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Abstract

Game-like learning systems such as simulation games and digital toys are increasingly
being applied to foster higher-level abilities in educational contexts, as they may facilitate
an active learning experience. However, the effect of such game-like learning systems is
not guaranteed because students may only be interested in the fantasy interfaces and the
elaborate scenarios, rather than in the learning tasks. In this vein, the study presented in
this paper addresses this issue from the perspective of constructionism. A design frame-
work based on constructionism, which highlights the principles of construction as the
goal, low-threshold-high-ceiling and computer simulation is proposed for designing
game-like learning systems. An evaluation was conducted to investigate the influence of
the framework on the flow experiences and learning strategies of different students. The
results of this study show that computer simulation is an integral component to promote
exploratory learning activities. The results of this study also indicate that the framework
was particularly helpful for those students with low background knowledge in balancing
challenge and skill perceptions. For those students with middle and high level back-
ground knowledge, it also promoted the learning experience by either reducing the
challenge perception or promoting the skill perception. Such findings suggest that the
constructionism framework is a particularly important design guideline to engage
students of different levels in active learning activities.

Introduction

Game-like learning systems, such as simulation games and digital toys, are now increasingly
being applied to foster higher-level abilities in educational contexts (Kim, Park & Baek, 2009; Tan
& Biswas, 2007). Such systems is applied to engage students in a joy emotion in which students
are more likely to accept challenges and stretch their capacity through learning experiences until
a successful outcome is reached (Fisher, 1998; Heywood, 2005). On the one hand, game-like
learning systems can become an interactive question/answer platform to engage students in
gaining basic knowledge. Many games are thus developed as a platform to motivate students to
learn. For instance, the game Age of Computers (Sindre, Natvig & Jahre, 2009), which presents
a rich set of problems of computer fundamentals with a game scenario, can be used to conduct
question/answer activities to promote students’ fundamental problem-solving knowledge. On the
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Practitioner Notes
What is already known about this topic

* Computer games are increasingly being applied to foster higher-level abilities in
educational contexts.
 Learning with a game is sensitive to individual differences.

What this paper adds

e A game design framework based on constructionism is proposed to illustrate how
low-threshold—high-ceiling principle and computer simulations may be used to help
students of different levels learn with games.

Implications for practice and/or policy

* Computer simulation is an integral component to promote exploratory learning
activities.

e The constructionism framework was mostly helpful for those students with low
background knowledge in balancing challenge and skill perceptions.

* The low-threshold-high-ceiling principle is a particularly important design guideline
to engage students of different levels in active learning activities.

other hand, game-like learning systems can serve as a tool to help students link abstract concepts
to the concrete game experience. This is because the systems can provide students with an
embodied problem context in which they can reflect on the learning tasks. For instance, the
Leaping Frogs game (Lee & Chen, 2009) provides students with a visualized platform to help them
exchange the positions of two arrays of objects (ie, the frogs). With such platforms, students can
interactively apply and test problem-solving strategies to answer a given question. Such question/
answer games provide interactive and fantasy interfaces for students to interact with knowledge,
so that they can be attracted to gain the knowledge embedded in the systems.

Games may have multiple effects on learning. Kiili (2005) has argued that one of the prominent
effects of games is that they can be a vehicle for engaging students in “flow” (Csikszentmihalyi,
1975, p. 36). Flow is considered as a useful construct for improving learning because a higher
level of flow perceived by students is positively correlated with higher exploratory learning strat-
egies (Trevino & Webster, 1992). For instance, the study by Liu, Cheng and Huang (2011) found
that when students are in flow they are more likely to demonstrate in-depth learning strategies
such as analytical reasoning and learning-by-example. However, the question/answer games
have limitations in fostering both long-term motivation to learn and in-depth learning strategies.
To facilitate students to learn in flow, Kiili (2005) argued that games must be designed based on
a clear and challenging problem, and must provide facilities for students to reflectively observe the
outcomes of actions performed to solve the problem. Such a loop of active actions and observa-
tion can lead to the construction of sophisticated knowledge structure, and enable the discovery
of new and better solutions to the problem. Therefore, it has become imperative to understand
how to integrate learning tasks into game-like learning systems to transform the learning activi-
ties into flow learning experiences.

