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ABSTRACT

Background: The modern world demands an effective educational
approach to meet its requirements. In this study, the modern
taxonomy of significant learning was applied to investigate the
impact of personalized learning on achieving learning objectives.
Methods: The study utilized an experimental pretest-posttest control
group design. Thirty undergraduate educational sciences students
from Allameh Tabataba’i University participated in our study. They
enrolled in the media education course in the spring semester of
2019-2020, and were randomly assigned to experimental and control
groups. The learning topic was “media message analysis,” and
lesson objectives were defined based on the taxonomy of significant
learning required for modern world. Personalized learning was
implemented in an online environment for the experimental group.
By choosing authentic assignments, we provided the students with
learning paths based on their cognitive styles and gave them a sense
of control over their own learning. Students in the control group
received an online “one-size-fits-all” education. The engagement
questionnaire was used to evaluate integration, human dimension,
and categories of significant learning taxonomy; to measure
students’ ability to control their learning, an online self-regulated
learning questionnaire was employed. A researcher-made exam was
designed to measure content mastery in fundamental knowledge and
application categories. All three measurement tools were applied
at baseline and two weeks after the intervention. The independent
t-test was used to compare the two groups in each related category.
Results: The results revealed that a personalized learning approach
could lead to significant improvement in content mastery, cognitive,
agentic, and emotional engagement, as well as self-regulated
learning in the experimental group (P=0.007, 0.02, 0.048, 0.048,
<0.001, respectively).

Conclusion: Teachers can help students achieve different categories
of significant learning taxonomy through applying personalized
learning to their courses. Therefore, implementing a personalized

learning environment is recommended for higher education.
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Engagement, Self-regulation
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Introduction

The concept of education in the
Information Age needs to be differentiated
from its Industrial Age counterpart, which
was perceived as a process of mass production
wherein learners all studied the same thing at
the same time and were assessed in the same
way (1). If higher education intends to make a
more meaningful educational experience for
students, an efficient approach needs to be
taken that focuses on the quality of student
learning (2).

Personalized learning as a learner-centered
approach has become significantly important
in modern societies; however, it has not been
fully adopted in our educational systems (3, 4).
National Academy of Engineering has listed
advanced personalized learning as one of the 14
Grand Challenges of the 21st century alongside
the advancements in reverse-engineering the
brain and engineering better medicine (5).

The personalized learning approach should
focus on individual learners and best respond
to their needs, accommodating their choices
and goals rather than developing a system
that automatically adapts to individuals’
characteristics (3). Although personalized
learning has been a topic of much research,
there is no readily agreed-upon definition
of the term (6—8). The U.S. Department of
Education (9) defines personalized learning as
“instruction in which the pace of learning and
the instructional approach are optimized for
the needs of each learner. Learning objectives,
instructional approaches, and instructional
content (and its sequencing) all may vary
based on learner needs. In addition, learning
activities are meaningful and relevant to
learners, driven by their interests, and often
self-initiated” (p. 7).

Walkington and Bernacki (10) have
conceptualized three dimensions to describe
different approaches to personalized learning.
First, personalized learning can take place at
various levels of depth, implying the extent to
which authentic experiences of learners are
taken into account. Second, it can be defined
at different grain sizes where the learning
process is personalized for individuals
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in small or large groups based on similar
characteristics. And finally, personalized
learning can provide learners with different
degrees of control in their learning process.
Based on these dimensions, in this research,
the personalized learning approach was
applied to small groups clustered by learners’
cognitive styles, and they were able to choose
among authentic assignments.

Alamri et al. (6) conducted a qualitative
comparison study, examining the perceived
efficacy of personalized learning on students’
psychological need satisfaction and intrinsic
motivation, as well as exploring its effect
in terms of meeting learners’ needs and
interests in an online course. Overall, the
study results showed that having a choice
in selecting the course project leads to
learner satisfaction and intrinsic motivation.
In addition, interview results revealed that
providing a personalized learning path based
on learner needs and interests could augment
the learning experience.

Walkington et al. (11) implemented
personalized learning among 24 Algebra
students. Sets of story problems and
personalized problems based on students’ out-
of-school interests were presented. The results
revealed that personalization had an impact
on the performance of the students with poor
mathematical achievement, and improved
their problem-solving skills for complicated
mathematical structures. Students made
fewer conceptual errors in dealing with
personalized problems and described them
as easier and more relevant to their lives.
Therefore, establishing a connection with
learners’ real life is an essential factor.

