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Abstract
Project-based learning (PjBL) has been increasingly promoted and extended to 
online environments to enhance the quality of higher education. However, PjBL 
involves complex processes requiring higher-order thinking skills, which may pose 
challenges to many students especially in online settings with little prompt sup-
port from teachers. The problem may compromise the learning of low-achieving 
students, who often have inadequate higher-order thinking skills. Visible thinking 
approaches have the potential to make higher-order thinking processes accessible 
to students. This study was conducted with 72 university students who engaged in 
visible thinking supported online PjBL of computer programming. A one-group 
pretest-posttest design was adopted to compare the learning outcomes among high-, 
medium- and low-achieving students. The results showed that compared to high and 
medium achievers, low-achieving students made the most progress in product qual-
ity and thinking skills (in particular process design skills). They performed almost 
as well as medium and high achievers in product quality and process design skills at 
the end of the study. They also gained more knowledge from the project than high 
achievers did. Moreover, compared to medium achievers,  low achievers perceived 
the approach as more valuable, made more effort on the study, and felt more com-
petent in completing the project. The findings reveal the promising effects of visu-
alizing higher-order thinking processes in narrowing the achievement gap between 
high and low achievers, offering all students an equal chance to engage in effective 
learning with projects.

Keywords Project-based learning · Online learning · Visible thinking · Computer 
programming
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1 Introduction

It has been a constant challenge for higher education institutions to address the 
competency gaps between graduates’ professional attributes and employees’ 
expectations in areas such as problem-solving, reasoning, and decision making 
(Harvey, 2000; Jollands et  al., 2012). To address the challenge, project-based 
learning (PjBL) has been widely promoted in higher education especially in the 
senior years of undergraduate studies, where students are encouraged to learn by 
completing real-world projects (Jollands et al., 2012).

PjBL is rooted in learning-by-doing theory which claims that students 
develop a meaningful understanding of knowledge by integrating knowing and 
doing instead of being passive recipients of knowledge (Blumenfeld et al., 2011; 
Thomas, 2000). The core idea of PjBL is to have students actively engaged in 
meaningful tasks and inquiry processes (organized around problems or projects 
in realistic contexts) to acquire a deeper understanding of the subject matter and 
develop practical skills for problem-solving, decision making, and communica-
tion (Blumenfeld et al., 2011; Chen & Yang, 2019). Moreover, PjBL features stu-
dent-centered inquiry, which emphasizes learner autonomy and independence by 
encouraging students to take high levels of responsibility for their learning. Com-
pared to another inquiry-based and student-centered pedagogy called problem-
based learning (PBL), PjBL emphasizes the creation of tangible solutions and 
end products (or artifacts) closer to professional reality (Loyens & Rikers, 2016).

With its advantages in improving student motivation, the understanding 
of abstract knowledge, and the development of soft skills (in problem-solving, 
communication, and self-regulation), PjBL has been increasingly promoted in 
educational practice (Chen & Yang, 2019; Guo et  al., 2020; Blumenfeld et  al., 
2011; Thomas, 2000). Students in PjBL are expected to engage in active learning 
experience, develop higher-order thinking skills by working with real-world pro-
jects, and enhance subject knowledge. Their learning outcomes involve cognitive 
aspects (e.g., the quality of artifacts or solutions to real-world problems, higher-
order thinking skills, and subject knowledge) and affective aspects such as intrin-
sic motivation (Guo et al., 2020).

More recently, with the support of information and communication technology 
(ICT), PjBL has been extended from face-to-face to online learning environments 
to support student-centered flexible learning with projects. ICT helps students and 
teachers to access project information, enable students to perform online learning 
with a project, allow students to construct and manipulate their artifacts in flexi-
ble digital presentation, and help teachers to monitor project progress and provide 
feedback to students (Blumenfeld et  al., 2011). In PjBL courses, asynchronous 
online discussions can be used to support group discussions during the project 
(Koh et  al., 2010); wikis can provide effective support for PjBL by facilitating 
collaborative real-time editing of project output and tracking of revision history 
(Chu et al., 2017); and computer-based prompts can be applied to facilitate group 
collaboration and reflection throughout the project (Splichal et al., 2018).



2331

1 3

Education and Information Technologies (2024) 29:2329–2363 

Although technology can support PjBL in multiple aspects, it can’t solve all 
problems. Online learning environments in most situations are not well designed 
to make the complex PjBL process accessible to students (English & Kitsantas, 
2013; Leyer et al., 2023). While PjBL is extended from the classroom to online set-
tings, students have difficulties receiving prompt support from teachers to complete 
complex problem-solving activities in PjBL. The challenge is more serious for low-
achieving students who often have inadequate higher-order thinking skills to com-
plex PjBL processes. Recent studies explored technology-supported visible thinking 
approaches, i.e., the use of visual representations (e.g., graphs, concept maps, mind 
maps, flowcharts, causal maps, system models) to externalize complex ideas for 
effective thinking and communication in learning with real-world problem-solving 
projects or tasks (Gijlers & de Jong, 2013; Slof et al., 2012; Wang et al., 2018). Vis-
ible thinking approaches have a potential to make complex processes accessible to 
low-achieving students to engage them in effective learning. Nevertheless, it remains 
unknown whether and how such visible thinking approaches may benefit students of 
different levels of academic achievement (e.g., low, medium, and high achievers), 
who may differ in their ability to complete the tasks requiring higher-order thinking 
skills (Zohar et al., 2001).

To address the gap, this study incorporated a visible thinking approach into 
online PjBL of computer programming. We investigated whether and how students 
of different levels of academic achievement might benefit differently from the vis-
ible thinking approach to PjBL of programming in an online environment.

