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Abstract: Mobile learning is a promising form of digital education to access learning content through
modern handheld devices. Through mobile learning, students can learn using smartphones, con-
nected to the Internet, without having restrictions posed by time and place. However, such envi-
ronments should be enriched with sophisticated techniques so that the learners can achieve their
learning goals and have an optimized learning experience. To this direction, in this paper, presents a
mobile learning software which delivers interactive activities and motivational feedback to learners
with the aim of advancing their higher level cognitive skills. In more detail, the mobile application
employs two theories, namely Bloom’s taxonomy and the taxonomy of intrinsic motivations by
Malone and Lepper. Bloom’s taxonomy is used for the design of interactive activities that belong to
varying levels of complexity, i.e., remembering, understanding, applying, analyzing, evaluating, and
creating. Concerning motivational feedback, the taxonomy of intrinsic motivations by Malone and
Lepper is used, which identifies four major factors, namely challenge, curiosity, control, and fantasy,
and renders the learning environment intrinsically motivating. As a testbed for our research, the
presented mobile learning system was designed for the teaching of a primary school course; however,
the incorporated taxonomies could be adapted to the tutoring of any course. The mobile application
was evaluated by school students with very promising results.

Keywords: Bloom’s taxonomy; learning activities; mobile learning; Malone and Lepper’s taxonomy;
motivational feedback; taxonomy of intrinsic motivations

1. Introduction

Recently, significant interest has been placed on the inclusion of digital technologies in
education. The rise of information and communication technology has brought new and
considerable changes in many research areas, and particularly, in education. For example,
several expert e-learning systems have been developed to help students advance their
knowledge [1-3].

The modernization of education is now imperative and requires the use of digital
tools [4], which has become profound especially during the COVID-19 pandemic. In
this way, multidimensional education and cultivation, constant cognitive vigilance, and
development of critical thinking can be further promoted. Students can also adapt to the
continuous flow of information. Therefore, the ever-increasing need for digital education,
overcoming the barriers posed by space and time, has led to mobile learning (m-learning),
which supports learning in multiple contexts using personal electronic devices [5].

Learning through mobile phones is beneficial as it allows learners to learn from
wherever they are, always according to their individual needs and preferences. It is a hot
topic in the relevant scientific literature, as it promotes learning in an entertaining way and
encourages student motivation, therefore, increasing their involvement in the educational
process [6]. Therefore, it can improve the learning process and student participation.
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On the one hand, learning activities, incorporated in mobile learning environments,
are pedagogically useful [7] but they should be designed properly to provide best results
in learners’ knowledge advancement. On the other hand, motivating learners can be a
powerful tool for advancing users” high-level cognitive skills [8].

In the related scientific literature, there have been several efforts that explore the
delivery of learning activities and motivational messages to users. In particular, the topic
of learning activities has been examined in several works [7,9-14]. In most of these works,
the authors have used learning management systems and they have focused on providing
example-based or collaborative learning activities. Moreover, the delivery of motivational
messages has been researched in many works [8,15-20]. In most of these works, the authors
have mainly focused on the motivation types of learners. The novelty of our approach
is, firstly, that the user interface is a mobile learning environment which requires greater
focus both on the design of learning activities and on the way of motivational messages
delivery, due to its capacity. Secondly, another novelty is the blending of two taxonomies,
namely Bloom’s taxonomy [21] and the taxonomy of intrinsic motivations by Malone and
Lepper [22], to optimize the delivery of learning activities and motivational messages to
users. Analyzing the presented literature, it needs to be noted that different theories and/or
models have not been sufficiently employed in combination yet to support the process
of mobile learning. However, as stated in a recent review work [23], incorporating such
techniques into a learning environment can have important pedagogical potential and offer
learner-centered education in the context of adaptive and personalized learning.

Regarding the instructional system design, it involves the creation of learning ex-
periences in ways that leads to the acquisition and application of cognitive and think-
ing skills (https:/ /www.td.org/talent-development-glossary-terms/what-is-instructional-
design, accessed on 30 November 2021). In light of the foregoing, learning solutions that
have been adopted in instructional design have involved the incorporation of theories
and/or taxonomies for a better eLearning plan, and the employment of instructional design
models (e.g., ADDIE, Merrill’s First Principles of Instruction, Dick and Carey Model, Kemp
Design Model, Agile and iterative approaches, etc.) [24]. There have been several research
works that deal with the field of instructional design modeling [25-31]. In this paper, the
aim is to adopt an adequate instructional design in mobile learning through focusing on
the incorporation of two taxonomies and employing agile modeling.

