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Applying game mechanics and student-gener ated
guestionsto an online puzzle-based game learning
system to promote algorithmic thinking skills

Abstract

Algorithmic thinking is a core skill for construngj algorithms to solve problems and
for understanding computer science. The purposlei®btudy was to examine the
effects of using game mechanics and a student-gtkequestions strategy to
promote algorithmic thinking skills in an onlinezale-based game learning system.
An online puzzle-based game learning system, T@T®&lé Graphics Tutorial
System), was developed to help students learnitigac thinking skills by allowing
them to solve puzzles. A quasi-experiment was cotediuto examine the
effectiveness of using game mechanics alone amgj gsime mechanics plus a
student-generated questions strategy. Nine foudtegelementary classes (n = 242)
were used to form three treatment groups, includimg without game mechanics, one
using game mechanics, and one using game meclmngca student-generated
guestions strategy. The results indicate that TGS game mechanics significantly
enhanced algorithmic thinking skills and puzzlevsal performance. Furthermore,
although TGTS with game mechanics plus the stugenérated questions strategy is
less effective than TGTS with only game mechamqgsuzzle solving, it is in fact
more effective in enhancing the algorithmic thirkskills. Additionally, this study
demonstrated that TGTS with game mechanics plusttlteent-generated questions
strategy can enhance students’ engagement expesiand willingness to participate.
This study can be a reference for designing legrauiivities and developing an
online puzzle-based game learning system to prostatients’ learning of
algorithmic thinking skills.

Keywords:. distance education and telelearning, elementaugatbn, intelligent
tutoring systems, teaching/learning strategies



1 Introduction

Being literate in information technology is incremgy essential in the digital age.
Algorithmic thinking, one of the fundamental skiiéworking with information
technology, has gradually increased in importakeeg, 2015; National Research
Council, 1999). Algorithmic thinking is not only@mponent of competence in
information technology (Zsako & Szlavi, 2012) bsiaiso the key to understanding
computer science (Futschek, 2006). Algorithmickhig is a specialized problem-
solving skill that uses several different abilit{&atai, 2015). The fundamental
purpose of algorithmic thinking is to construct@ithms that can solve given
problems (Futschek, 2006). This qualifies as pubalged learning, which seeks to
engage students in thinking about how to scaffalii olve problems (Falkner,
Sooriamurthi, & Michalewicz, 2010; Michalewicz, kakr, & Sooriamurthi, 2011)
and enhance students’ critical analysis skills gratblem-solving techniques (Merrick,
2010). The ultimate goal of puzzle-based learngig inelp students become effective
problem solvers in daily life (Falkner et al., 201Recognizing that learning
algorithmic thinking is consistent with the natofepuzzle-based learning because
both focus on critical analysis, logical reasonamgl abstract reasoning to improve
problem-solving skills, this study used puzzle-lbHgsarning as a fundamental
strategy to develop an online learning system tp seidents learn algorithmic
thinking skills.

Although puzzle-based learning can be used asdafuantal strategy when
developing an online learning system, it remairsersal to have a proper strategy or
mechanism that can further increase students’ mtdir and engagement when they
are solving and practicing puzzles. Engaging stigd@repeatedly solving a puzzle
not only ensures that they truly understand hosotee that puzzle but also helps
students practice the essential skills of puzziesg. Integrating game-based
learning with puzzle-based learning to create algdzased game learning system
that could make puzzle solving identical to ganmaylg may help to fulfill the above
requirements of repetition and practice.

Some researchers have suggested that game-baseddezan support problem-
based learning by enabling students to apply their strategies and prior knowledge
to solving problems (Cicchino, 2015; Kim, Park, &dék, 2009; Papastergiou, 2009).
In fact, Kim et al. (2009) indicated that engagstgdents to implement problem-
solving strategies in a game-based learning enwiemt may be the primary factor in
promoting learning outcomes. This aspect providegart for integrating game-
based learning into puzzle-based learning, whickgarded as a type of problem-
based learning to engage students in solving aactiping puzzles. In addition, many
researchers have suggested that digital game-hem@ihg can promote students’
engagement, motivation and learning outcomes (Chdungng, & Chien, 2014; Jong,
2015; Kim et al., 2009; Papastergiou, 2009; Su &) 2013; Tuzun, Yilmaz-Soylu,
Karakus, Inal, & Kizilkaya, 2009). Engaging studetd learn by games that embed
educational objectives and learning materials mdt caises students’ learning
motivation and outcomes (Chang et al., 2014; Gee52Prensky, 2003; Sung &
Hwang, 2013) but also renders students’ learningenmieresting, enjoyable, learner-
centered, and thus more effective (Kafai, 2001;dvial] 1980; Papastergiou, 2009;



Prensky, 2001). These aspects provide suppomfegiating puzzle-based learning
and game-based learning to create an online pbzzed game learning system to
enhance students’ engagement and motivation.

However, because enjoyment and entertainment athe@rimary purposes of
educational games, educational games generallyar@s attractive or engaging as
commercial games (Kim et al., 2009; Webb, Bunchyé&llace, 2015). Although a
puzzle-based learning game may engage studergs\feral minutes at a time, it is
essential to identify a manner in which to persigyemaintain students’ interest and
motivation (Abdul Jabbar & Felicia, 2015; Csikszuaittalyi, 2008; Fullerton, 2008;
Klopfer, Osterweil, & Salen, 2009). Many studiesdandicated that in addition to
designing a game with basic game characteristg&isgigame mechanics to maintain
motivation and promote certain behaviors may becthieal strategy (Alaswad &
Nadolny, 2015; Bunchball Inc., 2010; Figueroa Fo2015; Hull, Williams, &
Griffiths, 2013). This study sought to integratengabased learning and puzzle-based
learning to create an online puzzle-based gamaitepsystem that would not only
support puzzle solving but also use game mechamiesgage students in voluntarily
attempting various puzzles and in repeatedly sglpmzzles they had previously
solved. By encouraging students to practice solpumgles repeatedly, this system
helps students master the basic concepts and predaving skills of algorithmic
thinking.

