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Abstract

:

Teaching computer programming is a real challenge in the State University of Milagro (UNEMI), located in one of the least-developed zones in Ecuador, a non-WEIRD country (WEIRD stands for Western, Educated, Industrialized, Rich and Democratic). Despite the application of various learning strategies, the historical pass rate does not exceed 43%. To solve this problem, we have relied on visual programming languages, specifically Scratch. Scratch is an open source software to learn programming that has a strong assumption of the benefits of community work. A quasi-experiment conducted with 74 undergraduate students during the first semester of CS showed that: (1) Both groups (control and experimental) are homogeneous in terms of their demographic characteristics, previous academic performance and motivation (expectations) concerning the course; (2) Scratch is strongly accepted by students in the experimental group and concerning the learning process, both groups showed similar levels of satisfaction; (3) the experimental group showed a pass rate four times higher than the control group; (4) in general, student success is associated with having learned programming with Scratch. While limited, our results are an important step in our road to improve the learning of programming in a low social status area of Ecuador.






Keywords:


computer programming learning; Scratch; higher education; CS teaching












1. Introduction


In today’s society, where most students are considered digital natives, knowing how to program is a necessary skill for future professionals in order to enhance thinking skills for problem solving [1]. Hence, numerous educational institutions have included this skill in their curricula, even at initial levels (i.e., K-12). However, most of the experiences reported in literature regarding this necessary initiative occur in well-educated countries, which are often referred to as WEIRD (Western, educated, industrialized, rich, and democratic) [2]. For Henrich et al. [2], the experimental results of the WEIRD communities should not be taken as standards for all populations. They believe that there is substantial variability, with frequent outliers. Within the domains reviewed by their study, we can highlight that spatial reasoning, reasoning styles, motivation, categorization and differential induction are domains that we consider should be developed within programming learning.



Latin America countries, and in particular Ecuador, have very different characteristics to WEIRD countries. Students from less-developed areas, from a socioeconomic point of view, tend to have a weak basis for solving problems in the field of mathematics and physics, which can make learning programming a complex task, even in university settings, according to [3,4,5].



This is also the case of students enrolled on the Computer Systems Engineering (CS) course at the State University of Milagro (UNEMI) from Ecuador. Milagro is one of the least-developed zones in Ecuador, where a large proportion of the population lives in the countryside. Students entering UNEMI come mostly from this social stratum. This low socioeconomic status might have a negative influence on academic performance, regardless of government initiatives to facilitate access to educational centers. In fact, the pass rate in the subject Fundamentals of Programming, which is taught in the Computer Systems Engineering program, does not exceed 43%. This causes a high degree of dropout in the career that usually leads to the student’s definitive abandonment of higher education.



Trying to overcome this situation, several strategies have been implemented in recent years without positive results. For instance, the most experienced lecturers were assigned to the early semesters. Likewise, the topics within Fundamentals of Programming were reorganized. Lastly, pre-university training courses were offered to help students catch up.



In the context of assisting programming learning, Visual Programming Languages (VPL) are powerful tools [6]. While Scratch was designed for children, there is evidence that it is useful in teaching programming concepts to students in the early stages of programming learning [7,8]. Based on these evidences, we considered Scratch suitable for enhancing the learning of programming in CS freshmen at UNEMI. Scratch is an open source tool under a BSD license that promotes the community work (see more in Section 2).



In this regard, this paper reports our findings related to an intervention with Scratch during the first 8 weeks of Fundamentals of Programming. The participants (74 students at UNEMI) were divided into two groups: the control group (with the traditional learning approach), and the treatment group (using Scratch). Results showed that students who were learning with Scratch had more chances of passing the midterm exam (applied at the end of the 8th week) than students from the control group. We also observed a high level of acceptance of Scratch in students from the experimental group.




2. Literature Review


According to [9], the learning of computer programming is a difficult process. Experience has shown that many students find it difficult to use programming languages. School failure suggest that traditional approaches to teaching and study methods are not the most appropriate. There are several reasons that cause this learning problem, such as the lack of problem-solving skills that many students possess (i.e., students do not know how to create algorithms).