In view of the above, this paper presents a novel approach for the provision of inter-
active learning activities and motivational feedback to learners in a mobile environment.
To preserve the pedagogical affordance of the application, two taxonomies have been
employed, as mentioned above. Bloom’s taxonomy is used for the design of interactive
activities belonging to varying levels of complexity, i.e., remembering, understanding,
applying, analyzing, evaluating, and creating. The taxonomy of intrinsic motivations by
Malone and Lepper is used to identifying four major factors, namely challenge, curiosity,
control, and fantasy. As a testbed for our research, a mobile learning software is developed
for a primary school course. The mobile software is evaluated in a public primary school
and the results are very encouraging, as presented in Section 4.

The remainder of the paper is organized as follows: In Section 2, the method and
procedures of this research is presented as well as the logical architecture of the application
is explained; in Section 3, the application’s modules are described, namely interactive
learning activity delivery using Bloom’s taxonomy and motivational feedback delivery
using Malone and Leeper’s taxonomy; the evaluation of the mobile application is showed
in Section 4; finally, in Section 5, the conclusions are drawn and future research plans
are presented.

2. Methods and Procedures

This section presents important aspects of this research. The purpose of the research
is to improve online learning environments by enriching mobile learning applications
with effective cognitive theories. The blending of different theories (Figure 1), namely
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Bloom’s and Malone and Leeper’s taxonomies, serves to further enhance the delivery of
learning activities and motivational feedback, respectively; these two learning ingredients
can booster the personalized experience of learners.

Bloom's taxonomy |—— Learning

Multiple choice game,
problem solving, memorizing,

activities crossword, minesweeper game,

_I_

"I am the most diligent god. Do

Malone & Leeper > Motivational

you want to meet me?", "I am the
ruler of the sea, the almighty

taxonomy feedback

Poseidon. Meet me!", etc.

Figure 1. Logical architecture of the mobile learning application.

The steps that we followed in this research included the literature review, the de-
sign and implementation of the mobile application, the utilization of the application by
school students, and the evaluation. The mobile learning software was developed for
tutoring of a third-year primary school course in History, specifically, the chapter on Greek
Mythology. The application was used by students, and was evaluated using techniques,
such as interviews and a Likert scale questionnaire survey which was based on an estab-
lished framework.

3. Modules Analysis and Presentation of the Application

In this section, the application modules are described, namely the modules on in-
teractive learning activities delivery and motivational feedback delivery. In addition, an
overview of the application is provided.

3.1. Interactive Learning Activities Delivery

The delivery of the interactive learning activities to learners is based on Bloom’s
taxonomy [21] (Figure 2). According to Bloom’s taxonomy, the educational goals are ranked
in a hierarchical form with remembering being the first tier (Figure 3a).

Evaluating

/ Analyzing \
/ Applying \
/ Understanding \
/ Remembering \

Figure 2. Bloom’s taxonomy levels.
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Figure 3. (a) Level of remembering (quiz game); (b) level of understanding (picture game); (c) level
of applying (minesweeper game).

During the process of remembering, the learners should be able to recall, restate,
or make use of the information they have learned. In our case, the first activity is a
simple knowledge game, which aims to retrieve the knowledge acquired by students
when studying the theory. More specifically, users can interact with a multi-query game
environment, where students are asked to choose the correct answers and, at the end, all the
questions and the answers are displayed in order, with the indication “right” or “wrong”.
As such, in this level, the skill of remembering can be improved since the students should
recollect the theory.

In the understanding phase, it must be checked whether the student, in addition to
simply memorizing words, concepts, and theories, is able to classify categories, distinguish
similar objects, and find what is required, in order to finally lead to certain conclusions.
Hence, at the level of understanding (Figure 3b), in the application, students can first see
an image which is somewhat blurred. This image is related to a question on the same
screen. The students should be able to distinguish the vague object and, by also using their
previous knowledge, can record it in the specially designed field. In this way, they can
further improve their skill of understanding.