1.1  Challenges in implementing PjBL

Recent reviews of empirical studies in PjBL reported the positive effects of PjBL on 
improving students’ knowledge, skills, and motivation (Chen & Yang, 2019; Guo 
et al., 2020). These reviews also reveal some difficulties in implementing PjBL. Dif-
ferent from traditional education, PjBL involves a wide range of problem-solving 
activities and extensive hands-on practices. Students in PjBL need to pursue solu-
tions to real-world problems by investigating problems, exploring solutions, drawing 
conclusions, and creating artifacts in a variety of forms such as writings, drawings, 
videos, and technology-based presentations (Blumenfeld et  al., 2011; Guo et  al., 
2020). Many students have difficulties completing these complex activities without 
necessary support. For example, Stewart (2007) found that students who lack self-
directed learning skills may not achieve prospective learning outcomes. Sánchez-
García and Pavón-Vázquez (2021) reported that students complained about dealing 
with complicated information of a project. Meanwhile, teachers reported the chal-
lenges in designing PjBL curricula and in supporting students during PjBL (e.g., 
assessing students’ progress, diagnosing their problems, and providing feedback to 
students) (Blumenfeld et al., 2011). As a result, PjBL is often not fully implemented 
in educational practices (Blumenfeld et al., 2011; Guo et al., 2020). Moreover, while 
students in PjBL are expected to achieve learning outcomes in multiple aspects such 
as product quality, thinking skills, subject knowledge, and affective experiences, 
many studies adopting PjBL failed to demonstrate these outcomes (Guo et al., 2020).
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1.2  High‑ and low‑achieving students in PjBL

Working with a real-world project often involves a complex process requiring higher-
order thinking skills such as understanding problems, exploring and refining ideas, 
designing plans, analyzing data, drawing conclusions, and implementing solutions. In 
PjBL courses, many students, especially low achievers, have little knowledge about the 
complex process, which is difficult to predefine since there is no single algorithm for 
solving complex problems or tasks (Hmelo-Silver et al., 2007; Kirschner et al., 2006; 
Sasson et  al., 2018; Wang et  al., 2018). They have inadequate higher-order thinking 
skills to perform complex activities. As a result, many students may feel overwhelmed 
and unable to engage in effective learning and achieve desirable learning outcomes in 
PjBL contexts (Blumenfeld et al., 2011; Helle, Tynjälä, & Olkinuora, 2006; Thomas, 
2000). This makes PjBL a challenge to many students, especially in online settings 
without prompt support from teachers. In particular, the problem may compromise the 
learning of low-achieving students, who often lack higher-order thinking skills.

Research shows that many students (especially low achievers) have difficulties com-
pleting a real-world project in PjBL courses (Jazayeri, 2015). Many teachers found it 
difficult to teach problem-, project-, or inquiry-based curricula (Blumenfeld et al., 2011; 
Pucher & Lehner, 2011). They claimed that the tasks involving higher-order thinking 
are appropriate mainly for high-achieving students. Such situations echo inconclusive 
findings on the outcomes of adopting PjBL (Blumenfeld et al., 2011; Guo et al., 2020). 
Students of different levels of academic achievement tend to differ in their ability to 
complete complex learning tasks; low-achieving students tend to have inadequate abil-
ity to perform such tasks (Zohar et  al., 2001). However, all students should have an 
equal chance to engage in effective learning with real-world projects, which is impor-
tant for the equality of opportunity in education (Noguera et al., 2015). Low-achieving 
students should not be deprived from learning tasks requiring higher-order thinking 
skills (Zohar et  al., 2001). Educators are expected to explore approaches to improve 
students’ c skills and narrow the gaps between high and low achievers (Mitani, 2021).

In PjBL of computer programming, students are encouraged to apply abstract pro-
gramming knowledge (e.g., concepts, syntax, semantics) to real-world programming 
projects (Pucher & Lehner, 2011; Sun et al., 2022). However, low-achieving students 
often have difficulties acquiring abstract programming knowledge. Moreover, they have 
difficulties mastering the strategies and skills for applying programming knowledge to 
realistic projects because such strategies and skills are often implicit and hard to capture 
(Robins et al., 2003; Soloway, 1986; Xinogalos, 2016). In such contexts, low-achieving 
students may feel overwhelmed and unable to engage in effective learning with pro-
gramming projects (Jazayeri, 2015; Helle et al., 2006; Thomas, 2000).

1.3  Visible thinking for complex learning with real‑world projects

To help learners to accomplish complex learning with real-world projects or 
problem-solving tasks, researchers highlight the importance of providing students 
with necessary guidance and support to help them engage in higher-order think-
ing and effective learning (Hmelo-Silver et al., 2007; Kirschner et al., 2006). The 
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commonly used approaches include teaching students about discipline-specific 
strategies for thinking and reasoning, structuring or decomposing complex tasks, 
using prompts or hints to facilitate the task process, and encouraging collabora-
tive inquiry and problem-solving (Belland et al., 2016; Hmelo-Silver et al., 2007; 
Lazonder & Harmsen, 2016; Reiser, 2004; White & Frederikse, 1998).

Recent research explored the use of visible thinking approaches, i.e., the use 
of visual representations (e.g., graphs, concept maps, mind maps, flowcharts, 
causal maps, system models) to externalize complex ideas for effective thinking 
and communication, which has shown promising effects on improving students’ 
knowledge and performance in learning with real-world problem-solving pro-
jects (Gijlers & de Jong, 2013; Slof et  al., 2012; Wang et  al., 2018). By repre-
senting abstract issues and complex processes in visible forms (with computer-
based tools), visible thinking approaches can support meaningful understanding 
of complex knowledge and facilitate higher-order thinking and reasoning with 
complex problems or projects. For example, Hsu et  al. (2015) incorporated a 
graph-oriented, computer-assisted application in a science classroom to support 
collaborative argumentation among students in PjBL, which showed a positive 
impact on student development of science knowledge and scientific argumenta-
tion skills. Moreover, the study of Chen et al. (2021) reveals that students’ higher-
order thinking skills reflected in a reasoning map can predict their problem-
solving performance in scientific inquiry. In addition to academic achievements, 
visual thinking approaches can enhance students’ motivation and emotional expe-
rience by increasing self-efficacy or confidence, reducing anxiety, and increas-
ing enjoyment of learning with complex tasks (Hall & O’Donnell, 1996; Laight, 
2004; Sung & Hwang, 2013; Wang et  al., 2018; Yuan et  al., 2020). With these 
affordances, visible thinking approaches can engage learners, foster higher-order 
thinking, and sustain motivation to learn with complex tasks, which are crucial to 
PjBL especially in online environments.

In programming education, visible thinking approaches such as diagrams, pic-
tures, animations, and simulations have been used to engage learners, assist in 
their understanding of abstract concepts and complicated behavior of programs, 
and enhance their intrinsic motivation to learn complex programming (Eisenberg 
et al., 2014; Fanchamps et al., 2021; Hundhausen & Brown, 2007; Jamil & Isiaq, 
2019; Jerez et al., 2012; Naps et al., 2003; Peng et al., 2019; Sorva et al., 2013). 
With respect to PjBL of computer programming, Peng et  al. (2019) explored a 
visible thinking approach to externalize the complex process of completing a 
real-world programming project in an online learning environment and demon-
strated its effects on improving students’ project performance.