Blocks-based Programming Languages (BBPL) were created aiming to counteract such obstacles during learning, since they avoid syntax errors; allow the student to develop logical and creative thinking, by performing various activities (for example, games); and enable the visualization of the execution of algorithms. These block programming environments have become a popular way of introducing coding and as a building block towards traditional languages based on text, although one can also use these environments to write real code [10].



Scratch is a popular choice within BBPL tool [11]. It is composed of a dynamic, attractive, colorful and simple graphical interface that allows to perform, animations, games, dialogues, simulations, diverse activities and interactive comics or other programs that often arise from the student’s own creativity and can be shared with other students or users of Scratch. Its environment uses menus, controls called color differentiated block palette that allow the design of the program created by the student, these controls come together as a puzzle in an orderly and logical way for the program to work properly [12]. One of the benefits of Scratch is that it is visually attractive and fosters learning in an active manner [13,14].



While initially was targeted at teenagers, i.e., a younger audience than that in the first year of college, interest in Scratch is increasing at university level as a way of introducing learning’s to difficult programming concepts [15].



2.1. Scratch for College Students


Scratch was presented by David Malan and Henry Leitner in an introductory programming course at Harvard [16]. The authors took advantage of the benefits of language to focus students on the logic of programming. While no evidence on a cognitive level of the impact of using this language was reported, they concluded that the vast majority (76%) of the students rated the experience as positive. Interestingly, all the students who were dissatisfied with Scratch knew another programming language prior to the study.



Based on the aforementioned experience at Harvard, the same authors got involved in a simple research project: [17]. Together, these authors proposed ideas for students to move more smoothly between Scratch and advanced programming languages such as C + + and Java. While it does not present experimental evidence, the paper presents some interesting pieces of advice.



Another paper on the use of Scratch in a university environment was presented by [18]. In this case, the programming language was used as an easier way to move students on to a text-based language. Students learnt to code with basic programming concepts (use of variables, conditionals, loops, etc.) using Scratch and then transcribe these blocks into lines of code. The authors used a set of questionnaires as their starting point, which is a good mechanism to introduce more advanced programming languages.



There are various techniques that, like Scratch, have been used as technological alternatives for teaching introductory programming courses. Xinogalos et al. [19] analyzed university students in their fourth year of an ICT course (studying Advanced Programming Skills) to identify positive and negative characteristics of alternatives such as: BlueJ; objectKarel; Scratch; Alice; and MIT App inventor. After developing a group of activities with each alternative and answering a questionnaire, it was identified, among other things, that Scratch was the most suitable strategy for providing introductory programming courses.



A literature review was conducted by [20] to identify countries that had incorporated techniques in order to improve programming skills in their curricula. According to the authors, the main efforts made were in Europe, the United States and Asia. In addition, higher education was the educational level that had received the most attention and Scratch was identified as one of the most widely used tools.



Another result of Scratch’s intervention in higher education was presented by [21]. They analyzed 52 second-year students studying Education in Information Technology, divided into two groups (control and test). The objective was to identify the benefits of Scratch for motivation and programming achievement. The experiment was conducted in two stages, each lasting 7 weeks. In the first stage, the basic concepts of programming were taught in the traditional way (flowchart) for the control group and Scratch was employed for the test group. In the second stage, both groups transitioned to the C language in the same way. The authors found that the test group had the highest levels of motivation and their performance (score on a final exam) was significantly higher than the control group. They concluded that Scratch is a good option for introducing basic programming concepts.



An interesting study highlighting the influence of Scratch on the cognitive development of university students was published by [6]. They analyzed the results of 10,000 students in introductory Computer Science courses at 118 universities in the United States, and found that the scores were higher for students who knew Scratch before starting university as opposed to those who knew a conventional programming language.



Finally, Tang et al. [22] carried out a state-of-the-art systematic review of more than 7000 articles published between 2013 and 2018. As part of the results, the authors identified Australia, Canada, China, Greece, the Netherlands, Spain, Turkey, the USA and the UK as the countries with the most publications on computational thought. They also determined that Scratch was the most commonly used programming tool among the published studies.



