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4
This study analyzes the impact of adding a review exercises module to an online tool used in a software 5
engineering degree program. The objective of the module is to promote students’ self-learning effort to im- 6
prove their performance. We also intend to determine if this new feature has any effect on the amount of 7
code copies detected in lab sessions when using the same online tool. Two groups of students were compared 8
quantitatively: the first group used the tool exclusively during lab sessions, whereas the second group had 9
the option of employing the tool’s new module to enhance their study. The tool allows us to collect inter- 10
esting data related to the focus of this research: supplementary work completed voluntarily by students and 11
the percentage of students copying others’ code during compulsory lab sessions. The results show that the 12
students in the second group achieved better academic results and copied less in lab sessions. In the second 13
group, the students who invested more effort in doing revision exercises and copied less in lab sessions ob- 14
tained better results; and, interestingly, the effort invested in completing review exercises did not seem to 15
compensate for the learning effort avoided by copying others’ exercises during lab sessions. The results show 16
the advantages of a tool used with a dual orientation: compulsory and voluntary. Mandatory usage in lab 17
sessions establishes some milestones that, eventually, act as an incentive fostering learning, while voluntary 18
use reinforces students’ perception of the tool’s usefulness in terms of learning. 19
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1 INTRODUCTION28

Online tools that include automatic feedback or assessment exemplify how IT tools can be utilized29
in teaching environments. These tools can be made available to students to practice outside of30
class and they provide a significant advantage over unassisted studying [46]. Recently, the use31
of this type of online tool as complementary and non-compulsory material has been analyzed in32
disciplines such as mathematics [4, 23], language learning [21, 57] and medicine [44]. The learning33
effort that students make when using these tools is unrelated to the assessment process. The results34
obtained agree that such effort has clear benefits for academic performance. Another different and35
common use of online tools in education is to support in-class laboratory sessions. Although in36
this context students should be focused on learning, the need to develop deliverables during the37
session can shift their focus. The grade for the deliverables may have some influence on the grade38
for the course [3], and this factor may encourage some students to improve their deliverables by39
options other than study and exploration with the tool. There is not a consensus in the literature40
regarding the effectiveness of the use of these tools in laboratory sessions in terms of academic41
results, since the risk of students copying exercises also exists [46]. Thus, instead of investing the42
time reserved for the lab session in learning with the tool, students concentrate on copying answers43
to exercises in order to achieve better scores [3, 4]. The fact that students are not very clear on44
what study practices are acceptable [22], combined with the fact that the Internet facilitates this45
type of copying (since exercise results can be easily shared among classmates [25, 46]), pose a46
threat to the adoption of e-learning practices in higher education, as indicated in the work of Hart47
and Friesner [25].48

One strategy to remedy inappropriate academic practices proposes following a teaching-and-49
learning approach [40]. This approach focuses on creating an atmosphere of participation and50
interest, while downplaying the detection and punishment of students’ poor habits. Following51
this approach, academic performance increases and inappropriate practices seem to decrease52
[10, 40]. To accomplish this goal, technology can be employed to enhance learning tasks or diver-53
sify instruction, make learning more relevant and purposeful, and greatly reduce the need for or54
temptation of misconduct [5, 29]. In the same line of thought, Anderman and Midgley [2] identify55
a relationship between classroom environment and cheating. Students’ perception of a mastery56
goal structure (which emphasizes learning, improvement, effort, and understanding as important57
reasons for engaging in academic work) leads to positive academic outcomes and is related to less58
cheating [2, 12]. Hence, the teaching-and-learning strategy is clearly supported by the literature59
[40, 10]. Nevertheless, only a few quantitative studies have been conducted, particularly in the60
case of engineering students [6], that demonstrate the validity of this teaching-and-learning61
strategy. The study presented herein aims to address this knowledge gap. Instead of trying to use62
technology to catch students cheating, in order to penalize them, this study intends to provide63
the students, by means of technology, with mechanisms that allow them to easily enhance their64
level of dedication to the subject.65

This article presents an online tool for learning SQL developed by the authors. The tool was66
used during two consecutive time periods in a relational database course during the first year of67
a Software Engineering degree program. During the first period, the tool provided support for68
the compulsory lab sessions. In the second period, the use of the tool was expanded to include a69
sufficiently ample non-compulsory set of exercises of the same level of difficulty as those exercises70
completed during lab sessions.71

The first aim of the present study is to analyze the impact—in terms of academic perfor-72
mance and code copied during labs—of incorporating a new module designed to facilitate self-73
learning through an online tool. Therefore, we propose the first research question: RQ1. What is the74
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relationship between adding a non-compulsory set of exercises to an online learning tool and both stu- 75
dent performance and the rate of code copying in compulsory labs that use the same tool? 76

In addition, the literature suggests that female students work harder and more consistently and 77
that they are less likely to cheat than males [2, 25, 36, 42, 48]. The second objective of this study 78
is to examine the effect of the review exercises on men and women. Hence, a second research 79
question is formulated: RQ2. Did the new set of exercises have a different relationship with student 80
performance and code copying depending on gender? 81

In the literature, numerous studies consider either learning effort (see, for instance, [48] or [53]) 82
or code copying (see, for instance, [43] or [46]). All of these studies conclude that students who 83
review more or copy less achieve better academic results. However, to the best of our knowledge, 84
the effect of extra effort combined with code copying on learning results has yet to be considered. 85
The use of a software tool that monitors extra effort and code copying allows us to gather data 86
to analyze such a combination. Thus, we establish our third research question: RQ3. What is the 87
relationship between the combination of extra effort and code copying and learning results? 88

Finally, students’ very positive satisfaction with the use of SQL learning tools is thoroughly 89
documented in the literature [9, 13, 38, 47, 51]. However, an increase in learning effort does not 90
always translate into an increase in satisfaction; in fact, it can have the opposite effect [28]. The 91
final objective of this study consists of analyzing the influence of the new module on student 92
satisfaction. Hence, our final research question is: RQ4. What is the relationship between the new 93
module and student satisfaction with the tool? 94

2 APLICACIÓN BD: AN SQL LEARNING TOOL 95

We have developed Aplicación BD (which stands for Database Application in Spanish), a new 96
online tool that assists students in the process of learning the SQL query language. SQL is the 97
predominant language for defining and manipulating relational databases. SQL has a simple syntax 98
with a limited set of commands that can give the impression of simplicity. However, it is possible 99
to create very complex queries with powerful results [38]. Learning to write SQL queries is an 100
onerous task and students struggle with a number of difficulties [14]. Hence, using a tool to help 101
them in the learning process is a sensible idea [47]. Aplicación BD was designed and tested in 102
collaboration with students. Pilot testing of the tool was conducted during several lab sessions 103
throughout the 2011 academic year. 104