Although the literature reported promising advantages of visualization 
approaches in engaging programming learners, inconclusive findings were found 
with respect to the effects of these approaches on improving learners’ program-
ming performance (Rajala et al., 2008; Sorva et al., 2013). It remains unknown 
whether and how visible thinking approaches may benefit a wide range of stu-
dents of different levels of academic achievement (e.g., high, medium, and low), 
who may differ in their ability to complete the tasks requiring higher-order think-
ing skills.
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1.4  Affective experiences in PjBL

Affective experiences in educational contexts mainly consider motivational and 
emotional experiences. Regarding motivation, it mainly concerns beliefs and atti-
tudes that drive students to engage in working toward their learning goals, with more 
attention to intrinsic motivation. Intrinsic motivation is an inner drive that propels a 
person to pursue an activity for its own sake and not because of external factors 
like reward or punishment (Cameron & Pierce, 1994). Intrinsic motivation can be 
measured in terms of interest/enjoyment, perceived competence, effort/importance, 
value/usefulness, pressure/tension, and perceived choices (McAuley et  al., 1989). 
Among them, perceived competence appears to be particularly salient in student-
centered learning contexts like PjBL since students’ competence may influence the 
degree to which they persist in learning when facing challenges. With respect to 
emotion, it encompasses learners’ positive and negative reactions to the learning 
experience. Enjoyment is a common positive emotion, whereas anxiety or tension is 
a typical negative emotion (Fredricks et al., 2004; Pekrun et al., 2011). Enjoyment 
and anxiety are also related to intrinsic motivation and are included in the intrinsic 
motivation inventory model proposed by McAuley et al. (1989) to measure intrinsic 
motivation in terms of interest/enjoyment, pressure/tension, perceived competence, 
effort/importance, and value/usefulness. In this study, we included these key ele-
ments to analyze students’ affective experiences in PjBL.

Compared to traditional education, students are more likely to be motivated in 
PjBL as they are encouraged to apply abstract knowledge to contextualized real-
world projects (Guo et al., 2020). However, many students experience difficulties in 
PjBL as mentioned above. The problems may make students feel discouraged and 
frustrated and may influence their motivation and learning outcomes (Blumenfeld 
et al., 2011). Prior research reveals that affective experiences are closely intertwined 
with cognitive experiences (Phelps 2006; Schutz & DeCuir 2002) and are signifi-
cantly related to learning achievements (Pekrun et  al., 2011). If a learning task is 
too complex, students may have difficulties engaging in effective thinking; further, 
they may feel frustrated and anxious, and have a lack of confidence and motivation 
to persist in learning. Such negative affective experiences can impede cognitive pro-
cesses, whereas positive affect can foster thinking and learning (Pekrun et al., 2011). 
Although PjBL can promote student motivation, it is important to sustain students’ 
intrinsic motivation when they face challenges in completing the complex process 
of PjBL. It is therefore important to analyze students’ affective experiences as an 
important part of a whole picture of student learning in PjBL.

1.5  The present study

PjBL has been applied to educational practice across multiple levels (e.g., pri-
mary, secondary, and tertiary) and in various subject areas including engineering, 
science, mathematics, and social science (Chen & Yang, 2019; Pucher & Lehner, 
2011; Ralph, 2015; Reis et al., 2017). This study focused on PjBL of computer pro-
gramming, an important subject in engineering. PjBL is promoted in engineering 
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education and regarded as among the most suitable means of developing students’ 
professional competencies in response to society’s demands on engineering profes-
sionals (De los Ríos et al., 2010). In programming courses, PjBL enables students to 
master abstract programming knowledge by applying it to real-world programming 
projects, mainly through developing computer programs (Pucher & Lehner, 2011).

PjBL involves complex processes requiring higher-order thinking skills, which 
pose challenges to many students, especially low achievers, who often have inad-
equate higher-order thinking skills. Visible thinking approaches have the potential to 
make complex thinking processes accessible to students to engage them in effective 
learning. This study incorporated a visible thinking approach into online PjBL of 
programming. Despite the effects of visualization approaches in programming edu-
cation, the literature reports inconclusive findings on the effects of such approaches 
on improving learners’ programming performance (Rajala et al., 2008; Sorva et al., 
2013). Regarding the aforementioned visible thinking approach to support PjBL, 
there is little research investigating whether and how the approach may benefit a 
wide range of students of different levels of academic achievement (e.g., high, 
medium, and low), who may differ in their ability to complete PjBL tasks requiring 
higher-order thinking skills.

This study aimed to address the gap by answering the following research 
questions.

1. Do high-, medium-, and low-achieving students differ in their learning outcomes 
(reflected in product quality, thinking skills, and subject knowledge) acquired 
from visible thinking supported online learning with a programming project? If 
so, what are the differences?

2. Do high-, medium-, and low-achieving students differ in their affective experi-
ences acquired from visible thinking supported online learning with a program-
ming project? If so, what are the differences?

2  Method

To answer the research questions, a one-group pretest-posttest design was adopted 
to compare the learning outcomes between high-, medium- and low-achieving stu-
dents. Based on the literature, the levels of academic achievement among students 
are often determined based on knowledge exam or test scores (Zohar et al., 2001). 
Students in this study were categorized into high-, medium-, and low-achieving 
groups according to their pre-study knowledge test scores.

2.1  Participants

The study was conducted in an ordinary university in southern China. The study 
received the ethical approval from the Human Research Ethics Committee of the 
researchers’ university. The participants were 72 Year-3 students (46 males and 26 
females) of the computer science program in this university. Their average age was 
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21.0 years. The students gave informed consent to participate in this study on PjBL 
of computer programming. The participants were offered a 6-week course aimed at 
helping senior-year students develop authentic programming skills required for pro-
gramming related jobs. The course was designed by the research team and taught 
by a teacher at the university. It was not included in but closely aligned with the 
university’s curriculum. ASP.NET was selected as the programming language since 
it is a popular programming language and a widely used web application framework 
for developing dynamic modern web applications and services. Before the study, the 
participants had studied relevant programming courses and obtained online learning 
experience. All the participants completed all the activities of this study.

2.2  Learning task

The participants were asked to complete an authentic programming project—mem-
bership management. They need to develop a computer program that can be used 
for member registration, password setting and resetting, user login, login validation, 
and update of member information. To complete the project, students need to go 
through a set of phases including problem understanding, solution planning (modu-
lar design), solution design (process design), solution implementation (coding), and 
evaluation and reflection. In each phase, students need to submit relevant learning 
artifacts such as problem statement, modular design diagram, program flowchart, 
and program code. In each phase, students are given heuristics (or rules of thumb) 
and tools that help them to accomplish each phase.