In short, it can be observed that:




	
Scratch has been used with positive results in the development of computational thinking.



	
No study has ever been performed regarding the impact of Scratch in a non-WEIRD community college environment.









2.2. Scratch and the Open Source Movement


All the source code of the latest version of Scratch, 3.0, is licensed under open source licenses: most components are under the BSD license while the Scratch Blocks component is licensed under the Apache License v2.0 (https://en.scratch-wiki.info/wiki/Scratch_Source_Code, accessed on 15 April 2021). In addition, all projects shared at the Scratch web repository are licensed under the Creative Commons Attribution Share-Alike license 2.0 (https://en.scratch-wiki.info/wiki/Scratch_Project_License, accessed on 16 April 2021).



The Scratch website promotes the idea of a community of learners that share their creations and learn from each other [23]. The website offers features to publish projects, to explore the repository searching and filtering by different criteria, to follow projects and users and get notifications of their activity, to share comments about projects, to participate in studios with other programmers and curators, and to create remixes (forks) of projects programmed by other users. The result is a vibrant community in which its members “learn to collaborate in many different ways. They give feedback through comments on projects, they work together on joint projects, they remix one another’s projects, they crowd-source artwork for their projects, they create Scratch tutorials to share their knowledge with one another” [24].



These features offer the possibility of learning about the social aspects of open software development. An example of such learning experience can be found in the Scratch forums, where multiple beginner programmers complain about other developers using their programs, claiming that their creations are being stolen (https://en.scratch-wiki.info/wiki/Remix#Controversy, accessed on 16 April 2021).



Nonetheless these social open source software possibilities are clearly beneficial in the long term, since Scratch users develop social skills related to programming and beyond. A recent investigation shows that more social activities users perform in the Scratch website is positively associated with bigger improvements in the sophistication of the projects they program [25]. In a similar vein it was found that “users who remix more often have larger repertoires of programming commands even after controlling for the numbers of projects and amount of code shared” [26].



In our intervention we tried to make the most of these social, open source features of Scratch. However, the specific impact of such features on the students’ learning outcomes is to be assessed in a future work.





3. Materials and Methods


The main objective of this research project was to test whether the use of Scratch can improve the learning outcomes of undergraduate students from communities that historically perform poorly. For this, we applied a quantitative and cross-sectional paradigm for analysis and data collection. A similar approach in a different setting was described by [27]. Figure 1 shows the process we followed in this study.



3.1. Participants


The study was carried out with students in their first semester of Computer Systems Engineering at the State University of Milagro in Ecuador. The study sample was composed of 74 students aged between 17 and 34. We divided the sample into two groups with common characteristics: the control group (  n = 38  ) and experimental group (  n = 36  ). For the control group, the contents were taught following the teacher’s previous strategy. The use of Scratch to support teaching and learning was incorporated into the experimental group.




3.2. Design and Data Collection


The experiment was carried out during the first 8 weeks of a 16-week course, with a frequency of 5 h per week. At that time, each group received the same programming concepts: variables and initialization, conditional and repetitions, and other introductory aspects of the subject.



We built several evaluation instruments to collect information at each stage of the project. The first instrument was a questionnaire, as shown in Table 1, and the last was a test to measure skills acquired in programming after the intervention.



The aim of the first questionnaire (Q1) was to discover some socioeconomic aspects and the students’ attitudes towards study. The results of this instrument were used to analyze the homogeneity of the groups at the beginning of the experiment. In the same way, we applied a second questionnaire (Q2) to find out levels of satisfaction with Scratch among students in the experimental group. And finally, we constructed a third questionnaire (Q3), which was applied to each group, to measure the students’ satisfaction with the teaching process. Both Q2 and Q3 were applied after the students had completed 8 weeks of study.To verify if questionnaires were consistent with the assessment, we performed a pilot test and we relied on experts for evaluating the questions.



