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This paper describes twonewMoodlemodules thatwere developed to enhance a problem-based learning approach.Oneof

the modules offers the possibility to easily customize student assessment. In particular, it enables the creation of questions

containing randomnumeric variables, either scalar or vectorial, andwhose answers are automatically computed regardless

of the complex combination of numerical and logical operations involved in their calculation. The othermodule facilitates

the subdivision of a problem into a common statement and a set of questions which are successively displayed in the

browser. By combining these twomodules, instructors can easily offer their students the opportunity to practice answering

individualized quizzes anywhere and anytime. The analysis of the effect of the use of these two modules on students’

performance revealed the existence of a strong link between the amount of online problems answered by students and their

final grades. Typically, higher final grades were associated to higher regularity in answering individualized online

problems.Moreover, it was shown that the use of individualized assessment quizzes tends to reduce academic dishonesty.
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1. Introduction

An increasing number of students worldwide are

seeking for a more convenient and cheaper educa-

tion. This phenomenon has encouraged higher

education institutions to explore the application of

Information and Communication Technologies

(ICT) in the design of their programs. Numerous

investigations have focused on analyzing the diverse
uses of ICT in the learning process from a pedago-

gical and psychological perspective [1–5]. Hybrid

learning approaches that combine face-to-face

teaching with some ICT supported activities and

with some ICTmediated interactions between peers

or between students and teachers are known as

blended learning. Since ICT tools enables students

to work at their own pace and to receive immediate
feedback, their use within a blended learning con-

text contributes to flexibility of learning. Thus,

blended learning tools have generated considerable

recent research interest (see [6–13] for example).

In most blended learning approaches, ICT are

used within constructivist frameworks. The con-

structivist learning theory is based on the idea that

learners construct knowledge by forming produc-
tive new links to their prior relevant learning experi-

ences [14–16]. Within the constructivist learning

environment, the teacher role changes from being

the one who delivers the information to being a

mentor, a consultant anda coach that helps students

to understand concepts, tomake connection among
different concepts and tobuild their reasoning skills.

According to Taber [17], an effective constructivist

environment is neither teacher-centered nor stu-

dent-centered but rather it is focused on the inter-

action of the student with the teacher and with

peers. A detailed assessment of the educational

effectiveness and constructivist orientation of sev-

eral ICT can be found in [18].
The expanding use of ICT in education has

numerous advantages; however, it also presents

several drawbacks. In particular, since it is often

easier to cheat on an online environment, the use of

ICT in assessment tasks may increase acts of aca-

demic dishonesty. It is widely recognized that the

problem of academic dishonesty is a widespread

issue at both medium and high educational levels
[19–21].However, according toCarpenter et al. [22],

engineering students are among the most frequent

cheaters. Specifically, these authors reported that

engineering undergraduates cheat almost twice on

exams and homework than students from social

sciences. Reduction of cheating and plagiarism has

become a fundamental and challenging issue [23].

Numerous studies that focus on academic dishon-
esty incorporate recommendations to reduce cheat-

ing rates (see [22, 24–26] for example).Most of these

studies point out the design of assessment tasks that

reduce opportunities for cheating as an important

issue in the prevention of academic dishonesty.
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In a recent study [27], the use of ICT in the design

of a blended learning methodology is reported. The

methodology described therein is based on the

subdivision of complex problems into simpler and

shorter questions that guide students to the correct

solution of the problem. The authors assessed the
methodology in terms of students’ satisfaction and

motivation and they showed that both students’

satisfaction and students’ motivation increased

when the methodology was applied within a Statis-

tics course. It is worth noting that although the

methodology was developed in the context of a

Statistics course, it is suitable to teach any subject

whose knowledge is related to solving-problem
skills. However, a good performance of this meth-

odology requires the finely subdivided problems to

be delivered through a web-based platform verify-

ing the following requirements:

1. It allows to present those questions conforming

a problem in a progressive way, that is, a new
question should not be displayed in the browser

until the current question has been properly

answered.

2. It can be configured so that after a fixed number

of wrong answers to the same question, the

correct solution is provided to the student.

Otherwise, the student could remain stuck in a

specific question.
3. Random numerical variables, either scalar or

vectorial, can be easily introduced in question

statements.

Note that if the web-based platform fulfilled the

third requirement then individualized online assess-

ment quizzes could be easily generated.