The existing literature has mostly focused
on evaluating the effects of personalized
learning on content mastery, performance,
and attitude towards learning environments.
To achieve significant learning goals, it is also
essential to improve student attitudes towards
the study subject itself, taking into account the
human dimensions and individual approaches
in learn skills, as elaborated in this study.

To implement personalized learning,
teachers need to choose the personalization
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parameters that are consistent with learner
characteristics and course specifications. A
personalization parameter defines a number
of individual needs and characteristics such
as prior knowledge, cognitive style, and
motivation (12). Cognitive style represents
relatively stable patterns in an individual’s
manner of information processing, which can
be conceptualized as distinct adaptations to the
surrounding world (13). In their study, Tsianos
et al. (14) evaluated “whether the construct of
cognitive style can constitute a meaningful
personalization factor” (p. 248). The empirical
evaluation in their study revealed that
information retention among users was more
accurate and efficient, both in terms of their
performance in the online exam and assigned
task, and completing the task on time (14).

To determine the quality of personalized
learning approach, different criteria can be
evaluated. People may have different views
on what constitutes quality education;
however, without a doubt, students’ academic
achievement is a critical part of education
quality. “Academic achievement is the degree

Table 1. Taxonomy of significant learnin
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to which learning objectives are realized in
students” (15). Therefore, to evaluate the
quality of education, we must pay attention
to students’ academic achievement and their
related learning objectives accordingly.

Learning objectives must be redefined
to address the concerns about applying
an effective educational approach and to
meet the skill requirements in modern age.
When asked about the expected outcomes
of their courses, many teachers may point to
Bloom’s well-known taxonomy of educational
objectives, formulated in the 1950s. However,
Fink (2) believes that learning objectives have
to be defined differently within the concept
of “learning-centered higher education”. In
this sense, Bloom’s taxonomy does not cover
all aspects of learning, which are essential
in the modern age, including learning how
to learn, the ability to adapt to change,
interpersonal skills, ethics, communication
skills, character, tolerance, and leadership.
Therefore, Fink (2) introduced the taxonomy
of significant learning with six categories
listed in Table 1.
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The underlying question is how educators
can be confident about the quality of
personalized learning as a means of preparing
students to meet the modern world’s required
skills. This research utilizes the taxonomy of
significant learning as a suitable taxonomy
for learning-centered higher education,
and thereby aims to evaluate the quality of
personalized learning by the degree to which
learning goals are achieved. Therefore, the
main hypothesis of this research is that there
is a difference between students receiving
personalized learning and those receiving
common “one-size-fits-all” education in
achieving significant learning goals.

Methods
Study Design

This was an experimental study with
pretest-posttest design and control group.

Participants

Eligibility Criteria for Participants

The inclusion criteria were all
undergraduate students who enrolled in
the Media Education Course and willing to
participate in the study. All the students who
were reluctant to continue their participation
in this study were also excluded.

Setting

The study population included
undergraduate educational sciences students
of Allameh Tabataba’i University who
enrolled in the Media Education Course in
the spring semester of 2019-2020.

Intervention

The experimental group received online
personalized learning, and the control group
received common online lessons, both using
the Moodle learning management system
(LMS). The Moodle was chosen because
students at this university were already using
it, and there were not any interfering variables
regarding using the system. The chosen
learning topic in this study was “media
message analysis”. After completing the
pretest, students had two weeks to study the
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lesson and complete the assignments. They
could access the lesson materials anytime and
anywhere. At the end of two-week deadline,
the posttest was taken.

Since media message analysis is a problem-
based lesson and requires information
processing skills, cognitive style was chosen
as an appropriate personalization parameter
in this research. In addition to the pretest,
students in the experimental group responded
to the cognitive style indicator (CoSI) (16)
with a 0.79 Cronbach’s alpha coefficient to
determine their cognitive style. Students in
the experimental group were assigned to three
subgroups based on their cognitive style to
receive personalized instructional strategies
on their learning path. The three subgroups
were ‘knowing’, ‘planning’, and ‘creating’.
People with a ‘knowing’ style look for facts
and data. They want to know precisely the
way things are and tend to retain many
facts and details. Therefore, the ‘knowing’
subgroup in this study encountered a learning
environment that provided them with details
of each learning content and its reason.
Planners like to organize and control and
prefer a well-structured work environment.
Therefore, the ‘planning’ subgroup faced
a learning environment that gave them an
overview of all the steps and showed them
where they were on their learning path.
People with a ‘creating’ style tend to see
problems as opportunities and challenges,
like uncertainty and freedom. Therefore,
students in the ‘creative’ subgroups faced a
learning environment that allowed them to go
through any content they were curious about.