To ensure that the puzzles in this online puzzketlggame learning system include
the concepts and skills that students need to,l&8aerpuzzles are traditionally
generated by teachers. However, some studies hr@gsexd the importance of
allocating some of the responsibility for genergiijuestions to students (Barak &
Rafaeli, 2004; Brown & Walter, 2005; Dillon, 199B9nglish, 1997, Silver, 1994; Yu,
2009). Allowing students to produce questions i@irtpeers to answer — that is, a
student-generated questions strategy — would eagetstudents to reflect on what
they have learned; this content could then be egpb the construction of personal
knowledge (Bangert-Drowns, Hurley, & Wilkinson, ZQ@apinczak et al., 2012;
Rosenshine, Meister, & Chapman, 1996; Yu, 2009tullent-generated questions
strategy can promote improvements in comprehenattitydes, motivation,
problem-solving abilities, and flexible thinking lffamovich & Cho, 2006; Barak &
Rafaeli, 2004; Barlow & Cates, 2006; Brown & Walt2905; Dori & Herscovitz,
1999; Whitin, 2004; Yu, 2009; Yu & Liu, 2005). Treesffects, particularly on
problem-solving abilities and flexible thinking, Wbe highly beneficial in promoting
algorithmic thinking, which is considered to rel&eproblem-solving abilities
(Futschek, 2006; Katai, 2015). Furthermore, a stttqgenerated questions strategy
not only enhances student performance but alsodiiies the sources of questions
(Brown & Walter, 2005; English, 1997; Silver, 19943, 2009). Thus, some studies
have suggested that questions should be genenmataatibteachers and students
(Barak & Rafaeli, 2004; Dillon, 1990). Based on #imve, in addition to integrating
game-based learning and puzzle-based learningsttidy attempted to further
integrate a student-generated questions stratégyamonline puzzle-based game
learning system that supports not only puzzle aglhaut also puzzle designing to
promote algorithmic thinking skills.

1.1 Background



1.1.1 Algorithmic thinking skills

Algorithmic thinking has received increased attemiin recent years. Many studies
have indicated that algorithmic thinking is onelgé most important competences in
computer science (Cooper, Dann, & Pausch, 200@8ckak, 2006; Systo, 2015;
Zsako & Szlavi, 2012). An algorithm is a procedardormula comprising a series of
finite and implementable operations for solvingalgfem step-by-step (Futschek,
2006; Zsako & Szlavi, 2012). Algorithmic thinking ¢onsidered to be associated
with the skills of processing and creating algarigh(Katai, 2015). Futschek (2006)
defined algorithmic thinking as the ability to ctmst new algorithms for solving
given problems. Furthermore, the field of algoritbtiinking can be extended to
daily life (Amorim, 2005; Hubalovsky & Korinek, 261 Katai, 2015). Hubalovsky
and Korinek (2015) indicated that algorithms anmsthe common activities of daily
living. Therefore, algorithmic thinking is not onéyn important part of computer
science but also an important part of our dailgdi¢Amorim, 2005; Futschek, 2006;
Katai, 2015; Zsak6 & Szlavi, 2012). These argumeanterscore the importance of
promoting algorithmic thinking skills.

However, several factors render it difficult foudénts to develop algorithmic
thinking skills (Katai, 2015). Algorithmic thinkingncorporates many cognitive tasks,
such as abstract thinking, logical thinking, stanat thinking, and creative thinking
(Futschek, 2006; Katai, 2015). The abstractionsoofiputer algorithms generally
render it difficult for students to relate algorih to real-life experiences (Katai,
2015; Ramadhan, 2000). Futschek and Moschitz (20dtEd that novice learners of
algorithmic thinking generally have trouble witretabstraction of a programming
environment and with thinking through executivepstabstractly. Additionally, the
differences between the ways computers work an@véys that humans think can
increase students’ difficulties. Computers enalerghms designed for machines to
execute limited sets of fundamental instructiorgusatially; however, humans
naturally process large sets of high-level instand in parallel (Futschek & Moschitz,
2010; Katai, 2015). Students need more suppon@éncoming the difficulties of the
abstraction of algorithmic thinking and in transfong the ways they think by
problem solving.

To address the problem of abstraction, Futschekvioathitz (2011) suggested that
providing a manipulation and visualization tool vegepropriate for helping students
connect the real world to a programming environme&his study uses Logo, which
meets the requirements mentioned above, as thaimddr learning algorithmic
thinking skills. Logo is a well-known educationabgramming language that uses a
turtle (an on-screen cursor) to produce line gregpfiurtle graphics) by giving the
turtle movement commands and drawing instructibfemy studies confirm that
Logo may benefit students in not only fosteringgreanming skills but also
providing experiential learning, enhancing geoneatdncepts, developing spatial
abilities, and promoting other higher-order thirkskills (e.g., critical thinking skills,
problem-solving skills, reflection and self-monitay) (Clements, 2002; Clements &
Sarama, 1997; McAllister, 1991; Miller, 1998; Pdp&B80; Ratcliff & Anderson,
2011; Vasu & Tyler, 1997; Yeh & Chandra, 2015). bqiovides a programming
environment in which abstract ideas can be expde$sadled, and dynamically
tested to help students internalize the transfaondtetween abstract ideas and
concrete models in cognitive processes (Paperf);198an & Black, 1990). In the
interactive programming environment, students eat bbserve, and correct their



strategies and then learn from trials and mistéikeiéer, 1998; Ratcliff & Anderson,
2011; Sharp, 1993). By providing a constructivestrhing environment, Logo
promotes the development of reasoning, logic, andgulural and debugging skills
that are essential to algorithmic thinking skilgil{er, 1998; Poulin-Dubois, McGilly,
& Shultz, 1989). In addition to using Logo to adsk¢he problem of transformation,
Futschek (2006) suggested that the fundamentapeautical strategy for teaching
algorithmic thinking skills was allowing studentsgolve multiple problems.
Therefore, this study used puzzle-based learnirntg #isndamental strategy to help
students learn algorithmic thinking skills. By tagangement of moderate and
progressively more difficult problems, students barguided to solve problems step-
by-step.

To teach algorithmic thinking skills, it is firsenessary to determine what concepts
should be included in algorithmic thinking. Manydies have proposed various
concepts that should be included (Futschek, 200&ckek & Moschitz, 2011,
National Research Council, 1999). Cooper et aD@2@roposed that the general
algorithmic concepts include functional decompositirepetition, basic data
organizations, generalization and parameterizataprdown design, and refinement.
Futschek and Moschitz (2011) proposed that theclzgorithmic concepts include
basic commands, sequence commands, iteration codsmaternative commands,
and abstraction commands. This study followed tlggsstion of Cooper et al. (2000)
and Futschek and Moschitz (2011) to incorporatéckagorithmic concepts into the
online learning system developed by this studyfamg learners.

Although several studies have sought to teach isfgpic thinking skills to students
(Cooper et al., 2000; Futschek & Moschitz, 2011taKe€2015), some have noted the
need for more research before conclusions candvendregarding how best to help
students learn algorithmic thinking skills (Coop¢rl., 2000; Katai, 2015). In
investigating the issue of teaching algorithmickimg skills to elementary school
students, this study attempted to develop an opluzzle-based learning system that
can support students in learning algorithmic thagkskills at any time and in any
location.