In this vein, the study presented in this paper addresses the above design issue of game-like
learning systems from the perspective of constructionism (Harel & Papert, 1991). Construc-
tionism shares similar perspectives to constructivism. However, constructionism plays a dis-
tinct role in learning and instruction, and, as Papert pointed out that “constructionism shares
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constructivism’s connotation to learning as building knowledge structure irrespective of the circum-
stances of learning. It then adds the ideas that this happens especially felicitously in a context where the
learner is consciously engaged in constructing a public entity (Harel & Papert, 1991).” Recently,
constructionism has been increasingly applied to enhance problem-solving learning. For
instance, many program development environments such as Scratch (Monroy-Hernédndez &
Resnick, 2008), Alice (Dann, Cooper & Pausch, 2006), Tangible Programming Bricks (McNerney,
2004) and the Greenfoot system (Kulling & Henriksen, 2005), highlight several design principles,
enabling them to construct applications by themselves. For instance, the low-threshold—high-
ceiling principle addresses that the environments should enable novice students to easily partici-
pate in learning activities and allow them to work on increasingly complex products (Fischer,
2010). In addition, these environments also stress the importance of simulations in facilitating
exploratory learning. Because constructionism adds several prominent learning and instruction
principles to constructivism, this study investigates how these principles may be applied to design
game-like learning systems and facilitate flow learning experience in game-based learning.

Previous study by Liu et al (2011) has investigated how a game-like learning system may influ-
ence flow experience. However, their analysis is mainly based on the specific system without a
design framework that can inform how game-like learning system can be designed to enhance
game-based learning experience. To this end, this study attempts to propose a design framework
that stresses the importance of construction as the goal, low-threshold-high-ceiling, and com-
puter simulations, for designing game-like learning systems. To understand the effectiveness of
the framework, this study investigates how the proposed design framework may facilitate learn-
ing in terms of flow experience and learning strategies. In particular, learning with a game is
sensitive to individual differences in various aspects (Cherney, 2008; Ke, 2008; Wang & Wang,
2008). Such differences may also affect the impact of game-based learning. Although the study
by Liu et al (2011) has investigated how game-like learning systems may influence flow experi-
ences, it is still not clear how they may influence the learning experience of different learners.
This paper, thus, presents a follow-up study to investigate how the constructionism framework
may influence the flow experience and learning strategies of students with different knowledge
levels. More specifically, this study aims to answer the following research questions:

* How may the game-like learning system developed with the constructionism framework influ-
ence the challenge perception and skill perception of students with different background
knowledge levels?

* How may the game-like learning system developed with the constructionism framework influ-
ence the motivation of students with different background knowledge levels?

* How do students with different background knowledge levels learn in the game-like learning
system developed with the constructionism framework?

By answering the above questions, this study would explore how constructionism may be used to
design game-like learning systems. In particular, this study would explore how three construc-
tionism approaches, namely construction as the goal, low-threshold-high-ceiling and computer
simulations, can be used as pedagogical guidelines in designing game-like learning systems.

The constructionism framework for educational game design

As mentioned in the previous section, game-like learning systems should be able to facilitate the
application of in-depth learning strategies and foster long-term motivation. To address this issue,
Garris, Ahlers and Driskell (2002) proposed a game-based learning model explicitly illustrating
integral game features and game perceptions to enact active learning processes. This game-based
learning model is widely used as a design framework for game-like learning systems (Belanich,
Sibley & Orvis, 2004; Wilson et al, 2009) because it addresses both the motivation and process
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Table 1: The design framework for game-like learning based on constructionism

Guideline for designing game-like

Game design guideline Constructionism principle learning systems/activities
Enhancing motivation and Construction as the goal Motivating students to learn by
persistent reengagement supporting them to build a product
Challenge and freedom Low-threshold—high-ceiling Enabling novice students to easily
activity participate in, while allowing them
to work on increasingly complex
products
In-depth learning Computer simulations Supporting students to initiate and

simulate ideas

aspects associated with games. According to this model, a game for learning should continuously
present a motivating goal at an appropriate level of challenge where learners can have full control
of their learning activity. Such a game can promote in-depth learning while interacting with it.
Although the model of game-based learning exhibits critical antecedents of flow, how to address
these integral guidelines in educational contexts is still not clear in the literature. Thus, this study
extends the game-based learning model based on constructionism (Harel & Papert, 1991) as a
framework to build game-like learning systems for supporting learning. The constructionism
framework may promote the learning effect of games by enhancing the flow experience so that
in-depth learning can be achieved. It is hoped that the game-like learning systems developed or
applied based on the framework cannot only help students become immersed in the game sce-
nario, but also engage them in active learning activities. The constructionism framework to
promote flow experience in game-based learning is illustrated in Table 1.