Concerning the midterm exam, it can be seen as an independent variable that is manipulated at two levels (control and experimental) and a dependent variable that is measured by applying a post-test [28]. The teachers in charge of each group, designed 10 multiple-choice questions. The objective was to measure the knowledge acquired by students in both groups. Further details on the structure of the exam can be found in Table A1 (Appendix A). The main topics evaluated for both groups were variables, conditional structures, loops and algorithms. We believe that while a cognitive test will not absolutely capture the students’ learning [29], it does give us a rough enough measure to know the degree of assimilation of the content delivered during the first 8 weeks of the course. Finally, it is important to mention that both groups were taught the same topics (variables, conditional structures, etc.) and used flowcharts to represent their solutions theoretically. As for the practical activities, these were carried out using the Java programming language (control group) and Scratch (experimental group).



To verify differences between groups, we used Student’s t-test under the assumption of normal data distribution and variance homogeneity. We also fit of a decision tree [30] in order to identify which variables explain students‘ success in the midterm exam.




3.3. Research Questions


The following research question framed this study: Which teaching method is more effective in teaching the concept of programming using traditional activities only or using Scratch? Two sub-questions were framed:




	RQ1: 

	
Do students perceive that Scratch helps them improve their skills in basic programming concepts?




	RQ2: 

	
Are students’ grades improved with a Scratch intervention in the teaching- learning process?











4. Results


This section describes the results obtained to provide answers to the questions guiding the research. Before this, we have considered it necessary to show statistically that the groups under study (control and experimental) are homogeneous (Section 4.1). In this way, it will be verified that the assignment of individuals to these groups has been carried out with the least occurrence of bias. After that, Section 4.2 addresses the satisfaction of the Experimental group about Scratch and the satisfaction of both groups with respect to the teaching method, that is, after 8 weeks. Finally, Section 4.3 provides answers to question RQ2 through both univariate and multivariate statistical analyses.



4.1. Homogeneity of the Groups


To simplify the analysis of group homogeneity, the study was divided into two parts. First, we analyzed the six initial questions (A1…A6) of the Q1 questionnaire presented in Table 1, and in the second part, we will consider the pre-course motivation (items from A7 to A13).



Figure 2 shows a descriptive summary of the variables that characterize the students. From these plots we can observe that students in both groups (control and experimental) present very similar characteristics. The majority are under 21 years of age (Figure 2a), are male (Figure 2a), with parents who studied up to high school (Figure 2c), and from families with low socioeconomic status (Figure 2d). Additionally, Figure 2e,f show that both groups are composed of students who obtained similar academic grades in both high school and baccalaureate. Overall, these features indicate that most of the students started the course in not very favorable conditions.



In order to formally confirm the homogeneity of the control and experimental groups, we proceeded with a statistical analysis. We relied on a t-test for equality of means. Table 2 shows that no significant differences exit between the experimental and control group in terms of age, parental education level, socioeconomic level of the family, average high-school grades, and average grades in the baccalaureate course (all p-value   > 0.05  ).



In the second part of this study, we analyzed the existence of significant differences between the experimental and control groups regarding motivation. The operationalization of this variable was realized by means of the average of the perception on the degree of fidelity in the course, regularity, attendance, interest, intellectual capacity and expectation of passing Fundamentals of Programming.



Table 3 and Table 4 show the statistical summary and results of t-test. Under the test of normality and homogeneity of variance, the value of the t-test (p-value   = 0.128 > 0.05  ) did not provide enough statistical evidence to reject the null hypothesis (  H 0  ). For this reason, there is no significant difference between students’ expectations at the beginning of the course.




4.2. Satisfaction Analysis (RQ1)


In this section, we will analyze the information obtained in the Q2 and Q3 questionnaires. Both were applied after 8 weeks of intervention.



The objective of Q2 was to determine students’ satisfaction with Scratch tool and the impact it had on their learning. Figure 3 summarizes the results of this survey. It can be seen that the highest percentage of disagreement corresponds to question B7 (related to the perception that it is necessary to have prior programming knowledge to work with Scratch). In contrast, the largest percentage of agreement is achieved for question B4 (related to students’ intention to attend courses and learn Scratch).



