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a b s t r a c t

Intelligent Tutoring Systems (ITSs) have been producing consistent learning gains for de-
cades. However, a common problem with these systems is maintaining student engage-
ment without reducing the learning benefits. In order to balance the learning benefits of
ITSs with the motivational benefits of games, an online formative assessment game called
tic-tac-toe quiz for single-player (TRIS-Q-SP) is incorporated in a Flowchart-based Intel-
ligent Tutoring System (FITS), benefiting from Bayesian networks for the process of deci-
sion making, for learning computer programming. This assessment game combines tic-tac-
toe with online assessment, and revises the rule of tic-tac-toe for stimulating students to
use online formative assessment actively. Finally, an empirical investigation carried out to
evaluate the performance of FITS indicating that considerable gains for the experimental
group over the control group. The proposed system extensively enhanced students’
learning interest, attitude and degree of technology acceptance, as well as improved their
achievements in problem solving activities. Additionally, the findings also reveal that
providing Immediate Elaborated Feedback (IEF) for each answered question in TRIS-Q-SP is
the optimal design, as it facilitated the enhancement of programming knowledge acqui-
sition when comparing it with the No Immediate Elaborated Feedback (NIEF) condition.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction & related works

Many works have been conducted regarding the potential use of modern technologies in transforming education and
training. However, only few of these statements have been supported and examined by academic research (Lowe & Schnotz,
2008; Mayer, 2009; O'Neil & Perez, 2003, 2006; Reiser & Dempsey, 2007; Rouet, Levonen, & Biardeau, 2001; Spector, Merrill,
Van Merrienboer, & Driscoll, 2008; Zillig, Bodvarsson, & Bruning, 2005). Recently, issues which include practical constraints
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such as time and tasks load, individual meet-up sessions, and assessments, have become a challenge for teachers in large-
sized classes (Wang, 2007). A study by Bloom (1984) showed that almost 98% of learners who received one-to-one in-
structions are able to learn two standard deviations (SD) over those who were taught using conventional teaching method. A
new generation of learning systems offering ‘one-to-one’ individualized instruction by stimulating activities of human
teachers, similar to one teacher to one student, are named Intelligent Tutoring Systems (ITS). In computer programming,
several efforts have been made to develop ITS for learning programming, which include Lisp-Tutor (Anderson & Reiser, 1985)
that focuses on teaching through employing a rule-based approach, SQL-Tutor (Mitrovic, 2003) for SQL programming
benefitting from a constraint-based modeling approach, JITS (Sykes & Franek, 2003) that concentrates on Java programming
employing a decision tree approach, the PHP intelligent tutoring system (Weragama & Reye, 2013), and so on. However,
research on the problem solving ability of these ITSs is still far from adequate and ITSs can cause learners to lose their learning
motivation and enthusiasmwhen they do not receive enough timely guidance (Tsai, Tsai, & Lin, 2015). Therefore, to improve
interaction, multimedia tools such as video, animation and audio or game-based teaching tools have been proposed in
creating these systems and online courses (Aldrich, 2009). Moreover, in current online learning systems, online formative
assessment functions are also necessary to be included for self-enhancement and self-evaluation (Vasilyeva, Pechenizkiy, &
Paul De Bra, 2008). The motivation to use online assessments can be enhanced by game-based formative assessment, which
contributes to learning effectiveness improvement, as verified by Wang (2008). Since basic computer programming skills
cannot be acquired through passive learning and vary from theoretical knowledge learning, developing such interactive
game-based ITS should be considered to transform traditional teaching methods. Through this process, learners will be
encouraged to learn basic and imperative concepts of computer programming in a flexible way, improve their problem
solving abilities, and are able to raise their motivation in applying online assessments and improving learning effectiveness.
As a result, the present research aims to develop an online formative assessment game called Tic-tac-toe Quiz for Single-
Player (TRIS-Q-SP), on top of an existing Flowchart-based Intelligent Tutoring System (FITS) (Hooshyar, Ahmad, Yousefi,
Yusop, & Horng, 2015), in order to improve students' performance in learning computer programming and also improve
their problem solving abilities. The decision making process in our system is managed by a Bayesian network, which is a
machine learning classification method, to handle uncertainty based on probability theory (Wong & Butz, 2001). Students
who use FITS are assisted in navigating online learning materials, similar to the work conducted by Liu, Andre, and
Greenbowe (2008). Nonetheless, unlike Liu et al. (2008), FITS not only promotes the idea of navigating online learning
materials and updating the Bayesian network by applying an online game-based formative assessment, it also offers an
adaptive and personalized flowchart development environment with the aim of improving problem solving ability, in
addition to suggesting learning goals along with the appropriate reading sequences to students. As the proposed system is
able to visualize the solution development for a programming problem by converting the given problem statement to its
relevant flowchart while engaging users in this process, it provides students with an accurate mental model of execution.