At the level of applying (Figure 3c), a concept or generalization is used in new situ-
ations and contexts, therefore, applying knowledge from school to other areas. Students
can solve a problem, use principles in real situations, and predict result. The third level
in Bloom’s classification requires both knowledge and understanding by the learner. At
this level, the ability to use knowledge is examined; the knowledge that was not only
memorized, but also understood, can serve as a tool for the student to solve requested
situations. In view of the above, at this level, students are asked to utilize information that
they have been provided to produce a practical solution to a problem.

The next activity is related to the levels of analyzing and evaluating (Figure 4). More
specifically, students should be able to distinguish objects that are not included in a par-
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ticular image. Next, students are required to design them. In addition, at these levels,
students can test their abilities to discern situations, intentions, and implications that are not
listed, and often modify their original perceptions. In more detail, at the level of analyzing,
students are asked to identify patterns to solve problems. They should distinguish between
objective and subjective information in order to explore and draw conclusions using their
point of view. At the level of evaluating, students should utilize particular facts to make
predictions or produce new theories. This requires them to apply skills to synthesize this
information before drawing conclusions.

is the sea and thunder god
ancient Greek religion, who rules
as leader of the gods of Mount Olympus
Zeus is hild of Poseidon and Rhea

He is married to Hera, by whom he is
sually said to have fathered Athena
Hebe, and Hephaestus.

Figure 4. Levels of analyzing (art game) and evaluating (Be the Teacher! game).

Finally, students pass to the final level of creating. According to Bloom, at this level,
a student is asked to put elements together in order to form a new coherent pattern or
structure. Mobile learning software provides students with activities requiring them to
know how to develop new knowledge and make special judgments.

3.2. Motivational Feedback Delivery

Malone and Lepper’s motivation theory [22] was used for the design of the mobile
learning software. This taxonomy divides the motivating factors of students’ interests into
four main categories: motivations that come from challenge, curiosity, control, and fantasy
(Figure 5).

The taxonomy is described as follows:

e  Motivation through challenge More specifically, this motivation concerns messages
that are challenging for the student to advance their knowledge. By presenting only
part of the information that is quite provocative, students are challenged to look
for the remaining unknown concepts (Figure 6a). The motivational message shows
part of the information, rendering students who are interested in learning more.
The characteristics of this element involve goals, uncertain outcomes with different
difficulty levels, and the ability to gain self-esteem and self-efficacy.

e  Motivation through control The messages promote a sense of control towards the
student, meaning that learning outcomes are determined by the student’s actions
(Figure 6b). Students receive additional information, take control, and decide whether
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they wants to learn more through a motivating interaction. The characteristics of this
element involve a reactive learning environment, choice, and learners’ power.
Motivation through fantasy These motivations promise students a fantasy world,
i.e., the “mental images” that the learners create based on their interaction with the
environment (Figure 7a). The characteristics of this element involve an appeal to
emotional needs and relationships to material that was previously learned.
Motivation through curiosity According to Malone and Lepper, motivation through
curiosity is achieved through various audiovisual media (Figure 7b). The characteristic
of this element involves interactivity between learner and environment, which should
intrigue the learner.

to " gain
self-esteem and
self-efficacy

to intrigue and
interest learner

Challenge Curiosity

v

Intrinsic
motivation

PN

Control Fantasy

to reactive
learning
environment

to appeal to
emotional need

Figure 5. Malone and Leeper’s taxonomy categories.

= Hephaestus = Apollo - Theory

God of fire, metalworking, stone
masonry, forges, the art of sculpture,
technology & blacksmiths

am the most diligent god! Do you ress the button ‘Read more’ to

want to meetme earn more information

Figure 6. (a) Motivation through challenge; (b) motivation through control.
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norses

Figure 7. (a) Motivation through fantasy; (b) motivation through curiosity.

4. Evaluation

A user-based evaluation was conducted in order to assess the effectiveness and ac-
ceptance of the presented mobile learning software regarding the innovative interactive
activities and motivational messages, which were incorporated. The aim of the evaluation
was to assess the presented mobile learning approach, which merged Bloom’s and Malone
and Lepper’s taxonomies. The mobile application was developed as a testbed for the
mobile learning procedure.