2.3  Online learning environment for visible thinking supported PjBL

In this study, students performed PjBL of computer programming in an online 
environment (see Fig.  1). A visible thinking approach developed in a prior study 
(Peng et al., 2017; 2019) was applied in the online learning environment to make the 
complex process of PjBL accessible to students. The visible thinking approach was 
designed based on the four-component instructional design (4C/ID) model, a frame-
work for systematic learning with complex tasks (Van Merriënboer & Kirschner, 
2017). In this model, learners are provided with a systematic approach to problem 
solving. The mechanism of the approach includes (a) specifying the phases a learner 
must go through to solve a complex problem or complete a realistic project, and (b) 
providing the rules-of-thumb or heuristics that may help the learner to accomplish 
each phase.

This study incorporated the visible thinking approach by (a) externalizing the 
complex process of completing a programming project as five main phases, namely 
problem understanding, solution planning (modular design), solution design (pro-
cess design), solution implementation (coding), and evaluation and reflection; and 
(b) providing relevant heuristics (e.g., formulating a problem statement by speci-
fying the project requirements and goals) and tools (e.g., specifying the project 
requirements and goals in a semi-structured form) that may help learners to com-
plete individual phases. The five phases and relevant heuristics were proposed based 
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on the methods and principles for computer programming projects (Deek et  al., 
1999). They form a visible thinking approach for PjBL of programming by making 
the complex implicit aspects of the project visible or accessible to learners. Figure 1 
depicts the implementation of the visible thinking approach in the online system, 
which is elaborated in the following text.

After logging in the system, students opened the main page, where they could 
view the general process of completing a programming project as five phases. After 
a click on the icon of each phase, students could enter the space of each phase to 
perform relevant activities in the system. The details of each phase are described 
below with illustrating examples shown in Fig. 2.

Problem understanding At the beginning of the project, students were asked to for-
mulate a problem statement for the project. In this phase, students were presented 
with relevant heuristics that suggest specifying the project requirements and project 
goals in a semi-structured form. Figure 2.A shows an example of a student’s state-
ment of the requirements (e.g., Users can update their personal information at any 
time after registration) and goals (e.g., After a successful login, users will go to the 
main page) of the project on membership management.

Solution planning (modular design) Based on the understanding of the project 
requirements and goals, the students were expected to generate a solution plan. 
The learning system provided relevant heuristics or guidelines on proposing a set 
of functional modules and specifying the relationships between the modules. The 

Fig. 1.  Visible thinking approach implemented in the online learning environment
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learning system also provided a diagramming tool for students to outline the modu-
lar design in a modular block diagram. Figure 2.B shows an example of the solution 
plan, which was presented as a set of functional modules including client-side inter-
faces, verification code generation, and search for information in the database.

Solution design (process design) Based on the modular design, the students were 
asked to generate a detailed design of the solution by building a program flowchart. 
They were given relevant guidance on how to design a solution process by decom-
posing functional modules and organizing the process within and across the func-
tional modules. The system provided a diagramming tool to build the flowchart. 
Figure 2.C demonstrates an example of the solution process related to member reg-
istration and member login; the process of member registration included filling in 
the information, validating information, and returning the outputs.

Solution implementation (coding) To implement the solution, students need to 
translate the modular design and process design into an executable program by 
writing source code in ASP.NET, a programming language. Students could submit 
their programs using an online coding tool in the system and modify their programs 
throughout the project.

Evaluation and reflection After coding, students need to evaluate their programs by 
testing and debugging their codes. They can also review and modify their artifacts 
(e.g., modular block diagram, flowchart) generated in previous phases. In the mean-
time, students will receive the teacher’s comments and feedback to their artifacts in 
each phase as shown in Fig. 1.d. In this way, they could reflect on their strengths and 
weaknesses, and then refine their products until an acceptable solution to the project 
was achieved.

Fig. 2.  Examples of student-generated artifacts during the project
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2.4  Procedure

The PjBL course lasted for six weeks, with the detailed activities shown in Table 1. 
In the first week, students signed the consent form and completed a questionnaire to 
collect their demographic information about age and gender. Then, students received 
a one-hour face-to-face instruction on how to use the online learning environment 
to complete a programming project. A sample project was provided for illustra-
tion. Afterwards, the students completed a knowledge test and a programming task 
to assess their programming knowledge and programming performance before the 
study.

From week 2 to week 5, students performed independent learning with a pro-
gramming project—membership management. They were asked to learn at their 
own pace and spent at least 2 hours per day on the project. In the meantime, the 
teacher monitored students’ progress and provided comments and feedback to their 
artifacts via the online system. Face-to-face consultation was arranged in week 3 and 
week 5, with one hour for each session.

In week 6, students completed the post-study knowledge test and programming 
task. In addition, a questionnaire survey was administered to collect students’ affec-
tive perceptions and their responses to open-ended questions about their comments 
on the learning program.

2.5  Measures and instruments

In this study, student performance in the programming project was assessed based 
on the model proposed by Deek et al. (1999). This model is a classical programming 
model, which has been widely used in empirical studies on computer programming 
or engineering education (e.g., Gul et al., 2023; Felder & Brent, 2010; López-Pimen-
tel et  al., 2021; Norton et  al., 2007). As claimed by Deek et  al. (1999), problem-
solving skills are an integral part of the knowledge that students should acquire from 
programming learning; the assessment of programming learning should go beyond 
subject knowledge from a language construct view (e.g., syntax) by paying more 
attention to higher-order thinking skills for problem solving, which may involve 
understanding or formulating the problem, planning the solution, designing the solu-
tion, and implementing the solution. Based on this model, the assessment of stu-
dent programming performance considers two distinct categories: the programming 
process and the coding of the program. The former reflects higher-order thinking 
involved in the design and development of the program, while the latter represents 
the solution or product. Accordingly, students’ programming performance in this 
study was examined in the following two aspects.

Product quality The quality of student-generated products (program codes) was 
assessed by a programming task before and after the study. The two tasks were 
designed to be practical and moderately difficult. The two tasks were different in 
content but at the same level of difficulty as determined by the experienced teacher 
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and the industry expert. Based on the programming assessment model proposed by 
Deek et al. (1999), the program codes were assessed in terms of correctness, effi-
ciency, reliability, and readability. The score ranged from 0 to 10 for each of the four 
subscales, and the maximum score for the product (code) quality was 40 points. The 
assessment applied the rubrics proposed in the study of Peng et al. (2019) with the 
details provided in Appendix 1 (at the end of the manuscript).

Programming thinking skills The assessment of programming thinking skills or 
programming process concerns (a) problem understanding, (b) solution planning 
(i.e., modular design), and (c) solution design (i.e., process design), which reflect 
higher-order thinking skills required to complete a programming task. In this study, 
in addition to program code, students were required to submit a problem statement, 
modular design diagram, and program flowchart to assess their programming think-
ing skills on the three aspects. The maximum score was 20 points for each of the 
three subscales. The assessment applied the rubrics proposed in the study of Peng 
et al. (2019) with the details provided in Appendix 2 (at the end of the manuscript).

