 2 and 3. One segment included four students who accurately assessed
their answers on only 25% of the first four questions; this group is called the “initially 25%” group.
The “initially 50%” group contained 28 students that accurately assessed their answers half the
time. The “initially 75%” group contained 41 students and the “initially 100%” group contained 41
students. The following analysis excluded the 23 students who did not complete one or more of the
problems during the warm up period since it was unclear to which group they should be assigned.

Although the four groups started at very different self-assessment accuracy levels, they con-
verged to nearly the same ability by the end of the course. As illustrated in Figure 3, students that
were initially 100% accurate demonstrated deterioration in self-assessment accuracy over time. The
deterioration could be partially explained by the increase in the difficulty of the material over the
duration of the course, which would make it more difficult for students to accurately self-assess.
However, despite the increasing course difficulty over time, students that were initially 25% and
50% accurate demonstrate a trend of improved self-assessment. A one-way Kruskal-Wallis non-

parametric analysis of variance shows that there was a statistically significant difference between
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Figure 3. The students’ self-assessment ability throughout the course changes. The
students were divided into four segments based on their accuracy on the first two quizzes
(warm-up period). All four groups converged to accurately assessing approximately 77% of
their answers over time. The bar graph shows the averages for each segment in both periods

with 95% confidence intervals.

the four segment groups crossed with the warm-up/matured periods (F(1534,7) = 19.7, p < .0001).
A post-hoc test using Tukey’s Honestly Significant Difference test showed a significant difference
between the warm-up periods of the 25%, 50%, and 100% group to all other periods and groups, but
there were no differences among the four groups during the matured period. This analysis suggests
that, while students may have different initial abilities, self-assessment ability can be improved and
the CBS method can be one of the tools to facilitate the learning process.

While this analysis shows that self-assessment can be improved, the reason why students from
all groups with different initial accuracies converge to approximately 77% accurate is not fully un-
derstood. It is expected that the accuracy would converge to less than 100% since the students are
learning the material for the first time and it is unrealistic to have near-perfect assessment time after

time. In fact, we observe that self-assessment accuracy fluctuates since the content of the questions
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change and students adapt to each specific question. However, further studies are needed to un-
cover the reasons of the convergence and the converged value. The convergence may be driven

by the subject area, the composition of the student body, the design of the CBS, and other factors.

Student Feedback

Students filled out an anonymous survey at the end of the semester regarding the class as a whole
with several questions specifically asking about the CBS method. The survey was conducted in class
with an 81% response rate. Two open-ended questions were asked about the method. First question
was “What are your general thoughts about the confidence-based grading?” and the second question
was “Did having the option to answer ‘not confident’ help you to evaluate your understanding of the
material?” After the researchers evaluated the responses, it was clear that the student responses
could be placed in one of two categories: (1) did not like any aspect of the method and (2) appreci-
ated the value of the method or explicitly stated they liked it. The vast majority of responses were
clear stating “I| HATE IT”, “Yes” (to the second question), “I liked it”, or some variation of “no, but it
made me think different about the questions.” The 12 responses that were not clear or did not have
answers were not included in this analysis.

Of the responses that had clear answers, 72% of the students appreciated the method. Not all of
these students necessarily liked the method, but indicated explicit appreciation of its value. This is
particularly apparent with those who had worked in industry and/or had an internship. The other 28%
of the students disliked the method. These students prefer partial credit since they can show that
they are on the right path and they believe their grade would have been higher. Below are several
representative statements from the responses to the two open-ended questions:

* “| like the way it is done cause there is a reward for knowing the subject and for giving it a

try at the same time.”

e “It seems like it helps those who are wrong more than those who are right.”

* “As astudent | find it annoying, but since | had an internship last summer | can appreciate the

principle behind it.”

¢ “l am too nervous in making a mental error and get zero points when saying | am confident.”

* “The ‘not confident’ answer made me second guess myself at times but was an indicator that

| didn’t fully grasp some of the subject matter.”

* “It's definitely a double edged sword. However, it has gotten me to look at each question with

a new perspective.”
e “[The method] stimulates extra effort to look at the material.”
* “We as graduating engineers should not only know the material taught, but also know how

well we know it.”
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APPLICATIONS

Confidence-based scoring can be leveraged in several domains. In the classroom, it can promote
self-assessment, encourage students to understand their shortcomings, and urge students to seek
help accordingly. It can also help support instructors by allowing them to quickly identify students
who need assistance in understanding their shortcomings, particularly in those cases when their
grade is not necessarily low, but they are not confident in their answers. It may function as an early
indicator of students not fully understanding the course material.

This grading method could be extended to increase students’ actual confidence in the material,
not just for assessing their answers. Engineering students tend to be relatively confident, sometimes
over confident, in science and mathematics compared to non-engineering majors, who tend to be
under confident (Knight and Smith 2010). For students in other disciplines taking math and science
courses, an alternative grading scheme can encourage them to select confident more often, which
may increase their confidence in the material. For example, awarding only 1 point for wrong and
not-confident answers would increase the benefit of selecting confident.

In the long term, accurate self-assessment may be important for professional success. Know-
ing what one is capable of doing and learning as well as what one does not know may enable an
individual to make better career decisions, ranging from selecting an appropriate project to work
on to picking a specific career path. In many businesses, individuals are often promoted one level
beyond where they are capable of performing well. This concept is known as the Peter Principle
(Peter et al. 1969); people get promoted for doing a good job at one level, but start to struggle at
the higher level because the job is distinctly different and/or they have not been trained for it (e.g.,
the transition from technical lead to manager). A better ongoing assessment of self and of others
along with additional training efforts could reduce this problem, make employees happier, and make
businesses more efficient by better matching people with the jobs in which they will be successful.
The connection between these two needs further study though.