Motivating students with a construction goal in game-like learning systems

In the game-based learning model proposed by Garris et al (2002), game-based learning is more
effective when students consistently perceive it as interesting and are persistently motivated. This
may be because students are more likely to experience flow when the game is of interest to them.
Games that can promote such a flow perception can enhance persistent reengagement in which
students “engage in target activities, they pursue those activities more vigorously, and they persist
longer at those activities” (Garris et al, 2002). It is stressed in this model that a clear and challenging
goal is an essential condition of games which enhance learning performance. This is because
students who are given a clear goal in a game are more likely to be aware of the discrepancy between
the goal and the current status so that their attention to and motivation for learning will be increased.

Constructionism may be applied to strengthen the above design guidelines by addressing con-
struction as the goal. Harel and Papert (1991) advocated that learning is most effective in a
context where students are to construct a product. Consequently, such a constructionism prin-
ciple may be helpful in strengthening the educational effect of games by adopting a playing-to-
construction design: players are to learn to build a product. With such a clear and specific goal,
students are more likely to be motivated to regulate their learning process that can effectively
achieve the goal in the game-like learning system.

Balancing challenge and skill perception via the low-threshold—high-ceiling principle

The game-based learning model proposed by Garris et al (2002) highlights the role of freedom,
which refers to the ability to regulate, direct or command something, in promoting gamers’
motivation and attention in the game. In addition, this model also addresses that a balance
of perceived challenge and skill is an essential condition of flow by referring to flow theory
(Csikszentmihalyi, 1975). In other words, game-like learning systems should afford students a
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high level of freedom so that they can regulate, direct or command their activity to achieve the
challenging goal. This model suggests two guidelines for designing game-like learning systems.
Firstly, game-like learning systems have to be an easy-to-participate-in activity so that students
can freely carry out the learning activities. Secondly, the learning activity should afford a high
level of freedom, with which the students can regulate their game-like learning process.

Constructionism principles may effectively address the above two guidelines, as it is argued that
the learning activity should exhibit a low threshold but allow a high ceiling for developing
complex abilities. Such a low-threshold—high-ceiling principle was initially coined to address the
pedagogical guidelines for developing complex abilities (Burton, Brown & Fischer, 1984). More
specifically, the low threshold of a learning activity enables novice students to easily participate in
the activity, while the high ceiling allows them to work on increasingly complex products (Fischer,
2010). Previous studies have developed several innovative learning activities based on such a
principle to engage users in learning with computers. For instance, manipulative robots have
been proposed to address this issue. Logo (Turkle, 1995) and Tangible Avatars (Liu, Liu, Wang,
Chen & Su, 2012), for example, provide facilities that simulate the actions that students may
perform in the real world. With such facilities, novice students may intuitively understand the
effect of their activities. As the students gradually build up sophisticated abilities, they can use the
facilities to develop increasingly complex work. Due to the flexibility of such a principle, applying
the low-threshold-high-ceiling principle in game-based learning activities may be helpful in
balancing the perceived challenge and skill in a game-like learning system, and thus be more
likely to promote a flow experience.

Facilitating in-depth learning with computer simulations

It is argued that games may facilitate in-depth learning when complicated events occur during
gaming. For instance, the game-based learning model proposed by Garris et al (2002) considers
debriefing as a critical learning activity of gaming experience. More specifically, while debriefing,
students need to describe the events that occurred in the game, analyze why they occurred, and
understand mistakes and corrective actions. Educators have indicated that computer simulations
can facilitate in-depth learning as they support easy exploration, rapid experimentation and
fortuitous combinations of ideas (de Jong, & van Joolingen, 1998). Constructionist’s approach
toward learning also utilizes such computer simulation as one of important means to enhancing
in-depth learning while constructing a product (Shneiderman et al, 2006). As students can
interactively initiate and test their ideas while constructing a product, they are more likely to be
engaged in the learning activity. In the study by Liu et al (2011), they further found that students,
with the support of computer simulations, are persistently motivated to apply trial-and-error,
learning-by-example and analytical reasoning strategies to the construction of a system. There-
fore, game-like learning systems should allow students to initiate and simulate ideas to persis-
tently engage them in in-depth learning activities.

The above literature suggests that the constructionism principles may be helpful in enhancing
game-like learning. On the one hand, they may be helpful in engaging students in flow in which
they are in control of both the playing and the learning activities. On the other hand, they may
also facilitate a discovery learning activity in which the students actively propose, test and self-
reflect upon ideas to complete a product. Due to the aforementioned benefits, this study thus
hypothesizes that the constructionism framework can enhance the game-based learning experi-
ence. An empirical study was conducted to confirm the hypothesis.

Method

Participants and the game-based learning activity

An empirical study was conducted to understand how students play and perceive a game-like
learning system developed based on the constructionism framework. More specifically, this study

© 2012 The Authors. British Journal of Educational Technology © 2012 BERA.