In order to achieve a good implementation of the
methodology described in [27], the authors used a

tailored web-based software. However, that soft-

ware had thehandicap that to access it from Internet

required a secure shell tunneling protocol. The need

of this rather high technological skill prevented a

considerable number of students to use it regularly.

The purpose of this study is to describe and analyze

two new ICT tools that have been developed to
facilitate the implementation of this blended learn-

ing approach by using the online learning platform

calledMoodle (Modular Object-Oriented Dynamic

Learning Environment). Among the free online

learning platforms, Moodle is one of the most

commonly used by learning communities world-

wide (see section 2.1 for further details about

Moodle). However, Moodle does not fulfill the
requirements needed to achieve a good implementa-

tion of the methodology described above. The ICT

tools developed in the current study consist of two

new Moodle modules that provide solutions to all

the drawbacks of using Moodle to implement this

methodology.

We aim to investigate whether the academic

dishonesty is reduced with the use of individualized

assessment quizzes. Furthermore, it is also the

objective of this study to analyze the effect of the
implementation of these two Moodle modules on

students’ performance. This analysis is conducted

within the context of a Statistics course.

The rest of the paper is organized as follows.

Section 2 is devoted to describe the two new

Moodle modules in detail. Section 3 reports some

data on students’ performance and finally, the main

conclusions are summarized in Section 4.

2. Description of the developed modules

With the purpose to let Moodle fulfill the three
requirements listed in Section 1, we developed two

new Moodle modules, which were called Pro-

grammedResponses andGuidedQuiz, respectively.

In particular, the Quiz module allows Moodle to

satisfy first and second requirements whereas the

third requirement is fulfilled when the Programmed

Responses module is added to Moodle. Both mod-

ules were designed according toMoodle philosophy
and Moodle coding guidelines.

2.1 Overview of Moodle features

Moodle is a Course Management System designed

to help educators to create effective online learning

sites. It is provided freely as Open Source software

under the GNU General Public License and it has

become one of the most commonly used Course

Management Systems among learning communities

worldwide. Moodle is based on a social construc-
tivist framework of education [14–16] and its basic

structure is organized around courses where learn-

ing resources and activities are presented to stu-

dents. The set of privileges of a particular user in

Moodle depends on the specific role (editor teacher,

non-editor teacher, student, invited guest, etc.) of

that user at each individual course. That is, users do

not log in as teachers or students but their role is
assigned as soon as they enter a specific course.

Typically, the layout of the main page of a course

displayed through Moodle includes a central part,

where resources and activities are shown, and

several side blocks which offer extra information

or control features, as shown in Fig. 1.

Moodle has a modular structure. Thus, each

activity or control element is provided through
what is called a module. The Moodle Kernel con-

tains several basic modules, such as the forum

activity, the quiz activity, the assignment activity,

the course administration feature or the calendar,

among others. This modular structure has facili-
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tated the development of a great number of addi-

tional contributed modules which can be down-

loaded from the Moodle plugins directory in [28].

The quiz activity module is of particular interest in
the current study because it is the one used to design

and build quizzes consisting of different question

types. The Moodle kernel provides users with a

great variety of question types that include multiple

choice questions, short answer questions or numer-

ical questions, among others (see [29] for a descrip-

tion of all standard question types). It is worth

noting that all the questions generated within
Moodle are kept inwhat is called theQuestionbank.

Consequently, Moodle offers the advantage of

allowing questions to be re-used in several different

quizzes.

2.2 The programmed responses module

Programmed Responses is a new Moodle question

type that offers the user the possibility to create

questions whose statements contain random vari-

ables and whose answers are automatically gener-

ated regardless of the complex combination of

logical and numerical operations involved in their

calculation.

2.2.1 Main features

The distinctive characteristics of the Programmed

Responses question type can be summarized as:

� The text of the question can include numerical

variables that are replaced with random values

when the quiz is taken.

� The numerical variables included in the text of the

question cannot be only scalar but also arrays.
� Several scalar numerical variables, which have

been generated in an independent way, can be

joined together into an array variable by using a

concatenation operator. This property is particu-

larly useful whenever an array, whose elements

must follow different criteria, is required.

� Question’s answer is provided by a set of editable,

non-native PHP functions that are associated to
the question.

� Question’s answer can comprise several values.

� Questions can not be randomly selected when a

quiz is generated.

