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Abstract

Metacognitive ability is enormously important for improving students’ learning per-
formance. However, overconfidence bias may hinder students’ metacognition abilities. 
Therefore, in this study, we conducted an intervention to reduce or debias overcon-
fidence among students using the KAAR (knowledge, awareness, action, and reflec-
tion) model. Ninety Indonesian undergraduate students were subjects of this study. 
Overconfidence scores were analyzed using paired sample t-tests in SPSS to compare 
the mean difference between pre- and post-tests. Next, their overconfidence patterns 
during the intervention were analyzed using R to perform group-based trajectory 
modeling (GBTM). Two main findings were noteworthy: Watching a video about over-
confidence is likely the most significant activity of KAAR model in reducing students’ 
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overconfidence, and, based on students’ overconfidence change during the interven-
tion, trajectory analysis classified them into five groups. Recommendations for future 
intervention studies to reduce overconfidence among students are discussed.
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1 Introduction

During the learning process, the ability to accurately evaluate self-capacity 
of learning—recognize what is known and pinpoint what is not known—
makes students create better strategies for their learning (Foster, Was, 
Dunlosky, & Isaacson, 2017). They can focus on materials they do not un-
derstand rather than spend too much time learning things they already 
know. This is called effective learning. Accordingly, the metacognitive abil-
ity becomes tremendously important as it enables students to improve their 
learning effectiveness (Destan & Roebers, 2015; White & Frederiksen, 1998) 
and will thereby escalate their performance. According to Schraw, Wise, 
and Roos (2000), with high metacognitive ability, students know better how 
they can learn a concept more efficiently, process information more com-
prehensively, and monitor and reflect on their learning performance more  
accurately.

However, metacognitive ability cannot be easily improved (Nietfeld, Cao, & 
Osborne, 2005). In the cognitive process, two types of thinking might occur: 
Type 1, intuitive thinking, which works automatically, is fast, and happens in 
an unconscious way, and Type 2, reflective thinking, which is performed in a 
controlled, slow, and conscious way (Kahneman, 2003, 2011). Unfortunately, 
Type 1 thinking unconsciously dominates Type 2 in human thought and be-
comes the obstacle for metacognition. Type 1 thinking, which involves more 
impressions, feelings, and intentions, is more likely to generate many kinds of 
cognitive biases and lead us to cognitive failure. One of the most powerful and 
significant cognitive biases is overconfidence (Kahneman, 2011). Illustrated 
in the Dunning-Kruger effect, overconfidence is a bias of thinking where one 
overestimates one’s own performance and tends to not be aware of one’s poor 
performance (Dunning, 2011; Dunning, Johnson, Ehrlinger, & Kruger, 2003; 
Kruger & Dunning, 1999).

Overconfidence occurs when people are utterly sure that what they are 
thinking is right, while in reality it is not. For example, when overconfident 
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students were asked to estimate their exam scores in relation to their peers, 
their estimated scores exceeded their actual scores, and some even underesti-
mated their peers’ scores (Dunning et al., 2003). Some researchers (Neuman, 
Rafferty, & Griffiths, 2014; Visé & Schneider, 2000) have argued that overes-
timation is partially due to the motivational factors of individuals’ wishful 
thinking and eagerness to achieve their goals. Without a doubt, wishful think-
ers tend to be overconfident (Caplin & Leahy, 2019) as they have difficulties in 
differentiating between their wishes and their ability to achieve those wishes. 
Furthermore, according to Myers (1998), the fact that students underestimate 
their peers’ scores is due to the subjective and social desirability to be seen as 
better than the average. A lack of knowledge and ability to reflect self-capacity 
also leads people to make estimations based on their feelings, which is how 
Type 1 thinking works; therefore, they have ineffective self-regulation and poor 
monitoring skills (Kahneman, 2011). As control and regulation are essential 
components of metacognitive ability, unrealistic and excessive confidence can 
substantially hinder efficient metacognition (Destan & Roebers, 2015). Rather 
than “knowing what they know,” overconfident people are prone to “not know-
ing what they know” and have no idea of what they do not know.

Ineffective control and regulation will produce an inaccurate self-evaluation. 
Some studies have found that overconfidence misleads students about their 
performance in the classroom (Foster et al., 2017; Serra & DeMarree, 2016). 
When students think they understand the learning materials but actually do 
not understand them, they will not gain as much knowledge or experience 
during the learning process as students who are reflective. This is because 
overconfident students tend to be less skeptical (Burton, 2008), ignore feed-
back, and study less or even stop studying (Dunlosky & Rawson, 2012). This 
condition is extremely unfavorable for students’ academic achievement (Erat, 
Haluk, & Demirkol, 2016), as it leads to poor performance (Destan & Roebers, 
2015; Labuhn, Zimmerman, & Hasselhorn, 2010). To prevent such detrimental 
consequences, overconfidence bias among students should be reduced.