In general, the results of this satisfaction survey show a higher proportion of positive (strongly agree and agree) than negative responses (fisagree and strongly disagree). Considering that this was the first time that students used Scratch, in our opinion the results were positive.



Finally, we determined if there was a significant difference between the two groups in terms of students’ perceptions (questionnaire Q3) about the learning process in Fundamentals of Programming. The variables related to the students’ perceptions about degree of learning achievement, ease, enthusiasm, interest, applicability, motivation and qualification were taken into account.



Table 5 shows the descriptive summary for each item from questionnaire Q3. The lowest mean value is reported for item C1, indicating that most students feel they have not yet completed the subject matter. This result is understandable considering that the experiment took place during the first 8 weeks of the course. As a consequence, only basic programming concepts were taught.



Here, we also proceed with t-test for comparing both groups regarding the questionnaire Q3. Table 6 shows that no significant difference exist for each question (p-values > 0.05). With this result we can conclude that both groups valued the learning process in a similar way. Given these results, we believe that the work carried out by the teachers who took part in the experimental group was meritorious. Specifically, their achievement was that levels of satisfaction with the teaching-learning method were at the same level in both the experimental group and the control group (in which teachers had more experience in the methodology employed).




4.3. Effect of Learning with Scratch (RQ2)


In this section, we report the results after presenting all the evaluations of the first midterm exam (after 8 weeks) regarding the students’ grades in the control group and the experimental group. In accordance with UNEMI regulations, the minimum grade to pass the course is 70.



Figure 4 summarizes the results achieved by both groups in the midterm exam. Specifically, Figure 4a shows the score distribution through boxplots. In this case it can be observed that the control group has clearly inferior results compared to the experimental group. Notably, more than 75% of the students in the control group (quantiles 1, 2, and 3) achieve grades below the minimum necessary to pass (e.g., 70). This proportion is lower in the case of the experimental group. To complement this information, the bar chart in Figure 4b indicates that the experimental group improves the proportion of passing students of the control group by a factor of 4, i.e., from 10.5% to 47.2%.



We confirmed these observed differences through a t-test for equality of means (Table 7). Here, it is easy to see that the corresponding p-value (=0.021) is less than 0.05, so the null hypothesis (equality of means) can be rejected.



To better understand which student characteristics explain their success or failure in the midterm exam, we have conducted a multivariate analysis. Due to the small sample size (There are very few cases (students) per level configuration in each predictor variable), it is more appropriate to rely on nonparametric techniques. Specifically, we fitted a decision tree [30], in which the variables of questionnaire Q1 (e.g., age, gender, etc) were used as predictors of student success or failure. This success or failure has been modeled as dichotomous variable named Passing, so that a student with a score greater than or equal to 70 will be associated with Passing = Yes, while Passing = No, otherwise (e.g., the student fails). Figure 5 illustrates the tree obtained, in which each node contains three pieces of information: the most probable value with respect to the Passing variable (i.e., No or Yes), the probability that Passing = Yes, and the proportion of cases (students) that would be covered up to that node.



From the structure of the decision tree it is observed that, before attending the programming classes, the probability of passing is 0.28, that is, regardless of whether students take the course with or without Scratch. However, if students are taught with Scratch (Group = Experimental), the probability increases to 0.47. In this case, having a grade higher than 9.1 in high school is associated with a probability of success of 0.73. Otherwise, if the grade is lower than 9.1, success depends on the type of education achieved by the student’s parents. If the parents have a primary education or less, or are university graduates, the probability of passing the subject is 0.60. Interestingly, the fact that the parents have a secondary or technical education is associated with a probability of passing 0.20. Finally, note that the probability of passing if learning without Scratch (Group = Control) is associated with a probability of 0.11. The latter is consistent with the results reflected in Figure 4b where the pass rate for the control group case was 10.5%. Similarly, the probability of 0.47 associated with students being taught with Scratch is consistent with the pass rate in Figure 4b, that is, 47.2%. Another important aspect of these results is that only three variables (e.g., Group, High school grades, and Parents’ education) were found to be relevant in explaining students’ success or failure in the midterm exam.