1.1. Game-based learning

It is intuitively clear that games are a potentially strong motivating factor for students (Gee, 2003; Steinkuehler, 2006).
Since the development of internet and technology, several studies on digital game-based learning (DGBL) (Barab, Thomas,
Dodge, Carteaux, & Tuzun, 2005; Tsai, Yu, & Hsiao, 2012) have been carried out benefiting from the strategy of multi-
player online games (MOG) despite the fact that Tsai, Kinzer, Hung, Chen, and Hsu (2013) came to the conclusion that
multi-player DGBL may generate over-competitiveness, making the users ignore the essence of learning especially in real-
time-based MOG. Thus, the present research aims to develop a single-player formative assessment game, called Tic-tac-
toe Quiz for single-player (TRIS-Q-SP), in a flowchart-based ITS targeting computer programming learning and problem
solving skills improvement in novice programming. The mentioned game (tic-tac-toe) is typically multi or single-player and
was established in Egypt (Zaslavsky, 1982); Due to the fact that the regulations and the game itself are not complicated, the
tic-tac-toe game is being played frequently around the world (Crowley & Siegler, 1993). Basically, the rules of the tic-tac-toe
quiz game (TRIS-Q) are applied in TRIS-Q-SP. Nonetheless, in TRIS-Q-SP, only one user can play against the computer. Since the
tic-tac-toe based game has simple regulations and there is no sense of urgency when playing the game, it seems to be more
applicable and suitable for learners using the flowchart-based ITS.

1.2. Formative feedback types

Previous studies have suggested that providing online formative assessments undoubtedly improves e-learning moti-
vation and effectiveness (Gardner, Sheridan, & White, 2002; Henly, 2003). Based on timing, feedback is divided into im-
mediate feedback, instant feedback (after completing the assessment) and delayed feedback (feedback messages after a few
minutes or longer) (Shute, 2008). Furthermore, based on the level of information presented in feedback messages, the
common formative feedback types are divided into elaborated feedback, knowledge of results and knowledge of correct
responses (Shute, 2008).

In this study, immediate feedback and delayed feedback timing are simultaneously adopted as they both demonstrate
unique advantages in designing game-based formative assessment. After answering each question, learners are provided
with immediate feedback, or they could check their answer history with delayed feedback at any time after completing the
assessment. Concerning the level of feedback messages, knowledge results and elaborated feedback selected for withholding
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the correct answers facilitate learning. Elaborate feedback provides relevant information to guide learners toward the correct
answers; however, the knowledge result only informs whether the answers are correct or incorrect. Therefore, since three
types of feedback (delayed feedback, knowledge result and elaborated feedback) are unified into game-based formative
assessment, this study adopts immediate knowledge of results (IKR), delayed knowledge of results (DKR), and immediate
elaborate feedback (IEF) as the feedback mechanism for designing the game-based formative assessment. In the meantime,
because the feedback mechanism of IEF provides excessive messages straightaway, the authors felt it necessary to examine
whether the IEF messages negatively influence learning performance when the effects of using IEF in assessment games are
unknown. Consequently, two different feedback types are developed, i.e. immediate elaborate feedback (IEF) and no im-
mediate elaborate feedback (NIEF). With the assumption of whether immediate EF negatively affects game-based assess-
ments is unknown, it is explored how distinct feedback types influence student knowledge acquisition.

2. Mental model and visualization

In preliminary programming courses, a learner's progress is highly determined and impacted by developing the perfor-
mance of mental models and process flow (Ramalingham, LaBelle, Weidenbeck, 2004). The significance of such models in
enhancing comprehension is further highlighted by Winslow (1996). Clear mental models of algorithms without the need of
any prior training are proposed to learner programmers through flowcharts. Westphal, Harris, and Fadali (2003) observed
that “Evenwith having pseudo code, it is so hard for novices to communicate the flow of a program, unless using flowcharts or
diagrams”. Since UML activity diagrams are not beneficial compared to flowcharts for non-complex programs, flowcharts are
well-adapted for transferring the fundamental concepts to novice programmers. By employing visualization-based tools and
environments, a flowchart's performance can be enhanced to help learners in problem solving and program development, as
pointed out by Bassat Levy et al. (2001). Thus, a flowchart-based intelligent tutoring system using game-based formative
assessment for interaction enhancement and Bayesian networks for the process of decision making provides a novice with an
accurate mental model of execution.