Recently, some studies concerning overconfidence in science teaching and 
learning have been published (Mathabathe, 2019; Rachmatullah & Ha, 2019; 
Sheldrake, 2016). These studies urged the importance of reducing overconfi-
dence among students in science teaching and learning. Rachmatullah and Ha 
(2019) have suggested that science education could be a solution to reducing 
the students’ overconfidence bias. When learning science, students engage in 
scientific thinking that is empirical, rational, and skeptical, which can avoid 
biases (Gasparatou, 2017). Mathabathe (2019) added that science instruction 
could be more focused on encouraging self-regulatory skills to prevent stu-
dents’ learning failures because of overconfidence bias. Further, correcting the 
bias in the science classroom can be carried out not only by students but also 
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by educators and peers (Rachmatullah & Ha, 2019; Sheldrake, 2016). In refer-
ence to those studies, we conducted a study on removing student overconfi-
dence bias in the classroom.

This study was conducted in Indonesia, where the previous study found a 
crucial issue of overconfidence bias among Indonesian students (Rachmatullah 
& Ha, 2019). In their study, Indonesian students showed more robust over-
confidence than South Korean students did. Kitsantas, Ware, and Cheema 
(2010) argued that developing countries, including Indonesia, tend to show 
higher overconfidence than developed countries. In addition, Stankov and Lee 
(2014), who studied overconfidence bias across 33 countries, also found that 
Southeast Asian people had lower accuracy on tests than East Asian people 
did. Therefore, based on these findings, reducing overconfidence bias may be a 
way to improve Indonesian students’ accuracy and science performance.

2 Theoretical Framework of KAAR Intervention Model for 
Overconfidence Debiasing

In this section, we review relevant works of literature that will be the guiding 
theoretical framework of the development of our intervention model for over-
confidence debiasing. Accordingly, we reviewed some classroom studies on re-
ducing overconfidence in psychology course (Bol & Hacker, 2001; Foster et al., 
2017; Hacker, Bol, Horgan, & Rakow, 2000; Hacker, Bol, & Bahbahani, 2008; 
Miller & Geraci, 2011; Nietfeld, Cao, & Osborne, 2006). In general, there are two 
approaches for overconfidence debiasing: intervention designed and experi-
ence based. Intervention studies rely on the role of a set of activities leading 
the students to avoid or reduce biased thinking, while experience-based ap-
proaches depend on ample experience of taking exams to reduce the bias.

For the current study, we focused on conducting an intervention to less-
en the overconfidence bias, given that relying on past experiences has been 
shown not to help people recognize their own biases (Kahneman, Lovallo, & 
Sibony, 2011). Because bias is produced by Type 1 thinking (which is fast and 
unconscious), people tend to have difficulties catching themselves when they 
make intuitive errors (Kahneman, 2003; Kahneman et al., 2011). People’s inabil-
ity to sense their own bias makes them unable to debias themselves; therefore, 
a set of activities in the intervention can be a good mechanism with which to 
tackle this issue.

In this study, we used the knowledge, awareness, action, and reflection 
(KAAR) intervention model, which indicates the phases of the cognitive debi-
asing process. The following is a brief description of each of the phases of the 
KAAR model.
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2.1 Knowledge
The first step of overconfidence debiasing is knowing about the overcon-
fidence itself. Knowing about the existence of bias is a meta-strategy for 
debiasing (Aczel et al., 2015; Babcock & Loewenstein, 1997). Knowledge of 
overconfidence bias, including its causes and the danger it poses to academ-
ic performance, should be an initial caution for students to avoid such bias. 
Education tends to greatly encourage students’ confidence in the classroom, 
because confidence is seen as having positive outcomes on learning goals 
(Bandura, 1997). However, students receive little warning that being overly 
confident is detrimental. When students do not know that overconfidence is a 
negative personality trait, they will keep justifying this bias. It could be harmful 
to their thinking processes and bring severe pitfalls to their learning endeavors. 
Fischhoff (1982) has proposed that the first procedure of debiasing is teaching 
people about bias. Therefore, introducing the presence of overconfidence and 
providing basic knowledge about overconfidence is the first compulsory step. 
Understanding overconfidence can lead to the next stage of debiasing: build-
ing and raising awareness of bias.

2.2 Awareness
Some studies have highlighted the importance of awareness in diminishing cog-
nitive bias (Croskerry, Singhal, & Mamede, 2013; Mair, Shepperd, & Jørgensen, 
2014; Morewedge et al., 2015; Shepperd, Mair, & Jørgensen, 2018). Even though 
awareness is a subsequent phase of knowledge, being aware of the cognitive 
bias differs from knowing the bias itself. Knowing is limited to the understand-
ing of the presence of overconfidence bias and its negative effects, while build-
ing awareness of overconfidence bias requires that individuals put in far more 
thought and self-questioning to determine whether they have a potential bias. 
Self-questioning involves conscious and in-depth thought about their possible 
biases in past experience. Remembering past experiences of overconfidence 
bias may cause a serious impact that can lead students to become more aware 
of the pitfalls of excessive confidence and to subsequently become less confi-
dent (van Geene et al., 2016). In addition, knowing the rules, procedures, and 
strategies to overcome overconfidence bias can raise students’ awareness for 
overconfidence debiasing (Croskerry et al., 2013).