1.1.2 Game-based learning

In recent years, game-based learning has attraatezhsing attention because of its
positive effectiveness in promoting students’ ergagnt, motivation, and learning
outcomes (Games & Squire, 2011; Jong, 2015; Kdb@dHirumi, 2008). Game-
based learning is generally defined as engagirdgests in a type of game to play
with distinct learning goals that seek to develogirt cognitive abilities (Erhel &
Jamet, 2013; Plass, Homer, & Kinzer, 2015; Sha8quire, Halverson, & Gee, 2005;
Webb et al., 2015). Game-based learning considerbdve potential in the learning
environment is based on several central aspeasiding students with challenges or
difficulties to overcome, enabling students to carelprior knowledge from different
aspects to make meaningful decisions, and encawgatlidents to predict what will
result from their decisions and actions (Bouraal.e®2004; Cicchino, 2015; Kim et al.,
2009; McCall, 2012). These aspects are consisteghtthe essential elements of
constructing a puzzle-based learning environmedtpaiavide support for integrating
game-based learning into puzzle-based learningette a puzzle-based game
learning system (Connolly, Boyle, MacArthur, Hain&yBoyle, 2012; Klymchuk,
2017).



With the wide application of technology in educatidigital games holding the
inherent characteristics of goals, interactiondbsek, and entertainment have been
given distinct educational purpose and developaadmote students’ cognitive and
intelligent abilities (Abdul Jabbar & Felicia, 201A8laswad & Nadolny, 2015; Kim et
al., 2009; Su & Cheng, 2013; Webb et al., 2015)weleer, it is not sufficient to
simply transform puzzle-solving into the form gbazzle-solving game that only
possesses the inherent characteristics of digaraleg. Kim et al. (2009) indicate that
because they are developed specifically to acHearaing objectives, educational
games are usually not as attractive or engagingttmtents as commercial games.
Moreover, puzzle-based learning games are usuallgsientertaining as other types
of games. Although puzzle-based learning gamedeaiayed for some minutes at a
time because they invoke the concept of flow, perbdsed learning games still
require game mechanics to persistently maintaidestis’ interest and motivation
(Abdul Jabbar & Felicia, 2015; Csikszentmihalyip80Fullerton, 2008; Klopfer et
al., 2009). How to drive and maintain the studeatgjagement and attempts to solve
puzzles is an important issue when designing a gzased learning environment for
puzzle solving.

When implementing game-based learning, many stumdies attempted to introduce
systematic mechanisms for designing a game-baaeung environment, including
game characteristics (the common characteristatsniiost games have) or game
mechanics (the control mechanisms that are useitiste and maintain interest in
gaming activities) (Alaswad & Nadolny, 2015; Bunahbnc., 2010; Figueroa Flores,
2015; Hull et al., 2013). Hamari, Koivisto, and §a(2014) reviewed several studies
and proposed ten of the most popular mechanismsdhngromote engagement:
providing clear goals, providing challenges, arrag@ story or theme, providing
feedback, using levels, allotting points, displayprogress, awarding rewards,
granting badges, and showing leaders on leaderbo@rdviding clear goals,
providing challenges, arranging a story or theme, @oviding feedback are game
characteristics that may apply to creating a pubaked learning game; using levels,
allotting points, displaying progress, awarding aeds, granting badges, and showing
leaders on leaderboards are game mechanics that¢mgage students when they are
playing the puzzle-based learning game. Cugelm@b3Psuggested that these
systematic mechanisms might be used to interabtstitdents in online learning
systems to increase engagement. However, how tg apponly game
characteristics to transform puzzle solving intg@e of game playing but also game
mechanics to design an online puzzle-based gama@ngasystem to engage students
in learning algorithmic thinking skills is an isstit is worth exploring.

1.1.3 Student-generated questions strategy

A student-generated questions strategy is regasl@mh important cognitive strategy
that may contribute to fostering and monitoring poainension and to self-regulatory
cognitive development (Abramovich & Cho, 2006; Barl& Cates, 2006; Brown &
Walter, 2005; Palinscar & Brown, 1984; Papincza&lgt2012; Rosenshine et al.,
1996; Yu, 2009). Generating questions does nottijrguide students to
comprehension in a step-by-step manner, but ratngages students in analyzing
learning content, identifying main concepts, anchbming this information during

the process of generating questions (Craik & Lookli®72; Rosenshine et al., 1996).
By requiring students to recall learning conteet;dime aware of the key points of



learning content, generate answers to self-desigoestions, and reflect on what
they have learned, the student-generated questimategy allows students to identify
and resolve incomplete or inadequate comprehemsidrmonitor the state of their
own comprehension (King, 1994; Palinscar & Brow®84; Wong, 1985).
Furthermore, students may benefit from generatiegqjuestions that will be
answered by their peers. Psychological studies hated that having an audience
affects the effort and interest of students, whibtiwen view tasks as more
meaningful and relevant, thus promoting betterqgrerance (Cohen & Riel, 1989;
Redd-Boyd & Slater, 1989; Ward, 2008; Yu & Chenl£2) For the above reasons,
this study hypothesizes that integrating a stugentrated questions strategy into an
online puzzle-based game learning system that gupgort puzzles designed by
students will further engage students in a deepéerstanding and processing of the
basic concepts and problem-solving skills of aldponic thinking.

Several studies have provided empirical evidencipport the hypothesis that a
student-generated questions strategy could comgriiouthe learning process
(Rosenshine et al., 1996; Yu, 2009; Yu & Chen, 200¥addition to enhancing the
cognitive learning process (Drake & Barlow, 2008 & Liu, 2009; Zohar & Dori,
2003), student-generated questions also help studethe affective domain by
enhancing learning motivation (Chin & Brown, 200@)pmoting active learning (Liu
& Yu, 2004), and encouraging positive attitudesdaoiearning new content (Keil,
1965; Perez, 1985). Nevertheless, most studigsedftident-generated questions
strategy have focused on inquiring about the etbétext-based questions, and few
empirical studies have been conducted on usingsthasegy to promote algorithmic
thinking. Allowing students to construct questiarssng a form of turtle graphics to
promote algorithmic thinking is an issue that mhestddressed.

1.2 Purposeand questions

This study used an online puzzle-based game lgagyistem that integrates puzzle-

based learning, game-based learning and a studeetajed question strategy to

promote algorithmic thinking skills. However, howuse the game mechanics to

maintain students’ engagement and motivation ratreer creating a puzzle-solving

game that only possesses game characteristicsesduither investigation.

Furthermore, the effect of using a student-gendrqtestions strategy to allow

students to design puzzles on a puzzle-based gaar@rig system is another

important issue. To examine the effect of using gamechanics and a student-

generated questions strategy, three types of sysierhanisms — using a puzzle-

based game learning system that only possessesaamaeteristics as a fundamental

strategy — were developed to encourage studeetsgage in puzzle-solving activities

to learn algorithmic thinking skills: without gamgechanics, with game mechanics,

and with game mechanics plus the student-genegatestions strategy.

The research questions for this study were asvistlo

® Are there differences among students who use tiee tigpes of system
mechanisms with regard to algorithmic thinking Iskil

® Are there differences among students who use tiee tigpes of system
mechanisms with regard to puzzle-solving perforre&nc

® Are there differences among students who use tiee tigpes of system
mechanisms with regard to attitudes toward learaitgyities?