3. Architecture

An effective way to improve problem-solving skills of novice programmers is to engage them in the solution designing
activities from the very first stages of computer programming, therefore in this research an online game-based formative
assessment is incorporated into a flowchart-based ITS with the purpose of boosting problem solving skills and learning
imperative concepts of programming. This results into two advantages in comparison with other advanced ITSs for learning
computer programming. Firstly, it focuses on the procedure of problem solving activities in the form of solution designing by
extending the traditional model of ITS, applying a multi-agent system in the domain model of FITS for flowchart development
in an adaptive manner (see 3.2). Secondly, it applies an online formative assessment game to enhance student's motivation
and improve learning effectiveness. While the majority of existing ITSs support static HTMLWeb pages of learning materials,
FITS offers users the ability to navigate through the online learning materials in a game form, generates appropriate reading
sequences, and suggests learning goals. More importantly, since Markup languages are applied in the development of FITS, it
offers students different options for flowchart development with various levels of guidance based on their level of knowledge
using Bayesian networks and a multi-agent systemwhich benefits from an automatic text-to-flowchart conversion approach.
This feature, in addition to the online navigation of the learning materials in the form of a tic-tac-toe based game, consid-
erably advances FITS in comparison to other related works in problem solving skill improvement of students. The FITS entry
page and its navigational menu are shown in Fig. 1.

3.1. Bayesian Networks in FITS

HowBayesian network is applied in FITS as an inference engine in order to assist a student's learning based on his/her level
of knowledge is discussed in this sub-section.

3.1.1. Problem domain modeling
The Bayesian network is used to track users' knowledge concerning each specific concept within the problem domain as

well as model the problem domain structure. It is also applied in FITS to provide students with an adaptive and personalized
environment for flowchart development with the goal of improving their problem solving skills. In this regard, the sub-
flowchart (an incomplete flowchart) generated by FITS for every student should correspond with their knowledge level.
Thus, the three objectives are addressed with the assistance of a Bayesian network. With the aim of simplifying FITS
development, the scope of the problems is restricted as follow: firstly, the system is developed to tutor students in the Cþþ
programming language; secondly, only elementary topics are covered, such as variables, assignments, and control structures,
while more sophisticated topics like pointers and inheritance are excluded. In case of more complicated concepts, the
instructional contents and learning materials can easily be modified without having to reformulate the whole system. Thus,
all programming concepts can simply be taught using the proposed system. A set of imperative and fundamental learning
concepts of the Cþþ programming language is chosen from a relevant textbook. Then a diagram is created based on those
concepts, where each node represents a concept, as shown in Fig. 2. An edge from each concept directed towards another



Fig. 1. FITS's Entry page with a navigational menu, offering study goals.
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displays learning dependencies among the knowledge concepts. Hence, by referring to the textbook, the directed acyclic
graph (DAG) is made manually. The graph encodes the proper learning arrangements of all previously-mentioned concepts.
Afterwards, the student's pre-test results are used to gain a conditional probability distribution (CPD) for the DAG. The
concept being tested for each question is initially identified, and in case the question was answered correctly by the student,
the concept is considered known, else unknown. Subsequently, a Bayesian network computes the probability that each notion
is known P (vi ¼ known) and then p (vi ¼ known, Pi ¼ known) can be measured. The Bayesian network measures a favorable
CPD by employing the equation below.

3.1.2. Personalized learning
To satisfy the aim of suggesting one-to-one environments in a structure, the interaction of the users with the system needs

to be supervised in order to implement a profile for every one of them and to bring the Bayesian network up to date. In FITS,
two different methods are employed in order to gain the profile from the users. The first approach is to answer the given
questions before the entry page of FITS (pre-test). The second approach is to play TRIS-Q-SP after reading the relevant learning
materials. In Fig. 3, the learning materials of the “Assignment” concept are exhibited as well as the button for the game. If the
user wins the game, the Bayesian network is updated and the navigational menu is displayed onemore timewith the concept
labeled as known (yellow light), see 3.4.1; but if the user does not win the game, the concept will be labeled as unknown (red
or green light) and he/she will be advised to revise the learning materials related to the concept. Meanwhile, the Bayesian
network will be updated. Hence, the Bayesian Network algorithmwill constantly be updated and by referring to the degree of
the knowledge of learners, the system recommends the relevant lecture notes or recommends sub-flowcharts and asks the
students to complete them by providing the necessary guidance, workspace and editor, system-chat, instant feedback, and
visualization notations.