2.3 Action
Being aware of having the bias is not enough to overcome cognitive bias 
(Fishchoff, 1982; Kahneman et al., 2011; Shepperd et al., 2018). Kahneman 
et al.’s (2011) study further emphasized that taking the initiative is the essential 
phase of debiasing. Croskerry et al. (2013) explained that taking action relies on 
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individuals’ motivation for change. Although students have known and been 
aware of having overconfidence bias, they must have the willingness to debias 
their overconfidence. Taking action for debiasing can be more challenging if 
students cannot recognize their overconfidence when it occurs, thus believ-
ing that they do not require any change. Therefore, taking steps to counter-
act the overconfidence bias is not limited only to individual action but also 
includes collective action. If we have an obstacle to control bias in our own 
Type 1 thinking (i.e., when and how it happens), we can apply other people’s 
rational thoughts to correct our erroneous thinking (Camerer & Hogarth, 1999; 
Kahneman et al., 2011; Scopelliti et al., 2015). In short, we can use other people’s 
Type 2 thinking to spot biases in our Type 1 thinking. This idea expresses the 
importance of group activities for cognitive debiasing.

2.4 Reflection
One fundamental way to counteract cognitive bias is by encouraging indi-
viduals to adopt reflective thinking (Croskerry, 2003; Evans, 2008). The sig-
nificance of reflection in reducing bias is related to Kahneman’s (2003, 2011) 
theory of dual processing, and reflective thinking is indeed a form of Type 2 
thinking. Since bias is a consequence of Type 1 thinking, correcting the bias 
can be accomplished through analytical and reflective Type 2 thinking. Dewey 
(1933) defined reflective thinking as a type of thinking that considers alterna-
tive viewpoints and reasons prior to performing an action or adopting a be-
lief. Reflection can lead students to consider the evidence rather than their 
feelings or emotions. Therefore, when students think analytically and criti-
cally in learning, especially when they are doing self-evaluation, they may 
be able to correct errors in their thinking and reduce overestimation of their 
performance (Zimmerman et al., 2011); hence, they can produce an accurate 
assessment (Hacker et al., 2000). Reflection can hinder students from being 
overconfident, as they conduct self-evaluation based on evidence. Lyons and 
Zelazo (2011) added that self-reflection allows students to adjust their cogni-
tion and behavior to improve accuracy and attain more excellent outcomes.

Finally, having good self-regulation is the final goal of cognitive debiasing. 
In the learning process, students do many cognitive activities. Winne and 
Jamieson-Noel (2002) warned that cognitive activities happen somewhat un-
consciously, which leads students to make errors. Therefore, self-regulation is 
pivotal when students diagnose their own learning processes. Students with 
good self-regulation are able to counter cognitive pitfalls, therefore allowing 
them to be able to monitor and control their cognitive strategies (Heikkilä 
& Lonka, 2006; Pintrich, 2000; Wolters, 1998). Even when the task demands 
change, self-regulated learners can modify the cognitive strategy into a more 
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effective strategy and maintain their cognitive engagement (Pintrich &  
De Groot, 1990; Zimmerman, 2000; Zimmerman & Martinez-Pons, 1992). In 
other words, self-regulated learners understand how to learn and how to accom-
plish their academic goals by utilizing diverse cognitive strategies (Figure 1).

Based on the KAAR model, we designed intervention activities to support the 
efficacy of each stage of KAAR to debias overconfidence among students in the 
classroom. The description of intervention activities is presented in Section 4.

3 Research Questions

In this study, we examined whether the intervention activities of the KAAR 
model could help students to reduce overconfidence bias. Furthermore, as 
students might be influenced by intervention to different degrees, we ran a 
trajectory analysis to characterize the pattern of overconfidence bias, provid-
ing specific information to understand how students’ overconfidence changed 
during the intervention. Accordingly, we had the following research questions 
as the focus of this study:
1. To what extent can the KAAR intervention activities reduce the overcon-

fidence bias of undergraduate students in the biology classroom?
2. What patterns of change in students’ levels of overconfidence can be 

found over the course of the intervention?

FIGURE 1 KAAR model to debias the overconfidence.
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4 Methodology

4.1 Participants
Participants were 90 undergraduate students majoring biology education at 
an education-based university in Indonesia. We conducted this study in the 
compulsory human anatomy and physiology course in the third year of the 
biology education major. The course content was about principles of anato-
my and physiology of human body, including the organization and important 
chemical reactions of the human body, features and functions of the human 
body, and how these structures establish many complex systems. In this study, 
all participants were involved in the intervention.