In the experimental group, students
could also choose between assignments
associated with their interests, preferences,
or background knowledge. Assignments were
authentic and problem-based. Students had
to solve the problems by analyzing a media
message in their chosen context and extracting
meaningful elements of the message from it.

A discussion forum was also designed
for each subgroup as a means of scaffolding
and interaction between the instructor and
students and students by themselves. The
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instructor analyzed one media message
example step by step based on the rules
instructed. Students could ask and discuss
any questions regarding the solved problem or
their own media message analysis problems.
After submitting the first assignment, each
student received personal voice feedback
regarding his/her chosen assignment.

In the control group, all students received
similar instructional content in their LMS.
They had no option to choose between
assignments and were obligated to deliver the
same assignment indicated by the instructor.
The control group faced a common online
learning environment that served “one-size-
fits-all” education. They received general
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Table 2. Significant learning objectives for media message lesson

feedback on their assignment.

Data Collection Tools

To evaluate academic achievement,
the learning objectives and their mode of
assessment have to be defined. The learning
objectives of the media message lesson are
defined based on the significant learning
taxonomy shown in Table 2. To measure the
degree of attaining these objectives, three
measurement tools were used in this research:

1. Reeve and Tseng’s engagement
questionnaire was used to assess the
integration, human dimension, and caring
categories of significant learning taxonomy
indicated in Table 2. This questionnaire has
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17 items using a 1-7 Likert-type scale, having
values ranging from the maximum score of 7
for ‘strongly agree’ to the minimum score of 1
for ‘strongly disagree’. It measures four aspects
of student engagement: agentic engagement,
behavioral engagement, emotional
engagement, and cognitive engagement. The
cognitive, agentic, and emotional engagement
subscales are particularly appropriate for
measuring the stated objectives in Table 2.
The questionnaire has a 0.85 Cronbach’s
alpha coefficient (17) and a 0.92 Cronbach’s
alpha coefficient in the Persian version (18).

2. The Online Self-regulated Learning
Questionnaire (OSLQ) (19) was used to
measure self-regulation in our online learning
environment to assess the learning to learn
category. It has 24 items using a 1-5 Likert-
type scale, having values ranging from the
maximum score of 5 for ‘strongly agree’ to the
minimum score of 1 for ‘strongly disagree’.
Its Cronbach’s alpha coefficient for the online
environment is 0.90 (19) and in the Persian
version is 0.89 (20).

3. A researcher-made exam was designed to
measure content mastery in the fundamental
knowledge and application categories. The
exam’s face and qualitative content validity
were confirmed by five professors from
Allameh Tabataba’i University, experts in
media education. The exam had 10 multiple-
choice questions with a minimum score of 0
and a maximum score of 1 for each question.
Prior to the intervention, the exam’s test-retest
reliability was assessed at an interval of 15
days by another group of undergraduate
educational sciences students. The result
revealed appropriate reliability with a
Pearson’s correlation coefficient of r (28)
=0.81, P<0.001.

Sample Size and Randomization

The mixed sampling method was used
in this study. In the first stage, by applying
the convenient sampling method, 32
undergraduate educational sciences students
of Allameh Tabataba’i University who
enrolled in the media education course in the
spring semester of 2019-2020 were selected.
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The reason behind choosing the convenient
sampling method was that the media
education course was suitable for authentic
problem-based assignments, which are the
elements of personalized learning.

In the second stage, they were randomly
assigned into experimental and control
groups by applying the simple randomization
technique. Fifteen students were allocated to
the experimental group, and 17 students were
allocated to the control groups.

Statistical Methods

To test the main hypothesis of this research,
“there is a difference between students who
receive personalized learning and students
who receive common ‘“one-size-fits-all”
education in achieving significant learning
goals,” the data from three measurement
tools were collected and analyzed by SPSS
25. The normality of pretest and posttest data
in the experimental and control groups was
verified, and independent t-tests were applied
to compare the two groups.

Ethical Considerations

The research proposal was approved
by the Graduate Education Council of
the psychology and educational sciences
department of Allameh Tabataba’i University.
All participants were fully aware of the
study’s nature and confidentiality. They were
told in advance that their information would
remain confidential and would not affect their
score. They could also decline to continue
their participation at any stage of the research.