A constructionism framework for game-based learning 213

explores the flow experience and the learning activities that they applied to build their product
with the system. The participants were 117 first-year students from an engineering school in
Taiwan. These students were enrolled in the “Introduction to Computer Sciences” course offered
by the school. Among the 117 participants, 101 were male and 16 were female, because most
students in engineering schools in Taiwan are male. The students used the system to learn basic
algorithmic thinking skills such as conditions and iteration. After the teacher introduced the
system, the students took part in developing a product with the system. The students had to apply
algorithmic thinking skills to develop this product.

The learning activity lasted for 2 weeks. The students took part in the activity for 3 hours per
week. Before the activity, the students had 1.5-month learning experience in traditional lectures
during which the teacher lectured on algorithmic thinking skills and the students had to complete
certain assignments. Therefore, their perceptions of learning in the traditional lecture and those
associated with the system were compared. In particular, the students demonstrated significant
variety in their background ability of programming in the traditional lectures. Therefore, this
study explores how the students with different levels of algorithmic thinking skills perceived and
learned with the system.

The game-like learning system

There are many types of game-like learning systems, and they may differ considerably from
each other in their effect on learning. This study focuses on the design of game-like simulation
learning environments. In such environments, “the player discovers or forms goals within the
simulation ... . In order to reach these goals, the players must recognize problems and solve them from
within the inside of the simulated world” (Gee, 2005). Examples of such game-like simulation
learning environments include SimCity where the players must plan, build, expand and
manage a city within the simulation. Such environments may facilitate the achievement of
educational objectives because they enable the players to test and analyze ideas. Therefore, this
study developed a simulation environment, namely Train B&P (Train Build and Program
it) based on the proposed design framework, in which students can construct a railway model
with the simulation. This study then explored how the students played to learn with this
environment.

Train B&P aims to help novice programmers learn algorithmic thinking skills including object-
oriented concepts, conditions, iteration and object communication. Such skills have been high-
lighted as one of the critical contemporary competencies, because using computers to solve
problems is becoming increasingly universal. (Borgman et al, 2008) The learning activity of
Train B&P consists of two main parts. The first part is the model construction. The students can
use several building blocks such as straight tracks, curved tracks, branch tracks and bridges to
build a rail system, as displayed in Figure 1. They can freely drag these building blocks to create
arailway model in a 3D environment. Such a model building activity resembles the railway model
construction game that has been widely played and supported by many commercial toys such as
Tomica and Hornby railway models. Secondly, the students can plan and build the behavior of the
railway model by writing program code. For instance, they may make the train in Figure 1 go
three rounds and stop where it set off. To achieve this goal, they need to write program code to
control the behavior of the train. The exclamation marks attached to the objects in Figure 1 show
that a student has written program code to govern the behavior of that object. For instance,
program code in Figure 1 was attached to the track in (3) to signal a break command to the train
if it has completed three rounds of the track.

Train B&P allows students to construct a railway model and design the transportation behaviors
of the trains by using simple computational instructions. How the constructionism framework
was applied to design the game is described below:
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begin

int count=0;

while (true)

{
if (TrainPassMe()) {

count++;

print (count) ;

}

if (count==3) {

train0.Break(30) ;

print "TrainO Break[30]";

print ("Train is

stopping") ;

}

) N e Bt L SRy /O A B WO A s
R
The program governs the --- -‘ || ‘ |Save| |L0ad‘

behavior of the track in (3)
Figure 1: The Train B&P design based on constructionism

 Construction as the goal: Previous study by Kafai (2006) has applied the constructionism
principles to enhance game-based learning. More specifically, students in her study were pro-
vided with greater opportunities to construct their own games that help others learn a specific
topic. To achieve this goal, students have to understand the knowledge associated with this
topic. However, the study of this paper focuses on the framework that can be applied to design
game-like learning systems in which students are to construct a product. In other words, the
students involved in this study did not design a game. Instead, they used Train B&P to construct
a rail model. The underlying model of the game-like learning system is that of a physical
railway building game. In such games, students build a railway model. With such a clear goal
in mind, they may be more likely to actively learn the algorithmic thinking skills and think
scientifically for generating a railway model.