Before introducing Aplicación BD into the database course, students had access to the CMS 105
Blackboard where a document with the statement of the exercises and the expected results of the 106
queries were available, along with an image with the database schema to employ, and a script 107
to create the database and populate it with data. During lab sessions, students employed a visual 108
database tool, like MySQL Workbench or SQL Server Management Studio, to solve the exercises. 109
With the help of such a tool, students created and populated the database. Subsequently, and based 110
on both the database schema and the expected results of the queries, students could test out their 111
ideas to solve the exercises. Finally, the students generated a text document with their solutions 112
and sent it via Blackboard. In order to assess the progress made during lab sessions, instructors 113
had to download the documents submitted throughout the lab sessions and grade them manually 114
[16]. Aplicación BD integrates the services provided by Blackboard to submit materials and collect 115
exercises completed by students, as well as the services provided by the visual database tool for 116
testing queries. In addition, Aplicación BD facilitates the instructors’ work of preparing exercises 117
and organizing lab sessions. Lab sessions are designed to be conducted in a classroom with per- 118
sonal computers and an instructor present. The tool allows the instructor to start the lab session 119
and establish its duration. When the time limit is up, the tool automatically collects the exercises 120
completed by students that have not yet been submitted. Aplicación BD can also be employed by 121
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Fig. 1. Annotated student view of the aplicación BD interface for lab sessions.

students to complete review sessions. The review exercises are selected by the tool based on a set122
of options such as difficulty level or type of query.123

2.1 Interface for Students124

Currently, students perform the lab-session exercises using the interface presented in Figure 1.125
The time remaining appears at the top of the interface, next to a button to download a summary126
of the exercises and solutions completed up to that moment, and a button to submit exercises or127
quit the lab session. The numbered buttons access different exercises. The interface also shows the128
database management system (DBMS), e.g., MySQL, SQL Server, or ORACLE, where the database129
of the exercise resides. The button to the right of the DBMS logo allows the user to download an130
image with the database schema associated with the exercise. The exercise statement is displayed131
on the right panel. The rest of the interface consists of three panels. The first panel shows the132
expected result. The second panel is a text area to write the SQL query, test it, and save it (test and133
save buttons). The third panel displays the result after executing the query or an error message.134

2.2 Application Query Analyzer135

Another goal that led to the development of Aplicación BD was to provide students with a tool that136
facilitates the task of checking if their responses to exercises match the ideal responses provided137
by the instructor, without revealing the latter. Thus, when the execution of the query is free of138
syntactical errors, Aplicación BD checks to see if the student’s query result and the expected query139
result match. This process consists of a string comparison of the values of both result sets, taking140
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Fig. 2. Annotated interface of Aplicación BD with control panel for instructors.

into account the row order in those exercises that require the use of the ORDER BY clause. A mere 141
comparison could overlook some student misconceptions, such as the incorrect use of GROUP BY 142
or DISTINCT, the use of unnecessary tables, or unnecessary or excessive subqueries. Consequently, 143
a help system has been incorporated into the tool to draw students’ attention to this kind of error 144
that cannot be detected by the DBMS. Based on the entire query analysis, the tool marks the 145
responses to the exercises with a “not match/match” label and eventually displays a set of hints to 146
help students correct the aforementioned common errors. 147

2.3 Interface for Admin-Instructors 148

The interface for admin-instructors is presented in Figure 2. This interface allows the instructor to 149
create different types of users (e.g., instructor or student). It is possible to create multiple student 150
accounts from information in a text file. In addition, new database schemas can be included with 151
the necessary connection information. 152

Using the interface depicted in Figure 2, the admin-instructor can also create exercises. The 153
exercises introduced in Aplicación BD must be associated with one of the available schemas in 154
the tool, and they must include both the statement and the SQL solution. The exercise must be 155
classified by means of two values: difficulty (easy, medium, or hard) and the specific lab session 156
wherein the student will learn how to solve it. In addition, the instructor also establishes whether 157
the exercise is visible for review sessions, or if it is only available for lab sessions. Just as several 158
student-users can be created, a feature is also available to load several exercises from a text file. 159

A lab session consists of a set of exercises selected by the instructor from those available in the 160
system. Each session must have a unique name. The tool allows the instructor to choose the order 161
of the exercises. 162

The instructor can download students’ lab session deliverables. For each lab session, the system 163
generates a PDF document with the students’ deliverables completed during the session. Such 164
a document includes the mark (not match or match) assigned to each exercise based on the 165
abovementioned query analyzer. Instructors assess student performance by revising said PDF 166
documents. 167

As shown in Figure 2, the interface also displays the users connected to the system, and indicates 168
whether they are working on a lab session or a review session. 169
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In addition, by accessing the information stored in the tool’s database, the solutions sent by170
different students can be compared and incidences of copying can be detected (a basic comparison171
of queries is performed after removing whitespaces and separation characters like tabs or end-of-172
line characters). With this information and the delivery timestamp, originals and copies can be173
identified.174

2.4 Other SQL Learning Tools175

Teaching SQL through software tools is a widely popular idea. Different solutions have been de-176
veloped to facilitate the learning process. Usually the tools for teaching SQL provide a simple177
environment to write and test SQL instructions against databases, and give more immediate and178
informative feedback than that provided by a DBMS [14]. Let us mention the following tools:179
ActiveSQL [46], SQLator [47], SQL-Tutor [38], SQLify [14], AsseSQL [45], SQL-Trainer [33], XDa-180
TA [8], ADVICE [13], Acharya [7], LEARN-SQL [9], SQL-ACME [51], SQL-LES [26], SQL-LTM181
[15] and SQLZOO [52]. Despite the broad range of tools, it seems that none of them has achieved182
significant visibility. The aforementioned tools all share two common features:183

1. Checking the Correctness of Queries. Almost all the systems compare the result of exe-184
cuting the student’s query against a solution stored in the tool (Aplicación BD, SQLator,185
AsseSQL, SQL-LES, or SQL-ACME). ActiveSQL, ADVICE, and SQLZOO also mark the rows186
and columns where the result does not match the expected result. Instead of showing187
the expected result, SQLify indicates the degree of correctness of the instruction (correct,188
largely correct, seem largely correct, and so on). LEARN-SQL allows the user to introduce189
several database states and compares the results for all of them. XDa-TA goes a step further190
and automatically generates several database states with the same aim. SQL-Tutor verifies191
that a query without subqueries satisfies a set of constraints before deeming it correct. SQL-192
Trainer also employs constraints to check the correctness of queries; however, the number193
of constraints is smaller than in SQL-Tutor. SQLify can confirm if two conjunctive queries194
are equivalent. Acharya normalizes the ‘where’ clause of a query without subqueries by195
means of logically equivalent clauses before comparing instructions. SQL-LTM achieves196
the same result by means of an XML representation of the query, where several transfor-197
mation patterns are applied. In the latter system, the comparison of the student’s query198
against the stored query is based on metrics extracted from the aforementioned represen-199
tation.200

2. Reviewing Exercises. All the aforementioned systems incorporate a set of exercises that is201
available to students for voluntary study. In fact, some systems, such as SQL-Trainer or202
SQLZOO, were developed solely for this purpose.203

As shown in Table 1, other features are only available in certain tools:204

1. Data Description and Data Manipulation Languages (DDL and DML). All the systems were205
developed to learn SQL queries, but only some of them allow users to practice with in-206
structions to create, delete, and modify tables (DDL) or to insert, delete, and modify rows207
(DML).208