The confusion matrix listed in Table 8 shows that the obtained decision tree has an accuracy of 0.811, 95% confidence interval   [ 0.703 , 0.893 ]  . From a one-side binomial test we found that the decision tree predicts better than chance (p-value   = 0.0429 < 0.05  ). Besides, the MacNemar’s test p-value was greater than 0.05 indicating that the proportion of misclassified cases is statistically the same for both classes (e.g., Passing = No and Passing = Yes).





5. Conclusions


Improving the academic results of novice students of programming in non-WEIRD communities can be challenging for universities. We proposed a new pedagogical approach based on the Scratch tool to teach the subject in a more practical and didactic way, which was attractive to the majority of students. It allowed them to move faster through the contents and go deeper into fundamentals of programming.



Despite Scratch being a tool developed for children, the majority of UNEMI students come from a rural social context and have a low socioeconomic level, and therefore they benefit from starting with a friendly and simple tool (such as Scratch) in their first steps through programming. For that reason, this study represents an interesting initiative, given that there are no known papers focusing on communities with similar conditions of vulnerability. Specifically, most research projects have taken place in countries with more favorable educational conditions, as concluded by [20,22].



Moreover, our results showed an acceptable level of satisfaction in the group that used Scratch as a technological tool for learning. This is consistent with certain experiences reported by [16,19,21,31].



In terms of grades, the experimental group scored significantly better than the control group. A similar result was reported by [21], where students who used Scratch in the first weeks of the experiment were better able to transition to the C programming language and thus achieve higher grades. Another study related to this result was published by [6] and describes how the students who obtained the highest scores in an introductory programming course were those who knew Scratch before entering university. Furthermore, from a multivariate perspective we find that our proposal increases the probability of passing the midterm. Specifically, students who learn with Scratch are four times more likely to pass the exam than those who learn following the traditional method.



Based on these results, it can be concluded that incorporating Scratch into the Fundamentals of Programming classes would make a positive contribution to student performance. It also allows students to develop the concepts of programming logic and the use of certain basic control structures. However, it remains to be seen whether this effect will last long enough to ensure that students who learn with Scratch will be able to stay in the course and not drop out.



We are aware that this is just a first step towards improving the learning of programming with Scratch at Universidad Estatal de Milagro, an institution with a high dropout rate of students attending Fundamentals of Programming. Our future work will be oriented to monitor the effectiveness of this early intervention with Scratch and to develop other pedagogical alternatives that contribute to decrease this dropout rate. In this way, we aim to contribute to the United Nations Sustainable Development Goal 4 (Quality Education, https://www.un.org/sustainabledevelopment/education/, accessed on 21 April 2021), which aims, among other things, to ensure that the proportion of students who start higher education remains stable until the end of their studies.



Finally, it is important to note that our future work will be aimed at addressing the limitations of this study. On the one hand, we plan to test whether the results obtained here can be generalized to a larger sample of students. On the other hand, the technological acceptance of Scratch by students and teachers should be investigated as well. Based on similar experiences in the context of learning management systems such as Moodle [32,33], we plan to develop a study based on existing technology acceptance models to understand the determinants of such acceptance.
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Appendix A. Structure of the Midterm Exam Administered to the Students
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Table A1. Structure of the midterm exam administered to the students. Each question was evaluated with a score of 10 points.
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	Topic
	Learning Goal
	Question Statement
	Question Type





	Variable
	To know the definition
	Choose the option that best defines a variable:
	Multiple choice (one correct option)



	
	To identify the use of the concept
	Select the options where the use of variables is justified:
	Multiple choice (more than one is correct)



	Conditionals
	To know the definition
	A conditional test is:
	Multiple choice (one correct solution)



	
	To identify the use of the concept
	Select the options in which the use of a conditional structure is justified:
	Multiple choice (more than one is correct)