Results

Thirty-two students were recruited
through simple random sampling. Two
students from the control group declined to
continue their participation; therefore, their
data were eliminated. In the end, there were
12 females and 3 males in the experimental
group and 14 females and 1 male in the
control group, making the study size equal
to 30 participants. The two groups were
homogenous in terms of demographic data
(Figure 1).
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[ Enrollment ]

Assessed for eligibility (n=32)

Excluded (n=0)

+ Not meeting inclusion
criteria (n=0)

. Declined  to
participate (n=0)

+ Other reasons (n=0)

Randomized (n=32)

l

v
Allocated to intervention (n=17) [ Allocation ] Allocated to intervention (n=15)
+ Received allocated intervention (n=15) + Received allocated intervention (n=15)
+ Did not receive allocated intervention (2 students + Did not receive allocated intervention (give
decline to continue their participation) reasons) (n=0)
[ Follow-Up ] l
v

Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) Discontinued intervention (give reasons)
(n=0) (n=0)

v [ Analysis ] v

Analysed (n=15)
+ Excluded from analysis (give reasons)
(n=0)

Analysed (n=15)
+ Excluded from analysis (give reasons)
(n=0)

Figure 1. Flow diagram of participants sampling

To wverify the initial knowledge,
engagement, and self-regulation equality of
two groups, the groups’ pretest results were
compared by employing the independent
t-test as shown in Table 3.

The P values of all independent t-test
of pretests were above 0.05, confirming no
significant differences between the content
mastery, engagement, and self-regulation of
students in experimental and control groups.

To test the main hypothesis, the results of
all three measurement tools had to be verified
in order to achieve the significant learning
goals, according to Table 2. Independent t-test
results of posttest by reducing the pretest
effect for all three measurement tools were
computed as shown in The P values of the
independent t-test of the exam and OSLQ
were less than 0.01, indicating that with a
99% confidence level, there was a significant
difference between fundamental knowledge,
application, and learning to learn students’
goals and achievements in the experimental
and control groups.
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The three subscales of cognitive,
agentic, and emotional in the engagement
questionnaire were in accordance with the
integration, human dimension, and caring
categories in the taxonomy of significant
learning presented in Table 2; therefore, the
results of those are reported in Table 4. The
P values of cognitive, agentic, and emotional
engagement were less than 0.05, indicating
that with a 95% confidence level, there were
significant differences between achieving
integration, human dimension, and caring
goals in experimental and control groups.

Main Results

By studying the results of independent
t-tests on data collected from all the three
measurement tools, we concluded that with at
least 95% confidence level, the main hypothesis
of this research is approved, and there is a
significant difference between students who
receive personalized learning and students who
receive standard “one-size-fits-all” education
in achieving significant learning goals.
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Table 3. Comparin

Discussion

The results revealed that by applying the
personalized learning approach, students’
content mastery, engagement, and self-
regulation are enhanced and can effectively
reach different aspects of significant learning
categories.

As the learning paths and their
instructional strategies are designed based
on each student’s cognitive style, the
learning environment is compatible with
how each student processes information
in his/her brain. Therefore, cognitive style
as a personalized learning parameter can
significantly affect content mastery, cognitive
engagement, and self-regulation. The result
of (14) also confirms that cognitive style
can serve as a meaningful personalization
parameter and affect the accuracy and
efficiency of a learner’s information retention.
Moreover, these results follow the results
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retest results of two groups (equal variances is assumed

Table 4. The exam, OSLQ, and engagement t-test results (equal variances is assumed

of (21, 22), which considers cognitive style
as an environmentally sensitive individual
difference in cognition and as a variable in
e-learning, and (23) explored the impact of
cognitive style profiles on different learning
approaches.

A variety of assignments related to
students’ real-life were also designed in this
study. Students in personalized learning
subgroups had control over their learning
process. They had a choice of selecting their
assignments, and their selections were based
on their own interests and their background
knowledge of a specific assignment. Having
a choice enhanced intrinsic motivation, task
performance, and perceived competence,
which led to cognitive and emotional
engagement in this experiment. The result
of qualitative research (24) also confirms that
teachers may benefit from balancing freedom
and limitations in personalized learning
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classes by framing choices and bringing
students’ voices into account.

As the assignments were about analyzing
authentic media messages, students faced
real-world challenges. When students
selected an authentic assignment, they tried
to connect what they were learning to what
they had already known and connected
them to their real world, leading to cognitive
engagement. This design follows the learner-
centered paradigm of education advocated
by (25) and follows the personalized task
selection principle in the universal principle
of personalized instruction proposed by (3).
The results revealed that being independent,
having control over the learning process,
and solving authentic problems, which are
components of the personalized learning
approach, can affect achieving significant
learning goals. These results are also
confirmed by the results of (6, 11), where task
relevance to students’ real world augments
their attitude and performance.