2. Hints. Some systems, like Aplicación BD, show hints to students that go beyond the mes-209
sages generated by the DBMS. ActiveSQL measures the quality of the instruction by means210
of heuristics such as the length of the instruction, the use of ‘distinct’ or the use of ‘like’211
comparison instead of ‘=’. SQL-Tutor provides incremental guidance through its system of212
constraints. This tool has recently enhanced its help system by offering positive feedback213
instead of error feedback [39]. SQL-Trainer also provides hints, but it is based on a more214
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Table 1. Comparison of SQL Learning Tools

SQL tool DDL DML Hints Copies Lab sessions Available

ActiveSQL [46] – Yes Yes Yes – Yes
SQLator [47] – Yes – Yes – –
SQL-Tutor [38] – Yes Yes – – –
SQLify [14] – Yes – – – –
AsseSQL [45] – Yes – – – –
SQL-Trainer [33] – Yes Yes – – –
XDa-TA [8] – Yes – – Yes1 –
ADVICE [13] Yes Yes – – Yes Yes2

LEARN-SQL [9] Yes Yes – – Yes1 –
SQL-ACME [51] Yes Yes – – Yes –
SQL-LES [26] – Yes – – Yes –
SQL-LTM [15] – Yes Yes – – –
SQLZOO [52] – Yes – – – Yes
Aplicación BD – Yes Yes Yes Yes Yes2

1Through a CMS; 2Upon request.

limited set of constraints. SQL-LTM uses its transformation patterns to provide this kind 215
of help. Finally, Oscar [34] is an intelligent tutor with a natural language interface that 216
answers questions and gives hints by adapting itself to each student’s learning style. 217

3. Code copies. There are some systems concerned with detecting code copies. Aplicación BD 218
and SQLator detect copies by comparing the text of the instruction after some changes 219
such as removing whitespaces, or by being case-insensitive. ActiveSQL also removes un- 220
necessary parenthesis, alias, changes in the case clauses, commutativity in equalities and 221
so on. 222

4. Lab Session Management. ADVICE, SQL-ACME, SQL-LES, and Aplicación BD allow instruc- 223
tors to manage face-to-face sessions for groups of students. Other systems like XDa-TA and 224
LEARN-SQL obtain this functionality through integration with a CMS. 225

In addition to these functionalities, some tools provide more specific features. For instance, eSQL 226
[32], ADVICE, and SAVI [11] are focused on learning the query execution process. In order to 227
achieve this functionality, these tools visualize how different operators take part in the process 228
to obtain a result. The system SQL-LES incorporates a model that allows the user to identify the 229
complexity of a query [27]. This might be helpful in selecting a set of exercises of a similar level 230
of difficulty. SQLify offers the possibility of conducting peer reviews. SiS [20] allows the user to 231
build a query (without subqueries) in small steps using a graphical user interface that is closely 232
coupled with the textual translation of the query. SQL-ACME facilitates tracking student work in 233
order to detect common mistakes, and includes a communication channel for tool users. Finally, 234
the authors of [50] suggest using adaptive game-based learning. 235

3 MATERIALS AND METHOD 236

3.1 The Relational Database Course 237

The study was conducted in a relational database course during the first year of a Software Engi- 238
neering degree program. Learning SQL is a key objective of the course: the 60 hours of coursework 239
include 9 two-hour lab sessions and 18 one-hour theoretical lessons devoted to this topic. 240
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The continuous assessment of this course consists of three parts:241

1. Tests. Three tests that include 6 to 10 questions about theoretical concepts covered during242
the course. The first test deals with the relational model. Students take this test before start-243
ing the SQL lab sessions. The second and third tests deal with other aspects of databases244
not related to SQL, such as characteristics and advantages of the database approach, user245
roles, database management system components, basic concepts of relational algebra, etc.246
These three tests constitute 10% of the final grade.247

2. Lab Sessions. The set of exercises completed by students individually during lab sessions.248
Each student completes a total of 70 exercises. Three different sets of exercises are created,249
one for each subset of approximately 20 students. Aplicación BD is employed in seven lab250
sessions about queries. The other two lab sessions are devoted to DDL and DML instruc-251
tions. The latter sessions employ the traditional method, which combines the CMS Black-252
board and an SQL console (e.g., MySQL Workbench) to work on a DBMS like MySQL. It is253
quite easy for students to copy each other’s exercises during lab sessions [46]. However, our254
study followed the same approach as Morris [40] or Carroll [10], and instead of focusing on255
catching students copying, lab sessions were designed as a way for students to learn and256
to prepare for SQL exams (which constitute a large portion of the final grade). Lab sessions257
represent 10% of the final grade, and to a certain extent, this rather small percentage is258
intended to safeguard against unfair grades that could result from students copying, which259
still occurred, despite the minor impact of lab sessions on students’ final grades [49].260

3. SQL Exams. Three written exams, given at different points throughout the course; where261
students solve SQL exercises. This part constitutes 80% of the final grade. Students receive262
early feedback about their correct answers and detected errors.263

3.2 Research Design264

In order to analyze the research questions proposed in this study, two groups of students were265
compared. Group 1 includes students from the 2012 and 2013 academic years, and group 2 includes266
the students from the 2014 and 2015 academic years. The course instructors were the same for267
both groups of this quasi-experimental design, and the same difficulty was maintained across all268
the assessments. The teaching method changed in just one aspect: for the second group, a set of269
review exercises about SQL queries was included in Aplicación BD, thereby allowing students to270
use this application to enhance their studying. These exercises were always available for group271
2 and completing them was optional. The same tool was employed by both groups to complete272
the lab sessions. The set of voluntary exercises for group 2 consisted of 123 exercises (23 difficult273
exercises, 46 of a medium level of difficulty, and 54 easy exercises). In addition to these exercises,274
113 exercises were prepared for the lab sessions (29 difficult exercises, 22 of a medium level of275
difficulty, and 62 easy exercises). This last set of exercises was not available outside of the lab276
sessions. Each exercise was associated with one of the four database schemas that were deployed277
both on the MySQL and SQL Server DBMS. The review exercises were designed to demand a278
certain level of knowledge from students, and were released on Aplicación BD as the instructors279
introduced the concepts required to solve them in class. These review exercises were intended to280
supplement the exercises and assignments given by the instructors throughout the course, which281
were different from those included in the lab sessions or SQL exams, though they had the same282
level of difficulty.283

The variables to be analyzed include the three types of assessment explained in the previous284
section. The tests grades were employed as a control variable to estimate how similar or different285
the students were since the tests did not change over the course of this study. The lab-sessions286
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grade and the grades from the three written exams were examined. All grades range from 0 to 10. 287
Students who did not complete all three types of assessment were excluded from the sample. 288