* Low threshold and high ceiling: Train B&P provides a manipulative interface in a 3D environ-
ment for students to design their rail systems. More specifically, the students can use several
building blocks such as straight tracks, curved tracks, branch tracks and bridges to build a rail
system. They can freely drag these building blocks to create a railway model in the 3D environ-
ment. Because such an interface resembles the manipulative building blocks of a physical toy,
its threshold to construct is quite low. In addition, students can easily develop a railway model
and then press the “g” key to start a train and see how it goes around the track. Therefore,
novice players can easily design a simple railway model with the game. Meanwhile, the students
may also use these building blocks and program code to build complex railways. The game
supports a simple set of Jave-like program statements. More specifically, the statements include
basic algorithmic constructs such as value assignment, looping, conditionals and object com-
munications. With the environment, the students can build a complex railway model; for
instance, one which includes multiple trains. In such a model, sophisticated programming is
needed to avoid collisions between trains. Consequently, the game provides a high ceiling
whereby the students may freely construct their own sophisticated railway system.

 Simulation of ideas: Train B&P allows students to program the transportation behaviors of the
railway model. In particular, they can simulate the programs in the 3D environment because
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Train B&P was developed with a physics engine. The physics engine could simulate physics
phenomena, such as gravity, speed, acceleration and friction, to simulate the behavior of
railway systems in the real world. Therefore, the students have to program the transportation
behavior of the railway model according to their experience in the real world. For instance,
when encountering an ascent, they have to increase the power of the train in the program so
that it can climb up the ascent. On the other hand, they have to lower the speed of the train
when rounding a curve in the track to avoid derailing. Therefore, they may generate and test
their new ideas in order to build a workable railway model.

The students in this study are novice programmers who have only limited knowledge of algorith-
mic thinking skills. They have to learn these skills to build the railway model. Therefore, Train
B&P provides a tutorial to assist them in gaining these basic skills. The tutorial contains descrip-
tions of basic algorithmic thinking skills and some examples of railway models which exemplify
the application of the algorithmic thinking skills used in building a railway model. The students
can refer to the tutorial at any time when they have problems in developing their railway models.

Perceptions of challenge, skill and motivation

One of the goals of this study is to understand the learning experience associated with the
game-like simulation learning environment. In particular, this study explores the students’ moti-
vation and flow experiences in traditional lectures and while playing with game-like simulation
learning environment. The Motivated Strategies for Learning Questionnaire (MSLQ) (Pintrich,
Smith, Garcia & McKeachie, 1991) was used to evaluate the students’ motivation because it is
widely used in educational contexts. The MSLQ contains eight questions using a 5-point Likert
scale concerning the extrinsic and intrinsic motivations associated with learning. Example ques-
tions within the MSLQ include “In a class like this, I prefer learning tasks that really challenge me
so I can learn new things” and “Getting a good grade in this activity is the most satisfying thing
for me right now.” The former may reflect the students’ intrinsic motivation, while the latter may
reveal their extrinsic motivation.

Based on Csikszentmihalyi's (1975) initial notion, flow is more likely to occur when a learner
perceives a balance between skills and challenges. Thus, perceptions of skills and challenges have
been widely used as a theoretically meaningful reference for the presence or absence of flow
(Massimini & Carli, 1988; Novak & Hoffman, 1997). This study thus evaluated the students’
skill/challenge perceptions using the probe proposed by Pearce, Ainley and Howard (2005). The
probe contains two question items using a 5-point Likert scale that asks the level of “perceived
skill” and “perceived challenge” regarding the learning tasks. The perceived skill and challenge
were used in their study as primary data for measures of flow during a sequence of learning tasks.
According to Csikszentmihalyi’'s (1975) flow model, when a learner perceives a balance of chal-
lenge and skill, she or he may experience flow. A learner may be in an anxiety state when she or
he perceives higher challenge with lower perceived skill. On the contrary, lower perceived chal-
lenge with higher perceived skill may imply a boredom state. By using this probe, we may under-
stand the likelihood that the students experienced flow. The probe was used before and after the
game activity to obtain the students’ learning perceptions associated with the traditional lectures
and with the Train B&P.

Data analysis

The students’ background algorithmic thinking skills before the game-based learning activity
were categorized into three levels according to their test scores in the traditional lectures. More
specifically, 23 students who obtained a score higher than M + SD were considered as the high
background knowledge students (where M is the mean score of all students and SD is the stan-
dard deviation). Thirty-nine students were regarded as low background knowledge students.
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They received a score lower than M-SD. The other 55 students, who obtained a score between
M + SD and M-SD, were the middle background knowledge students. The perceptions of the three
student groups (namely, the high background knowledge group, the middle background knowl-
edge group and the low background knowledge group) of the Train B&P and their learning
behaviors were analyzed. It should be noted that not all of the students completed the whole
learning activity. Thus, the number of participants involved in the following analysis is less than
the above number. It is hoped that the analysis can reveal the influence of the game-like learning
system on different students.

