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Abstract: Game-based learning environments with content-specific learning support have been 

shown to be an effective platform for mathematics education. Integrating the history of 

mathematics in mathematics learning is another long-advocated approach. However, learning 

support with the history of mathematics in game-based learning environment is largely 

unstudied. This descriptive, in-situ case study explores the perceptions and experiences of 

middle school students when using mathematics history-oriented learning support in a game-

based learning environment. The current study should inform the heuristics governing the 

design and implementation of mathematics history-oriented learning support in a game-based 

learning environment. 
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Introduction 
Researchers sought the application of new and innovative techniques, tools, or platforms for mathematics 

education (Twigg, 2011). Game-based learning (GBL) environments were then proposed to address challenges 

encountered in mathematics learning and teaching. Providing content-specific learning support embedded in the 

GBL is regarded as a key component that influences the effectiveness of learning in GBL. 

Integrating the history of mathematics (HM) is another advocated approach in mathematics teaching 

since researchers believe that the use of history makes mathematics lessons not only interesting but also 

meaningful to the students who are eager to know hows and whys about the origin of rules, theorems, formulas 

they use. Siu (2006) underlined the positive results on affective outcomes of the use of history in teaching 

mathematics, which may function as a bridge toward the cognitive processes by stimulating the affective 

dimensions. Additionally, the use of history as-a-tool through a module approach illustrates the intrinsic and 

extrinsic nature of mathematics (Jankvist, 2009). HM contributes to the contextualization of knowledge and thus 

potentially facilitates conceptual understanding. Demonstrating the evolutionary aspects of mathematics through 

history by using interactive tools such as GBL seems promising to support students’ conceptual understanding 

(Swetz, 2000). 

Despite the relatively large number of studies about the use of learning support in GBL for mathematics 

learning or using HM to teach mathematics, studies combining these two variables are limited. Therefore, the 

current study aims to explore what features can motivate middle school students to use the learning support with 

HM embedded in a mathematics game and how such a learning support scaffolds students in learning mathematics 

conceptually in a GBL environment. Specifically, we intend to address the following research questions: 

1. How do middle school students perceive their experiences when interacting with the mathematics 

history-oriented learning support in a GBL environment?  

2. What are the features of the mathematics history-oriented learning support that engage and scaffold 

middle school students in conceptual knowledge of ratio and proportion for problem solving in a GBL 

environment? 

Design learning support with history of mathematics 
The current study uses a multi-level, 3D architecture game E-rebuild, aiming to improve mathematical conceptual 

understanding and problem-solving skills for students in grades 6 through 8 by making them plan, design, and 

rebuild a disaster-damaged space (Ke, 2016). The participants are requested to complete each level of the design 

quest through the application of relevant mathematical knowledge, including ratio and proportional relationships, 

angle measure, surface area, volume, numerical and algebraic expressions. Therefore, the topics selected for the 

learning support with HM comprise geometry, numeral systems (e.g., Babylonian, Egyptians, Mayan, Ancient 

Chinese, and Roman), ratio and proportion, and the Pythagorean Theorem. All learning support with HM are 

under a “Tips” tab, which allows students to click at any time when they want such assistance. Each level of the 

design quest links to a specific element of learning support with HM in terms of the relevancy of the mathematical 

content that students are required to apply to complete the game quest. The ways in which relevant knowledge of 
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HM are presented include text, image, animation, and video.   

We used four strategies to integrate HM in the game during the development of the learning support. 

The first strategy is to learn history by directly presenting historical information, such as life stories, birth and 

death dates, and studies of famous mathematicians. This strategy emphasizes historical knowledge by 

familiarizing students with the context functioning as background knowledge. The second strategy focuses on the 

use of historical content to implicitly or explicitly teach a mathematical topic or concept by engaging students in 

maneuvering an illustrative artifact. An example is introducing Fibonacci’s sequence by representing numbers 

with rabbit reproduction. The next strategy gives students an awareness that the developments of mathematical 

concepts are impacted by different social and cultural perspectives. This idea helps students to perceive that 

mathematics is developed based on discovery process in human history as opposed to invention in a single 

moment. For instance, examining the concept of ratio by starting from the ratio as a magnitude notion of ancient 

Greeks to the ratio as a quantity notion in modern-practical era with Hindu-Arabic roots will be supportive for 

students’ conceptual understanding. The emphasis on the epistemological differences of the same concept is 

promising to help students’ meaning-making of abstract mathematical concepts. The fourth strategy is to compare 

modern mathematical solution methods with historical ones. An example of such a learning support is the ancient 

Egyptians’ use of hieroglyphics to represent numerals and the method of summing two or more non-repeating 

unit fractions to represent fractions. When students are confronted with meaningful examples and perspectives 

situated in the history of mathematics and GBL, a deeper understanding of unfamiliar mathematical terms should 

be fostered.   

Methodology 
We adopt a descriptive, holistic case study approach (Yin, 2003) to investigate how middle school students and 

teachers perceive the mathematics history-oriented learning support in a 3D game-based learning environment. 

The descriptive case study is used to describe an intervention or phenomenon in which it occurred (Yin, 2003). 

This in-situ case study enables the researchers to explore differences of a purposeful sample of middle school 

students. In this study, the experiences of each student will be a case. To obtain a deep understanding of students’ 

perceptions and experiences of interaction with the mathematics history-oriented learning support in a GBL 

environment, we will collect data via (a) gameplay logs, (b) screen recording videos, (c) semi-structured 

interviews, and (d) in-field observations. Each student will play the game for 45 minutes and then participate in a 

30-minute semi-structured interview. We are conducting systematic coding followed by thematic analysis of the 

collected data. The current study should inform the heuristics governing the design and implementation of 

mathematics history-oriented learning support in a GBL environment, by understanding students’ perceptions of 

and experiences with the HM learning support. 

The study is an ongoing research project, with active data collection at the time of this proposal. Thus, 

we will report the results at the conference. 
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