	Loops
	To know the definition
	A loop in programming allows:
	Multiple choice (one correct solution)



	
	To identify the use of the concept
	Select the options that you consider appropriate for the application of a loop:
	Multiple choice (more than one is correct)



	Algorithms
	To know the definition
	An algorithm is:
	Multiple choice (one correct option)



	
	To identify the use of the concept
	Consider the following flowcharts and choose the one that is an algorithm:
	Multiple choice (more than one is correct)



	Integrative
	To apply the concepts learned
	Consider that a Facebook user has 5 friends and you are required to simulate for the span of 100 days the functionalities of adding and removing friends. Each day 0 to 5 friends can be added/removed randomly. It is necessary to avoid that the number becomes negative, in which case you would have to start with 5 friends. At the end of the simulation you need to obtain the final number of friends, the highest number of friends reached during the 100 days, as well as the lowest. Select the flowchart that solves the problem correctly.
	Multiple options (one correct option)
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Figure 1. Workflow followed in this research project. 
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Figure 2. Descriptive summary of the students’ characteristics for variables: age (a), gender (b), parental education level (c), socioeconomic level (d), previous high school grades (e), and previous baccalaureate grades (f). 
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Figure 3. Percentages of satisfaction with Scratch (questionnaire Q2, Table 1). 
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Figure 4. Distribution of the scores achieved by the students in the midterm exam (a) and proportion of passing and failing students (b). A student is considered to pass when the corresponding score is greater than or equal to 70 (this cutoff is represented by the red dashed line in plot (a)). 






Figure 4. Distribution of the scores achieved by the students in the midterm exam (a) and proportion of passing and failing students (b). A student is considered to pass when the corresponding score is greater than or equal to 70 (this cutoff is represented by the red dashed line in plot (a)).



[image: Electronics 10 01180 g004]







[image: Electronics 10 01180 g005 550] 





Figure 5. Fitted decision tree for explaining student passing (Yes) and failing (No) from demographics variables, previous grades and course motivation (items A1–A13, Table 1). 
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Table 1. Questionnaires used in this research.
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	Questionnaire
	Code
	Variable/Item





	(Q1) Demographics
	A1
	Age.



	
	A2
	Sex: {Female, Male}.



	
	A3
	Parent’s level of education: {No formal education, Primary, High school, Technical studies, Higher education}.



	
	A4
	Socioeconomic level of their parents: {Low, Medium, High}.



	Previous grades
	A5
	Average grades in secondary education.



	
	A6
	Average baccalaureate grades.



	Pre-course motivations †
	A7
	I took lessons in Fundamentals of Programming at school.



	
	A8
	If I could choose any degree, I would choose this one.



	
	A9
	I regularly do all homework set by the teacher.



	
	A10
	I regularly go to class.



	
	A11
	I am interested in Fundamentals of Programming.



	
	A12
	I think that I am intelligent enough to pass the Fundamentals of Programming course.



	
	A13
	I think that I will pass the Fundamentals of Programming course.



	(Q2) Satisfaction with Scratch †
	B1
	I am more likely to be promoted if I use the Scratch teaching tool.



	
	B2
	I believe that the Scratch tool will contribute towards improving my grades in Fundamentals of Programming.



	
	B3
	I believe that Scratch can contribute to the methodologies used by the teacher of Fundamentals of Programming.



	
	B4
	I would like to attend courses to learn the concepts and uses of the Scratch tool.



	
	B5
	I would like Scratch software to be considered as a pedagogical tool to teach Fundamentals of Programming.



	
	B6
	The inclusion of Scratch in the content of Fundamentals of Programming positively changed my perspective of the subject.



	
	B7
	It was necessary to have previous programming knowledge in order to use the Scratch tool.



	
	B8
	I think that using Scratch instead of other teaching methods can improve the students’ grades in the subject Fundamentals of Programming.



	
	B9
	I think that using Scratch instead of other programming methods can increase students’ interest and motivation in Fundamentals of Programming.



	(Q3) Satisfaction with the teaching method †
	C1
	I believe that I have achieved solid and long-lasting learning in Fundamentals of Programming.