3.2. Knowledge base

The knowledge base is classified into two distinct parts. The first section consists of the lecture notes in web page form, a
repository of sample quizzes and questions along with their key solutions; while the second section includes a flowchart-
based multi agent system. The lecture notes are presented when a user learns a new concept, whereas tic-tac-toe game
and quizzes are introduced to decide if the user has understood a certain concept or not, see 3.4.1. These learning materials
containing lecture notes and quizzes are stored by their specific programming concept which refers to the relevant nodes in
the Bayesian network, see Fig. 2. Using this approach, knowledge concepts from actual instructional contents are separated
and this separation is advantageous in many ways. Firstly, this separation allows multiple teachers to write parts of the
instructional materials and work independently. Instructors can compose their course contents without having to be con-
cerned about other contents; moreover, it allows them to include information resources located anywhere on theWorldWide
Web. Secondly, this separation enables us to apply Bayesian networks as the inference mechanisms that estimate the stu-
dent's knowledge state. Thirdly, this separation facilitates changes to the content of the tutoring system. In case of adding
learningmaterials, components in the Bayesian network should not be changed and only the learningmaterials need to be re-
indexed accordingly. This development allows for easy modification of the instructional contents without having to refor-
mulate the whole system.

Regarding the flowchart-based multi agent system, the system proposes two different flowchart development options to
the users based on their level of knowledge, namely the Toolbar and the Guidance. In the toolbar option, users will be given an
editor, a flowchart template, a workspace to complete the sub-flowchart, a sub-flowchart of the entered programming ex-
ercise, and a system chat. A screen shot of the toolbar option is shown in Fig. 4. After completing the flowchart by dragging
and dropping shapes, the multi-agent system provides the users with brief feedbacks next to each of the shapes in the
flowchart, as they are a classical way of making users think after a failure/error (Butler & Winne, 1995).

In the guidance option, the users are provided with a template of a flowchart having some shapes, or sub-flowcharts
placed in the right positions; unlike the first option, the users are required to complete the flowchart using the editor. A
screen shot of the guidance option is shown in Fig. 5. Users are not allowed to drag and drop a shape in the wrong position as
the systemwill immediately identify any errors. Unlike the toolbar option, if the users dropped a shape in the right position at
the flowchart template, the appropriate context will be extracted from the database and will be placed in the flowchart shape.
Instant feedback for each drag and drop is provided by the system chat. Once the users are done dragging and dropping
shapes, the system offers them a full flowchart of the programming exercise extracted from the database to allow a com-
parison to be made with the flowchart developed by the users.

It should also be noted with regards to the obtained profile and knowledge level evaluation by the Bayesian network for
every programming concept, FITS is able to manage the guidance in order to offer users an intelligent, customized and active
setting for problem solving improvement. Such feature facilitates the problem solving activities and makes them a more
engaging and stimulating subject for the learners. For example, the guidance provided for user A for a programming problem



Fig. 3. Learning materials on ‘assignment’ concept and the game button.
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Fig. 5. Workspace provided by the guidance option along with a full flowchart from the database.
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such as Factorial, is distinct from another user B; in Fig. 6, a sub-flowchart and guidance given to user A are displayed (the left
figure), while in Fig. 6(the right figure), a sub-flowchart for the same programming problem is shown indicating more
guidance for user B based on his/her profile.

3.3. User interface module

By using the interface component, users can communicate with FITS. The interface component is split into two sub-
categories which are output and input. The input section is from users to FITS and will update the Bayesian network based
on the records gained from the users as explained in Section 3.1; whereas the output section is from FITS to the user which is
shown in the web browser.

3.4. Adaptive guidance

FITS can provide users with designed options for supporting a specific user individually by using a Bayesian network and
estimating the knowledge level of each user. Three types of adaptive guidance are offered to users by FITS: navigational
support & tic-tac-toe game, pre-requisite recommendations, and flowchart development for problem solving skills, as dis-
cussed in 3.2.