4.1. Methods and Materials

The evaluation of the mobile learning application was based on four dimensions,
namely the user experience, the effectiveness of interactive activities, the effectiveness
of motivational feedback and the impact on learning [32]. The evaluation technique,
which was used, included a 5-point Likert scale questionnaire survey delivered to the
population after completion of the course. The questionnaire items were designed so that
information about the user experience, the effectiveness of learning strategies adopted, and
their impact on learning, could be gathered. Table 1 illustrates the questionnaire survey
for the system evaluation. Furthermore, an interview method was used; the population
was asked open-ended questions concerning the user friendliness and pleasantness of the
system. In the interview process, two teachers of the students (population) helped the
evaluators by conversing with respondents in order to collect and elicit data about the
aforementioned subjects.

Table 1. System evaluation survey questions.

Dimension

Questions

User experience

The interface of the system is pleasant. (1-5)
I am satisfied with how easy to use the system is. (1-5)
I enjoy interacting with the system. (1-5)

W N - | H*
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Table 1. Cont.

Dimension # Questions
4 The activities are creative and innovative. (1-5)
Effectiveness of interactive activities 5 The activities engage me in higher-order thinking. (1-5)
6 I am satisfied with the quality of the activities. (1-5)
. L 7 The feedback helps me redefine my learning path. (1-5)
Effectlvenﬁss;lf ml? tivational 8 The motivational messages are insightful. (1-5)
cedbac 9 My interest in the course is stimulated by the system. (1-5)
10 The system helps me achieve higher-order cognitive skills. (1-5)
Impact on learning 11 The feedback provided is effective in engaging me in the learning process. (1-5)
12 I believe the system helps me understand better lesson’s concepts. (1-5)

4.2. Evaluation Process and Population

The population of the evaluation included 40 students at a Greek public primary
school. Students’ age, computer skills, and knowledge were approximately equal, as
all of them were at the same grade. The students were separated into two groups of 20
members, namely Group 1 and Group 2. The experiment took place during the COVID-19
quarantine, when the school was closed and students were attending school remotely via
Internet. As mentioned in Section 2, the lesson, which was taught using the mobile learning
system, belonged to the “History” course, and the learning process had a duration of six
didactic hours. The course is compulsory in primary schools. In addition, the goals of the
instruction are for the students to: gain knowledge of historical facts as well as mythological
figures; understand ancient society and develop a sense of the cultural heritage in current
society; and develop new skills, such as enquiry, investigation, analysis, evaluation and
presentation.

In particular, Group 1 was taught the section solely using the presented mobile learn-
ing software, incorporating interactive activities and motivational feedback; Group 2 used
a conventional system, including mainly multiple-choice activities and simple motivational
messages provided randomly to students. Using this conventional system in the evaluation
process, the potential of designing mobile learning software according to learning theories,
namely Bloom'’s taxonomy and Malone and Lepper’s taxonomy, could be investigated. Af-
ter completion of the section taught, the students were asked to answer the aforementioned
questionnaire survey.

4.3. Results and Discussion

Regarding students’ acceptance of the presented system, the answers given by Group
1 were assessed. Figure 8 and Table 2 illustrate the evaluation results. Analyzing these
results, it is observed that there is a high rating of satisfaction and acceptance.

Considering user experience, 85% of the students found that the system interface was
pleasant and stimulated them to use it further. Moreover, based on the interview results,
almost all of the students stated that the system was very easy to use (95%) and they enjoy
interacting with it (90%). These factors both play an important role in students’ intention to
use this system and in avoiding dropouts.

Regarding the effectiveness of the interactive activities incorporated into the system,
85% of the students found them creative and innovative, as well, an equally high percentage
of them indicated their high quality (90%). These results illustrate the acceptance of the
proposed approach and the proper activities” design made during the system development
phase. Furthermore, the vast majority of the participants (90%) reported that the activities
engaged them in higher order thinking skills, strengthening the choice of adopting Bloom’s
taxonomy in the activities” design.
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Figure 8. Bar chart for questionnaire survey results.

Table 2. Questionnaire survey results (scores, mean, standard deviation, and variance).

St.