An active discussion forum allowed the
students to express themselves and let the
instructor become aware of their issues,
which could lead to agentic engagement.
Personal feedback and instructional strategies
on how to learn the media message analysis
skill helped the students acquire the learning
how to learn skills for this specific lesson.
The discussion forum was also used in
the study of (6) to provide opportunities
for discussing topics within the different
pathways and across the pathways and
provided opportunities for students to receive
feedback from others with similar learning
pathway interests. The qualitative results of (6)
confirm that students found these interactions
useful for their learning.

Therefore, by implementing different
aspects of personalized learning in this study,
which are personalized learning paths, control
over choosing the assignments, authentic
assignments, and scaffolding technique
application through a discussion forum and
personal feedback, students could achieve
different categories of significant learning
taxonomy effectively.

Interdiscip J Virtual Learn Med Sci 2021, Vol. 12, No. 3

Limitations

This research revealed that the
personalized learning approach could help
teachers make lasting changes in their
students’ learning. However, designing,
developing, and maintaining a personalized
learning environment increases teachers’
workload and requires learning more
technical skills. Besides teacher training, it
is strongly recommended that educational
technologists be engaged more seriously in all
higher education institutes to design, develop,
evaluate, and maintain the personalized
learning environment needed for modern
higher education.
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study’s nature and confidentiality. They were
told in advance that their information would
remain confidential and would not affect their
score. They could also decline to continue
their participation at any stage of the research.

Authors’ Contributions

This study was excerpted from R.A.s
doctoral dissertation under M.NA’s and FT.’s
supervision, and in consultation with K.A.
and S.PA.

Conflict of Interest
The authors declare that they have no
conflict of interest.

Acknowledgments
The authors wish to thank the participants
for their cooperation.

Funding/Support
No outside funding was received for
conducting this study.

References

1 Reigeluth CM, Myers RD, Lee D. The
learner-centered paradigm of education.

185



The Effects of Personalized Learning on Achieving ...

Abedi R et al.

186

In: Instructional-design theories
and models Volume 4: The learner-
centered paradigm of education. New
York London: Routledge; 2017. doi:
10.4324/9781315795478

Fink LD. Creating significant learning
experiences: an integrated approach to
designing college courses. Revised and
updated edition. San Francisco: Jossey-
Bass; 2013. 334. (Jossey-Bass higher and
adult education series).

Watson WR, Watson SL. Principles for
personalized instruction. In: Instructional-
design theories and models Volume 4: The
learner-centered paradigm of education.
New York London: Routledge; 2017. doi:
10.4324/9781315795478

Lee D, Huh Y, Lin C-Y, Reigeluth CM.
Technology functions for personalized
learning in learner-centered schools.
Educational Technology Research and
Development. 2018;66(5):1269-302. doi:
10.1007/511423-018-9615-9

Perry W, Broers A, El-Baz F, Harris
W, Healy B, Hillis WD, et al. Grand
challenges for engineering. National
Academy of Engineering, Washington,
DC. 2008;83.

Alamri H, Lowell V, Watson W, Watson
SL. Using personalized learning as
an instructional approach to motivate
learners in online higher education:
Learner self-determination and intrinsic
motivation. Journal of Research on
Technology in Education [Internet]. 2020
Jul 2 [cited 2020 Oct 3];52(3):322-52. doi:
10.1080/15391523.2020.1728449
Walkington C, Bernacki ML. Appraising
research on personalized learning:
Definitions, theoretical alignment,
advancements, and future directions.
Journal of Research on Technology
in Education [Internet]. 2020 Jul 2
[cited 2020 Sep 26];52(3):235-52. doi:
10.1080/15391523.2020.1747757
Shemshack A, Spector JM. A systematic
literature review of personalized learning

terms. Smart Learning Environments.
2020;7(1):1-20.  doi: 10.1186/

10

11

12

13

14

15

16

s40561-020-00140-9

U.S. Department of Education. Future
Ready Learning: Reimagining the Role
of Technology in Education [Internet].
Washington, D.C: Office of Educational
Technology; 2016. Available from: http:/
tech.ed.gov/files/2015/12/NETP16.pdf
Walkington C, Bernacki ML.
Motivating students by “personalizing”
learning around individual interests:
A consideration of theory, design, and
implementation issues. In: Advances
in motivation and achievement. S.
Karabenick & T. Urdan. Emerald Group
Publishing; 2014. p. 139-76. doi: 10.1108/
S0749-742320140000018004
Walkington C, Petrosino A, Sherman
M. Supporting algebraic reasoning
through personalized story scenarios:
How situational understanding mediates
performance. Mathematical Thinking
and Learning. 2013;15(2):89-120. doi:
10.1080/10986065.2013.770717