2 Method

A quasi-experimental design was adopted with ptetsd posttests for the
evaluation. The independent variable was whetheregaechanics or the student-
generated questions strategy was used duringdheing activity. Three treatment
groups were developed: the puzzle-based game mgagnoup (PBL, control group),
the puzzle-based game learning plus game mechgmiap (PGM, Experimental
Group I) and the puzzle-based game learning plogegaechanics and a student-
generated questions strategy group (PGS, Experan@nbup Il). The dependent
variables included the assessment of algorithmindkithg skills, performances of
solving puzzles, and attitudes toward learningvéiets. Four learning activities,
including a series of tasks supported by the T@tigphics Tutorial System (TGTS),
were arranged.

2.1 Participants

Nine fourth-grade elementary classes (N = 242, 8g63) formed the PBL group (82
total, 38 boys and 44 girls), the PGM group (7@ltd®9 boys and 40 girls), and the
PGS group (81 total, 39 boys and 42 girls). Thelawac performances of students in
these classes were similar. The students had rakémematics lessons in
fundamental geometrical concepts and computerasssdbasic computer operations
and applications. Thus, the students had the ls&#is to operate computers and use
a browser to surf the Internet. However, they haéxperience in algorithmic
thinking or programming.

2.2 Instrumentation and measurement

2.2.1 TurtleGraphicsTutorial System (TGTS)

A web-based Turtle Graphics Tutorial System (TGW83 utilized to help students
learn turtle graphics. TGTS was modified and ex¢ehidlased on the turtle game of
Blockly Games (Google Inc., 2015), which is a sseaéeducational games for
teaching turtle graphics. Blockly Games uses vibl@k programming editors by
linking the blocks of program commands togethentike writing code easier,
helping students learn the general concepts atid skalgorithmic thinking. The
turtle game of Blockly Games is an aggregation séres of puzzles that use
command blocks to draw turtle graphics. This stodyified and extended Blockly
Games'’ turtle game to a complete web-based leasyisigm that could manage
learning activities, provide a tutorial mechanisithvan interactive guide, record the
learning processes of students, and integrate gagcbanics and a student-generated
guestion strategy. TGTS provides a series of puslng activities that guide
students to learn the general concepts of algoritiinmking. Each activity contains a
series of puzzles that comprise line graphicsshatents must solve by moving and
drawing the same graphics to complete the tasks.

2.2.1.1 Puzzle based game learning in TGTS

In this study, every student who used TGTS plaheddle of a novice wizard whose
goal was to complete all wizard learning activiti€s achieve their goals, novice
wizards were required to solve all of the puzziethe learning activities. Each puzzle
was a line graphics task that relied on the corscaptl problem-solving skills of
algorithmic thinking and met the criteria for goeducational puzzles. Falkner et al.
(2010) proposed that educational puzzles satigfgtheria as follows: independence,



generality, simplicity, eureka factor, and entemaént factor. Two content experts,
computer science teachers with a master degremmputer science education,
reviewed and revised the Blockly Games puzzlesatcimthe criteria. When a novice
wizard was challenged to solve a puzzle, he/sher@psred to use incantation
blocks (command blocks) to move a mysterious st@hesturtle in turtle graphics) to
draw a line graphic that was identical to the maphic of the puzzle. The interface
observed when solving a puzzle is shown in Figur® dovice wizard was not only
required to draw a line graphic that was identioahe line graphic of the puzzle but
also to do so using the smallest number of bloiélkesnovice wizard drew the same
graphic and used the fewest blocks, he/she soheeguzzle. Every time a novice
wizard solved a puzzle, he/she received from OpoiBts according to the number of
blocks and whether he/she had solved the puzzter Aach try, TGTS displayed
feedback containing the score for the student'stewi, possible causes of mistakes,
requirements that were not yet met, or hints apoatle-solving strategies. Providing
real-time feedback not only immediately informeddgnts of the results of their
challenges and what mistakes they had made butwats®d students in solving
puzzles according to the mistakes they had made.

=—==—=——=====|nsert Figure 1. ==========
Figure 1. The interface of solving a puzzle

TGTS, applying puzzle-based game learning as destabove, implemented several
basic game characteristics, such as providingrg estaheme, providing a clear goal,
offering challenges, and providing feedback.

2.2.1.2 Game mechanics

To advance student engagement and promote deslieabfeng behaviors, this study
integrates several game mechanics in TGTS. Thelgogame mechanics applied in
TGTS are shown in Table 1, which includes poirgadkerboards, levels and badges.
Allocating points is one of the most popular gamexhanics, showing how the
students’ rank by leaderboards and levels can eagelwa sense of competition, and
changing badges can trigger more fun and motivafibrs study also demonstrates
the progress that indicates the point at whicludestt challenges each puzzle during
all activities on both personal and activities vpelges to help each novice wizard
learn the progression of challenging every puzzle.

Table 1. The game mechanics used in TGTS
=—=========|nsert Table 1. ==========

2.2.1.3 Student-generated questions with peer assessmatieigst

To evaluate students on what they have learnesisthdy used a student-generated
guestions strategy, which is to allow the studémt$esign their own turtle graphic
puzzles using restricted types of blocks. Othedestis in addition to the puzzle
designer can solve the puzzles under identicalitond. However, the challenger
must attempt not only to draw a graphic that isiteal to the puzzle but also to use
fewer blocks than the designer used. If a challenge draw the same graphic and
use fewer blocks than the designer, the challecgemin a “star,” indicating that he
or she has made a breakthrough in the solutioneofiésigner. To avoid a puzzle
being solved and even to avoid breakthroughs bifestgers, the designer of the
puzzle must think about not only how to designghegphic but also how to increase



10

the difficulty of the puzzle and reduce the numtsieblocks used. To do this, the
puzzle designers must analyze the components gfriphics that they have solved,
master the solving strategies that they have |lelaed then apply, vary, and
reorganize those skills to construct a new algorith draw the graphics that they
want to design. They must try to use the fewestlmrmof blocks and try other
possible solutions that can draw the same grahutase fewer blocks than the
solution has required so far. Thus, allowing stuslém design puzzles can reflect their
learning status and give them a deeper comprehensibe basic concepts and
problem-solving skills of algorithmic thinking. Theterface of designing a turtle
graphic question and saving it as a puzzle forgptesolve is shown in Figure 2.

====—=—=====|nsert Figure 2. ==========
Figure 2. The interface of designing a turtle gra@gimd saving it as a puzzle

2.2.2 Assessing algorithmic thinking skills

The pretest and posttest, compiled by a compuiense teacher with a master degree
in computer science education, were used to measgwathmic thinking skills. Two
other content experts, computer science teachénsawnaster degrees in computer
science education and with 22 and 26 years of ieg@xperience, respectively,
reviewed and revised the questions of the pretebspasttest to ensure content
validity. The pretest comprised 4 multiple-choiegestions, an ordering question, 12
fill-in-the-blank questions, and 2 free-responsedjions (Cronbachis= 0.808). The
total score of the pretest was 27 points. Becatemgidg the turtle graphic requires
concepts of space and geometric shapes, in addititine basic concepts of
algorithmic thinking such as decomposition, sequeg@nd repetition, the topics
covered in the pretest included basic geometricepts and geometric problems too.
An example question set from the pretest is preskin¢low:

—==——=—=====|nsert Figure 3. ==========
Figure 3. An example question set from the pretest

The criteria of assessing free-response questienasafollows:

® 3 points: Solve the puzzle that uses a minimum rermmbcommands or
execution times.