These characteristics make this new question type

specially suitable for both, problemswhose solution
can not be obtained from a single mathematical

formula, and problems whose answer consist of one

or more values. Both types of problems are found,

for example, in statistical hypothesis testing.

Multiple versions of a question, which differ in

their numerical values, can be created at once by

using the programmed response question type.

Thus, the numerical values of a programmed
response question are likely to be different from

one student to another and even within multiple

attempts of the question by a particular student.

This is so because the numerical values of each
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variable are randomly generated automatically

from a uniform distribution, each time Moodle

delivers the question. For each numerical variable,

the lower limit, the upper limit and the desired

precision of the numerical values that would be

accepted must be specified. If we denote by a, b
and d, respectively, the lower limit (minimum), the

upper limit (maximum) and the precision (incre-

ment) of a numerical variable, then the numerical

values of this variable will be randomly chosen

uniformly from values of the form a+kd with

0 � k � (b–a)/d, being k a natural number. For

example, if a = 0, b = 0.6 and d = 0.15, the numerical

variable would randomly take the values 0, 0.15,
0.30, 0.45 and 0.6. In case of an array variable, the

number of scalar values included in the array must

also be specified.

Answers to programmed response questions are

also automatically generated from non-native PHP

functions associated to each question. All the argu-

ments of a PHP function associated to a question

must be properly linked either to a defined variable,
a concatenation of defined variables or a fixed value

in the question statement (see Subsection 2.2.2 for

an example). In order to encourage the addition of

non-native PHP functions, we have designed and

implemented a user interface that allows the user to

easily upload PHP functions to the Moodle plat-

form. All PHP functions uploaded to the Moodle

platform should include a comment block similar to
that shown in Fig. 2. This comment block must

contain a brief description of the purpose, the

arguments and the returned values of the function.

It must be written according to the phpdoc format.

At first sight, it can be thought that the pro-

grammed response question type is very similar to

the calculated question type provided by Moodle

kernel. However, there are significant differences
betweenbothquestiontypes,as it isshowninTable1.

2.2.2 Examples of use

In the following, we provide three examples to

elucidate the possibilities of the Programmed

Responses module. The Moodle screen shot

shown in Fig. 3 illustrates the student’s view of a
programmed response questionwhose answer is not

a single value but it comprises a pair of numbers.
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Fig. 2. An example of a PHP function.

Table 1.Main differences between programmed response questions and calculated questions

Item Calculated Question Programmed response Question

Type of accepted variables Scalar Scalar and Arrays

Generation of random values A list of at most 100 values for each
numerical variable is generated once and
then only values within the list are randomly
used

Values for the numerical variables are
automatically generated each time Moodle
delivers the question to a student

Number of values in the Answer Only one value One or more values

Type of accepted answers Numerical Numerical and Character Strings.

How the answer is calculated Through one formula that can contain
arithmetic operators and some
mathematical functions

Through a set of editable non-native PHP
functions that can contain any kind of
operators and functions



For the second examplewe consider the following

question:

Assuming that the attained p-value in a hypothesis test is
{$pvalue} and using a level of significance {$error},
should the null hypothesis be rejected? (Answer 1 if
there is enough evidence to reject the null hypothesis,
and 0, otherwise).

Note that names within braces and preceded by the

$ symbol, such as pvalue or error, correspond to

numerical variables whose values are randomly

assigned each time the question is attempted. The

editable, non-native PHP function that provides the

answer to this question is shown in Fig. 4. This

figure shows that a logical operation is involved in
the answer.

Finally, the following statement exemplifies a

question whose answer requires a rather complex

combination of numerical and logical operations.

The scores on a civil service exam are normally distrib-
uted with a mean of {$mean} and a standard deviation of
{$stdev}.What is the probability that a person randomly
selected among those that take the exam gets an exam
mark lower than {$number}?

The answer to this question is provided by the PHP

function shown in Fig. 2. In order to enlighten the

creation procedure of programmed response ques-

tions, the main steps in the generation of the latter

question are summarized in Fig. 5 and Fig. 6. First

steps are shown in Fig. 5 and they consist of the

edition of the question statement, the choice of the

properties of the numerical variables, if any, and the

selection of the PHP function that provides the
answer.