Essalmi F, Ayed LIB, Jemni M, Graf S,
Kinshuk. Generalized metrics for the
analysis of E-learning personalization
strategies. Computers in Human
Behavior [Internet]. 2015 Jul [cited
2020 Jul 4];48:310-22. doi: 10.1016/j.
chb.2014.12.050

Moskvina V, Kozhevnikov M.
Determining Cognitive Styles. In: Style
differences in cognition, learning, and
management: Theory, research, and
practice. Rayner & Cools. 2011.

Tsianos N, Germanakos P, Lekkas
Z, Mourlas C. Personalizing Web
Environments on Cognitive Style. In:
Style Differences in Cognition, Learning,
and Management: Theory, Research, and
Practice. Rayner & Cools. Routledge; 2011.
Tian H, Sun Z. Academic achievement
assessment: Principles and
methodology. Springer; 2018. doi:
10.1007/978-3-662-56198-0

CoolsE, Vanden Broeck H. Developmentand
Validation of the Cognitive Style Indicator.
The Journal of Psychology [Internet]. 2007
Jul [cited 2020 Jul 9];141(4):359-87. doi:

Interdiscip J Virtual Learn Med Sci 2021, Vol. 12, No. 3



Abedi R et al.

The Effects of Personalized Learning on Achieving ...

17

18

19

20

21

10.3200/JRLP.141.4.359-388

Reeve J, Tseng C-M. Agency as a fourth
aspect of students’ engagement during
learning activities. Contemporary
Educational Psychology. 2011;36(4):257-
67. doi: 10.1016/j.cedpsych.2011.05.002
Ramazani M, Khamesan A. Psychometric
characteristics of Reeve’s academic
engagement questionnaire 2013: with the
introduction of the Agentic Engagement.
Educational Measurement. 2017;8(29).
doi: 10.22054/JEM.2018.22660.1555
Barnard L, Lan WY, To YM, Paton
VO, Lai S-L. Measuring self-regulation
in online and blended Ilearning
environments. The internet and higher
education. 2009;12(1):1-6. doi: 10.1016/j.
iheduc.2008.10.005

Taghizade A, Azimi E, Mirzaee.
Validity Evidence for a Persian Version
of the Online Self-Regulated Learning
Questionnaire. Interdisciplinary
Journal of Virtual Learning in Medical
Sciences. 2020;11(1):13-24. doi: 10.30476/
1JVLMS.2020.84802.1017
Bouckenooghe D, Cools E, De Clercq D,
Vanderheyden K, Fatima T. Exploring
the impact of cognitive style profiles on
different learning approaches: Empirical
evidence for adopting a person-centered

Interdiscip J Virtual Learn Med Sci 2021, Vol. 12, No. 3

22

23

24

25

perspective. Learning and Individual
Differences [Internet]. 2016 Oct [cited
2020 Jul 10];51:299-306. doi: 10.1016/j.
1indif.2016.08.043

Kozhevnikov M, Evans C, Kosslyn SM.
Cognitive Style as Environmentally
Sensitive Individual Differences in
Cognition: A Modern Synthesis and
Applications in Education, Business,
and Management. Psychological Science
in the Public Interest [Internet]. 2014
May |[cited 2020 Jul 10];15(1):3-33. doi:
10.1177/1529100614525555

Simuth J, Sarmany-Schuller I. Cognitive
Style Variable in E-learning. Procedia -
Social and Behavioral Sciences [Internet].
2014 Feb [cited 2020 Jul 10];116:1464-7.
doi: 10.1016/j.sbspro.2014.01.417
Netcoh S. Balancing freedom and
limitations: A case study of choice
provision in a personalized learning class.
Teaching and Teacher Education [Internet].
2017 Aug 1 [cited 2020 Dec 25];66:383-92.
doi: 10.1016/j.tate.2017.05.010

Reigeluth CM, Beatty BJ, Myers RD,
editors. Instructional-design theories
and models. Volume 4: The learner-
centered paradigm of education. New
York London: Routledge; 2017. 464. doi:
10.4324/9781315795478

187