Knowledge tests The students’ programming knowledge was assessed before and 
after the study. The questions in both tests were adapted from relevant textbooks 
used by the university. The Cronbach alphas for pre- and post-test were .67 and .71, 
respectively. Their validity was confirmed by an experienced programming teacher 
and an industry expert in computer programming. The two tests used different ques-
tions, but at the same level of difficulty as determined by the domain experts. Each 
test included single-choice questions, fill-in-the-blank questions, and short program-
writing questions. An example is provided in Appendix 3 at the end of the manu-
script. The maximum score for each test was 100 points.

Affective experiences A questionnaire survey was designed based on the intrinsic 
motivation inventory model (McAuley et  al., 1989) to assess students’ affective 
experiences in terms of interest/enjoyment, perceived competence, effort/impor-
tance, value/usefulness, and pressure/tension at the end of the study. The question-
naire used a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly 
agree). Examples of the items include “I enjoyed attending this project-based pro-
gramming course”; “I felt confident during the learning of this course”; “I put a lot 
of effort into this course”; “I think this course is useful”; and “I got nervous while 
studying in this course.” Cronbach’s alpha values (.76 for interest/enjoyment, .77 for 
effort/importance, .75 for value/usefulness, .79 for perceived competence, and .86 
for pressure/tension) on internal consistency confirm the reliability of the sub-scales.

Student comments Students’ comments on the visible-thinking approach and pro-
ject-based online course were collected for triangulation in data analysis. The partic-
ipants were asked to give written responses to two open-ended questions: (1) What 
are your views on the advantages of the learning program? (2) What are your views 
on the weaknesses of the learning program?”
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2.6  Data analysis

The following methods were used to analyze the collected data. First, two pro-
gramming experts (an experienced teacher and an industry expert) graded the 
students’ knowledge tests, programming thinking skills, and products (codes) 
blindly and independently based on the reference answers and solutions validated 
by the two experts. The inter-rater reliability measured using Cohen’s Kappa 
ranged from 0.832 to 0.967 (see Table 2), suggesting a high level of agreement. 
The two raters’ scores were averaged for analysis.

Second, after students were categorized into high-, medium-, and low-achiev-
ing groups according to pre-study knowledge test scores, a set of ANOVAs was 
conducted to evaluate the differences among students of three different academic 
levels in terms of knowledge test scores, product quality, thinking skills, gain 
scores (i.e., the difference between pre- and post-test scores), and affective expe-
riences. The Levene’s test was used to check the homogeneity of variances across 
groups. When the assumption was not violated, one-way ANOVA with Scheffe’s 
post hoc test was conducted to compare the difference between each pair of the 
three levels. When the assumption was violated, Welch ANOVA with Games-
Howell post hoc test was performed.

Fourth, a thematic content analysis was performed to probe common themes 
in students’ responses to the open-ended question. The analysis followed an 
iterative process of code and theme generation in a bottom-up manner. The first 
author and a trained researcher coded 30% of the response data under each of 
the two questions. Student responses were categorized into a set of themes. Dis-
crepancies between the two coders in the themes emerging from the responses 
were discussed between the two coders and reconciled by further consultation 
of the data. After consensus was reached, the two coders independently coded 
20% of the dataset and the inter-coder agreement of the coding results was .99. 

Table 2  Inter-rater reliability Measures Cohen’s kappa coef-
ficient

p

Pre-study knowledge tests .911 < .001
Post-study knowledge tests .927 < .001
Pre-study product quality .884 < .001
Post-study product quality .875 < .001
Pre-study thinking skills

  in Problem understanding .967 < .001
  in Modular design .917 < .001
  in Process design .966 < .001

Post-study thinking skills
  in Problem understanding .921 < .001
  in Modular design .832 < .001
  in Process design .892 < .001
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After the differences in their coding results were discussed and resolved, all the 
response data were then coded by the first author based on the confirmed coding 
framework.

3  Results

The descriptive statistics of students’ pre- and post-study knowledge test scores, 
product quality, thinking skills, and affective experiences are presented in Table 3. 
Skewness and kurtosis values of the observed variables were within acceptable 
ranges for being normally distributed (George & Mallery, 2010).

3.1  Differences in academic achievements among high, medium, and low 
achievers

Students were categorized into high-, medium-, or low-achieving groups according 
to their pre-study knowledge test scores. The 27 percent rule from the extreme group 
approach (Preacher, 2015; Preacher et  al., 2005) was adopted to select the cut-off 
points. In particular, students with scores in the top 27% were assigned to the high-
achieving group (n = 19); those in the bottom 27% to the low-achieving group (n = 
19); and the rest to the medium-achieving group (n = 34).

Subject knowledge According to the ANOVA results shown in Table 4, there was 
a significant difference among high-, medium-, and low-achieving groups in their 
pre-test scores (Welch’s F (2, 37.25) =122.13, p < .001) and post-test scores (F (2, 

Table 3  Descriptive statistics of variables

Variable Min Max Mean SD Skewness Kurtosis

Pre-study knowledge 11 95 41.98 17.56 0.87 0.81
Pre-study problem understanding 5 20 12.9 3.78 0.24 -0.36
Pre-study modular design 5 20 12.85 3.88 0.25 -0.50
Pre-study process design 5 20 12.79 3.74 0.20 -0.56
Pre-study product quality 5 35 17.65 5.95 1.00 1.14
Post-study knowledge 23 100 63.42 18.66 -0.01 -0.64
Post-study problem understanding 10 20 18.17 2.37 -1.31 1.49
Post-study modular design 11 20 17.55 2.29 -0.50 -0.50
Post-study process design 11 20 17.77 2.5 -0.84 -0.26
Post-study product quality 15 38 29.77 4.9 -0.68 0.28
Interest/Enjoyment 3 5 4.32 0.61 -0.38 -0.88
Perceived competence 2.75 5 4.24 0.59 -0.36 -0.20
Effort/Importance 2 5 4.3 0.64 -0.45 -0.73
Pressure/Tension 1 5 2.69 0.99 0.56 -0.13
Value/Usefulness 3 5 4.4 0.51 -0.15 -0.81
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69) =19.66, p < .001). Although the post hoc comparisons revealed that the gaps 
between the low-, medium-, and high-achieving groups were still significant at the 
end of study, the three groups differed in their knowledge gain (Welch’s F (2, 43.25) 
= 4.16, p = .022); low achievers gained more knowledge from the learning program 
than high achievers did.