In the next step, each of the arguments of the PHP

function are either assigned a fixed value or linked

with either a numerical variable or a concatenation

of numerical variables in the statement of the

question, as detailed in Fig. 6. Furthermore, when

the programmed response question is included into

a guided quiz (see Section 2.3), arguments in the
PHP function can also be linked to numerical

variables which arise in the guided quiz but are

not present in the statement of the question. In

such situation, the option Guided quiz in Fig. 6

must be selected.

2.3 The guided quiz module

TheGuided Quiz module is a newmodule that adds
several features to the standard Moodle quiz

module. The additional features allow the user to

easily generate problems consisting of a common

statement and several questions that are sequen-

tially displayed to the student. Usually, subsequent
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Fig. 3. An example of a programmed response question whose answer requires two
numerical values.

Fig. 4. Editable, non-native PHP function involving logical operations.
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Fig. 5. Screen shot showing the three first steps in the creation procedure of a programmed response question: statement
edition, choice of the properties of the numerical variables, if any, and assignment of the PHP function that provides the
answer.

Fig. 6. Screen shot showing the user interface designed to assign values to the arguments of the chosen PHP function in a
programmed response question.



questions are related with the common statement,

although it is not compulsory.

2.3.1 Main features

Themain characteristics that differentiate a Guided

Quiz from a standard Quiz can be summarized as:

� In addition to a set of questions, it can contain a

common statement. The common statement does

not require an answer but it is included in the quiz

in order to deliver relevant information to which

some questions within the quiz may refer to.

� The common statement is only shown when the

quiz is attempted and it is always displayed along

with any subsequent question.
� The set of questions included in the quiz are not

displayed all at once but they are sequentially

displayed.

� A new question is delivered only when one of the

following three conditions holds

– the current question has been rightly

answered;

– the maximum number of allowed attempts
defined for that question has been reached;

– the ‘‘skip to next question’’—button has been

clicked.

� A maximum number of allowed attempts and a

penalty factor for each wrong attempt can be

defined for each question within the context of a

particular guided quiz.

� The teacher can determine whether answered

questions are shown or hided when a new ques-

tion of the quiz is displayed.

� The teacher can decide whether right answers of

those questions previously answered or skipped

are displayed or not.
� It is not allowed to randomize the order in which

questions are displayed within a quiz.

� Numerical variables are also allowed to be pre-

sent in the common statement of a guided quiz.

Their definition and operating mode coincide

with those described for programmed response

questions.

� Numerical variables included in a guided quiz can
be either global or local. Global variables are

accessible from every question within the quiz,

regardless of where they are defined. Local vari-

ables are only available within the programmed

response question wherein they are defined. All

the numerical variables contained in the common

statement of a quiz are global variables.

The characteristics of the Guided Quiz module
make it very useful to subdivide a complex problem

into a set of sequentially presented smaller ques-

tions. The suitable division of problems into smaller

questions that guide students to the right problem’s

answer provides students with a clear structure that

facilitates a better understanding of the concepts

and procedures involved in their solution.
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Notwithstanding, as students improve their skills to

tackle problems, they progressively need less gui-

dance. Guided quizzes have the advantage that they

can be configured so that they behave in different

ways. They can provide students with right answers

and/or grades as the quiz is taken, or alternatively, it
can be configured so that neither answers nor grades

are revealed to students until the whole quiz is

finished. Hence, the versatility of the Guided Quiz

module allows the teacher to easily adapt guided

quizzes to different learning stages and even to use it

for assessment purposes.

2.3.2 Example of use

Fig. 7, Fig. 8 and Fig. 9 summarize the creation of a

guided quiz with the following common statement:

From its long experience, a fruit dealer knows that the
shelf life of fresh peaches stored under refrigerated
conditions is normally distributed with a mean of {$old-
mean} hours. In order to increase the shelf life of fresh
peaches, the fruit dealer decided to modify the refrigera-
tion process. After the refrigeration process was mod-
ified, a sample of 10 peaches was selected and their shelf
life measured in hours yield the following results
{$data}.
We want to use these values to test if the modified
refrigeration process increased the shelf life of peaches.

And the following set of questions:

(a) Which kind of hypothesis test should be applied?

(b) Which is the value of the sample test statistics?

(c) Which is the attained p-value?