In order to compute the percentage of copied exercises, only those from the laboratory ses- 289
sions were considered. A student’s exercise was considered copied if it completely matched (ex- 290
cept characters like white spaces, tabs, or end-of-line) another exercise previously submitted by 291
another student who attended the same lab session group (different groups were given different ex- 292
ercises). This type of code copy, which is used in other SQL learning studies [47], will be referred 293
to from now on as a complete copy. Obviously, there are more advanced mechanisms to detect 294
copies (see, for instance, [37]), but our experience reviewing exercises in previous years indicates 295
that this measure of similarity is sufficient for our purposes. Over the years, it has been observed 296
that students who copy use this type of complete copy in laboratory sessions, without bothering 297
to come up with more sophisticated strategies. We did not seek to punish the students who did 298
such copying. Therefore, this general and operational definition of copying was considered the 299
least restrictive for our research purposes. On the other hand, the fact that code-similarity is a 300
common phenomenon in software development must be taken into account [56]. Copying is the 301
most important cause of code-similarity in programming assignments, but other causes include 302
software reuse, coding style or collation. Therefore, we deemed these copies acceptable and did 303
not try to punish students for them. Indeed, given that SQL is an artificial language, it is possible 304
to see overlap between responses even in cases where copying has not occurred. For this reason, 305
complete copies occurring during the first lab session were discarded, because the exercises were 306
easy and very short, and the possibility of solving them with the same answer was extremely likely. 307
Finally, to assess students’ extra effort, the number of self-initiated review sessions completed was 308
utilized. 309

Furthermore, a survey evaluating student satisfaction with the tool was given to students during 310
the last lab session. This questionnaire was designed based on questionnaire items employed by 311
authors of other satisfaction surveys for similar SQL systems [9, 38, 51]. The wording was reviewed 312
by a group of instructors and experts. The items were assessed with a Likert scale from 1 to 4 313
(labeled as completely disagree, disagree, agree, and completely agree). There is no middle option, 314
creating a forced choice method. Although the typical five-level Likert scale is a bipolar scaling 315
method including a neutral option “Neither agree nor disagree,” this option can be viewed as an 316
easy option to resort to when a respondent is unsure and it is very open to interpretation. Hence, 317
whether it is truly a neutral option is questionable [41]. 318

3.3 Statistical Analyses 319

A quantitative study is included in accordance with the recommendations of López et al. [35] to 320
answer the four research questions proposed in the introduction section. 321

The first research question requires analyzing the relationship between incorporating a set of 322
non-compulsory exercises and both student performance and the percentage of exercises copied 323
in laboratory sessions. In this analysis, Student’s t-tests were used. The independent variable was 324
the use and non-use of additional exercises and the dependent variables were the grades obtained 325
on the different assessments (tests, exams and labs) and the percentage of copies. 326

The second research question involves studying the above relationship in terms of gender. A 327
similar study was proposed for each group of students. For the analysis of group 1, Student’s t- 328
tests were also used, gender being the independent variable and the dependent variables were the 329
same as in the previous analysis. The analysis of group 2 was equivalent to that of group 1, but 330
the number of revisions was added as a dependent variable. 331

The third research question requires studying the relationship between combining extra effort 332
and code copying and the academic performance of group 2. First, Pearson correlation coefficients 333
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were used to correlate the dependent variables used in the previous analyses (no causality can be334
inferred from these correlations). Next, three analyses were proposed. For the first one, students335
were classified beforehand according to whether they had a higher or lower percentage of copies336
than the median. Student’s t-tests were proposed with the aforementioned classification as the337
independent variable and the grades obtained in the different assessments as dependent variables338
(tests, exams and labs). The second analysis was similar to the previous one, but the indepen-339
dent variable was a classification of the students according to whether they had done more or340
less review sessions than the median. Finally, a 2 × 2 student classification [24] was created from341
the classifications used in the two previous analyses. ANOVA tests were conducted (including342
Bonferroni corrections to analyze each pair of data sets included in the ANOVA), the last classifi-343
cation was the independent variable and the dependent variables were those of the two previous344
analyses.345

The fourth research question involves studying the relationship between the new set of exercises346
and student satisfaction. In this analysis, Student’s t-tests were used. The independent variable was347
the use or non-use of the additional exercises and the dependent variables were the items on the348
survey.349

Parametric conditions were verified prior to using these tests, and when parametric conditions350
were not fulfilled the corresponding non-parametric tests (i.e., Mann–Whitney U test, Spearman351
Rho correlation test, or Kruskal–Wallis test) were also acceptable. The controlled variables in-352
cluded the instructors; the tool; the difficulty of the questions on the tests, exams and labs; and the353
compulsory use of the tool in labs. The confounding variables included the differences in student354
capabilities between the groups. In particular, we used the test grades (which were taken prior to355
the inclusion of SQL, or did not include SQL concepts), grade point average before starting uni-356
versity, and studies completed before starting university. Finally, a chi-square test was utilized to357
study the distribution independence for categorical data. The effect size was interpreted following358
Cohen’s effect size benchmarks [18], which can help determine whether the observed differences359
or correlations are meaningful.360

3.4 Participants361

A total of 236 students participated in this study. Group 1 consisted of 123 students, and group362
2 consisted of 113 students. From the total number of students, 101 students from the first group363
(84% males) completed the assessments, and 99 (77% males) from the second group. This means364
that the percentage of students that did not complete the assessments (drop-out students) from365
the first group was slightly higher (18% versus 12%; χ 2 = 1.377, p = 0.241). Drop-out students366
were excluded from this study. Of the students included, there are no significant differences in367
the distribution of males and females between the two groups (χ 2 = 0.741, p = 0.389). The mean368
(standard deviation) of the students’ grade point average before starting university is 6.46 (1.03)369
for the first group and 6.55 (0.93) for the second. In the first group, 69 (68%) students had finished370
high school before starting the degree program, 20 (20%) already had other university degrees,371
and 12 (12%) had some kind of vocational education. In the second group 71 students (72%) had372
finished high school before starting the degree program, 16 (16%) already had other university373
degrees and 12 (12%) had some kind of vocational education. There are no significant differences374
in the students’ grade point averages before starting university (U = –0.946, p = 0.344) with small375
size effects (Cohen’s d = 0.09), or in the distribution of type of university access (χ 2 = 0.453, p =376
0.797); these variables can be considered confounding. With this sample size, and fixing the alpha377
significance criterion to 0.05 and a medium effect size of 0.5 for a two-tailed t-test to obtain the378
difference between two independent means, a statistical power of 0.94 [19] was obtained, which379
is considered a large statistical power superior to the 0.80 recommended minimum [18].380
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Table 2. Mean (Standard Deviation) of the Grades for the Different Assessments,
and the Percentage of Complete Copies in Lab Sessions for Both Groups

N Tests Labs Exam 1 Exam 2 Exam 3 % of copies

Group 1 101 5.34 (2.02) 7.23 (2.24) 4.18 (2.85) 3.69 (2.89) 2.94 (2,98) 27.66 (22.54)

Group 2 99 4.93 (2.03) 7.98 (2.05) 5.16 (2.70) 4.81 (2.69) 5.03 (3.11) 19.90 (18.35)

Statistic
t = 1.410
p = 0.197

Z = –2.582*
p = 0.01

Z = –2.749**
p = 0.004

t = –2.731**
p = 0.007

Z = –4.293***
Z = –2.950**

p = 0.003

*p < 0.05, **p < 0.01, ***p < 0.001, Statistics: Student’s t-test, Mann–Whitney U test.

Fig. 3. Comparison of exam grades between the groups studied.