4.2 Overview of Intervention Activities
The intervention activities of the KAAR model were developed from prior  
intervention studies for cognitive debiasing. At first, this was done to inform 
the students about overconfidence and build their awareness about their  
biases. Students watched a video about overconfidence, followed by a brief 
discussion with lecturers including samples of overconfidence bias from  
daily life. Morewedge et al.’s (2015) study used video had in debiasing inter-
vention and succeeded in mitigating the participants’ bias for at least two to  
three months.

Next, to encourage students to take the initiative in cognitive debiasing, the 
students’ pre- and post-test answer sheets were given to them after the evalu-
ation. Knowing their actual performance and the accuracy of their prediction 
(confidence level) on the correctness of their answer gives indirect feedback 
to the students. The role of the teacher after giving the evaluation is essential. 
Rather than perceiving the academic evaluation as a final point, it should be 
emphasized to students that evaluation should be viewed as valuable feedback 
and opportunity for further learning (Zimmerman et al., 2011). Accordingly, if 
the students discover they are overconfident, they might be motivated to start 
reducing their bias. However, some students have difficulty in recognizing 
their own biases, and therefore, a group discussion should be conducted as a 
collective action for debiasing. In the group discussion, one student’s Type 2 
thinking can help detect another students’ overconfidence bias and correct it. 
In the present study, a group discussion helped students discuss their over-
confidence, conduct peer assessment, and give feedback to each other about 
their levels of confidence. Feedback from others can reduce overconfidence 
amongst students (Ferretti et al., 2016; González-Vallejo & Bonham, 2007).

Zimmerman et al. (2011) suggested that a key to reflection is self-evaluation 
after performance efforts. Writing a reflective statement and a study plan is a 
form of evaluation that supports students’ reflection. Both encourage students 
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to consider the challenges they encountered during the study and how they 
will overcome these challenges in the future (Tsingos-Lucas et al., 2016). In 
writing reflective statements, students were guided by questions such as 
“What is the most important thing you have learned in this chapter?” “Which 
concepts in this chapter have you mastered, and which concepts have you not 
mastered? Why?” “Before the test, what score did you expect to get on the test?” 
and “When you compare the estimated and the actual scores you got on the 
test, what do you think about your confidence level?” Through reflective state-
ments, students respond to their performance outcomes and their ability to 
control their confidence level, which influences them to make adaptive self-
reactions. Additionally, the study plan guides students on how to evaluate the 
prior strategies they used for learning. Students are asked questions such as, 
“What strategy did you use to learn the concepts in this chapter?” “After study-
ing, what did you do to ensure that you understood concepts in this chapter?” 
“Do you think your learning strategy has been effective enough for you to mas-
ter the concepts in this chapter? Why and why not?” and “If you found your 
strategy is not effective, did you plan a new learning strategy? If yes, what was 
your strategy for studying concepts in the following chapter? If no, why?” The 
study plan allows students to modify their learning strategies for the next les-
son. Foster et al. (2017) have argued that students learn a subject efficiently 
when they understand what they need to prioritize in learning.

To summarize, Table 1 is an overview of the intervention activities of the 
KAAR model for reducing overconfidence.

TABLE 1 Overview of intervention activities of KAAR model

Stage of Debiasing Activities Description

Knowledge
Awareness

Video about 
overconfidence

The video contains information about (a) what 
overconfidence bias is, (b) why people are 
overconfident, (c) how overconfidence is related 
to the Dunning-Kruger effect, (d) what the 
negative impact of overconfidence is, and  
(e) how you can overcome overconfidence. 
The video is followed by a brief discussion with 
teachers about overconfidence.

Action Test with confidence 
scale (pre- and  
post-test)

This test is used to measure students’ 
overconfidence bias. In addition, it helps the 
students to be more cautious when they take 
a test. The test result will be given as students’ 
indirect feedback for their calibration.

Downloaded from Brill.com05/19/2023 07:01:37PM
via free access



237DEBIASING THE OVERCONFIDENCE IN THE CLASSROOM

ASIA-PACIFIC SCIENCE EDUCATION 6 (2020) 228–254

4.3 Design and Procedure
The study was a one-group pre- and post-test quasi-experimental design to 
evaluate whether the intervention activities of KAAR model could reduce over-
confidence among students during biology class. The intervention consisted of 
16 meetings, each with a length of 75 minutes, spread out over a period of three 
months for a total of 20 hours. The meetings were divided into sections based 
on the three main chapters of the course: the digestive system (6 meetings), 
the reproductive system (4 meetings), and the urinary system (6 meetings). 
Given the total time of intervention, this study had a short intervention that 
did not interrupt the process of education. Figure 2 presents the details of the 
intervention timeline.