® 2 points: Solve the puzzle that uses more commankigger execution times
than the answer’s.

® 1 point: Do not solve the puzzle but the sub praceds correct

® 0 points: Do not solve the puzzle at all.

The posttest comprised an ordering question, 2himagauestions, 5 multiple-choice
questions, 6 fill-in-the-blank questions, and l&efresponse questions (Cronbach's
= 0.86). The total score of the posttest was 78tpoil'he topics covered in the
posttest for assessing the concepts and skillgofithmic thinking included
sequence concept, iteration concept, geometricepiscdecomposition, pattern
recognition, variable operation, reading code, dgmg, and refinement.

2.2.3 Comparing puzzle-solving performances and attitudes toward learning
activities

To compare participants’ performance in solvingzdegz when using the learning

activities of TGTS, the following performances wemmpared:
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® Attempted puzzles: the number of puzzles that Hréqypants attempted to solve.
This comparison confirmed whether the participamthe three groups
attempted to solve various puzzles.

® Solved puzzles: the number of puzzles that wenseesotompletely. This
comparison compared how many puzzles the partitsparthe three groups
solved completely (i.e., got a top score on a @)zzl

® Times attempted: the number of times participatiesrgted to solve puzzles.
This comparison confirmed whether the participamthe three groups
continued attempting to solve puzzles.

® Times solved: the number of times participantsetlpuzzles completely. This
comparison compared how many times the participarttse three groups
solved puzzles completely.

To evaluate students’ engagement and attitudes dotiva learning activities of
TGTS, this study compiled an attitudinal questiormacluding three dimensions:
system usability, engaging experience, and willeggto participate (Dominguez et
al., 2013; Flatla, Gutwin, Nacke, Bateman, & Marg3011; Guin, Baker, Mechling,
& Ruyle, 2012; Li, Grossman, & Fitzmaurice, 2012itMScheiner, & Robra-
Bissantz, 2011). The questionnaire comprised elguestions based on a five-point
Likert scale (Cronbachs= 0.944). Some question examples from the attitaldi
guestionnaire follow:

® | think that the feedbacks when solving a puzzlelosap me solve the puzzles.
® | enjoy solving the puzzles.

® |[f TGTS adds new activities, | am willing to parpiate in these activities.

The two previously mentioned content experts frauti®n 2.2.2 reviewed and
revised the questions on the questionnaire to erurtent validity.

2.3 Procedure

The quasi-experiment continued for ten weeks, ohiolyia week for the pretest, eight
weeks for learning turtle graphics by solving peszind a week for the posttest. Four
learning activities continued for eight weeks, tweeks for each. The participants
engaged in learning activities in computer lessaisch occurred once a week. The
computer teacher provided technical support andeglparticipants enrolled in
TGTS; however, he did not teach students how teestble turtle graphic puzzles or
intervene in the learning processes of the pagii@ To ensure that the time the
three treatment groups spent on the learning @ieswvas identical, TGTS limited
participants to logging in to TGTS only during coumgr lessons. The steps were as
follows:

1. Pretest
Students took the pretest on algorithmic thinkikigjsand basic geometric concepts
before the treatment.

2. Treatment activities
The three treatment groups were the PBL, PGM, &8.H he experimental
treatment and learning activities for the threeugare presented in Table 2.

Table 2 Experimental treatment and learning aativitor the three groups
=—=========|nsert Table 2. ==========
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Within TGTS, all three groups enrolled in the leagnactivities of solving puzzles
that were designed based on puzzle-based leatniagdition to the PBL, the user
interfaces of the PGM and PGS were embedded igahee mechanics mentioned
above to promote student engagement. Furthernmesndourage student reflection,
the PGS were required to design puzzles for otiugiests to solve in Activity 2 and
Activity 4. Turtle Graphic Puzzles Level 1 in Adtiy 1 and Turtle Graphic Puzzles
Level 2 in Activity 3 each contain nine turtle ghég puzzles that guide students
through the basic concepts and solving skills gbathmic thinking and the
operations of command blocks. The turtle graphgeiuas puzzles in Turtle Graphic
Puzzles Level 1 and Turtle Graphic Puzzles Lewaie2as in Figure 4:

=—==—=—=—=====|nsert Figure 4, ==========
Figure 4. The turtle graphics used as puzzles el Graphic Puzzles Level 1 and 2

In Turtle Graphic Puzzles Level 1, the commandsl disesolving puzzles include
action commands and iteration commands, and theepds and skills required to
solve puzzles include sequence concepts, iteratinnepts, geometric concepts,
decomposition, and pattern recognition. In Turttaghic Puzzles Level 2, the
commands used for solving puzzles include actionmmands, variable commands,
and iteration commands, and the concepts and si&dlsired to solve puzzles include
sequence concepts, iteration concepts, geometnimepts, decomposition, pattern
recognition, variable operations, reading code, rafidement.

3. Posttest

After the four learning activities of solving pueglwere concluded, the students took
the posttest on algorithmic thinking skills and qdeted TGTS feedback
guestionnaires.

3 Analysesand Results

To examine whether there were significant diffeesnamong the three treatment
groups in algorithmic thinking skills, puzzle-saigi performance, and attitudes
toward learning activities, this study performedasalysis of covariance (ANCOVA)
on the posttest scores, a multivariate analysimoance (MANOVA) on the

collected numbers of various types of puzzle-sg\performances, and a multivariate
analysis of variance (MANOVA) on the scores of theee dimensions of the students
attitudes toward learning activities.

3.1 Algorithmic thinking skills
Table 3 reports on the means and standard dewsatifote posttest scores for the
three treatment groups.

Table 3 Summary of means!) and standard deviationS[) for the posttest.
==========|nsert Table 3. ==========

Tests of the homogeneity of the regression coefiiicindicate that the interactiéin=
1.941 between the independent variables and covariaas .146p(> .05). This
confirms the hypothesis of the homogeneity of #gression coefficient.
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Table 4 presents the results of the ANCOVA on th&ttest. The independent

variable was whether game mechanics or the stugirgrated questions strategy was
used during the process of learning activities, taeddependent variable was the
student's posttest score on algorithmic thinkintssk

Table 4 Summary of the ANCOVA results on the pastigth the pretest as the
covariate.