Product quality The ANOVA of students’ pre- and post-study product quality (see 
Table  5) indicated that students with different levels of prior knowledge differed 
in their pre-study product quality (Welch’s F (2, 36.66) =30.05, p < .001). How-
ever, there was no significant difference among the three groups in their post-study 
product quality (F (2, 69) =1.81, p > .05). The ANOVA result revealed that the 
three groups of students differed significantly in their gain in product quality (F (2, 
69) = 10.90, p < .001). Post hoc comparison using Scheffe’s test showed that both 
low- and medium-achieving groups made more progress than high-achieving ones in 
product quality.

Table 4  ANOVA of students’ pre- and post-study knowledge test scores

***p < .001
*p < .05

Subject 
knowledge

Low-achiev-
ing group

Medium-
achieving 
group

High-achiev-
ing group

Levene’s test 
(p)

F Post hoc test

Mean SD Mean SD Mean SD

Pre-test 23.11 4.42 39.6 6.78 65.11 12.69 .003 122.13*** High>Medium; 
High>Low; 
Medium>Low

Post-test 49.68 12.13 61.76 16.47 80.11 15.17 .452 19.66*** High>Medium; 
High>Low; 
Medium>Low

Gain 26.58 11.95 22.17 18.07 15.00 12.71 .039 4.16* Low>High

Table 5  ANOVA of students’ pre- and post-study product quality

***p < .001

Product quality Low-
achieving 
group

Medium-
achieving 
group

High-
achieving 
group

Levene’s test 
(p)

F Post hoc test

Mean SD Mean SD Mean SD

Pre-study 12.42 2.99 17.12 3.59 23.82 6.14 .004 30.05*** High>Medium; 
High>Low; 
Medium>Low

Post-study 28.53 6.1 29.53 4.32 31.45 4.3 .151 1.81
Gain 16.11 5.48 12.41 4.57 7.63 7.25 .172 10.90*** Low>High;

Medium>High
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Thinking skills Students’ programming thinking skills were assessed in terms of 
problem understanding, modular design, and process design. The ANOVA results 
shown in Table  6 indicated that high-, medium-, and low-achieving students dif-
fered in all the three dimensions of thinking skills at the beginning of the study; 
however, the discrepancies narrowed at the end of the study. Specifically, the results 
indicated that at the end of the study the three groups of students differed in problem 
understanding (Welch’s F (2, 39.23) =9.16, p < .001) and modular design (F (2, 69) 
=7.67, p < .001), but not in process design (Welch’s F (2, 34.15) =1.67, p = .204).

Regarding problem understanding, the Games-Howell post hoc analysis showed 
no difference between medium- and low-achieving groups at the end of the study. 
The analysis of gain scores revealed a significant difference among the three groups 
(F (2, 69) = 9.20, p < .001), with low- and medium-achieving students making more 
progress than high-achieving ones in this dimension.

Regarding modular design, the Scheffe’s post hoc test showed that the only dif-
ference among the three groups was that high-achieving students scored higher than 
low-achieving students. The analysis of gain scores showed that low-achieving stu-
dents made more progress than medium- and high-achieving ones in this dimension.

With respect to process design, the Scheffe’s post hoc test of gain scores showed 
that low-achieving students made the most progress, while high-achieving students 
make the least progress among the three groups in this dimension.

3.2  Differences in affective experiences among high, medium, and low achievers

The ANOVA results shown in Table 7 indicate that students of different achievement 
levels had similar affective experiences in terms of interest/enjoyment (F (2, 69) = 
2.41, p > .05) and perceived pressure/tension (F (2, 69) =0.10, p > .05). However, 
there were some differences among the three groups of students in terms of per-
ceived competence (F (2, 69) = 5.73, p < .01), effort/importance (F (2, 69) =3.23, 
p < .05), and value/usefulness (F (2, 69) = 4.00, p < .05). Based on Scheffe’s post 
hoc test results, low-achieving students had higher scores than medium-achieving 
students in these three aspects.

3.3  Differences in comments among high, medium, and low achievers

The results of analysis of the students’ responses to the survey question “What are 
your views on the advantages of the learning program?” are presented in Table 8, 
which demonstrates the themes, illustrative examples, and the frequency of each 
theme. Generally, they felt the learning program to be effective for self-directed 
learning (61%), improving problem-solving skills (54%), and supporting the motiva-
tion for learning programming (43%). On the other hand, it was interesting to note 
that most positive comments were from the low-achieving group. They appreciated 
the visible thinking approach provided in the system (63%); they found the course 
effective for knowledge acquisition (42%). In contrast, the high-achieving students 
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highlighted the advantages regarding professional skills of solution planning and 
design (47%) and knowledge-practice integration (32%). Compared with the other 
two groups, the medium-achieving group reported different aspects of benefits more 
evenly.

Regarding students’ responses to the survey question (“What are your views on 
the weaknesses of the learning program?”), Table  9 presents the analysis results. 
Most students reported technical problems (40%) of the learning system. In addi-
tion, the low-achieving students mentioned the difficulty in learning, while the high- 
and medium-achieving students indicated the lack of teacher-student interaction and 
learning resources.

4  Discussion

Previous studies didn’t investigate whether and how visible thinking approaches 
may benefit a wide range of students of different levels of academic achievement. 
The results of this study shed light on how students of varied academic levels per-
form differently in a visible thinking supported PjBL context. In this section, we 
discussed the findings on the differences among high-, medium-, and low-achieving 
students in their learning outcomes and affective experiences acquired from the vis-
ible thinking supported PjBL program.

4.1  Differences in academic achievements among high, medium, and low 
achievers

Subject knowledge It was found that the gaps in subject knowledge among low-, 
medium-, and high-achieving students still existed at the end of the study. However, 
the gain scores showed that low achievers gained more knowledge from the PjBL 

Table 7  ANOVA of students’ affective experiences

**p < .01
*p < .05

Affective experi-
ences

Low-achiev-
ing group

Medium-
achieving 
group

High-
achieving 
group

Levene’s test (p) F Scheffe’s post 
hoc test

Mean SD Mean SD Mean SD

Interest/Enjoy-
ment

4.56 0.58 4.19 0.63 4.32 0.61 .633 2.41

Perceived Com-
petence

4.61 0.42 4.07 0.62 4.17 0.57 .626 5.73** Low>Medium

Effort/Impor-
tance

4.60 0.47 4.15 0.70 4.28 0.60 .275 3.23* Low>Medium

Value/Useful-
ness

4.66 0.42 4.26 0.50 4.38 0.52 .722 4.00* Low>Medium

Pressure/Tension 2.72 0.99 2.64 1.06 2.75 0.88 .798 0.10
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course than high achievers did. The result might be explained by the nature of PjBL 
that focuses on the application of subject knowledge to real-world projects. While 
knowledge-practice integration can help students to consolidate subject knowledge, 
it might not reduce the gap among low-, medium-, and high-achieving students in a 
short time. In this study, low-achieving students made more improvement in subject 
knowledge than high achievers did after the six-week PjBL program, but it may take 
more time for low achievers to perform as well as high achievers in the knowledge 
test. In addition, prior studies noted that learning outcomes in problem-solving con-
texts may not be directly reflected in traditional knowledge tests that lack sensitivity 
to learning in such contexts in their assessment criteria (Gijbels et  al., 2005; Wu 
et al., 2016).