	
	C2
	It has been easy to learn the subject.



	
	C3
	I think what I have learned is applicable to other subjects of my degree.



	
	C4
	I studied the subject with enthusiasm and interest.



	
	C5
	I believe that what I have learned will apply to my professional future.



	
	C6
	I am motivated to do activities outside the classroom to deepen or complement the knowledge I acquired in this subject.



	
	C7
	I feel motivated to finish my degree.



	
	C8
	I got good grades in the subject.







† Measured using a Likert scale where Strongly disagree = 1, Disagree = 2, Neither agree nor disagree = 3, Agree = 4, Strongly agree = 5.
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Table 2. Results of the t-test for equality of means (demographics variables).
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	Variable
	t
	df
	p-Value
	Mean Difference





	Age
	1.843
	74.0
	0.205
	0.743



	Parents’ education level
	1.782
	73.4
	0.073
	0.441



	Socioeconomic level
	0.621
	70.0
	0.551
	0.054



	Average high school grades
	0.578
	71.2
	0.621
	0.052



	Average baccalaureate grades
	0.319
	48.1
	0.762
	0.091
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Table 3. Students’ motivation from questions (items A7–A13, Table 1).
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Group

	
n

	
Mean

	
SD

	
SE






	
Motivation

	
Control

	
38

	
4.235

	
0.818

	
0.121




	
Experimental

	
36

	
4.274

	
0.598

	
0.069
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Table 4. Results from the t-test for equality of means (students’ motivation).
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	t
	df
	p-Value
	Means’ Difference





	Motivation
	0.764
	69.3
	0.128
	−0.293
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Table 5. Descriptive summary of items from questionnaire Q3 (satisfaction with the teaching method, Table 1).
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	Item
	Group
	n
	Mean
	SD.
	SE.





	C1
	Control
	38
	1.332
	0.479
	0.083



	 
	Experimental
	36
	1.303
	0.462
	0.061



	C2
	Control
	38
	3.371
	0.970
	0.157



	 
	Experimental
	36
	3.032
	0.958
	0.122



	C3
	Control
	38
	4.051
	0.928
	0.151



	 
	Experimental
	36
	3.842
	.834
	0.106



	C4
	Control
	38
	4.213
	.963
	0.156



	 
	Experimental
	36
	3.842
	0.872
	0.111



	C5
	Control
	38
	4.051
	1.207
	0.196



	 
	Experimental
	36
	4.162
	0.872
	0.111



	C6
	Control
	38
	4.001
	0.986
	0.160



	 
	Experimental
	36
	3.891
	0.832
	0.106



	C7
	Control
	38
	4.472
	0.979
	0.159



	 
	Experimental
	36
	4.312
	0.879
	0.112



	C8
	Control
	38
	2.954
	1.335
	0.216



	 
	Experimental
	36
	3.212
	1.189
	0.151
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Table 6. Results of the t-test for equality of means. Questionnaire Q3 (satisfaction about the teaching method, Table 1).
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	Item
	t
	df
	p-Value
	Mean Difference





	C1
	0.343
	74
	0.733
	0.035



	C2
	1.695
	74
	0.093
	0.336



	C3
	1.193
	74
	0.236
	0.214



	C4
	1.989
	74
	0.052
	0.372



	C5
	−0.521
	74
	0.603
	−0.109



	C6
	0.613
	74
	0.541
	0.113



	C7
	0.884
	74
	0.379
	0.167



	C8
	−1.022
	74
	0.309
	−0.262
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Table 7. Results of the t-test for equality of means. (Students’ scores in the midterm exam).
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	Variable
	t
	df
	p-Value
	Mean Difference





	Score
	−2.352
	74
	0.021
	13.681










[image: Table] 





Table 8. Confusion matrix corresponding to the decision tree.
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Reference (Data)




	
Prediction (Decision Tree)

	
Passing = No

	
Passing = Yes






	
Passing = No

	
46

	
7




	
Passing = Yes

	
7

	
14
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