3.4.1. Navigational support & tic-tac-toe game
Each concept in the navigational menu is marked with a different color. Yellow represents ‘already know the concept’, red

represents ‘the concept is unknown and not ready to learn’, and green represents ‘unknown concept but ready to learn’,
showing the knowledge level of each user on that particular concept.When the learner clicks on the lights (Navigationmenu),
the corresponding learningmaterials will be provided for the learner as well as a tic-tac-toe quiz for single-player (TRIS-Q-SP)
game button (Fig. 3). After perusing all learning materials related to the concept, the user can start the game. Once the user
starts TRIS-Q-SP, he/she is able to click the distinct buttons, Fig. 7, in order to start a high level game, query the high score list,
query the personal score, or query the answering history. The game-based formative assessment is shown as step 1 in Fig. 8.
The basic regulations of TRIS-Q-SP are identical to the conventional tic-tac-toe game: whoever locates three adjacent tokens
in a row, column or diagonally, wins the game. Regarding the TRIS-Q-SP procedure, once a user places the first token, he/she
will receive a randommultiple-choice test question chosen from the database according to the learning content (see step 2 in
Fig. 8). The user should then click on the correct answer. However, in order to raise the playfulness and complexity of the
game, the regulations are somewhat modified from the traditional tic-tac-toe. If the player gives the right answer, they can
place their token (step 3e2 in Fig. 8); otherwise they will place the opponent's token (step 3e1, Fig. 8). Hence, the new game
regulation prompts users to respond to the questions with more effort. Additionally, TRIS-Q-SP integrates three types of
formative feedback. As seen in step 3 of Fig. 8, a window will pop up once the user has finished responding to the questions
and begins to move in the TRIS-Q-SP. Immediate knowledge of results (IKR) feedback is indicated on the right of the screen,
notifying the user whether they had correctly responded to the prior question. The previous answered question and Im-
mediate Elaborated Feedback (IEF) comment appear on the left side of the screen, showing corresponding information and
hints to the last question. Moreover, DKR will be provided to students when they use the query answering history function
after completing a game. As shown in Fig. 8, the answering records show the DKR on the right side for all the answered
questions, i.e. whether they are correct.

3.4.2. Pre-requisite recommendations
In case the user clicks on the concepts with red, FITS recommends appropriate learning materials by considering the

parent set of certain concepts in the Bayesian network. For instance, since “Assignment” and “IncreDecrementOperator”
concepts are parent nodes of the “For statement” concept in the graph, FITS proposes both to the user before permitting them
to proceed to the “For statement” concept (Fig. 9).

4. Evaluation

4.1. Participants & instruments

The experiment consisted of two classes of first-year undergraduate students. There were a total of 52 university students
taking their first, introductory courses in Computer Science (CS). All students had no prior knowledge of computer pro-
gramming. The classes were divided into one experimental group of 30 students using the proposed system and one control
group of 22 students using traditional approaches. An instructor with over 6 years' experience of teaching the “Programming
I” subject taught all 52 students. A test on the effect of feedback types on knowledge acquisition and learning achievement
along with a questionnaire for assessing “learning interest,” “technology acceptance” and “learning attitude” of the students
comprised the research tools for this experiment. Two qualified teachers designed the test sheets. Students' prior knowledge
of the early-stage concepts of computer programming, such as Variables, Assignments and Control Structures was assessed
with a pre-test with a total score of 100, including 12 multiple-choice questions and 12 yes-or-no questions. The students'
knowledge of computer programmingwas assessedwith the post-test having a total score of 100, consisting of 6 short answer



Fig. 6. The guidance given to user A (the left Figure) and B (the right figure) for the same programming problem.
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Fig. 9. A learning sequence generated by FITS for the “for statement” concept, since it is not ready to learn (Red light).
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Fig. 10. Diagram of experiment design.
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questions,12multiple-choice questions, and 4matching items. The Cronbach's alpha values of 0.972 and 0.981 were obtained
for the pre-test and post-test respectively. For the 8-item learning attitude questionnaire with a 5-point rating scheme, 0.84
was achieved for Cronbach's alpha. The learning interest questionnaire having 14 items and a rating scheme of 6 points
produced 0.89 as the Cronbach's value. The 14-item questionnaire of technology acceptance includes 2 dimensions with a
rating scheme of 5 points. Seven items were dedicated to “usefulness” and another 7 to “ease of use.” The Cronbach's alpha
values of 0.88, 0.97 and 0.91 were attained for the questionnaire, and its dimensions of “usefulness” and “ease of use”
respectively.

