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1. Introduction

As young people spend a prodigious amount of time playing video games either by themselves or with 

friends, game-based learning has received much attention from educators and researchers (Gee, 2003; 

Kiili, 2005; Oblinger, 2004). Hwang and Wu (2012) gives a review of the papers published between 

2001 and 2010 and shows that game-based learning has been applied to subjects such as mathematics, 

computer science, geography, and language, mainly because this mode of learning raises the students’ 

interest and motivation. In a well-designed game-based environment, students apply their prior 

knowledge to the activity while the engaging design heightens their motivation (Papastergiou, 2009; 

Tao, Huang, & Tsai, 2016; Van Eck, 2006), and supports an active, experiential, and problem-oriented 

learning environment (Meluso, Zheng, Spires, & Lester, 2012). 

To be effective, game-based learning needs a design that is interesting and challenging and 

steeped with meaning; it induces responses from students (Chuang et al., 2012) and cultivate qualities 

such as courage, curiosity, self-control, competitiveness, cooperation, and validation (Prensky & 

Prensky, 2008). For example, Huang, Wu, Chen, Yang, and Huang (2013) investigates the effect of 

using games on mobile devices to teach addition and subtraction to second graders and finds that this 

method aids in the students’ understanding of the subject and raises their performance. 

In addition, multimedia animation is often used in digital learning because it can tell stories 

with vivid characters and situations (Issa et al., 2013; Liu, Lin, Tsai, & Paas, 2012). Moreover, the 

dual-coding theory asserts that the learner separates outer stimulations into verbal and visual types and 

stores them in memory; the connection between these two types of stimulation helps the learner 

knowledge building during the learning process (Clark & Paivio, 1991). The dual-coding theory has 

spawned many digital learning materials with multimedia animation (Issa et al., 2013; Liu et al., 2012; 

Rodicio and Sanchez, 2012). Ghanizadeh and Razavi (2015) shows that when multimedia animation is 

used to help eighth graders learn English, they show a marked improvement in performance and 

familiarity with the subject and are more motivated to master the content. 

In this vein, this study aims to develop an interactive game in learning subject of nature and life 

science which equips with situated animation to express the natural theory. This tool facilitates students 

to question the natural phenomena they learn and lets them interact with objects during playing game. In 

order to evaluate the effects of the interactive game, the learning performance of fourth graders were 

conducted in this study. 

2. Methods

This study seeks to help elementary school students learn the theories of natural phenomena. The 

multimedia animation explains the abstract concepts while the interactive game tests the students’ 

knowledge in theories and phenomena. 
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2.1 Interactive Animation Game 
The study proposed an interactive game with situated animation, which based on the Water Movement, 

a learning unit for fourth graders, complete with 2D characters and props. The unit has three sections: 

(1)capillary motion, (2)siphon, and (3)u-tube.

The script of the animation is about a kid robot, Xiaobo, and his family. The story starts with 

Xiaobo playing paper airplanes on the bed. His mother calls and tells him that she is coming home. 

Xiaobo stops playing and rushes to do the things that his mother asked him to do before she left the 

house: cleaning up the spilled soda, putting fresh water in the fish bowl, and adjusting the pictures on 

the wall. 

Figure 1. Animated Scenes: (Left) Room before Clean-up; (Right) Room after Clean-up 

Figure 1 shows the room before and after Xiaobo cleans it up. Xiaobo wipes the spilled soda 

with a kitchen towel (Figure 2, left). To show how absorption works, we create a water droplet flowing 

into a crevice to explain capillary motion (Figure 2, center). When the kitchen towel has absorbed most 

of the spilled soda, there is less soda on the table (Figure2, right). 

Figure 2. Left: Xiaobo Wiping Table; center: Water Droplet and Capillary Motion; right: Water 

Movement 

2.2 Participants and Activity Procedure 
The participants were a total of 52 fourth-grade students at an elementary school in northern Taiwan, 

divided into an experimental group (n = 28) and a control group (n = 24). The regular teaching for each 

learning unit was three periods per week and lasted for three weeks. Both experimental and control 

groups were taught by the traditional classroom and lab activity. Besides, the participants in the 

experimental group would conduct game learning activities. 

2.3 Data Collection and Analysis 
The learning outcome was investigated from the pre- and post-tests to find out the changes in 

participants’ learning achievements. Prior to the experiment, both experimental and control groups took 

a test as the pre-test. After the experiment, both groups were given a test related to the learning contents 

as the pro-test. The single-factor analysis of covariance (ANCOVA) was used to analyze the changes of 

the participants’ pre- and post-test scores. The pre-test score is considered to be a covariance to analyze 

the difference between post-tests within the two groups. 

3. Results and Discussion

According to the ANCOVA statistical method, the variance homogeneity test was conducted first. 

Levene’s test yielded P > 0.05 (F(1,48) = 3.227, P = 0.079 > 0.05), which means it did not reach the 
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standard and thus did not violate the hypothesis of variance homogeneity. Applying covariance analysis 

to the performance of the two groups, the F-value is 3.348 and p-value = 0.073>.05, which is not 

statistically significant. Thus, the performance of students in the experimental group is not significantly 

higher than those in the control group. After the adjustment, results of the means and SDs of the 

post-tests were obtained (control group: M = 86.70, SD = 2.10; experimental group: M = 91.94, SD = 

1.94). Even though the ANCOVA did not demonstrate the significant learning improvement between 

experimental and control groups, the mean of the experimental group reveals progress in learning 

effects while the control group does not. Moreover, the experimental group’s score range is smaller than 

that of the control group. 

The positive influence game-based learning exerts on performance has been testified, while the 

dual-code theory asserts that imagery improves verbal memory when the mind processes outside 

stimulations. This game-based leaning model compels the students to have a real-life experience in 

viewing the multimedia animation while the interactivity tests the students’ knowledge. It suggests 

further study on the experimental group to ascertain the degree to which game-based learning with 

multimedia animation has positive effect on learner autonomy, attention, and confidence in learning 

materials. 
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