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Abstract. Abacus learning improves calculation speed, memory reten-
tion, and concentration. However, learners often encounter difficulties
with specific operations, leading to reduced learning efficiency and repet-
itive practice of similar operations, which can cause mental fatigue and
a decline in motivation. To address these challenges, this study proposes
CalcQuest, a gamified learning support system designed to help learners
overcome operational weaknesses through structured and engaging prac-
tice. CalcQuest incorporates an abacus board recognition system using
a document camera with AR markers, a mechanism for detecting opera-
tional weaknesses and generating personalized problems, and a gamified
user interface to integrate these components. Through a two-week ex-
ploratory study with six novice learners, we compared CalcQuest with a
baseline system in terms of calculation accuracy, calculation speed, and
observed behavioral trends. The results suggest the potential of integrat-
ing personalized feedback and gamification to support abacus learning.

Keywords: Abacus - Education - Learning Support - Gamification.

1 Introduction

The abacus (Soroban) is a traditional calculating tool to represent numbers
and perform arithmetic operations by sliding beads along rods (Figure 1). Be-
yond its primary function as a calculator, the abacus is widely recognized for its
educational benefits, including calculation speed, memory retention, and con-
centration [1,2,8,15,18,19,10,20]. In recent years, the widespread adoption of
calculators and computers has reduced the practical need for the abacus. Nev-
ertheless, abacus learning remains popular, not only in Japan but also in many
countries worldwide.

One of the key challenges in abacus learning is addressing “operational weak-
nesses,” defined as recurrent procedural errors such as the omission of comple-
mentary addition or incorrect carry operations. Learners often encounter difficul-
ties with specific operations, leading to repeated errors that hinder progress and
reduce learning efficiency. Furthermore, repetitive practice of similar operations
can result in mental fatigue, which may negatively affect learner motivation.
Most existing abacus learning support systems do not explicitly focus on the
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Fig. 1. Components and number representation of the abacus.

identification of such operational weaknesses and instead rely on learners or in-
structors to manually diagnose these difficulties [3].

To address these challenges, we propose a novel abacus learning support
system called “CalcQuest” as shown in Figure 2. This system introduces an ap-
proach to identifying learners’ operational weaknesses by leveraging our prior
work, an abacus input value estimation method that utilizes a document camera
as a sensor [12]. Based on the identified weaknesses, the system automatically
generates personalized calculation problems designed to help learners naturally
overcome their difficulties and improve proficiency. These problems are seam-
lessly integrated into a gamified interface, encouraging learners to engage with
the exercises in a fun and motivating way, thereby fostering sustained learning
and mastery.

This paper presents the design, implementation, and evaluation of CalcQuest.
Through a two-week exploratory study with six novice university students, we
examined the use of CalcQuest in comparison with a baseline system and ob-
served trends related to operational weaknesses, calculation speed, accuracy, and
learner behavior. The results suggest that integrating personalized problem gen-
eration with gamification may support learners in addressing operational weak-
nesses while sustaining engagement during abacus practice. By focusing on both
operational challenges and mental fatigue, CalcQuest demonstrates the potential
of gamified learning support for abacus education.

Fig. 2. Overview of CalcQuest, a gamified abacus learning support system.