The post ANCOVA and pairwise comparisons revedi i PGM and PGS groups
both scored significantly higher than the PBL [P@M- .000), PGS = .000)], and
the PGS scored significantly higher than the P@M (033). This result indicates
that the performance of the PGS in algorithmickimg skills was the highest of the
three groups and the performance of the PGM inrglgoic thinking skills was
significantly better than the PBL.

3.2 Comparison of puzzle-solving performances

Table 5 presents the summary of the MANOVA rediaitghe puzzle-solving
performances. The independent variable was whegtrmae mechanics or the student-
generated questions strategy was used during tliee$s of learning activities, and
the dependent variables were the numbers of vatypes of puzzle-solving
performances.

Table 5 Summary of the MANOVA results for puzzldvang performances.
==========|nsert Table 5 ==========

The results indicated significant differences amtiregthree treatment groups in all

four puzzle-solving performances. Tpest hoccomparisons reveal the following:

® For the number of puzzles attempted performanbes?GM and PGS groups
were both significantly higher than the PBL [PGM=.000), PGS{ = .001)]
with the PGM higher than the PG®= .001).

® For the number of puzzles solved completely, th&IR@d PGS groups were
both significantly higher than the PBL [PGM £ .000), PGS = .001)] with
the PGM higher than the PGB .022).

® For the number of times participants attemptedteespuzzles, the PGM and
PGS groups were both significantly higher thanRB& [PGM ( = .000), PGS
(p = .000)] with the PGM higher than the PG5=(.004);

® For the number of times participants solved puzetespletely, the PGM and
PGS groups were both significantly higher thanRB& [PGM ( = .000), PGS
(p = .000)] with the PGM higher than the PG5=(.018).

These results confirmed that in all four performadonensions, the PGM performed
the best among the three groups and the PGS pexdidoetter than the PBL.

3.3 Comparison of attitudestoward lear ning activities

Table 6 presents the summary of the MANOVA redigltsattitudes toward learning
activities. The independent variable was whetherggenechanics or the student-
generated questions strategy was used during tleegs of learning activities, and
the dependent variables were the scores on the dnreensions of the students’
attitudes toward learning activities.
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Table 6 Summary of the MANOVA results for attitudes/ard learning activities
==========|nsert Table 6 ==========

The results of the MANOVA indicated that there wassignificant difference among
the three treatment groups in system usability;éwes, there were significant
differences among the three treatment groups iaging experiences and willingness
to participate. Thpost hoccomparisons of engaging experiences indicatedhleat
PGS scored significantly higher than the PBI=(.001) and PGM groupg € .004),
indicating that participants in the PGS had momgaging experiences than members
of the PBL and PGM groups in the learning actigittd TGTS. Theost hoc
comparisons of willingness to participate indicdtat the PGS was significantly
higher than the PBLp(= .002), indicating that participants in the PG&&vmore
willing to participate in the learning activitie§ BGGTS than members of the PBL.

4 Discussion

To identify the performance differences among tred settings — puzzle-based
learning without game mechanics (PBL), with gamemaaics (PGM) only, and with
game mechanics plus the student-generated questiatsgy (PGS) — this study
analyzed and compared the activities when solvurzies and the attitudes toward
learning activities.

The results of the ANCOVA of algorithmic thinkingiks indicated that the
performances of the members of the PGM and PGS patt@ipated in the learning
activities of TGTS based on puzzle-based gameile@mith game mechanics, were
both better than the members of the PBL, who ppdied in the learning activities of
TGTS based on puzzle-based game learning witheuégaechanics. Furthermore,
the performance of the members of the PGS, whacpeated in the learning

activities of TGTS by further applying the studgeterated questions strategy, was
significantly better than the performance of thembers of the PGM in algorithmic
thinking skills. To further confirm this result,ishstudy reviewed the pseudocodes
that students replied to the free-response questibthe posttest to compare the
performance differences among the three settirgmudbcodes assessment indicated
that the majority of the participants were familigith commands operation and
sequence concepts, although there were huge diffieseamong participants in
familiarity with iteration concepts, decompositigrattern recognition, and variable
operations. Overall, pseudocodes produced by tmeb®es of the PGM and PGS
groups, particularly for the PGS, were better ttimse produced by the members of
the PBL in accuracy and integrality. This resuttioated that the members of the
PGM and PGS groups were more familiar with the epits; algorithms and skills of
solving puzzles and more adept at applying thosls $& solve various problems than
the members of the PBL. Because the results iretidhiat the PGM and PGS groups
were better than the PBL in all four puzzle-solvpggformances, the results of the
ANCOVA of algorithmic thinking skills and the rewieof the pseudocodes were both
reasonable. Using game mechanics, this study eagedrmembers of the PGM and
PGS groups not only to try and solve a puzzle rtiores but also to try and solve
more puzzles. Practice has been regarded as dhe ofajor fundamentals in learning
process (Dick, Carey, & Carey, 2005; Yu & Chen,£01n addition, Futschek
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(2006) suggested that engaging students in solkanigus problems is a fundamental
and practical strategy for promoting algorithmimiing skills. Practicing and
experiencing puzzle-solving more times and morelaszhelped the members of the
PGM and PGS groups mastering the concepts and skiligorithmic thinking.
Furthermore, previous studies indicated that utiegstudent-generated questions
strategy might help students enhance comprehernmiomote diverse and flexible
thinking, and increase problem-solving abilitied(amovich & Cho, 2006; Barlow

& Cates, 2006; Dori & Herscovitz, 1999; English9T9. Therefore, members of the
PGS group further enhanced the comprehension gilitaon of algorithmic
thinking skills. These results can confirm thatlgjpy game mechanics to online
puzzle-based game learning systems can promotgthtga thinking skills, and the
additional student-generated questions strategyw#rer promote algorithmic
thinking skills.