4.4 Instrument
The instrument used to assess overconfidence evaluated the monitoring judg-
ment of test performance. There are two types of monitoring judgments: those 
at the test level (global method) and on every single test item (local method; 
Händel, de Bruin, & Dresel, 2020; Nietfeld et al., 2005; Schraw, 2009). At the 
global level, students usually indicate the number of items they thought they 
had answered correctly or indicate their confidence level in their performance 

TABLE 1 Overview of intervention activities of KAAR model (cont.)

Stage of Debiasing Activities Description

Group discussion Based on the worksheet, the students work in 
a group and discuss overconfidence. They then 
perform a peer-assessment activity by providing 
each other feedback about their confidence level.

Reflection Reflective statement The students are given open-ended questions to 
guide the reflection process after finishing the 
chapter and receiving the post-test result. The 
reflection includes questions about how well 
the students understood the concept along with 
details on their confidence level while they were 
taking the test compared to the actual test result.

Study plan Similar to the reflective statement, the students 
are also given open-ended questions to reflect on 
the effectiveness of their prior learning strategy 
and plan a future approach if necessary.
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TABLE 2 The sample items used to assess the students’ overconfidence

Chapter Multiple choice Confidence scale

Reproductive 
system

8.  Which of the following statements  
is correct?

A. Ova all contain a Y chromosome.
B.  Half of the ova carry an  

X chromosome and half carry  
a Y chromosome.

C.  Half of the sperm cells carry an  
X chromosome and half carry  
a Y chromosome.

8-1 How confident are you with 
your answer to the above question?
① Strongly not confident
② Not confident
③ Fairly confident
④ Confident
⑤ Strongly confident

FIGURE 2 The timeline of intervention.

on the test taken. Meanwhile, in the local method, after each test item, stu-
dents were asked to give judgment on how confident they were about the cor-
rectness of their answers (Nietfeld et al., 2005). As the local judgment gains 
specific and rich information on students’ confidence levels for each item, this 
study assessed students’ overconfidence using dichotomous assessment using 
the local method (Händel et al., 2020).

In the present study, overconfidence was assessed using a two-tier instru-
ment consisting of multiple-choice questions (concept test) and a confi-
dence scale. Multiple-choice items with five options were selected from the 
book of examination questions and answers in basic anatomy and physiology 
(Caon, 2018) by considering heterogeneity and question difficulty. The confi-
dence level that was added to each item was a five-point Likert scale (1 = strong-
ly not confident and 5 = strongly confident) to indicate the students’ confidence 
in the correctness of their answers to questions. A representative sample of the 
items is shown in Table 2.
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The concept test was scored using a 1 for correct answers and a 0 for incor-
rect answers on each item. Meanwhile, the scoring for overconfidence bias 
employed the local method to detect overconfidence bias by comparing the 
concept test score and confidence level of each individual item. For instance, if 
students gave an incorrect answer (0) for an item in the concept test and their 
confidence level in that item was 3 ( fairly confident) to 5 (strongly confident), 
the overconfidence bias for that item will be scored 1. If the students gave an 
incorrect answer (0) for an item in the concept test and their confidence level 
in that item was 1 (strongly not confident) or 2 (not confident), the overconfi-
dence bias for that item was scored 0. Likewise, when students gave a correct 
answer (1) for an item in the concept test and chose any point (1 to 5) on the 
confidence scale, their overconfidence bias for that item was scored 0.

4.5 Data Analysis
For each exam, we calculated the mean concept score (knowledge), the mean 
confidence level, and the mean overconfidence bias. To analyze these data, two 
analyses were performed. First, a paired sample t-test using IBM SPSS Statistics 
24 to compare the mean difference between pre-test and post-test for concept 
score (knowledge), confidence level, and overconfidence score. Cohen’s d was 
also analyzed to calculate the effect size of a significant difference.

TABLE 2 The sample items used to assess the students’ overconfidence (cont.)

Chapter Multiple choice Confidence scale

D. Sperm all carry an X chromosome.
E. None is right

Urinary  
system

5.  When systemic blood pressure  
increases, how does the kidney  
respond to maintain glomerular  
filtration rate?

A. The afferent arteriole dilates.
B. The afferent arteriole constricts.
C. The efferent arteriole dilates.
D. The efferent arteriole constricts.
E. Both afferent and efferent dilate.

5-1 How confident are you with 
your answer to the above question?
① Strongly not confident
② Not confident
③ Fairly confident
④ Confident
⑤ Strongly confident

SOURCE: Examination Questions and Answers in Basic Anatomy and Physiology  
(Caon, 2018)
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Second, we conducted a trajectory analysis by performing group-based 
trajectory modeling (GBTM). Trajectory analysis was performed to evalu-
ate which students the intervention had an impact on. Previous studies have 
commonly used the general pattern of the data to evaluate whether students 
were affected by the intervention. However, students may be influenced by 
the intervention to different degrees. Trajectory analysis is beneficial for docu-
menting students’ heterogeneous responses to the intervention so that we can 
understand the students’ overconfidence patterns precisely. GBTM classifies 
students into subgroups based on changes in their overconfidence at each time 
point and reveals how these subgroups perform throughout the intervention  
(Lee et al., 2015).