4 FINDINGS AND ANALYSIS 381

4.1 Academic Performance and Code Copies 382

This section describes the findings related to the analysis of the relationship between academic 383
performance and code copies. Table 2 contains the results obtained on the assessments along with 384
the percentage of complete copies detected in lab sessions for both groups. 385

No differences in the test grades related to theoretical concepts are observed. This indicates that 386
the students’ level was similar across both groups. However, once review exercises were intro- 387
duced, the percentage of completely copied exercises decreased significantly and the lab session 388
grades improved. Finally, the grades for the three SQL exams also improved considerably with 389
significant differences across all of them. In addition, it should be noted that the mean grade for 390
these three exams progressively decreased in group 1, while it remained steady in group 2. Both 391
trends are displayed graphically in Figure 3. This occurred in spite of the progressive increment in 392
difficulty of the exercises included in the three exams. These results show that after incorporating 393
the set of review exercises, academic results improved considerably, and a significant reduction in 394
the percentage of complete copies was observed. 395

4.2 Gender Analysis 396

This section describes the findings regarding the relationship between academic performance and 397
code copies depending on gender. Table 3 includes, for each group of students separated by gender, 398
the results obtained on the tests, lab sessions, and SQL exams, and the percentage of copies as 399
well. For group 2, the mean number of review sessions completed is included. In both groups, the 400
percentage of copies is higher among men, but without significant differences (Cohen’s d = −0.08, 401
low size, for group 1; and Cohen’s d = –0.43, low-medium size, for group 2). 402

Women completed more reviews than men, but without significant differences (Cohen’s d = 403
–0.46, low-medium size). However, the introduction of review exercises generated a more pro- 404
nounced reduction in the percentage of copies among women: 49% in women (Cohen’s d = –0.60, 405
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Table 3. Mean (Standard Deviation) of the Grades Obtained on the Different Assessments and the
Percentage of Copies for the Groups Studied, Broken Down According to Gender

N Tests Labs Exam 1 Exam 2 Exam 3 % of copies Reviews

Group 1

Men 84 5.24 (2.08) 6.93 (2.23) 3.96 (2.76) 3.57 (2.92) 2.88 (3.03) 28 (22.16) –

Women 17 5.82 (1.68) 8.73 (1.63) 5.23 (3.11) 4.26 (2.74) 3.23 (2.86) 26.12 (24.86) –

Statistic
t = –1.092
p = 0.278

t = –3.162**
p = 0.002

Z = –1.503
p = 0.133

t = –0.895
p = 0.373

t = –0.438
p = 0.662

Z = 0.610
p = 0.542

–

Group 2

Men 77 4.78 (2) 7.94 (2.09) 5.16 (2.77) 4.82 (2.59) 4.94 (2.97) 21.98 (23.58) 18.4 (18.65)

Women 22 5.43 (2.11) 8.13 (1.94) 5.17 (2.59) 4.79 (3.09) 5.32 (3.64) 13.35 (16.76) 31.41 (35.38)

Statistic
t = –1.263
p = 0.216

Z = –0.301
p = 0.764

Z = –0.044
p = 0.965

t = 0.044
p = 0.965

t =–0.458
p = 0.648

Z =1.269
p = 0.204

Z = –1.012
p = 0.312

**p < 0.01, Statistics: Student’s t-test, Mann–Whitney U test.

Table 4. Correlations among the Different Graded Assessments, Percentage of Complete Copies,
and Number of Review Sessions Completed by Students in Group 2

Tests Labs Exam 1 Exam 2 Exam 3 Reviews

Rho p Rho p Rho p Rho p Rho p Rho p

Labs 0.340** 0.001

Exam 1 0.260* 0.01 0.231* 0.024

Exam 2 0.409*** 0.472*** 0.446***

Exam 3 0.422*** 0.307** 0.004 0.449*** 0.649***

Reviews 0.328** 0.001 0.208* 0.041 0.131 0.201 0.321** 0.002 0.244* 0.025

% of copies –0.402*** –0.122 0.274 –0.140 0.209 –0.357*** –0.411*** –0.324** 0.003

*p < 0.05, **p < 0.01, ***p < 0.001, Statistics: Spearman’s Rho correlation coefficient.

medium-large size), and 22% in men (Cohen’s d = –0.26, low size). Although in general women’s406
grades are higher across all the assessments and in both groups, there are no significant differences.407

The results of the gender analysis show that women copied less and obtained better results, but408
without significant differences.409

4.3 Influence of Reviewing on Academic Performance and Copying410

This section describes the findings related to the analysis of the relationship between the combina-411
tion of extra effort and code copying and the learning results. This part of the study was conducted412
exclusively on group 2. Table 4 contains the correlation coefficients among the results obtained on413
the tests, lab sessions, SQL exams, the percentage of complete copies, and the number of review414
sessions completed.415

It is worth mentioning that all the correlation coefficients with the percentage of complete copies416
are negative. In addition, these correlations are significant in all cases except for lab session exer-417
cises, where copying was not penalized, and in the first SQL exam as well, which was the easiest418
one. Regarding the SQL exams, the negative correlation coefficient is higher when the difficulty419
of the exam increased (effect size is medium-large in the most difficult exams). On the contrary,420
in terms of reviewing, all the coefficients are positive except for the case mentioned regarding the421
percentage of complete copies. In this case, the correlations are significant except for the first SQL422
exam. We must bear in mind that the correlations obtained between the studied variables do not423
imply causation between them.424
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Table 5. Mean (Standard Deviation) of Student Results Classified by the Following
Categories: More Copies (C+) or Less Copies (C–), and More Review Sessions (R+) or Less

Review Sessions (R–), and a 2 × 2 Classification Taking into Account Both Factors

Group N Tests Labs Exam 1 Exam 2 Exam 3

C– 48 5.96 (1.78) 8.50 (1.61) 5.77 (2.69) 5.67 (2.76) 6.01 (2.97)

C+ 51 4.57 (1.77) 8.44 (1.54) 4.86 (2.67) 4.08 (2.50) 3.84 (2.92)

Statistic
t = 3.558**
p = 0.001

Z = 0.319
p = 0.750

Z = 1.376
p = 0.169

t = 2.717**
p = 0.008

t = 3.253**
p = 0.002

R+ 50 5.61 (1.93) 8.11 (2,15) 5.55 (2.91) 5.55 (2.79) 5.88 (2.85)

R– 49 4.23 (1.90) 7.86 (1.96) 4.74 (2.42) 4 (2.37) 4.07 (3.14)

Statistic
t = 3.560**
p = 0.001

Z = 0.900
p = 0.368

Z = 1.158
p = 0.247

t = 2.814**
p = 0.006

t = 2.783**
p = 0.007

C–R+ 33 6.27 (1.68) 8.69 (1.54) 6 (2.89) 5.86 (2.92) 6.2 (2.85)

C–R– 15 5.22 (1.85) 8.05 (1.75) 5.18 (2.15) 5.25 (2.15) 5.54 (3.35)

C+R+ 17 5.34 (1.50) 8.59 (1.29) 4.93 (2.70) 4.77 (2.85) 4.71 (2.82)

C+R– 34 4.20 (1.80) 8.37 (1.66) 4.82 (2.71) 3.73 (2.28) 3.37 (2.91)

Statistic F = 6.889***
χ

2 = 1.657
p = 0.647

χ
2 = 2.359

p = 0.501
F = 3.082*
p = 0.032

F = 4.302**
p = 0.007

Bonferroni C–R+>C+R– – – C–R+>C+R– C–R+>C+R–

*p < 0.05, **p < 0.01, ***p < 0.001, Statistics: Student’s t-test, Mann–Whitney U test, ANOVA F test, Kruskal–

Wallis χ
2 test.