Comparing the number of puzzles solved and the eumitimes puzzles were
solved completely among the three groups [PBL @&2.25.000); PGM (29.835,
66.620); PGS (26.852, 44.173)], this study fourat the participants in the PGM
(29.835, 66.620) and PGS (26.852, 44.173) groupmated repeatedly to solve
puzzles they had solved completely before. Thagyaants in the PBL group (22.756,
25.000), while, tried fewer times to solve agajpuazle that they had previously
solved. In addition, comparing the number of puzagempted (PBL, 31.476; PGM,
41.253; PGS, 36.296) and the number of times pszzére attempted among the
three groups (PBL, 142.171; PGM, 243.646; PGS 430, this study found that the
participants in the PGM and PGS groups attemptaaliee not only more puzzles but
also more times than the participants in the PBiis Tesult indicated that the
members of the PGM and PGS groups were more enetiget the members of the
PBL in attempting to solve various puzzles and akimg more attempts to solve
puzzles. Calculating a ratio by the number of agtesnto solve puzzles (243.646
times) over the time of using the learning syst866(2 minutes) for the PGM, the
participants in the PGM attempted to solve puzabksesly once per minute (0.915
times/minutes). This result indicates that theipignts in the PGM group have
acted quickly and energetically to think about algorithm of solving a puzzle, drag
the command blocks to complete the algorithm, amdtine algorithm to test whether
the puzzle could be solved in a short time. Thedysis indicates that using game
mechanics in an online puzzle-based game learystgre can encourage students to
solve puzzles repeatedly and energetically, in @ae with previous studies that
indicated using game mechanics could promote dkebebaviors (Elverdam &
Aarseth, 2007; Hamari et al., 2014; Lee & Hamm®84,12 Muntean, 2011; Robson,
Plangger, Kietzmann, McCarthy, & Pitt, 2015). Byhancing puzzle-solving
performances, the use of game mechanics can esgatgnts in experiencing various
puzzles and in mastering methods of solving puzateisthe concepts of algorithmic
thinking; thus, using game mechanics can encowagients to learn algorithmic
thinking skills. However, observing the puzzlest tstadents repeatedly solved, this
study found that because the students were freeléat puzzles in an activity, the
students tended to select easy puzzles to sole&lguo accumulate “magic points”
quickly and upgrade their wizard levels. This bebaef “bumping up points” is
expected to encourage students to learn and nthsteoncepts and puzzle-solving
skills of algorithmic thinking; however, if studenbnly select easy puzzles to solve
repeatedly, the effect of helping them master iffeedlt and complex concepts and
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puzzle-solving skills of algorithmic thinking witle reduced. This issue must be
addressed in future studies.

Although the performance of the members of the BB8p was better than the
members of the PGM in algorithmic thinking skilise results of the MANOVA
indicated that in all four puzzle-solving perfornecas, the PGM group scored higher
than the PGS. The observations revealed that bethed$GS, using the student-
generated questions strategy, was required to sgmnd time designing puzzles in
Activity 2 and Activity 4, the number of attemptpdzzles and solved puzzles and the
numbers of times attempted and times solved wehecezl during the period of these
two activities. However, when students designetietgraphics freely, they not only
reflected on the concepts, algorithms and skillsaiwing puzzles but also tried to
apply these concepts, algorithms and skills to csmg, restructuring or
constructing new puzzles for their peers to sdByeinvolving students in thinking
about generating turtle graphics actively and orebt, the student-generated
guestions strategy further encouraged studengsata kalgorithmic thinking skills. In
this manner, students not only reflected on whey thad learned but also learned to
employ the concepts, algorithms, and problem-sglgkills of algorithmic thinking

in a creative manner.

In addition to assessing algorithmic thinking skdind comparing puzzle-solving
performances, this study also compared attitudeartblearning activities. The
results of comparing attitudes toward system usgloiidicated no significant
differences among the three treatment groups. rélsigdt indicates that applying game
mechanics or game mechanics plus the student-dedemaestions strategy in online
puzzle-based learning systems has no effect ormayssability.

The results of comparing attitudes toward engagémgreriences and willingness to
participate among the three treatment groups itelicéhat the PGS group scored
significantly higher than the PBL and PGM in engagat experiences and scored
significantly higher than the PBL in willingnessparticipate. As some studies have
noted, in addition to fostering comprehension,shelent-generated questions
strategy also helps students become more involvéshrning activities, and positive
attitudes toward learning are important (Chin & 8 2002; Keil, 1965; Perez,
1985; Yu, 2009). Similarly, this result indicatéat the student-generated questions
strategy plus game mechanics can encourage studesrigage in learning activities
and enhance their willingness to participate imalne puzzle-based learning system.
Therefore, a student-generated questions strategygpme mechanics is beneficial
in promoting not only the performance of algoritlerthinking but also positive
attitudes toward engaging experiences and willisgrie participate.

However, the results of comparing attitudes toweargagement experiences and
willingness to participate indicated no differemegween the PBL and PGM groups.
These results indicate that although applying gareehanics may promote students’
puzzle-solving performance it did not enhancewatts toward engagement
experiences and willingness to participate in dimerpuzzle-based game learning
system. The situation in this study is that bothRBL and PGM used a puzzle-based
game learning system with game characteristicsfasdamental strategy. Malone
(1980) indicated that educational games could imggiudents’ motivation and
engagement by embedding essential game charaicedath as challenge, fantasy
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and curiosity. Moreover, some studies reporteddahlhbugh using game mechanics
indeed promotes the desired behaviors, some etfetsrose from using game
mechanics, such as increasing competition, musrtieless be considered
(Hakulinen, Auvinen, & Korhonen, 2013; Hamari et @014; Hanus & Fox, 2015;
Huotari & Hamari, 2012). The issue on how to usmganechanics to not only
promote behaviors but also enhance attitudes toamhline game-based learning
system must be further investigated in the future.

Although this study produced positive findings netjag the use of game mechanics
and the use of a student-generated questionsggtriat@n online puzzle-based game
learning system, a limitation of this study is ttia experiment was conducted over a
short period. Many studies have noted that usimgeganechanics may not be
effective over a long run (Farzan et al., 2008; dan?2013; Hamari et al., 2014).
Whether using game mechanics or the student-gedkegaiestions strategy has
significant effects on an online puzzle-based ghlraming system for a longer
experimental period remains to be addressed ifuthee.

5 Conclusions

This study investigated whether using game mechand a student-generated
guestions strategy in an online puzzle-based gaaraihg system can promote
algorithmic thinking skills. For that, an onlinezale-based game learning system,
TGTS, which can integrate game mechanics and emigagdent-generated questions
strategy beyond using puzzle-based game learniitg basic strategy, was developed.
The results of assessing algorithmic thinking skitidicated that the PGM group,
using puzzle-based game learning with game mechaniy, and the PGS group,
using puzzle-based game learning with game mechahis the student-generated
guestions strategy, both of which participatechi learning activities with game
mechanics, were more effective than the PBL grauych participated in the

learning activities without game mechanics. Furtiere, the PGS group was
significantly more effective than the PGM. The fesof comparing puzzle-solving
performances indicate that using game mechanias online puzzle-based game
learning system can enhance all four types of pexdoces: the number of puzzles
attempted, the number of puzzles solved, the nuwitignes students attempted to
solve puzzles and the number of times studentedqgiuzzles completely. Thus,
using game mechanics in an online puzzle-based ggan@ng system can positively
influence the behaviors of students participatmgarning activities. The results of
comparing attitudes toward learning activities aade that using game mechanics
plus a student-generated questions strategy imkmequzzle-based game learning
system can enhance engagement experiences amynas to participate. In
conclusion, the results revealed that in an orpimezle-based game learning system,
using game mechanics can enhance algorithmic tigrékills and performance in
solving puzzles. Furthermore, although in termpu#zle-solving performance, using
game mechanics plus a student-generated questiateqy is less effective than
using only game mechanics, the former may nevessetnhance algorithmic
thinking skills more than the latter. Additionallysing game mechanics plus a
student-generated questions strategy can enhardengs’ engagement experiences
and willingness to participate in the learningatgs of an online puzzle-based game
learning system.
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The results of this study can be a reference feeld@ing online puzzle-based game
learning systems to promote algorithmic thinkinglskAlthough some issues, such
as selecting easy puzzles to gain more pointseardihg for a short period of time,
must be addressed in further studies, the posfieets of using game mechanics and
a student-generated questions strategy can beassedeference in developing an
online game learning system or designing learnatiyities to help students learn
algorithmic thinking skills more effectively.
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Game mechani

S he implementation of TGTS

Points

TGTS uses “magic points” to represent thegumf novice
wizards. Every time a novice wizard tries to saveuzzle, he/sh
can win 0 to 3 points according to the result sfter solution.
These points will transform into “experience poirgad “skill
points,” which, when weighted and calculated bectmagic
points”. The more times a novice wizard completealenges ang
the better the results he/she gets, the more rpagits he/she ca|
win.