Product quality Our findings reveal that the gaps in the product quality among low-, 
medium-, and high-achieving students existed at the beginning, but almost disap-
peared at the end of the study. That is, low-achieving students performed almost as 
well as medium- and high-achieving students in the product quality after completing 
the PjBL course. The observed change is consistent with the gain scores in product 
quality, which show that low- and medium-achieving students made higher improve-
ments in their product quality than high achievers did.

The findings on the quality of student products are consistent student progress 
in programming thinking skills and subject knowledge achieved from the proposed 
PjBL course. Completing a real-world project requires not only subject knowledge, 
but more importantly higher-order thinking skills for solving complex problems 
(Hmelo-Silver et al., 2007; Kirschner et al., 2006; Sasson et al., 2018; Wang et al., 
2018). In programming education, researchers have also highlighted the importance 
of programming thinking skills in affecting students’ programming performance or 
project quality (Blumenfeld et al., 2011; Deek et al., 1999; Gul et al., 2023; Pucher 
& Lehner, 2011). Compared to high achievers, low and medium achievers made 
more improvement in their programming thinking skills for problem understanding. 
In addition, low achievers made more progress than medium and high achievers in 
the programming thinking skills for modular design and process design. These dif-
ferences support low achievers’ biggest improvement in product quality. Besides, 
subject knowledge is an important foundation for completing a program product. 
As reported, low achievers made more improvement in subject knowledge than high 
achievers did, which is consistent with low achievers’ great improvement in product 
quality.

Programming thinking skills It was found that the discrepancies among low-, 
medium-, and high-achieving students in programming thinking skills related to 
process design almost disappeared at the end of the study. There still existed dis-
crepancies in problem understanding and modular design related skills among low-, 
medium-, and high-achieving students at the end of the study, but the discrepancies 
narrowed at the end of the study. The observed changes are consistent with the gain 
scores in programming thinking skills. The analysis of gain scores showed that low- 
and medium-achieving students made more progress than high-achieving ones in 
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problem understanding; low-achieving students made more progress than medium- 
and high-achieving ones in modular design and process design.

On the contrary to the belief that weaker students are often not prepared for pro-
gramming projects (Jazayeri, 2015), this study demonstrates that low-achieving 
students performed as well as high-achieving students in their task performance 
and thinking skills for process design in the visible thinking supported PjBL pro-
gram. One possible explanation might be that high-achieving students have mas-
tered high-level cognitive and metacognitive skills for handling complex tasks or 
projects, whereas low-achieving or weak students often lack such skills (Jazayeri, 
2015; White & Frederiksen, 1998). Nevertheless, as long as effective tools are pro-
vided, students of all academic levels could engage in the tasks that involve higher 
order thinking (Zohar & Dori, 2003) and low achievers with inadequate skills for 
higher-order thinking tend to benefit more from the use of thinking tools (White & 
Frederiksen, 1998). The findings of our study indicate the importance of providing 
visible thinking tools to help low-achieving students to improve higher-order think-
ing skills for accomplishing complex projects. Regarding the findings on the think-
ing skills for problem understanding and modular design, educators and researchers 
may need to further investigate the needs of diverse students in PjBL. For example, 
besides the use of the visible thinking tool to externalize the complex process, there 
is a need to provide students with relevant strategies for completing project activi-
ties, e.g., how to formulate a problem statement by specifying project requirements 
and project goals, and how to generate a solution plan by proposing a set of inter-
related functional modules.

4.2  Differences in affective experiences and comments among high, medium, 
and low achievers

The PjBL proposed in this study benefited students in their affective experiences, 
especially for low-achieving students. Compared to medium-achieving students, 
low-achieving students found the learning program more useful and were more moti-
vated to work hard on it; they also felt more confident during the learning process.

Students’ written comments support the findings. Low-achieving students’ com-
ments were the most positive among the three groups. Besides the advantages 
mentioned by most students (effective for self-directed learning, improving prob-
lem-solving skills, support the motivation for learning), low-achieving students 
highlighted that they appreciated the visible thinking approach provided in the 
learning system and found the course effective for knowledge acquisition. The high-
achieving students highlighted the advantages regarding professional skills in solu-
tion planning and design and knowledge-practice integration.

Low-achieving students’ more positive affective experiences are consistent with 
their larger improvement in product quality and thinking skills from the beginning to 
the end of the study, in comparison to high-achieving students. Results of the study 
echo the findings of previous research that visible thinking approaches can reduce 
students’ anxiety and frustration while working with complex tasks (Corbalan 
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et al., 2009; Sung & Hwang, 2013; Wang et al., 2018; Yuan et al., 2020). This study 
reveals that the advantages of visible thinking approaches can be more salient to 
low-achieving students, making them learn with more positive affect.

4.3  Limitations and future work

This study has several limitations. First, the study was based on a one-group pretest-
posttest design, which may limit the generalizability of the findings to some extent. 
A quasi-experimental design can strengthen the conclusions of this study. Second, 
the participants of this study were from one university, which may constrain the gen-
eralization of the findings. Future studies could extend to students in other regions. 
In addition, the students participated in this study included more males than females, 
which is consistent with the gender gap in most engineering related fields. The mod-
erating effect of gender in visible thinking supported PjBL can be investigated in 
further research. Third, students’ engagement in their online learning process was 
not investigated, which could influence their learning outcomes. It is possible that 
students who engaged more in learning could achieve better performance in the 
post-study tests. Students’ log data such as browsing times and frequency can be 
collected for further analysis. Previous studies also used questionnaires and reflec-
tion journals to analyze student engagement in PjBL (Cudney & Kanigolla, 2014; 
Fujimura, 2016). Fourth, some weaknesses of the proposed learning program men-
tioned in student comments could affect students’ learning experience. Future stud-
ies will improve the design and implementation of the learning program via solving 
technical problems of the learning system, providing more learning resources, and 
enhancing teacher-student interactions.