(d) According to the p-value and using a level of

significance {$level}, is there enough evidence to

conclude that the modified refrigeration process

increases the shelf life of peaches? (Answer 1 if

there is enough evidence, and 0, otherwise)

The creation of a guided quiz is quite similar to the

creation of a standard quiz. However, it presents

some particularities. The first particularity arises

when the settings of the quiz are displayed. In the
guided quiz, the common statement must be written

in the place reserved to an introduction for the

standard quiz. In order to be able to introduce the

properties of the numerical variables contained in

the common statement, a newboxhas been included

in the quiz administration tab, as it can be observed

in Fig. 7. The assignment of values to the arguments

of the PHP function that provides the answer to a
question in this quiz is displayed in Fig. 8.

Note that two of the arguments are linked to

numerical variables that are not included in the

question but in the common statement of the
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Fig. 8. Screen shot showing how to link some arguments of the PHP function to the
guided quiz.



guided quiz. Fig. 9 shows the procedure to link these

two arguments to the numerical variables in the

common statement.

3. Results and discussion

The Programmed Responses module allows the

automatic generation of multiple versions of ques-
tions which only differ in their numeric parameters.

Thus, a different version of the same question can be

easily distributed to each student when either

assignment or assessment activities are delivered.

Individualized assessment quizzes can therefore be

easily generated by designing quizzes which are

mostly composed of programmed response ques-

tions. Note that by using this kind of quizzes, we
ensure that the difficulty of the assessment activity is

the same for all the students. However, as questions

differ in their numeric parameters, students can not

share their answers and opportunities for cheating

are reduced. Furthermore, since answers of pro-

grammed response questions are automatically gen-

erated, the time needed by teachers to prepare and

grade this kind of assessment activities is fairly low.
It is worth noting that the addition of the current

modules to aMoodle platform requires administra-

tion privileges. However, this is a minor limitation

as it can be easily addressed by contacting the

Moodle administrator. A more important draw-

back of these modules relates to the procedure

used to generate answers to programmed responses

questions. As it is explained in section 2.2.1 this
procedure relies on non-native PHP functions,

which must be coded and uploaded to the Moodle

platform. Since the lack of PHP coding skills might

prevent some people to use the Programmed

Responses module, future work is planned to

create a repository of PHP functions.

Some results related to the students’ performance

are analyzed within the context of a Statistics
course. Further details about the context of the

course are discussed in Section 3.1. In Section 3.2,

we investigate if there is evidence to indicate that

students tend to share their answers when the same

online assignment is delivered to all students. Sec-

tion 3.3 is devoted to study the existence of any

relation between the amount of online problems

answered by one student and his or her final grades.

3.1 Context of the course

The two new Moodle modules described in the

present study were developed within the context of

an introductory Statistics course taught at the

Rovira i Virgili University in Catalonia (Spain).

The course was designed to fit the needs of students

enrolled in different engineering degrees. Its major

topics include descriptive statistics, probability dis-

tribution functions, confidence interval estimation,
hypothesis testing and linear regression. It was

taught by using the problem-based learning

approach reported in [27]. The method described

therein is mainly based on three points:

1. The combination of face-to-face theory classes

and online computer-aided practical classes.

2. The availability of a collection of problems

which are finely subdivided into several smaller
questions that progressively guide the student

to their solution.

3. The use of a web-based platform to access the

proposed problems.

This course is taught four hours per week along 15
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weeks. Two hours per week are devoted to regular

lectures at which special emphasis is put on helping

students to understand concepts. The other two

hours take place in a computer lab where students

individually solve problems through the web-based

platform. All these lab sessions are supervised by
teachers. However, students work independently

and only occasionally they get help from teachers.

Problems solved during these lab sessions are

graded on a scale from 0 to 10, whereby 10 denotes

the highest grade and 0 the lowest. Before each lab

session, students can practice anywhere and any-

time in an individualized and flexible manner by

accessing the collection of problems available
through the web-based platform. At the end of the

course, each student receives a lab grade which is

calculated as the arithmetic mean of the grades

obtained on the problems solved through the

online platform during the lab sessions. The

course assessment is obtained from the average of

the lab grade and the grade obtained in a traditional

paper-and-pencil final exam. Note that grades
obtained on the problems solved online outside

lab sessions are not taken into account for the

course assessment.

3.2 Effect of individualized quizzes on academic

dishonesty

As mentioned in the previous section, students

enrolled in the Statistics course receive two grades:

one grade is obtained from the final traditional

paper-and-pencil exam, and the other one reflects

the student’s performance at the practical classes.
The latter is determined as the average of the grades

obtained on the problems solved through the online

platform during the lab practical classes. It seems

reasonable to assume that, in the absence of aca-

demic dishonesty, both grades are highly related.