Utilizing self-assessment is context-specific since there are instances when it is appropriate to
state that one is not sure of the given answer and there are cases when a lack of confidence should
not be stated. The research proposed in academic proposals is inherently not guaranteed to work;
to quote Albert Einstein, “If we knew what we were doing it wouldn’t be research.” However, this is
generally understood, so it does not need to be stated throughout the proposal. In other cases, it
may not make sense to disclose that you are unsure about the proposed solution before you have
more time to test it, but this relies heavily on how that solution will be used and how it was presented.
One area is clear; stating one’s confidence level with an answer is vital for engineering designs that

affect safety and people’s lives.
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CONCLUSIONS AND FUTURE WORK

Engineering education typically focuses on teaching the students to use the most appropriate
method and to arrive at the best answer to problems. Stating the confidence one has about an
answer or design is not typically emphasized during undergraduate schooling, but it is a vital skill
for jobs and in graduate education where the confidence one has in their presented work can be
as important as the answers themselves. To assess student’s abilities, this study integrated the CBS
method into the grading of student quizzes.

Our study shows that students are reasonably good at accurately choosing their confidence
selections, but could be improved. Whether or not the students learn the material better using this
grading method, this method encourages students to assess their own abilities, which is a practical
skill that is often overlooked in engineering education. Students generally found this method help-
ful and the qualitative survey indicated that students became more self-aware through this grading
method. This current study did not provide any feedback nor advice about how to better assess their
abilities. With this better understanding of students’ baseline abilities, future studies can examine
methods to improve students’ abilities.

The CBS method presented here can also be used as a metric where an instructor can determine
how well the students think they understand the material. As opposed to only offering additional
help to students who score low, this method identifies other students who may need help in the
course: those that are under or over confident. Particularly in engineering, misstating the confi-
dence of an answer can have detrimental outcomes and, thus, self-assessment is a skill that should
be encouraged.

The limitation of this and the other CBS methods described in the background is that they are
only well suited for questions that are graded all-or-nothing (i.e., no partial credit grading). Although
there are likely many ways to extend this method, below are three possible ways to integrate the
CBS method with partial credit. The goal of these methods is to enable CBS to be implemented in
problems that do not simply have a correct/wrong answer. Each of these methods tries to balance
the fairness of the grading with the benefit of encouraging students to develop an understanding
of their own abilities.

1. Divide each question on the test into simpler pieces with “milestones” such that students
who are not sure can mark the answer to certain portions as not confident, then put down a
default answer and continue on using the default answer. Each milestone would be graded as
described above. This implementation does increase the effort required in grading as each
problem may have two possible starting points and, thus, two answers, but it does allow each

student to demonstrate the areas in which they are proficient and confident.
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2. If a student marks confident, grade all-or-nothing such that the grade is 120% of its original value
when correct and 0% when incorrect. If not confident, grade as normal with partial credit. This
method would make grading easier since confident answers are all or nothing, but is likely to
significantly increase the grades of the students that are doing very well in the course and will
do little for the majority of students. A student would have to be very confident in an answer
to risk this much on stating that they are confident.

3. Grade as normal with partial credit, but if not confident, the grade is scaled between 40% and
80% of the normal grade, so zero points would equate to 40% and 100% would equate to 80%
with a linear transition between. This would have a minor increase in the effort required to
grade, but provides a balanced benefit for many students.

Future studies that incorporate CBS should include a longitudinal study to examine if there is a
correlation between subject-matter confidence and career choice. It has been demonstrated that
students compare themselves to local peers, and success in their chosen field is based on their im-
mediate peers (i.e., class/school mates) more so than peers from different institutions (Conley and
Onder 2013; Gladwell 2013). This suggests that self-assessment has a large impact on students’
career choices and students that could be successful in engineering may be dropping out because
of a wrong perception of their abilities.

In this study, although grades do not converge throughout the semester, the ability to accurately
assess one’s answer did converge. Several possible studies would provide a better understanding
of how and why students’ assessment accuracy converges. One approach is to change the grading
scheme to remove the bias toward “not confident”. For example, scores for each answer/confidence
combination can be changed from 5/4/2/0 to 5/4/1/0 or 5/3/2/0; these changes will likely lead to an
increase in self-assessment accuracy. This change would, however, reduce the emphasis of admitting
one is not confident in an answer. Another more direct approach is to require students return their
graded quizzes with an explanation of two aspects for some points back: (1) if the answer is wrong,
explain where and why they made an error; and (2) if they got a O or a 4, describe why they were overly
or under confident in their answer, respectively. This method of having students respond to and return
graded material is often referred to as “Exam Wrappers” (Lovett 2013). These two variations on the

CBS method would help to unravel why student’s self-assessment converge to a certain level over time.
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APPENDIX: EXAMPLES OF SPECIFIC QUIZ QUESTIONS

The following are examples of the quiz questions asked on the quizzes used in this study.
Question 1 as listed in Table 2 (from Quiz 2):

Find % (5 pts.): not confident
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Question 3 as listed in Table 2 (from Quiz 3):
75 + 27

Use the final value theorem to find the value of f(t) at t = « for F(s) = 3

1
* U(s) where U(s) = =
s2+6s5+9 ) =5

is the unit step input.

___not confident
Question 14 as listed in Table 2 (from Quiz 6):
Consider a hydraulic press system which has a motor to pump fluid and two switches to activate the
hydraulic press. The motor pump should start when the Start button is pressed and turn off when the
Stop button is pressed, even if the Hydraulic Press is not on. For safety reasons, two separate push-

button switches (Switch 7 and Switch 2) need to be closed simultaneously to activate the Hydraulic

Press. Circle the one ladder diagram below that would best perform as stated above?

not confident
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