Fig. 4. Comparison of exam grades in 2 × 2 classification.

In order to further examine the relationship between review exercises and academic perfor- 425
mance, students were classified in two groups: students that completed more reviews (R+), and 426
students that completed less reviews (R–). To this end, the median of the total number of reviews 427
completed was employed, which is 13 sessions. Students were also classified according to the num- 428
ber of complete copies: students that copied more (C+), and students that copied less (C–). Again, 429
the median was used, which had a value of 13% copied exercises. These two factors allowed us to 430
make a 2 × 2 classification of the students [24]. 431

Table 5 contains the results obtained for each group of students on the different assessments 432
using the aforementioned classifications, and Figure 4 depicts the exam grades in the 2 × 2 classi- 433
fication. Students in group C– obtained significantly better results on tests; hence, they could be 434
considered better students than those in the C+ group. However, lab session grades were quite 435
similar, though the fact that copying was not penalized must be taken into account. Finally, stu- 436
dents in group C– obtained better results on all the SQL exams. In addition, all the differences are 437
significant except for the first SQL exam which contained the easiest exercises. Regarding the R+ 438
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group, something similar to the C– group occurred: the students in this group obtained signifi-439
cantly better results on the tests and on the second and third SQL exams.440

Regarding the 2× 2 classification of whether students belong to C+ or C–, and R+ or R–, one can441
observe that students are not randomly distributed among these groups (χ 2 = 11.622; p = 0.001)442
and that they tended to polarize into opposing groups containing the students with the worst443
(C+R– with 34% of the students) and the best (C–R+ with 33%) academic results. The group C–R–444
includes 17% of the students, and C+R+ 15%.445

Students in the C–R+ group obtained the best results on all the assessments, with significant446
differences after the Bonferroni correction as compared to the C+R– group, which is the group447
of students who obtained the worst results on the tests and SQL exams 2 and 3. There are no448
significant differences in the case of the first SQL exam, which was notably easier, or in the lab449
sessions where copied code was not penalized (and the grades are quite similar).450

The intermediate strategies (C–R and C+R+) obtained similar grades on tests, and there are451
not significant differences between them. However, despite the fact that the group C–R– obtained452
worse results in the lab sessions (where copying might have been influential), they achieved better453
results on all the SQL exams. This group progressively improved on the SQL exams, whereas the454
C+R+ group’s performance progressively declined on those assessments. Regarding the third SQL455
exam (the most difficult), it can be observed that the difference between C–R+ (the group with456
the best results) and C–R– produces a low size effect (Cohen’s d = 0.21), whereas the difference457
between C–R+ and C+R+ produces a medium size effect (Cohen’s d = 0.53).458

After dividing students into groups that copied more and less, and groups that reviewed more459
and less, the above analysis shows that both the students who copied less and the students who460
reviewed more obtained better academic results. In addition, although significant differences be-461
tween the two intermediate strategies were not found, copying less seems to lead to better aca-462
demic results than reviewing more.463

4.4 Satisfaction with the Learning Tool464

This final subsection describes the findings regarding the relationship between the new module465
and student satisfaction with the tool. Table 6 contains the results of the satisfaction survey, which466
was completed by students on an anonymous basis. Group 1 submitted 87 surveys and group 2, 89467
surveys.468

The survey has a high reliability with a Cronbach’s alpha of 0.759 when considering all the items469
used for the second group (and 0.784 when only considering the items common to both groups).470
In addition, a positive correlation of Rho = 0.652 (p < 0.001) was obtained between the final global471
measurement item and the score obtained from the sum of rest of the items when considering472
all the items used for the second group (Rho = 0.735, p < 0.001 when considering only the items473
common to both groups), representing an acceptable criterion-related validity [24].474

The level of satisfaction with the tool is quite high for both groups of students. Across all the475
items, the results are closer to agreement (3.0) than to disagreement. Group 2 was notably more476
positive regarding all the items as compared to group 1. It is worth mentioning that the last item,477
“In general, I am satisfied with the tool,” shows that 52% of students in group 1 agree or strongly478
agree, and this percentage increases to 97% for group 2. Another item that should be mentioned is479
“I prefer to conduct the lab sessions using this tool instead of working with Blackboard and MySQL480
Workbench.” In this case, 66% of the students in group 1 agree or strongly agree, compared to the481
79% of the students in group 2. Finally, let us highlight that 93% of the students in group 2 agree482
or strongly agree with the statement “It facilitates the study of SQL queries,” and 97% agree or483
strongly agree with the statement “We should have similar tools in other courses.” These results484
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Table 6. Mean (Standard Deviation) of Student Satisfaction with the Tool before and after Introducing
Review Exercises

Items about the SQL learning tool Group 1 Group 2
Statistic

Z p

It is simple to use. 3.30 (0.7) 3.49 (0.64) –1.943 0.052
It has an intuitive interface. 3.28 (0.64) 3.36 (0.64) –0.907 0.365
It provides useful suggestions/hints about
correcting exercises.

2.55 (0.94) 2.81 (0.81) –1.963 0.050

The summary about the answered exercises
is useful.

3.53 (0.71) 3.72 (0.54) –1.931 0.054

I prefer to conduct the lab sessions using
this tool instead of working with
Blackboard and MySQL Workbench.

2.81 (0.86) 3.25 (0.99) –2.707** 0.007

It helps to complete the lab sessions. 3.26 (0.69) 3.51 (0.52) –2.249* 0.025
Doing review exercises is useful for
learning.

– 3.51 (0.62) –

The number of exercises proposed during
lab sessions is enough to be prepared for
the course.

– 2.90 (0.74) –

The number of review exercises is enough
to be prepared for the course.

– 2.92 (0.76) –

It facilitates the study of SQL queries. – 3.33 (0.67) –
We should have similar tools in other
courses.