Results

Challenge and skill perceptions

Figure 2 illustrates the challenge-skill chart in the two settings. The results in Figure 2 involve 21
high, 51 middle and 38 low background knowledge students. According to Csikszentmihalyi's
(1975) flow notion , the upper-left area represents an anxiety state in which students perceive a
higher level of challenge than that of skill. On the contrary, the lower-right area indicates a
boredom state. The diagonal represents an optimal state in which the perceived challenge
matches the perceived skill and a flow experience may occur. It is shown in Figure 2 that all three
student groups perceived an anxiety state when they learned in the traditional lectures. However,
when they were learning with the game-like simulation, the perceived challenge matched the
perceived skill. In other words, the students were more likely to experience a flow state with the
game-like simulation. Although the simulation had a positive influence on their learning, it
played different roles for the three student groups. Its effect for different students is detailed as
below:

» High background knowledge group: The students thought the game did not cause significant
difference in the challenge of the learning task. More specifically, the perceived challenge
associated with the game-like simulation (M = 3.52, SD =.81) was not significantly different
from that of the traditional lectures (M = 3.71, SD =.85;t=.75, p>.05). However, they con-
sidered that they were more skillful in learning with the game-like simulation than they were in
the traditional lectures. They perceived a higher level of skill with the simulation (M = 3.52,
SD =.87) than they did in the traditional lectures (M = 2.71, SD=.78; t=3.78, p<.01).

* Middle background knowledge group: The students thought the game-like simulation did not
cause considerable difference in their algorithmic thinking skills. However, it significantly
reduced the level of challenge required to learn the skills. The perceived challenge associated
with the simulation (M = 3.49, SD =.61) is significantly lower than that associated with the
traditional lectures (M = 3.84, SD =.64; t=3.07, p<.01).

» Low background knowledge group: The perceived challenge of this group reduced significantly
(t=2.74, t <.05) as their perceived skill increased profoundly (t = 4.78, p < .01). Such results
indicate that the students thought learning algorithmic thinking skills with the game-like
simulation was not as challenging (M = 3.45, SD=.72) as it was in traditional lectures
(M = 4.0, SD =.93) and they considered themselves to be more skillful in learning the algorith-
mic thinking skills with the game-like simulation (M =2.95, SD=.73) than they were in
traditional lectures (M = 2.21, SD = .88). The effect of the game-like simulation is thus particu-
larly evident for the low background knowledge group.

The above results show that the game-like simulation may balance the challenge and skill per-
ceptions of the three groups of students, but it has different impacts on the students with different
background knowledge. Because a balanced level of challenge and skill is a critical antecedent of
flow (Kiili, 2005), such results show that the game-like simulation may be helpful in promoting
the flow experience. To further understand the students’ learning experience in the two settings,
the students’ motivation was evaluated with the MSLQ.
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Figure 2: The flow states in the traditional and construction game settings
Motivations

Figures 3 and 4 show the students’ motivations associated with learning with the game-like
simulation and in the traditional lectures. The results involve 21 high, 49 middle and 31 low
background knowledge students. The results show that the motivation of the three student
groups increased when they learned with the game-like simulation after the traditional lecture.
However, the enhancement is significant only for the students with low background knowledge
(t=-3.12,p < .01). Their intrinsic motivation rose from 3.58 (SD = .88) to 4.02(SD = .56). Such
a finding may indicate that the game-like simulation helped this group of students learn in flow
because flow experiences are positively correlated with motivation (Kowal & Fortier, 2000). More
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Figure 3: The students’ intrinsic motivation in the traditional lectures and in the construction game

specifically, because the game-like simulation profoundly improved the flow experience of the low
background knowledge group in terms of perceived challenge and perceived skill, the students
were more likely to be motivated to learn with the simulation.

Figure 4 shows the extrinsic motivation of the three student groups. It is shown that the game-
like simulation had different influences on the extrinsic motivation of the three groups. The
extrinsic motivation of the high and middle background knowledge group associated with the
simulation was lower than in the traditional lectures. This difference is particularly significant for
the middle background knowledge group (t = 2.695, p =.01). Their extrinsic motivation reduced
from 3.63 (SD=.57) to 3.42 (SD =.55). Such results are consistent with the findings of the
study by Lepper and Henderlong (2000), indicating that intrinsic and extrinsic motivation can
be in conflict. Therefore, this finding supports that the game-like simulation is helpful in trans-
forming the learning of algorithmic thinking skills via an active learning experience. However,
such an effect is not evident for the low background knowledge group. Their extrinsic motivation
associated with the game-like simulation (M = 3.5, SD = .63) was slightly higher than that asso-
ciated with the traditional lectures (M = 3.42, SD = .89) (t = .63, p > .05). This might be because
the students were not so skillful that they could use their algorithmic thinking skills to construct
their work. However, their extrinsic motivation associated with the game-like simulation was
similar to that of the high and middle background knowledge groups. Such results support that
the game-like simulation is helpful in engaging students in an active and immersion learning
experience.
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Figure 4: The students’ extrinsic motivation in the traditional lectures and in the construction game

Learning behavior analysis

The learning behaviors of the three student groups were logged and analyzed to reveal how they
learned with the game-like simulation. The students’ behaviors were logged using a form of web
logs and transformed to comprehensive records. More specifically, the students’ behaviors
included:

* Document review: a student reads the tutorial.