5  Conclusions

Project-based learning (PjBL) has been increasingly promoted and extended to 
online environments to enhance student learning in higher education settings. How-
ever, there is concern that PjBL involves complex processes requiring higher-order 
thinking skills, which may pose challenges to many students especially in online 
settings without prompt support from teachers. The challenge may compromise the 
learning of low-achieving students, who often have inadequate higher-order thinking 
skills.

This study incorporated a visible thinking approach into online learning with a 
programming project to make the complex process of PjBL accessible to students. 
The approach features a visual representation of the problem-solving phases that one 
must go through to complete a project together with the rules-of-thumb or heuris-
tics that help learners to accomplish each phase. We investigated whether and how 
students of different levels (low, medium, and high) of prior knowledge might ben-
efit differently from the proposed approach. The results showed that low-achieving 
students made the most progress in their product quality and thinking skills (in par-
ticular process design skills). They performed almost as well as medium and high 



2353

1 3

Education and Information Technologies (2024) 29:2329–2363 

achievers in product quality and process design skills at the end of the study. They 
also gained more knowledge from the learning program than high achievers did. 
Compared to medium achievers, low achievers perceived the approach as more val-
uable, made more effort on the study, and felt more competent in completing the 
project.

The findings of the study may contribute to the literature on incorporating vis-
ible thinking approaches into online learning with real-world projects or problem-
solving tasks. While previous studies reported that visible thinking approaches can 
improve students’ performance in problem-solving tasks or projects (Gijlers & de 
Jong, 2013; Peng et al., 2019; Slof et al., 2012; Wang et al., 2018), the present study 
reveals that the advantages of such approaches can be more salient to low-achieving 
students, who often have inadequate higher-order thinking skills to accomplish a 
real-world project. In particular, visible thinking approaches can more effectively 
help low achievers to stimulate intrinsic motivation and positive emotions during 
the task, and significantly improve their higher-order thinking skills and task perfor-
mance. As a result, such approaches narrow the achievement gap between high and 
low achievers and offer a variety of students an equal chance to engage in effective 
learning with real-world projects or problem-solving tasks.

Our findings have several implications for research and practice in online learning with 
real-world projects. First, when extending student-centered PjBL to online settings with 
little prompt support from teachers, students may face substantial challenges in accom-
plishing a real-world project. It is thus important to make the complex thinking process 
visible or accessible to students to foster effective thinking and self-sustained learning in 
online settings. Second, such kind of support is more crucial to low-achieving students, 
who often have inadequate higher-order thinking skills to accomplish a real-world project. 
Providing such kind of support has a potential to reduce the disadvantage of low-achiev-
ing students and make complex PjBL accomplishable by a wide range of learners. In this 
way, all students have an equal chance to accomplish complex learning with real-world 
projects, which is important for the equality of opportunity in education (Noguera et al., 
2015). Third, although PjBL can promote students’ motivation to learn, it is important 
to sustain students’ motivation especially when they face challenges in completing the 
complex process of PjBL. Effective design of technology-supported learning environ-
ments can play a role in externalizing and facilitating higher-order thinking processes to 
empower students to persist through challenges and feel more competent in completing 
complex PjBL. Finally, while visualization approaches in programming education have 
focused on helping students to understand abstract concepts and complicated behavior 
of programs and increase their intrinsic motivation to learn complex programming, it is 
important to visualize the higher-order thinking process of completing a realistic pro-
gramming project. The higher-order thinking process involves not only the project pro-
cess (i.e., problem formulation, solution planning, solution design, and solution imple-
mentation), but also the strategies for completing project activities (e.g., how to formulate 
a problem statement by specifying project requirements and project goals, and how to 
generate a solution plan by proposing a set of interrelated functional modules). Visual-
izing the higher-order thinking process is critical to completing a programming project 
(Gómez-Albarrán, 2005; Peng et al., 2019), especially ill-defined realistic programming 
projects involving complex problem-solving processes.
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Appendix 3.

Programming knowledge pre-test

I. Single-choice questions

1. C# is what kind of language? ( )

A) Object-Oriented programming language

B) Machine language

C) Assembly language

D) Natural language

2. Which word below belongs to C# keyword? ( )

A) abstract

B) camel

C) Salary

D) Employ 

3. If int a=11, then the value of expression (a++*1/3) is ( ).

A) 0

B) 3

C) 4

D) 12

4. What is the value of “a” in following expression?  a=3+3>5? 0:1 ( )

A) 6 

B) 1

C) 0

D) true

5. Which description below about constructor is correct? ( )

A) The constructor must possess the same name of its containing class.

B) The constructor cannot be private.

C) The constructor cannot receive parameters.

D) The constructor can have return value.

6. Which description below about array is incorrect? ( )

A) The index of array starts from 0.             

B) If the index < 0, or index> the length of array, the compiler will throw an

IndexOutOfRangeException exception.             

C) Array.Reverse() is used to reverse the contents of a one-dimensional array.

D) The index of array starts from 1 and ends at the length of array.

7. Which program structure does the following flowchart correspond? ( )
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A) while

B) do … while …

C) if… else…

D) switch… case…

8. What is the output of the following program?

A) the sum is 4

B) the sum is 3                

C) the sum is 2

D) the sum is 0

9. Which description below about method overloading is incorrect? ( )

A) Method overloading may extend the functionality of containing class.

B) The constructor cannot be overloaded.             
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C) ConsoleW(int value)is a method overloading to ConsoleW(string value).             

D) Method overloading means "Same method name with different parameter lists".

10. If we want a method of a class to be modifiable in its sub-class, then the method should be defined

as ( ).

A) sealed

B) public

C) virtual

D) override

II. Fill-in-blank questions (30 points):

1. ______ statement can stop the current loop cycle and continue with the next loop cycle.

2. Class fields can be accessed by get () and ______ property accessors.

3. Operator is used to represent Logical NOT, while is used to represent Logical AND.

4. If a=5, b=4, c=6, then value of a>b? (a>c? a:c):b is ______.

5. _______operator adds the value of an expression to the value of a variable and assigns the result to 

this variable

III. Short program-writing (30 pints):

1. If a=1, b=2, c=3, x=2, evaluate the value of y= ax2+bx+c and print it. Please write your answer 

within the Main method.

static void Main(string[] args)

{

}

2. Ask user to input seconds number then convert it to hours-minutes-seconds format and print it. For 

example, input 7278 then print 2-1-18. Please write your answer within the Main method.

static void Main(string[] args)

{

}
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Appendix 4.

List of abbreviations:

• 4C/ID: Four-Component Instructional Design
• PBL: Problem-Based Learning
• PjBL: Project-Based Learning
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