Our hypothesis is that, in the absence of academic

dishonesty, there is a linear relationship between the

lab grade and the final exam grade. A lack of linear
relationship on the two grades will be read as an

indication of a possible academic dishonesty. Given

aparticular classgroup, itwasouraimtostatistically

validate or reject our hypothesis within that group.

Hence,weuseda linear regression statistical hypoth-

esis test to determine whether there was a significant

linear relationshipbetween the independentvariable

(lab grade) and the dependent variable (final exam
grade). We analyzed the relationship between the

two grades, final exam grade and lab grade, in class

groups within the following two contexts:

� ContextA (before the individualized quizzeswere

available): in this context, all students must

answer exactly the same online quizzes during

practical lab sessions.

� Context B (after the individualized quizzes were

available): in this context, the numeric para-

meters in the questions comprising the online

quizzes take random values and they are conse-

quently different from one student to another.

The study was carried out with eleven class groups,

five within context A and six within context B. The

instructors and studied topics were the same in the

eleven groups.

The results of the regression statistical hypothesis

test for each group are shown in Table 2. This table

contains the p-value of the test, the Pearson linear
correlation coefficient, r, and the size of the group n.

Note that a p-value lower than 0.05 indicates thatwe

can assume a linear relationship between lab grades

and final exam grades with a 95% level of confi-

dence. We observe in Table 2 that all class groups

within context B have p-values lower than 0.05,

whereas within the context A only two of the five

analyzed groups have p-values lower than 0.05.
These results indicate that the use of individualized

online quizzes during the lab sessions tends to

reduce academic dishonesty within our Statistics

course.

3.3 Effect of the use of the two new modules on

students’ performance

The two new modules have been extensively used

since the academic year 2011–12. During such

academic year, there were eighty-nine students

enrolled in the Statistics course. As our students

had an easy access to the Moodle environment, we

offered them the chance to practice beforehand

those questions included in the assessment quiz

that would be delivered at the next lab practical
session. These questions were available during the

twodays prior to the lab class. In the current section,

we study the effect of the quantity of questions

answered online during the two days prior to the

lab classes on both the students’ lab grades and the

students’ final exam grades.We are interested not in

the absolute number of answered questions but in

the ratio of the number of answered questions to the
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Table 2.Results of the linear regression statistical hypothesis test.

Group Context p-value r n

1 A 0.3431 0.1118 74
2 A 0.1916 0.1724 59
3 A 0.0043 0.3666 59
4 A 0.0270 0.3970 31
5 A 0.3810 0.1722 28
6 B 0.0034 0.5436 27
7 B 0.0233 0.4274 28
8 B 0.0031 0.4263 46
9 B 0.0438 0.3089 43
10 B 0.0011 0.3455 86
11 B 3.03E-06 0.5188 72



total number of available questions. Let PQ denote

the percentage of questions answered. We classified

the students in the following five categorical groups:

� Categorical group 0: students with PQ < 10%

� Categorical group 1: students with 10% � PQ

<25%

� Categorical group 2: students with 25% � PQ

<50%
� Categorical group 3: students with 50% � PQ

<80%

� Categorical group 4: students with PQ � 80%

and we performed two one-way ANOVA tests.

One-way ANOVA test is a statistical hypothesis

test used to determine whether the mean of a

variable is affected by one factor or treatment or

not. In our case, the factor or treatment was the

percentage of questions answered, and we investi-

gated two variables, namely the lab grade and the

final exam grade. The p-value obtained when the
variable considered was the lab grade (final exam

grade) was 2.62E-11 (2.46E-08). From these extre-

mely low p-values, we conclude that the number of

answered questions during the two days prior to lab

classes has a significant effect on both the lab grades

and the final exam grade. Therefore, the ANOVA

test results reveal that not all the five groups have the

same mean.
In order to identify which groups in the sample

differ, we applied a Tukey’s HSD (honestly signifi-

cant difference) test. This test compares the mean of

every treatment to the mean of every other treat-

ment. The results of the test when the variables

investigated are the lab grade and the final exam

grade are presented in Table 3 and Table 4, respec-

tively. These tables show that whereas there are not
significant differences between consecutive groups,

the differences between groups that are not con-

secutive are significant. It can also be observed in

Tables 3 and 4 that as the percentage of answered

questions is decreased, both the lab grade and the

final exam grade are dropped. Therefore, it may be

concluded that answering online questions regu-

larly helps students to be proficient in the contents
of the course.