Leaderboards

This study shows the TGTS leadersmmstof magic points,
experience points, skill points, wizard levels, atals.

Levels

The levels mechanism of TGTS includes gdmurses and
wizards. TGTS grades courses to two levels. Howdakowing
the suggestion of allowing students to choosefareéiiit sequenct
of sub-tasks (Simdes et al., 2013) TGTS does nut §itudents to
solving puzzles one by one. TGTS grades wizardiguxeen
levels. The novice wizards are level 0 wizards wtinay are just
beginning to learn. When students have completediese or their
magic points have been accumulated up to upgrategeiay they
can level up.

Progress

The information on the challenge statedes challenge times,
top scores, and average scores for each playeresy puzzle. In
addition to the above-mentioned information, tepheich novice
wizard compare his/her challenge state with thatlgflayers,
TGTS also shows information about total challenges, top
scores of all players, and average scores of [dayeevery puzzle.

Badges

The badges mechanism of TGTS includes gisgléhe wizard’s
hat, symbolizing the wizard’s level and recorditeys
representing the level of his/her breakthrough. $@vill display a
different color wizard’s hat according to the lewékhe wizard.
The number of stars represents the number of stsigddTo USE a
better strategy to than the standard for solviregpihzzle.

(4%

=

117



PBL PGM PGS
Experimental | Puzzle-based game | Puzzle-based game | Puzzle-based game
treatment learning learning + learning +
Game mechanics Game mechanics +
Student-generated
guestions
Activity 1 Turtle Graphic Turtle Graphic Turtle Graphic
Puzzles Level 1 Puzzles Level 1 Puzzles Level 1
Activity 2 Using conditions of | Using conditions of | Using conditions of
level 1to solve level 1to solve level 1to design
puzzles designed by | puzzles designed by | puzzles and solve
studentsin PGS studentsin PGS puzzles designed by
studentsin PGS
Activity 3 Turtle Graphic Turtle Graphic Turtle Graphic
Puzzles Level 2 Puzzles Level 2 Puzzles Level 2
Activity 4 Using conditions of | Using conditions of | Using conditions of
level 2 to solve level 2 to solve level 2 to design
puzzles designed by | puzzles designed by | puzzles and solve
studentsin PGS studentsin PGS puzzles designed by

students in PGS




n M D
PBL 82 27.21 12.222
PGM 79 37.57 12.625
PGS 81 40.25 11.879
Total 242 34.95 13.443

n, the number of participants.



S df MS F p

Contrast 9282.741 2 4641.370 54.817 .000***
Error 20151651 238 84.671

***p < ,001 level; df, degrees of freedom; SS, sum of squares; MS, mean squares.



Group M D F p Post Hoc
Attempted PBL(n=82) 31476 00910 28332 .000*** PGM >PGS> PBL
puzzles  pevm=79) 41.253 0927

PGS(n=81) 36.296 0.915
Solved  PBL(n=82) 22.756 0.746 22.324 .000*** PGM >PGS> PBL
puzzles PGM(n=79) 29.835 0.760

PGS(n=81) 26.852 0.751
Times PBL(n=82) 142.171 9.829 26.160 .000*** PGM >PGS> PBL
atempted oy n=79) 243.646 10.014

PGS(n=81) 190.407 9.889
Times PBL(n=82) 25.000 4.579 20.292 .000*** PGM >PGS> PBL
solved PGM(n=79) 66.620 4.665

PGS(n=81) 44.173 4.607

***p < 001 level



Group M D F p Post Hoc
System PBL(n=82) 1061 3177 2374 .095
usability PGM(n=79) 1115  2.842
PGS(n=81) 11.62  2.827
Engaging PBL(n=82) 21.78 5843 7715 .001** PGS>
EXPENeNCES  pGM(n=79) 2237  4.933 PBL,
PGS(n=81) 2473  4.269 PGM
Willingness  pBL(n=82) 7.45 2410 6175 .002** PGS>
topaticipa®  poyn=79) 803 2.088 PBL
PGS(n=81) 863  1.887

**p< 01 level
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Generating the turtle graphic by running Arranging command blocks to generate
the command blocks in the editing area the turtle graphic served as a puzzle

MBEW . (BRKBRESE)

R . (SnRREETENEENESTRER)

aBEF - HERE(TIE R

E ")
REOE . (FESART-HETE?)

Filling in the fields (puzzle title, puzzle description, and
puzzle hint) and saving to complete the design of a puzzle



Question Set:
Please guide the aircraft along the assigned route to the destination. The guiding commands are described

as follows:

Forward N: aircraft moves forward N steps (N is a positive integer)

®  Turn left: aircraft turns left on the spot

Turn right: aircraft turns right on the spot

Repeat R (commands): run the commands in parentheses for R times (R is a positive integer)

) Choose the result of executing the following commands (the starting point is at the center of

the map):

(

[ [T
L_t 1 L_d_1_1
—I 1 [
N |._.|+|._|L|L
T 1 I B
o
o - fo = 4 = 4 =
=1 1 1 1 1 1 1
Er-r-t-t-t-1-1
L [N I B
SFPTrFTTTTTICTC
E [ [
R
c
—
>
=
st
on
RITT-T 7737770
oL_L_L1_L_1_1_1
[= N [ [
Y _L_i_t_a_a_2a
[ [N I B
o bk = o = = o
T 1 1 [
oF- |+J+|..|4|._
=1 1 1 1 1
Lr—i TTT1T T
L [ [

(B)

The figures presented below are the results of executing commands step by step, but the sequence is

2.
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Commands:

assigned route to the destination.

g the
A~
L_L_

Write down the commands to guide the aircraft alon

3.



ACCEPTED MANUSCRIPT

Turtle graphic puzzles level 1
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Turtle graphic puzzles level 2
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We used game mechanics and student-generatedanseGQ) in an online
system.

Game mechanics helps students enhance their algacithinking skills.
Game mechanics plus SGQ enhances algorithmic tigrédills even better.
Game mechanics promotes students’ puzzle-solvirfgpeances.

Game mechanics plus SGQ enhances students’ engaigexperiences and
willingness.