4.2. Experimental procedure

The procedure of the experimental study is illustrated in Fig. 10. It includes a 2-h course on the basics of computer pro-
gramming concepts (Variables, Assignments and Control Structure), which is part of the existing Programming I course in CS.
The learning activities began with a 1-h pre-test and completing the questionnaire on learning attitude. Afterwards, the
experimental group took part in the web-based learning activities with the proposed system, whereas the control group was
exposed to the conventional problem solving method. Each group had 150 min. At the end, a 1-h post-test was performed to
assess and monitor any changes in learning attitudes, learning achievements, technology acceptance, knowledge acquisition
with different feedback types and learning reception.

5. Experimental results

5.1. Learning achievement analysis

As one of the primary objectives of this study, the efficiency of the proposed systemwas investigated considering its role in
improving students' learning achievement. To circumvent the inevitable prior knowledge difference between the two groups,
the post-test and pre-test scores were regarded as dependent and covariate variables after implementing one-way analysis of
covariance (ANCOVA). Having applied a homogeneity test, the post-test scores of the control and experimental groups were
found to be homogeneous (F ¼ 0.30, p ¼ 0.61 > 0.05), therefore justifying the use of ANCOVA. The tuned mean values of the
post-test scores for the experimental and control groups were 81.32 and 59.17 respectively. The ANCOVA results are presented
in Table 1. Furthermore, the control and experimental groups (F ¼ 56.04 and p < 0.05) exhibited considerable difference,
indicating that the proposed system had positive and drastic impact on the experimental group's learning achievements in
the programming I course.

5.2. Learning attitude analysis

In order to define the effectiveness of the proposed system, its efficacy in improving students' learning attitudes toward
computer programming after doing problem solving tasks was examined as another objective of this study. Based on the
experimental results, in terms of the learning attitude questionnaire, the mean value and standard deviation of 3.39 and 0.29
were obtained for the control group before the learning activities, while 3.55 and 0.30 were obtained for the experimental
group. The t-test result (t ¼ 1.14, p > 0.05) indicates no considerable difference between the control and experimental groups
before taking part in the problem solving tasks. However, as illustrated in Table 2, the result obtained from the t-test following
the learning activity (t ¼ 3.57, p < 0.05) indicates that students' learning attitudes in the experimental group considerably
enhanced compared to the control group. As a result, the proposed system enhanced students’ attitudes toward the computer
programming course along with their learning achievements.
Table 1
ANCOVA of the post-test results and descriptive data; Experimental Group (EG); Control Group (CG).

Group N Mean S.D. Adjusted mean Std. error F

EG 30 81.10 6.90 81.32 1.65 56.04*
CG 22 59.46 11.22 59.17 2.24

*p < 0.05.



Table 2
Learning attitude questionnaire t-test result.

Group N Mean S.D. t

Post-test EG 30 4.39 0.51 3.57*
CG 22 3.16 1.29

*p < 0.05.

Table 3
Learning interest questionnaire t-test result.

Group N Mean S.D. t

EG 30 4.07 0.43 3.60*
CG 22 3.42 1.19

*p < 0.05.
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5.3. Technology acceptance and learning interest analysis

Regarding learning interest, mean values of 3.42 and 4.07 and standard deviation of 1.19 and 0.43 were obtained for the
control and experimental groups respectively. The results obtained from the t-test (t ¼ 3.60, p < 0.05) presented in Table 3
indicate a noteworthy difference between the control and experimental groups. Essentially, higher learning interest was
revealed for students in the experimental group who utilized the proposed system in the learning process. This finding is in
agreement with that for learning attitudes, which indicates that by using the online proposed system students are situated in
a more enjoyable learning context than a conventional approach. In terms of students' technology acceptance through using
the proposed system, the t-test result given in Table 4 emphasizes the considerable difference between the control and
experimental groups in both “ease of use” (t ¼ 2.91, p < 0.05) and “usefulness” (t ¼ 4.16, p < 0.05) dimensions after the
learning activity; this represents the students’ acceptance of the system and approach. Moreover, the interviews conveyed
similar findings, whereby over 85% of students in the experimental group sensed the helpfulness of the proposed system in
improving their learning effectiveness.