1-Point 2-Points 3-Points 4-Points 5-Points Mean .. Variance
Deviation
Q1 0% 0% 15% 25% 60% 445 0.7399 0.5475
User Experience Q2 0% 0% 5% 30% 65% 4.6 0.5831 0.34
Q3 0% 0% 10% 20% 70% 46 0.6633 0.44
Effecti ; Q4 0% 0% 15% 25% 60% 445 0.7399 0.5475
. Effectiveness of Q5 0% 0% 10% 30% 60% 45 0.6708 0.45
Interactive activities Q6 0% 0% 10% 20% 70% 46 0.6633 0.44
Effecti ; Q7 0% 0% 20% 30% 50% 43 0.781 0.61
- ec,t“’ei‘?ssé’b 5 Q8 0% 0% 15% 20% 65% 45 0.7416 0.55
motivational feedbac Q9 0% 0% 5% 25% 70% 465 0.5723 0.3275
Q10 0% 0% 15% 15% 70% 455 0.7399 0.5475
Impact on Learning Q11 0% 0% 0% 30% 70% 47 0.4583 0.21
Q12 0% 0% 20% 20% 60% 44 0.8 0.64

In view of the motivational feedback that was provided to students, the evaluation
results show that it was found to be very useful to redefine their learning path (80%), as well
as the messages were very insightful (85%). The system stimulated students’ interests to a
very high degree (95%). These facts indicate the effectiveness of the motivational messages
used and, by extension, the effectiveness of Malone and Lepper’s taxonomy adopted for
this purpose.

Regarding the impact of the presented system on learning, approximately 85% of the
students stated that it helped them to achieve higher order thinking skills and to better
understand the lesson’s concepts. This high degree of rating in these questions can be
explained by the use of Bloom’s taxonomy which focuses on increasing knowledge and
developing skills. In addition, 80% of the students reported that the feedback provided
influenced their learning positively by engaging them in the educational process. A possible
reason why this happened is because the messages were designed based on the principles
of Malone and Lepper ‘s taxonomy.

It needs to be noted that Values 1 and 2 received no responses. This fact was anticipated,
since the younger generation is very keen on using smartphones and is acquainted with
mobile applications.
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In order to further investigate the potential of the approaches used for activities and
feedback as comparing with conventional ones, a two-sample t-Test between Group A and
Group B was applied in the aggregation of Questions 4-6, which referred to the effectiveness
of the interactive activities, and of Questions 7-9, which referred to the effectiveness of the
motivational feedback. As shown in Table 3, there is a statistically significant difference
between the means of the two groups regarding the two learning strategies. Considering
the activities used in both systems, the presented system outperforms the conventional one,
indicating that designing interactive activities based on a learning theory, such as Bloom’s
taxonomy, and not using simply multiple-choice activities can enhance learning and lead
to the acquisition of higher order cognitive skills. Regarding the feedback to students, the
findings show that the presented system which adopts the Malone and Lepper’s taxonomy
for designing the motivational messages outperforms the conventional one. As such, the
adopted approach can be characterized as a suitable one which properly motivates the
students to be more active and engages them into the learning process, helping them to
improve their learning outcomes.

Table 3. t-Test results.

Effectiveness of Interactive Activities Effectiveness of Motivational Feedback
Group A Group B Group A Group B
Mean 4.65 3.2 445 3.15
Variance 0.345 0.8 0.576 0.45
Observations 20 20 20 20
Pooled variance 0.572 0.513
Hypothesized mean difference 0 0
df 38 38
t Stat 6.06 5.739
P(T <= t) two-tail 4.7 x 1077 1.3 x 107
t Critical two-tail 2.024 2.024

5. Conclusions and Future Work

This paper presents a novel approach for delivering interactive learning activities and
motivational feedback. To achieve this, Bloom’s taxonomy and the taxonomy of intrinsic
motivations by Malone and Lepper are utilized. In more detail, Bloom’s taxonomy is
used for the design of interactive activities belonging to varying levels of complexity, i.e.,
remembering, understanding, applying, analyzing, evaluating, and creating. Concerning
the motivational feedback, the taxonomy of intrinsic motivations by Malone and Lepper
is used, identifying four major factors, namely challenge, curiosity, control, and fantasy;,
rendering the learning environment intrinsically motivating. This approach has been
incorporated in a mobile learning software for teaching a primary school course.

The mobile learning application were evaluated in a public primary school and the re-
sults showed that it could contribute positively to the advancement of learners” higher level
cognitive skills. It needs to be noted that the presented approach can be incorporated in any
mobile learning software, designed for learners of different grades and in different courses.

Based on the evaluation results, the significance of this study emerges from the in-
corporation of the two taxonomies in a mobile learning software, which can push the
boundaries of virtual learning environments and further enhance online education by
providing student-centered instruction.

Future research should include a more extensive evaluation in terms of the population.
In addition, we plan to consider more learners’ characteristics in the modeling process in
terms of their types of misconceptions and emotional states.
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