3.4 Discussion

The Programmed Responses module enables the

creation of questions whose statements include

random numerical variables and whose answers

are automatically generated regardless of the com-
plex combination of numerical and logical opera-

tions involved in the calculation. Thus, this module

offers the possibility to easily customize student

assessment by distributing a different version of

the same question to each student. It is worth

noting that questions generated with the Pro-

grammed Responses module differ significantly

from the calculated questions provided by Moodle
kernel. The most important difference relates to the

procedure used to generate answers to questions.

Whereas the answer to a calculated question com-

prises a single mathematical formula, the answer to

a programmed response question is generated by a

non-native PHP function that can contain any set of

operators and functions. PHP coding skills are,

therefore, needed to write those PHP functions
involved in the generation of answers to pro-

grammed responses questions. In order to minimize

the limitation posed by the need to code, future

work will be oriented to develop an extensible

repository where PHP functions could be down-

loaded and uploaded.

The Guided Quiz module facilitates the genera-

tion of problems consisting of a common statement
and several questions which are successively dis-

played to the student. This module is very useful to

finely subdivide a complex problem into a set of

questions that progressively guide students to the

right problem answer. By combining the Guided

Quiz module with the Programmed Responses

module instructors can easily offer their students

the opportunity to practice answering individua-
lized quizzes anywhere and anytime receiving

immediate feedback.

Within the context of a Statistics course we have

analyzed the effect of the use of these two new

modules on two issues related to students’ perfor-

mance. Firstwe have analyzed the effect of the use of

individualized online assessment quizzes on the

academic dishonesty. We have assumed that the
lack of a linear relationship between lab grades

and final exam grades within a class group implies

the existence of academic dishonesty during the lab

classes. Note that lab grades are determined as the
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Table 3. Results of the Tukey’s HSD test when the analyzed
variable is the lab grade

Categorical Group Mean Homogeneous Groups

4 9.65 A
3 8.77 A B
2 8.41 B C
1 7.72 C D
0 7.34 D

Table 4. Results of the Tukey’s HSD test when the analyzed
variable is the final exam grade

Categorical Group Mean Homogeneous Groups

4 7.60 A
3 5.48 A B
2 4.68 B C
1 3.02 C D
0 2.52 D



average of the grades obtained from online quizzes

answered during the lab classes. Bymeans of a linear

regression statistical hypothesis test we have found

that a linear relationship between lab grades and

final exam grades could be assumed, with a 95%

level of confidence, in all the class groups where
individualized quizzes were delivered during the lab

classes. By contrast, the linear relationship between

grades could be assumed only in 40% of the class

groups were identical quizzes were used instead.

Finally, under the hypothesis that students have

the opportunity to practice answering online ques-

tions anywhere and anytime, we have investigated

the existence of a link between the amount of online
questions answered by students and their grades.

Results obtained from one-way ANOVA tests have

revealed that the percentage of online questions

answered by students has a significant effect on

their grades. In addition, a Tukey’s HSD test has

shown that higher final grades are associated to

higher percentage of online answered questions.

4. Conclusions

The existence of open-source Course Management

Systems along with the widespread access to Inter-
net have fostered the adoption of blended learning

approaches. However, any Course Management

System has some limitations that can complicate

the implementation of some specific learning meth-

odologies. In this paper, we have described two new

Moodle modules that have been developed to facil-

itate the implementation through Moodle of a

problem-based learning methodology. Although
the modules were developed in the context of a

Statistics course they are flexible enough to be

suitable to teach any subject whose knowledge is

related to solving-problem skills. Notwithstanding,

this flexibility has its drawback: PHP coding skills

are needed to achieve a high performance of the

developed Moodle modules.

The effect of the use of these two modules on
students’ performance has been investigated by

using statistical hypothesis tests. From our results

two main conclusions are derived. First, the use of

individualized online assessment quizzes tends to

reduce academic dishonesty. Second, when students

can practice answering individualized question any-

where and anytime receiving immediate feedback, a

high regularity in answering these online questions
help students to be proficient in the contents of the

course.
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