– 3.61 (0.56) –

In general, I am satisfied with the tool. 2.81 (0.82) 3.51 (0.61) –4.327***

*p < 0.05, **p < 0.01, ***p < 0.001, Statistics: Mann–Whitney U test.

show that student opinion is very positive regarding the tool for all the survey items, and their 485
satisfaction increased when review exercises were incorporated. 486

5 DISCUSSION 487

5.1 Academic Performance and Code Copies 488

After incorporating a set of review exercises into an online tool for learning SQL, academic results 489
improved considerably and a significant reduction in the percentage of complete copies was ob- 490
served. This improvement was unrelated to the students’ level, which was determined by their test 491
grades; and indeed, the test grades for group 2 were slightly worse. It is worth recalling that the 492
tests were unrelated to the use of the tool: the first part of the test was done prior to introducing 493
the tool in the subject and the second part was based on theoretical database concepts unrelated 494
to SQL. The percentage of students who copied in group 2 was 20%, which corresponds with the 495
lowest level detected in a previous study about code copying in programming courses [25], where 496
such percentages ranged from 20% to 50%. 497

The experience presented by Akçapınar [1] uses technology to detect copying between students 498
in the reflections and discussions on concepts learned in a Computer Hardware course. He also 499
employs technology to communicate the detected copies, but does not penalize students for it. 500
With this approach, Akçapınar achieves a significant reduction in copying; however, he does not 501
study its influence on academic results. Kaya and Özel [31] also employed a tool, integrated in 502
Moodle, to monitor code copying in programming assignments. The tool was used during two 503
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consecutive years without penalizing copying. In the second year, the students were informed as504
to the existence of the tool; whereas during the first year, students were not aware of its existence.505
The results showed a significant reduction in copying and an improvement in academic perfor-506
mance. The authors explain that this system forces students to work harder on assignments, and507
that this increased effort positively influences their success rate. On the contrary, our strategy does508
not force students to complete the exercises without copying; and, indeed, copying was not mon-509
itored during lab sessions. Nevertheless, some students voluntarily chose not to copy and instead510
opened the tool for self-learning exercises. In this study, we have followed a strategy similar to the511
approach suggested by authors like Morris [40] or Carroll [10]. Rather than a catch-and-punish512
strategy, we aimed to encourage students to do their own work, thus having the secondary effect513
of discouraging code copying.514

Several studies identify a relationship between cheating and goal structures used in the learning515
environment [2, 12, 30]. Two kinds of goal structures are distinguished. The first one is perfor-516
mance. In this goal structure, students mainly engage in academic work to demonstrate their abil-517
ities and to compete with other students [2]. In a performance-oriented classroom, students may518
apply avoidance strategies to achieve their goals. Research generally indicates that performance519
perceptions are related to negative academic outcomes [2]. The second kind of goal structure is520
mastery. Classrooms that convey this type of goal structure emphasize learning, improvement,521
effort, and understanding as important reasons for engaging in academic work [53]. In this kind522
of goal structure, research indicates that students are less likely to use maladaptive strategies like523
avoidance. Mastery perceptions are related to positive outcomes [2]. In our case, before the re-524
view exercises were incorporated into Aplicación BD, the learning tool could have represented525
(for students) a way to solve and submit compulsory exercises during lab sessions. These ses-526
sions were conducted under the pressure of a limited, though sufficient, amount of time and in a527
confined space. However, incorporating review exercises might have shifted the learning environ-528
ment towards a more mastery-oriented structure. By using our tool for review sessions, students529
understood that the tool is a way to learn SQL, a nuance that group 1 would not have perceived.530
Therefore, in labs with the same time constraints, group 2 reduced code copying and increased531
the use of the tool as a means to achieve learning. This reduction in code copying, along with the532
learning effort devoted to using the review module, translated into an improvement in academic533
results.534

5.2 Gender Analysis535

The results of the gender analysis show that women copied less and obtained better results, but536
without significant differences. Once the review sessions were introduced, it is observed that537
women reviewed more but, again, without significant differences. However, a more pronounced538
decrease of copying among women with a medium-large effect size was found. Several studies539
highlight the fact that women work harder and copy less than men [2, 25, 36, 42, 48]. Our results540
about the performance of both genders agree with other studies about teaching SQL [17] or in541
other DB courses [16] where no significant differences were found for academic performance in542
terms of gender.543

5.3 Influence of Copying and Reviewing on Academic Performance544

The results obtained after dividing students into groups that copied more and less, and groups545
that reviewed more and less, show that both the students that copied less (and therefore, put more546
effort into the labs), as well as the students that reviewed more, obtained better academic results.547
These results agree with those obtained in other studies about code copying [3, 31] or learning548
effort in academic performance [4, 23, 48, 53]. However, we have not been able to find studies that549
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involve both parameters: code copying (derived from a third party’s effort) and review exercises 550
(derived from extra effort), and their relationship with academic performance. 551

From the aforementioned factors (copying and reviewing), four groups of students can be es- 552
tablished. The students that copied less and reviewed more obtained the best results and showed 553
a higher level of performance. On the opposite end of the spectrum are the students who copied 554
more and reviewed less and obtained results similar to the former group only in the lab sessions. 555
We can find parallels between the studied groups and the classification of students according to 556
their goal orientation [30, 54]. The students that copied less and reviewed more might fit into a 557
mastery goal orientation. This orientation focuses on learning the material and mastering the task, 558
students may use meaningful cognitive strategies to solve problems and show persistent effort. On 559
the contrary, students that copied more and reviewed less seemed to follow a work-avoidant goal 560
orientation. These students seek to complete the course or curriculum with minimal effort expen- 561
diture. It is well documented that the first strategy has a positive impact on learning outcomes, 562
whereas the second is the most detrimental to learning and achievement outcomes [12, 54]. 563

In addition, significant differences between the two intermediate groups were not found (the stu- 564
dents that copied less but also reviewed less, and the students that copied more but also reviewed 565
more). However, copying less seems to lead to better academic results than reviewing more. That 566
is to say, the effort invested in doing review exercises does not seem to compensate for the learn- 567
ing effort avoided by copying exercises during lab sessions. If we continue with the parallelisms 568
observed in the classification according to goal orientation, it seems that the students that copied 569
less but also reviewed less might be following a performance goal orientation. This orientation 570
involves a person comparing his or her own competence to others’ in order to demonstrate his or 571
her ability. These students view themselves as having a good deal of ability, and they are willing 572
to put forth the effort to ensure that others see that they are intelligent. Due to this characteristic, 573
students tend to submit their own version of the exercises without copying others. However, these 574
students may not be task-involved [54]; therefore, they are not willing to do review exercises that 575
are not compared with others’ work. Finally, the students that copied more while also reviewing 576
more seemed to follow a performance-avoidant goal orientation. Students who operate accord- 577
ing to this orientation view themselves as lacking ability and, therefore, wish to avoid a public 578
display that would confirm their lack of ability. These students are ego-involved and in order to 579
protect their self-worth, they adopt failure-avoiding strategies [54]. Hence, they try to copy exer- 580
cises from other students; but the desire to overcome their feelings of insecurity leads them to do 581
review exercises as well. 582

Adults who display performance orientation have negative learning outcomes compared to mas- 583
tery orientation [12, 54]. Likewise, performance goal-oriented individuals are more likely to suc- 584
ceed than performance-avoidant individuals [55]. These conclusions concur with the results ob- 585
served for the groups analyzed in our study (where parallels can be observed). However, it must 586
also be noted that our study’s manner of classifying students is different. In the case of goal orienta- 587
tion studies (see. for instance, [30] or [54]), the data employed to classify students is obtained from 588
a self-report completed by the students; in our case, however, we employed data from students’ 589
actual work with the learning tool, which stores the data itself. 590

