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Short Description (75 words)

This presentation shares the design of a digital educational game, Life on the Edge, to support
higher education students’ learning of biology and a usability study conducted (a) to examine the
learning effect, game satisfaction, and flow experience and (b) to investigate the students’ reactions
on the overall game design and specific learning supportive game features. This presentation will
discuss the advanced design of the educational game based on the findings.

Abstract (1000 words)

Digital educational games have received a tremendous amount of attention as a highly effective
learning tool (Ke, 2009; Mayo, 2009). Well-designed educational games can engage students and
successfully facilitate transferring content and strategies outside of the game environment
(Nietfeld, 2020). Extensive work on designing and testing learning-supportive game features has
been conducted by researchers (Rahimi et al., 2021; Wouters & Van Oostendorp, 2013; Yang et al.,
2021). However, researchers still have struggled to develop theory that can drive effective
educational game design (Liu et al., 2021). There is an urgent need for more research identifying
player- and game design-related factors that influence game effectiveness and provide insights into
the underlying rationale of effectiveness. Such studies are necessary to develop theory that can be

used by practitioners to design and facilitate highly effective educational games (Proulx et al.,
2017; Yang & Chen, 2020).

To achieve these goals, we, as a team of experts in educational technology, biology, interactive
design, and computer science, have designed, developed, and evaluated the digital serious game,
Life on the Edge (LOTE), using an iterative design and development research approach (McKenny
& Reeves, 2012; Rickey & Klein, 2007) to support and measure higher education students’
learning of cellular and human biology (authors, 2021; 2019). This presentation shares our initial
design of the LOTE game and a usability study conducted (a) to examine the effect of using the
game as part of the course materials in university classrooms on learning outcomes, (b) to report
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the students’ game satisfaction and flow experience, and (c) to investigate the students’ reactions
on the overall game design (i.e., flow antecedents) and specific learning supportive game features.
This presentation will be concluded with the advanced design of the educational game based on
the findings.

Method

Participants were the 123 undergraduate students enrolled in two Biology-related online courses
in a university in Canada. The LOTE game was integrated as part of their course materials to these
courses in Fall 2021. We measured student learning through a comparison of a pretest before
gameplay and a posttest after gameplay. The participants also completed a game satisfaction
questionnaire (Shute et al., 2020), a flow questionnaire (Kiili, 2006), and a learning-support
satisfaction questionnaire (Shute et al., 2020) after gameplay. For data analysis, a paired-sample z-
test analysis, descriptive analysis, and correlation were used as described in the following section.

Results

We conducted the pre- and post-tests to examine the learning effect. The results showed significant
learning gains via a paired-sample #-test analysis (Mpre = 3.58, SDpre = 1.45, Mpost = 3.96, SDpost =
1.49, 1(122) = -2.60, p < 0.05).

To examine students’ perceived game satisfaction, we reviewed their responses to the 5-point
Likert scale (ranging from 1, strongly disagree, to 5, strongly agree) survey questions. Overall, the
students found the game fun and interesting (M = 4.42, SD = .62) and helpful for learning biology
(M =4.31, SD = .51). They also reported high levels of enjoyment playing the game (M = 4.14,
SD = .68). In terms of the questions asking about their game performance, the students reported
positive but slightly lower scores. To be specific, they reported that they were pretty skilled at
playing the game (M = 3.54, SD = .89) and they believed they performed quite well in the game
(M =3.86, SD =.79). Many students also reported that they put a lot of effort into solving levels
(M=3.91,S8D=.79).

We also examined the students’ flow experience along with the flow antecedents as the effective
game design features. Overall, students reported the positive flow experience (M = 3.83, SD = .51).
The five flow antecedents also were positively assessed by the students: Challenge-skill balance
(M=3.82,8SD =.69); goal (M =4.28, SD = .60); feedback (M =4.19, SD = .53); control (M =3.91,
SD = .74); and playability (M = 3.89, SD = .61). Also, all the flow antecedents had positive
relationships to the flow experience: Challenge (» = .46%); goal (r = .32%*); feedback (r = .30%);
control (r = .34%); and playability (» = .27%), *p <.001.

We further examined students’ perceptions of the specific in-game learning supportive features
that students have the control to use. These eight features are not the essential components of the
gameplay and they need to be clicked by players. More than half of the students agreed that game
states (82 students, 66.7%) and speed control (65 students, 52.8%) especially helped them solve
the game levels. Also, many students reported these three features helped them learn biology:
Encyclopedia before gameplay (89 students, 72.4%); game states (66 students, 53.7%); and
encyclopedia during gameplay (76 students, 61.8%). Additionally, many students agreed that all
eight features were pretty easy to use.
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Conclusions and Future Directions

In general, we have confirmed that the gameplay positively influences on understanding of biology
concepts and overall, students reported the high level of game satisfaction and positive flow
experience. The flow antecedents that are considered as the critical game design features also
received positive scores from the students. However, further design efforts and research is still
needed to maximize the students’ engagement (including flow experience) and learning. In terms
of the students’ reactions to each in-game learning supportive feature, our findings provide
empirical data supporting the different use of game features and learners’ different perceptions of
them. This presentation will be concluded with the advanced design of the educational game based
on the findings.
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