* Copying related examples: a student copies a segment of code from the tutorial and pastes it to
the simulation.

» Experiment: a student presses the “Run Program” button to simulate the program they have
built.

» Typing code: a student types code for the simulation.

 Self-Review: a student reviews the code they have developed.

To achieve a better understanding of how the students learned with the system, this study
applied behavioral pattern analysis (Liu, Fan Chiang, Chou & Chen, 2010; Yamauchi, Yokozawa,
Shinohara & Ishida, 2000) to investigate the behavioral patterns that the students exhibited in
developing the rail model. More specifically, the series of behaviors of a student were coded into
sequences according to the time order in which the behaviors were performed. The transition
probability from behavior a to behavior b (a- > b) was calculated based on the percentage of
transition a- >b among all transitions to b. The probability of the transition a- > b reflects the
tendency of performing behavior b after behavior a. Among these transitions, the transition
with small probabilities (transition probability <1/5, the random probability between any two of
the five learning behaviors under uniform distribution) was eliminated so that only frequent
transitions were displayed to illustrate only main behavioral patterns. The transition probability
was then represented as the value attached to an arc between two behaviors in a transition
diagram.
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Figure 5: The behavioral pattern associated with the learning in the game-like simulation

The behaviors of the three student groups were analyzed independently so that we can under-
stand the behavioral pattern of each group. However, the results of the behavioral patterns of the
three groups are similar. More specifically, the three groups demonstrated an identical set of
frequent transitions. Such results show that no individual group showed a significantly different
pattern from the other two groups. This study thus merged all the behavior records of the three
groups to obtain a general behavioral pattern in the game-like simulation. Figure 5 shows the
behavioral patterns of the three student groups. The results were obtained from the behavior logs
of all the 117 students. The students, as shown in Figure 5, may have applied several strategies to
learn with the game. They seemed to start with learning by reading the tutorial (Document
Review). They then selected some examples from the tutorials (Copying-Related-Example) and
tested these examples to understand their effect (Experiment). Such a pattern reveals that with
the simulation function, the game-like simulation is helpful in facilitating a learning-by-example
strategy with which the students quickly understood the effect of some algorithmic thinking
skills.

The behavioral patterns in Figure 5 also demonstrate that Experiment plays a central role in the
game-based learning activity. In other words, the students relied heavily on the simulation func-
tion of the system. With this function, they quickly and frequently tested their ideas while
constructing their models. This can be shown in the cyclical pattern Typing Code- > Experiment-
> Typing Code. In other words, the students applied the simulation function to test their ideas
and then modified their ideas based on the results of the simulations. Such an effect of the
simulation of the system can also be shown from the cyclical behavioral pattern Typing Code-
> Experiment- > Self-Review- > Typing Code. The behavioral patterns reveal that the simulation
could help the students analyze their solutions and, thus, gradually improve their solutions. In
other words, the students iteratively developed, simulated and analyzed their solutions to refine
their products. Such findings support that game-like learning systems or activities should provide
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students with opportunities for iterative practices within the learning experience when they come
to facilitating analytical reasoning.

Conclusion and implications

As simulation games and digital toys are increasingly being applied in educational contexts, how
tointegrate the design guidelines of these game-like learning systems and pedagogical principles is
becoming imperative. Game-like learning systems should address pedagogical principles in their
design. To achieve this goal, this study proposes a design framework based on constructionism.
Such a framework consists of three elements, namely construction as the goal, low-threshold—
high-ceiling activities and computer simulations, to address educational principles in the learning
system. It was found that the game-like simulation environment developed with such a construc-
tionism framework significantly improved the balance between the students’ perceptions of skill
and challenge, and was helpful in engaging the students in an active learning experience.