Using longitudinal data of overconfidence mean scores during the interven-
tion, GBTM was performed using crimCV, a package in R software that can pre-
dict the number of groups in longitudinal data using the cross-validation error 
method (CVE). This method was developed by Nielsen et al. (2014) to address 
the limitations of the Bayesian information criterion (BIC) and the Akaike in-
formation criterion (AIC) values in examining the number of latent groups for 
longitudinal data. BIC and AIC values often fail to compute the accurate maxi-
mum likelihood estimation (MLE). Thus, the CVE method was used to com-
pute MLE in a more accurate way. Nielsen et al. (2014) recommended that the 
model with the lowest CVE index is the best one to fit with the data. Therefore, 
we chose the GBTM model, which had the lowest CVE index. However, since 
AIC and BIC value are widely used to decide the fitness of a model, we also 
considered both values in deciding the model with the best fit for this study.

5 Results

5.1 Comparison of Knowledge and Overconfidence Bias during  
the Intervention

Table 3 lists descriptive statistics from the result of paired t-test analysis to-
gether with the effect size. According to Cohen (1992), the effect size is inter-
preted as negligible for d = 0 to d = 0.19, small for d = 0.20 to d = 0.49, medium 
for d = 0.50 to d = 0.79, and large d = 0.80 and above.

As shown in Table 3, students’ knowledge for all chapters increased signifi-
cantly (p < .001) from pre-test to post-test. Effect sizes for the first chapter and 
the second chapter were large, while for the third chapter it was small. Similarly, 
students’ confidence levels increased significantly (p < .001) in all post-tests. 
On the other hand, the overconfidence score was only significant in Chapters 1 
and 3. In the first chapter (Mpre1 = 0.451, Mpost1 = 0.331), the score decreased 
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significantly (p < .001), although the effect size was relatively small (d = 0.45). 
However, students’ overconfidence score in the third chapter (Mpre3 = 0.272, 
Mpost3 = 0.340) increased significantly with a small effect size (p < .05, d = 0.32).

5.2 The Pattern of Students’ Overconfidence Bias during the Intervention
To address the second research question, we analyzed whether the students’ 
overconfidence bias during the intervention analyzed by trajectory analysis 
had a single or distinct patterns. Based on analysis results, a five-group trajec-
tory model was suggested as the best model for examining changes of overcon-
fidence score (CVE = 13.16; BIC = 6081.22; AIC = 5999.68).

Figure 3 shows the plot of mean overconfidence scores of five groups of stu-
dents over six tests during the intervention. The percentage of students in each 
trajectory group is also presented. As an overall result, the five groups of stu-
dents had a similar pattern between Pre 1 and Post 1 in that the overconfidence 

TABLE 3 The comparison of mean values of knowledge, confidence level, and 
overconfidence

Chapter 1 Chapter 2 Chapter 3

Pre Post Pre Post Pre Post

Knowledge Mean 0.259 0.529 0.450 0.603 0.277 0.347
SD 0.130 0.194 0.148 0.144 0.122 0.126
t-value −10.92 −7.48 −4.19
p-value .000 .000 .000
Cohen’s d −1.18 −0.84 −0.47

Confidence Mean 2.766 3.081 2.699 3.335 2.307 2.662
SD 0.527 0.490 0.540 0.597 0.569 0.578
t-value −4.43 −9.18 −5.94
p-value .000 .000 .000
Cohen’s d −0.48 −1.03 −0.67

Overconfidence Mean 0.451 0.331 0.279 0.298 0.272 0.340
SD 0.215 0.222 0.165 0.163 0.222 0.207
t-value 4.16 −0.97 −2.91
p-value .000 .330 .005
Cohen’s d 0.45 −0.11 −0.32
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among the whole group decreased. However, the overconfidence pattern after 
Post 1 was diverse. Some groups remained constant, while others showed a de-
creasing or an increasing pattern.

Of the five groups, the groups of students that were most likely to be af-
fected by the intervention were G1 (14%), followed by G2 (28%). The number 
of students in these two groups was relatively high (42%). G4 (16%) was the 
group of students affected the least by the intervention. Their overconfidence 
tended to be capricious from the beginning to the end of the intervention. 
G3’s (27%) overconfidence score remained constant along the intervention, 
although it suddenly increased in the last test. G5’s (16%) overconfidence only 
decreased from the first test to the second test and consistently increased from 
the following test until the last test. Interestingly, although the groups showed 
different overconfidence patterns, students’ performance (concept test) was 
similar across the six tests (pre-test and post-test), as shown in Figure 4.

The knowledge within groups was not highly different across the six tests, 
although confidence levels were diverse among the five trajectory groups. 
The G5 trajectory group’s knowledge in particular tend to be lower than other 
groups’, while their confidence level tended to be higher, consistent with 
results shown in Figure 3 that presented an upward trend within G5 group  
students.