5.4. Analysis of the effect of different feedback types on knowledge acquisition

Considering the influence of various feedback types on acquiring knowledge, the effectiveness of feedback types, IEF and
not IEF, are explored on enhancing the knowledge acquisition of learners through the process of learning. ANCOVA was
utilized to investigate the discrepancies between the post-test scores of the computer programming knowledge of both teams
with the subjects' pre-test scores as covariate, and the objective of comparing the effects of two formative feedback situation
in TRIS-Q-SP. Based on the uniformity of the regression test, the two teams' regression uniformity was the same (F ¼ 0.30,
p ¼ 0.61 > 0.05) implying that the coefficient is homogeneous and the initial hypothesis of ANCOVA is conformed. Table 5
presents a summary of the ANCOVA findings, through which the post-test scores of adjusted mean values were 59.40 for
the control team and 78.15 for the empirical team. Furthermore, a remarkable discrepancy was observed between the control
and experimental groups with F ¼ 58.12 and p < 0.05. This suggests that providing IEF messages throughout game-based
evaluation compared with not providing any, appeared more helpful in enhancing the performance of learners’ knowl-
edge acquisition through the process of learning.

6. Discussion and conclusions

Simulating human teachers in implementing one-to-one personalized teaching to a certain extent, is an intense and
difficult topic in research on learning environment design. Extending the traditional architecture of ITS, exploring new
methods of modeling a student's learning process and performance, and interaction enhancement are three key issues in
launching e-learning. Finding the solution to these three issues will contribute to the induction of e-Learning. Therefore, in
this study an attempt was made to develop an online formative assessment game called tic-tac-toe quiz for single-player
(TRIS-Q-SP) on top of an existing Flowchart-based Intelligent Tutoring System (FITS) for exploring the game's effectiveness
in learning computer programming as well as problem-solving skill improvement. The decision-making process in the
Table 4
Technology acceptance t-test result for the EG and CG.

Group N Mean S.D. t

Easy to use EG 30 5.52 0.54 2.91*
CG 22 4.49 1.62

Usefulness EG 30 5.14 0.52 4.16*
CG 22 4.32 1.70

*p < 0.05.



Table 5
Descriptive data and ANCOVA of the post-test results.

Group N Mean S.D. Adjusted mean Std. error F

EG 30 78.10 6.90 78.15 1.50 58.12*
CG 22 59.56 10.30 59.40 2.21

*p < 0.05.
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proposed system operates on a Bayesian network. This proposed system facilitates the creation of a mental model of
execution for students, as it is able to visualize the solution development for a programming problem by converting the given
problem statement to a relevant flowchart while engaging users in the process. To the best of our knowledge, the proposed
system is the first flowchart-based ITS using an online formative assessment game to enhance students' motivation in
learning the basic concepts of computer programming. FITS enables students to improve problem-solving skills through
solution designing activities by offering various personalized options in flowchart development along with step-by-step
guidance. Due to the fact that FITS takes full advantage of Bayesian networks along with markup language, it can manipu-
late its guidance and change the algorithms and sub-flowchart components for each user, so as to provide an intelligent,
personalized and dynamic environment for problem-solving improvement. According to the empirical findings, FITS has
positive and drastic impact on the experimental group's learning achievements over the control group. As some of the tasks in
the pre and posttest consisted of flowchart development for the given programming problem, the positive impact of FITS on
students' learning achievement shows its capability of yielding improvements in problem-solving skills besides learning
programming concept. FITS is also able to enhance students' attitudes toward the computer programming course along with
their learning achievements. Concerning learning interest, students in the experimental group who utilized FITS in the
learning process experienced higher learning interest. This finding is in agreement with that for learning attitude, which
indicates that by using the online flowchart-based ITS students are set in a more enjoyable learning context than with
conventional approaches. In addition, the results from technology acceptance and learning interest analysis showed that over
85% of students in the experimental group sensed the helpfulness of the proposed system in improving their learning
effectiveness. As a result, the students were remarkably involved in the problem-solving tasks while their intrinsic motivation
also enhanced through using the online formative assessment game (TRIS-Q-SP). The findings additionally revealed that not
only were the students in a learning state with full enjoyment and engagement by using FITS, but their learning attitudes and
achievement also improved. Furthermore, the findings revealed that if the system provides immediate elaborated feedback
during the TRIS-Q-SP game, it significantly increases the level of student performance in computer programming.
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