The influence of the constructionism framework on the skill and challenge perceptions

This study further evaluated the influence of such a design framework on different students. The
results indicate that such a framework was particularly helpful for those students with low
background knowledge. More specifically, the design profoundly enhanced the students’ flow
experience during learning in terms of perception of skills and challenge. This might be because
the system is designed based on a simulated construction task, and thereby presents an embodied
context. The students thus felt that learning with the learning was not as challenging as it was in
traditional lectures, as they could associate their prior experience of learning algorithmic think-
ing skills in an embodied context. On the other hand, the system presents a low-threshold activity,
whereby those students with low background knowledge could easily manipulate it. Thus the
students perceived a significantly higher level of skill than they did in the traditional lectures.

The constructionism framework demonstrates a different impact on the students with high and
middle levels of background knowledge from those with low background knowledge. More spe-
cifically, the system developed with the proposed framework can reduce the level of challenge for
those students with low and middle level background knowledge. However, such an effect is not
significant for the students with a high level of background knowledge. This might be because the
construction task and the simulation presented an embodied and visualized context. Such
context might be particularly helpful for low and middle level background knowledge to under-
stand the conceptual algorithmic constructs such as looping and condition. However, the levels of
their challenge perceptions were still higher than those of their skill perceptions. On the contrary,
the students with a high level of background knowledge perceived a balanced level of skill and
challenge while learning with the game-like system. The framework significantly increased their
skill perceptions. This might be because such a system provides a high ceiling so that they may feel
it is more skillful if they can freely apply algorithmic thinking skills to build their own work. Such
results indicate that the low-threshold-high-ceiling principle can help the students with a suffi-
cient level of background knowledge to experience flow. The above findings support that the
low-threshold-high-ceiling principle is particularly important for designing game-like learning
systems or activities, as students’ background knowledge may vary extensively.

The influence of the constructionism framework on the motivation

Although the system had a different influence on the three student groups regarding their per-
ceptions of skill and challenge, the results of the MSLQ show that all three student groups
demonstrated an immersive and active learning experience. In other words, all three groups of
students were highly motivated by the system. This might be because the system considered
construction as the main goal. With such a clear goal in mind, all three student groups felt
intrinsically motivated and perceived a similarly low level of extrinsic motivation. Such a finding
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suggests that the design framework is helpful in facilitating an active learning experience. Fur-
thermore, it is found in this study that the extrinsic motivation of the middle and high back-
ground knowledge students’ extrinsic motivation reduced substantially when using the game-like
system, while their intrinsic motivation increased only slightly. On the contrary, both the intrinsic
and extrinsic motivation of the low background knowledge students increased when using the
system. It may be that intrinsic motivation might not be so important to middle and high back-
ground knowledge students in the game-like simulation setting because their high levels of
computational thinking skills may be sufficient to ensure a high level of engagement in their
learning. Such results may imply that learning strategies involving the use of game-like learning
systems like Train B&P might be most suitable for low background students.

The influence of the constructionism framework on the learning behaviors

The learning behavior analysis found that the behavioral patterns of the three groups in the
game-like learning system were similar. More specifically, all three student groups demonstrated
rich exploratory learning behaviors as their intrinsic motivation were increased. Such results are
consistent with the findings of the studies by Trevino and Webster (1992), indicating that stu-
dents are more likely to demonstrate exploratory behaviors when they are intrinsically motivated.
For instance, the students frequently applied the learning-by-example strategy to understand the
effect of some algorithmic thinking skills. Moreover, they also demonstrated analytical reasoning
behaviors to refine their learning. Such learning behaviors support the argument that game-like
learning systems should support sophisticated simulation functions so that students can take an
exploratory approach to learning in the system.

This study proposes a constructionism framework for designing game-like learning systems. The
evaluation was conducted in the learning context of algorithmic thinking skills. However, this
study mainly focuses on the influence of the proposed framework on different learners. It would
be interesting to investigate how students with different knowledge levels may interact with each
other when playing with the game-like learning system like Train B&P. In addition, this study only
analyzed the students’ motivations and challenge/skill perceptions to understand the effect of the
design framework on flow experience. It would be worthwhile to apply other instruments to
understand the flow experience associated with the system. For instance, the scale developed by
Trevino and Webster (1992) may be helpful to understand the effect of the system on other flow
components such as attention focus and curiosity. Moreover, it should be noted that most of the
students in this study were male. The findings may not therefore be generalized beyond this
particular study, especially as interest in building railway tracks may be gender specific. The type
of construction task largely affects the influence of the constructionism framework. Female
students may be more likely to be engaged in construction tasks such as building fashion and
textile artifacts (Buechley, Eisenberg, Catchen & Crockett, 2008). Future studies are necessary to
understand the relationship between gender differences and flow experiences. Gathering infor-
mation on these issues through further work can help clarify the findings of the present study. In
addition, the results of such studies could be integrated to build sophisticated learning environ-
ments to engage both female and male students in flow experience.
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