FIGURE 3 Students’ overconfidence groups based on the trajectory patterns. G1: The most effective 
group; G2: The second most effective group; G3: The “little learning effect” group; G4: The least 
effective group; G5: The upward trend group.
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6 Discussion

The findings of the present study may contribute to the literature on interven-
tion for reducing overconfidence bias in the classroom setting, especially in 
biology teaching and learning. This research was aimed at determining to what 
extent the intervention activities of the KAAR model could debias overconfi-
dence among biology education majors. In addition, the study analyzed the 
pattern of the change of students’ overconfidence bias during intervention. 
The following two research questions guided the discussion.

First, to what extent do the KAAR intervention activities reduce the over-
confidence bias of undergraduate students? The results showed that watching 
a video about overconfidence is likely the most significant activity that can 
reduce students’ overconfidence. This is shown by the significant decrease in 
the first chapter of the intervention, where the video was delivered in the in-
terval between Pre 1 and Post 1. In this study, the video introduced the topic of 
overconfidence bias to students, along with why and how this occurs, why it 
has detrimental consequences, and so forth. By knowing about overconfidence 
bias and its negative impacts, students were able to change their perceptions 
of their own confidence. Therefore, they understood that if this confidence 
becomes overconfidence rather than an advantage, it will lead them to dis-
ruptive behavior and even to poor academic performance. This video also 
warned the students that overconfidence bias could unconsciously occur 
to everyone, regardless of their social and intellectual domains, particularly 
when having an excessively confident belief about something. According to 
Morewedge et al. (2015), video is an efficient tool to teach such cognitive skills, 
including attempts to reduce cognitive biases. This is related to the effective-
ness of videos in promoting the watchers’ acceptance of the information being 

FIGURE 4 Student’s knowledge and confidence levels during intervention.

Downloaded from Brill.com05/19/2023 07:01:37PM
via free access



244 Rusmana, Roshayanti and Ha

ASIA-PACIFIC SCIENCE EDUCATION 6 (2020) 228–254

demonstrated (Downs, 2014). In addition, Dahlstrom (2015) argued that videos 
make it easier for individuals to recall their memories, as they create episodic 
memories. Therefore, video not only constructs students’ knowledge about 
overconfidence bias but also helps them to recall memories of similar situa-
tions. Following a brief discussion with lecturers after a video, students build 
their awareness that, as humans, they cannot escape from cognitive biases, in-
cluding overconfidence. They can look back on past experiences of having too 
much confidence and later be more cautious when encountering situations 
related to self-confidence. Knowing about the presence of overconfidence bias 
and being aware of it leads students to be more careful and less overconfident 
in subsequent performance (Babcock & Loewenstein, 1997; Mair et al., 2014).

On the other hand, having knowledge and awareness about overconfidence 
only had a transient effect on reducing bias. The increase in overconfidence 
among students from pre-test to post-test in the second and third chapter 
showed that educating people about bias only partially helps them to avoid 
it (Aczel et al., 2015; AlKhars et al., 2019). As awareness should be followed by 
action for maintaining the process of overconfidence debiasing, the activities 
encouraging students’ actions in this study (i.e., indirect feedback from the test 
results and group discussion) did not work very well. This is because the action 
relies on students’ personal motivations for change, which are quite difficult to 
influence. Rothman (2006) added that even though people clearly understand 
the drawbacks of their current behavior and know the benefit of changing it, 
lack of motivation is a formidable issue that stands in the way of performing an 
expected action. Accordingly, Croskerry et al. (2013) suggested that emotion-
laden experiences will help to motivate cognitive change.

Furthermore, activities facilitating students to become reflective thinkers, 
such as reflective statements and study plans, failed to show a significant im-
pact on debiasing. This could be due to the failure of the action in the prior 
stage. The critical stage in sustaining the process of debiasing is taking steps 
where people apply strategic rules to override Type 1 thinking as the source of 
biases (Stanovich, 2011; Stanovich & West, 2008). In the process of doing action 
to reduce overconfidence, people should be able to detect the need to inhibit 
being overconfident and sustain their action while they also discover alterna-
tive strategies (Stanovich & West, 2008). Therefore, when a debiasing action 
is unsuccessful, none of the debiasing strategies will be applied, and, indeed, 
people will find it difficult to reflect.