5.4 Satisfaction with the Learning Tool 591

The results regarding student satisfaction with the SQL learning tool show that student opinion 592
is very positive regarding the tool for all the items. These results agree with the findings of other 593
studies involving similar tools [9, 13, 38, 47, 51]. In addition, let us underscore the fact that stu- 594
dent satisfaction improved when review exercises were incorporated, and significantly for the 595
most important items on the survey. Furthermore, it should be noted that even satisfaction with 596
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those items unrelated to the introduction of review exercises also improved. Given the anonymous597
nature of the survey, it is not possible to determine which type of student (whether the student598
who copies or the student who reviews) showed increased satisfaction. The set of exercises was599
continually available through the tool, and the tool provided helpful hints throughout the exer-600
cise. This seemed to motivate students more than the traditional lists of exercises. As a result, the601
time devoted to study increased, and this fact can be appreciated in students’ academic results and602
satisfaction. However, an increase in learning effort does not always translate to an increase in sat-603
isfaction. In fact, it can have the opposite effect [28] if, for example, the necessary extra effort was604
not voluntary. Let us also point out that continuous interaction with the environment positively605
influences people’s preferences and the activities they voluntarily choose to do [30]. This effect is606
likely further enhanced by introducing voluntary review exercises.607

5.5 Threats to Validity608

There are several limitations to this research. First, a random allocation of subjects to different609
experimental groups was not implemented. In our case, the experimental design posed problems610
because in our application it is not possible to release review exercises to only a certain group611
of students, while hiding them from another group. Thus, a quasi-experimental design was used,612
comparing students from two different periods of time. With this method, it is not possible to613
avoid differences between the two groups of students from those two distinct periods of time. For614
instance, the overall academic level of students could improve over time. While trying to control615
such circumstances as much as possible, we studied the confounding variables related to the differ-616
ences in student capabilities between the groups. In particular, we found that both groups obtained617
similar grades on the tests (which were taken prior to the inclusion of SQL or did not include SQL618
concepts). Furthermore, both groups of students had similar grade point averages before starting619
university and a similar distribution regarding prior studies completed. Although these similari-620
ties between the groups could be sufficient for our quasi-experimental study, other techniques to621
avoid the effect of confounding variables could be taken into account, for instance, normalizing622
the performance measures using those confounding variables.623

In addition, the application context (i.e., language programming learning) and the sample size,624
while generally considered sufficient for analysis, do require further research in different contexts625
and with varied and larger samples to verify the results and conclusions before making broad gen-626
eralizations. The results of this study are consistent with the research on effort and code copying627
behaviors in other contexts. Finally, the methods used for measuring code copying and extra effort628
are quite simple, though sufficient for our purposes. Nevertheless, more advanced methods could629
be implemented to the same end.630

5.6 Implications631

The significant implications of our study are related to the positive effects of a teaching-and-632
learning approach on academic performance and code copying. Although the teaching-and-633
learning strategy is already addressed in the literature [40, 10], there is a lack of quantitative re-634
search to support its validity, particularly in regards to engineering students [6]. Instead of using635
a tool to identify and penalize code copying, this study employed a tool to improve the learning636
context with the aim of guiding the learning environment towards a mastery-goal structure.637

On the other hand, it is our belief that students’ results improved thanks to the introduction of638
a dual orientation, compulsory-voluntary, in the use of the tool. Initially, the tool was only used639
to set several milestones (lab sessions reinforced by means of written assessments) that had to be640
fulfilled by students. Then, a new voluntary aspect was incorporated: additional optional exercises641
to reach those milestones. We have verified that the combination of mandatory and voluntary642
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activities leads to better results than the compulsory part alone. We believe that when the tool is 643
only used for compulsory tasks (solving and submitting exercises in lab sessions), students perceive 644
it as performance-oriented, that is, as merely a means of assessment. This type of orientation may 645
impel them toward avoidance strategies such as code copying [2]. Thus, the role of the tool as a 646
learning aid is overshadowed. The combination of both orientations helps make students aware of 647
how the tool can help them learn, and the effort saved as compared to pen-and-paper exercises or 648
the use of a generalist tool (like a DBMS). This shift in perception encourages students to use the 649
tool as a means to learning in lab sessions as well, not just to submit results, thus reducing code 650
copying. Our results suggest that when a new e-learning tool is designed, this dual orientation 651
should be taken into account. 652

5.7 Further Work 653

Although our tool has a specific purpose, SQL learning, it is our belief that the aforementioned dual 654
orientation could be generalized to other tools, used in different subjects, and with other types of 655
copying on reports, assignments, essays, projects, and so on, by using technology to foster a more 656
mastery-oriented learning environment through a teaching-and-learning approach [10, 30, 40]. 657
This possibility needs to be verified through further research. 658

It is our belief that the voluntary aspect of the tool is not sufficient on its own either. Nowadays, 659
students have access to a plethora of opportunities to learn. In this study, these opportunities 660
have essentially remained the same over both periods studied (except for the review exercises 661
included in Aplicación DB in the second period). One example is instructors’ office hours, which 662
in our experience are underutilized by students. Another example is the Internet, which is full of 663
opportunities and examples for students to use to practice. For instance, there are interesting online 664
tools like SQLZOO [52], but we have not received any comments or questions indicating that these 665
resources are employed by students. These are examples of voluntary options of which students 666
fail to take advantage. Future research should investigate what happens if a tool is only employed 667
on a voluntary basis. It is our belief that the compulsory part of the tool acts as an incentive to 668
encourage learning. Without the established lab-session milestones, students would see the tool 669
simply as extra material that supplements their textbooks, lists of exercises, or exercises available 670
on the Internet. Verifying such a hypothesis remains for further research. 671

Finally, we could analyze the relationship between the 2 × 2 classification used in our study 672
(based on more or less copying and more or less reviewing) and the classification found in the lit- 673
erature [12, 54] of mastery, performance-goal, performance-avoidant, and work-avoidant oriented. 674

6 CONCLUSIONS 675

This study analyzed the impact of a new review exercises module incorporated into an online 676
tool with the aim of promoting self-learning and reducing code copying in a software engineering 677
subject, in accordance with the teaching-and-learning approach. Two groups of students were 678
compared. The first group was required to utilize the learning tool in lab sessions, whereas the 679
second also had the option of using it for self-learning. Better academic results, a decrease in code 680
copying (more pronounced among women), and a higher level of satisfaction were observed among 681
the students in the second group. 682

In addition, within the second group, the students that copied more or less, and the students who 683
put forth more or less effort were identified and the combination of both factors was analyzed. It 684
was found that students who copied less and invested more effort obtained better results. It was 685
also determined that students who, in spite of making the extra effort of completing voluntary 686
exercises, still copied exercises from classmates, obtained worse results than those students who 687
copied less exercises, even if they completed less review exercises. 688

ACM Transactions on Computing Education, Vol. 19, No. 3, Article 16. Publication date: November 2018.



TOCE1903-16 ACMJATS Trim: 6.75 X 10 in November 29, 2018 22:4

16:20 C. Domínguez et al.

This experience has shown the positive effects of using a learning tool with a dual purpose.689
Its first function is its compulsory use during lab sessions. This requirement establishes some690
milestones that act as incentives to encourage learning. The second purpose is voluntary and aims691
to enhance the advantages of employing a tool that helps in the learning process. This two-part692
orientation should be taken into consideration for new e-learning tools in the future.693
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