Second, what patterns of change in students’ levels of overconfidence can 
be found over the course of the intervention? Among the five groups (G1–G5), 
the most effective groups (G1 and G2) successfully debiased their overconfi-
dence for more than half of the time during the intervention period. Initially, 
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they had a high level of overconfidence, but after participating in the interven-
tion, they reduced their overconfidence in most of the test. This indicates that 
most of the debiasing activities along intervention worked to reduce their high 
level of overconfidence. However, the pattern of overconfidence of students 
who first had a low level of overconfidence (G3 and G4) remained stable from 
the beginning. While G3 students’ overconfidence score suddenly increased at 
the end of the intervention, G4 students’ overconfidence score decreased at 
one point and then rose, reaching a point that was somewhat similar to that of 
the beginning. One possible way to explain the sudden increase in overconfi-
dence among G3 students is that they surged to a “beginner’s bubble” of over-
confidence because of the little learning effect. This effect occurs in beginners 
who quickly believe they know a lot about something after small amounts of 
learning (Sanchez & Dunning, 2018). G3 students took the first five tests quite 
cautiously. Nevertheless, after some learning and experience, they believed 
they had become more knowledgeable (Bengtsson, Persson, & Willenhag, 
2005; Destan & Roebers, 2015). Such belief can lead students to overinflated 
self-perceptions of expertise while they are only novices.

Furthermore, G5 students were greatly different from the other four groups 
of students. Even though G5 students had the initial high level of overconfi-
dence similar to G2 students, G2 students succeeded in reducing their bias, 
while G5 students showed an upward trend of overconfidence. At the end of 
the intervention, their overconfidence level even matched their initial point. 
We could not determine from data of this study an exact explanation for this 
phenomenon. Nonetheless, we inferred that G5 students were overconfident 
of their overconfidence. Because they had a clear understanding of overcon-
fidence at the beginning of the intervention, the accuracy in Post 1 (based on 
indirect feedback from the test results) drove them to think that they could 
control their overconfidence. Therefore, in the following tests, instead of re-
ducing their bias persistently, their overconfidence gradually escalated until 
the end of the intervention.

Overall, all groups shared some similarities. After the first intervention activ-
ity (the video), the pattern of overconfidence among the whole group showed 
a decline, indicating that introducing and building awareness about overcon-
fidence bias can lead to removing it (Babcock & Loewenstein, 1997; Mair et al., 
2014). The diverse pattern of overconfidence after Post 1 revealed that knowing 
or being aware of overconfidence cannot maintain overconfidence debiasing 
(Aczel et al., 2015; AlKhars et al., 2019). Therefore, in the following stage, the 
action is considered the most decisive stage in determining whether or not 
students will continue to remove their overconfidence bias. If students have a 
motivation to change (action), they will continue the debiasing process, as G1 
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and G2 students did. However, for students who were unsuccessful in the ac-
tion phase, though some reflection activities were given, their overconfidence 
remained constant (G3 and G4) and even increased (G5).

Finally, it is noteworthy that student knowledge (concept test score) within 
the groups across the tests was identical. Meanwhile, the way students rated 
their confidence level showed diverse patterns, as depicted in Figure 4. With 
the same ability, some groups who judged their ability with a high confidence 
level tended towards overconfidence, while some groups were contradictory. 
Sanchez and Dunning (2018) explained there can be an imbalance in growth 
between knowledge and confidence levels. While knowledge rose smoothly, 
confidence grew tremendously.

7 Conclusion

The present study provided a new insight into debiasing overconfidence, one 
of the most ubiquitous cognitive biases in science instruction. By conduct-
ing some intervention activities using the KAAR model, students in our study 
showed five distinct patterns of overconfidence change throughout the inter-
vention: the most and second most effective (reducing), the least effective and 
little learning effect (remained stable), and an upward trend. Among these ac-
tivities, the most significant activity in reducing overconfidence was a video 
that successfully built students’ knowledge and awareness about the bias, 
which was shown by the pattern of reduction of the five groups of students’ 
overconfidence score between Pre 1 and Post 1, which was when the video 
was given. However, similar to prior studies, our findings suggest that getting 
knowledge and becoming aware of the bias could not maintain debiasing since 
some students remained or even increased their overconfidence through the 
course of the intervention after the introductory video. In the following step, 
the action or motivation to change was the most decisive stage that deter-
mined whether students would continue the debiasing process.

8 Limitations and Future Research Recommendations

Our study was conducted without employing a control group; therefore, the 
obvious limitation is that we could not rule out the possibility that reducing 
overconfidence bias in this study might be driven by another variable besides 
the intervention effect. Therefore, it is necessary to involve a control group 
in future intervention studies to reduce overconfidence bias. Additionally, 
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because knowledge and awareness by themselves do little to rid students of 
overconfidence bias (Sellier, Scopelliti, & Morewedge, 2019), more effective 
methods to support the action phase of debiasing are required. Action for 
debiasing happens if the motivation for change exists. However, cognitive bi-
ases are unconscious errors, and motivating ourselves to fix something that we 
cannot clearly see is a difficult thing; in other words, we need external parties 
to help us eliminate our biases. Therefore, Kahneman (2011) suggested that a 
group debiasing action would be tremendously beneficial for solving this issue. 
By correcting each other’s biases, students positively affect groups’ thinking 
and evaluation; therefore, systematic guidance for group debiasing processes 
has to be developed in future studies.
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