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ABSTRACT 
This study investigated the relationship between the style, concentration, and 
achievement of students in terms of visual/verbal learning when learning conceptual 
knowledge with the use of mobile phones in the classroom. A total of 93 Chinese 
college students who majored in education participated in this study. Two major results 
were identified by combining the methods of correlation analysis and ANOVA (one-
way, two-way): A significant correlation was found to exist between concentration and 
the delayed post-test. Moreover, a significant interaction effects on learning 
achievement was found in visual/verbal learning style and concentration. The 
implications, limitations, and future research plans were presented. 

Keywords: learning concentration, learning style, mobile learning, conceptual 
knowledge, learning achievement 

 

INTRODUCTION 
In view of the development of wireless and mobile technologies, mobile phones constitute a technology that has 
become part of everyday use (Shuib, Shamshirband, & Ismail, 2015). 

In recent years, mobile learning (m-learning) has become increasingly popular in universities, and more college 
students have access to smartphones, tablets, and other mobile devices (Oz, 2014). Mobile technology deployment 
offers students new opportunities to increase their engagement, motivation, and learning outcome (Lin, Fulford, 
Ho, Iyoda, & Ackerman, 2012); it is also helpful in developing students’ exploratory and critical thinking abilities 
(Kissinger, 2011). The characteristics of mobile devices are portability, instant connectivity, and context sensitivity 
(Sharples, 2000); thus, m-learning has a greater potential in facilitating collaborative inquiry processes, promoting 
students’ interest and engagement (Rogers & Price, 2008), strengthening students’ interactions (Ting, 2013), and 
improving students’ learning performance (Lin, Huang, & Cheng, 2010) compared with traditional lecture-based 
learning in classroom settings. A review of selected journals from 2001 to 2010 showed that most m-learning studies 
focused on the students’ learning motivation and attitudes (Hwang & Tsai, 2011). 

Several studies (Sharples, Taylor, & Vavoula, 2010; Hockly, 2013) have also considered the shortcomings of m-
learning. The disadvantages include limited memory, small screen, possible disconnection, and limited battery life 
of devices (Kutluk & Gülmez, 2014). Furthermore, the limitations of mobile devices also affect students’ learning 
concentration and cognitive load (Hwang & Wu, 2014). Solving issues of concentration is a worthwhile topic in m-
learning, especially given the lack of research on this critical issue. Contemporary studies on m-learning focus less 
on concentration and the relationships between concentration and other factors (e.g., learning style and 
achievement). This study focuses on the learning concentration and outcome of college students in terms of 
visual/verbal learning styles using m-learning graphical courseware. 

https://doi.org/10.29333/ejmste/85110
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LITERATURE REVIEW 

Learning Concentration in E-learning and M-learning 
Concentration is the ability to direct one’s thinking in whatever direction one would intend (Paget, 2010). 

Concentration is important in learning, and is especially critical for efficient learning (Liu, Liao, & Peng, 2005) to 
improving students’ academic achievement (Delgado, Phelps, & Robbins, 2011). 

In the traditional face-to-face classroom setting, teachers observe students’ expressions to determine whether 
or not they are attentively learning. In recent years, several studies began to carry out empirical research with the 
use of eye tracking technologies in the classroom (Liu, 2014; van Gog & Scheiter, 2010) as well as 
electroencephalography detection tools (Li et al., 2010) in the laboratory to measure and analyze students’ attention. 
Studies on concentration during multimedia learning have also been conducted, and these studies involved split-
attention (Mayer & Moreno, 1998), split visual attention (Schmidt-Weigand, Kohnert, & Glowalla, 2010), and 
attention-guiding means (Jamet, Gavota, & Quaireau, 2008).  

Given a lack of time and space limitations of e-learning (Kydd & Ferry, 1994) and the small screen size and 
representation of mobile devices of m-learning (Sharples, 2006), concentration also is an important issue in the field 
of e-learning and m-learning. To improve students’ learning concentration in e-learning and m-learning, 
researchers have conducted further research in addition to studies that use eye tracking technologies (Mason, 
Pluchino, Tornatora, & Ariasi, 2013). Chen, Kao, and Sheu (2003) developed an m-learning system to arouse 
learners’ attention and interest as students learn about bird watching. 

Existing studies on m-learning include less research on learning substantive knowledge with mobile phones. 
This study aims to investigate the interaction effects of learning style on learning concentration and achievement 
when college students use mobile phones to learn conceptual knowledge. 

Effects of Learning Style on M-learning 
Learning style is the natural or habitual patterns of learners when acquiring and processing information in 

learning situations (Borich, 1988). Akkoyunlu (1995) claimed that determining the learners’ learning style is 
beneficial to the learners themselves and can assist teachers in developing their teaching process. Another study 
(Babadoğan, 2000) showed a positive influence between learning style and learning environments on the academic 
achievement of learners. Thus far, studies on learning style have developed several learning style models, some of 
which have been proposed by Myers–Briggs (Briggs, 1976), Kolb and Kolb (2012), and Felder–Silverman (Felder & 
Silverman, 1988). 

In many ways, learning styles affect traditional classroom learning and e-learning. Learning style affects the 
teaching of many courses and learning achievement (Biçer, 2014). Moreover, learning is a factor that affects the 
quality of e-learning (Marković & Jovanović, 2012) and has significantly affected the academic achievements of 
learners (Dağ & Geçer, 2009). 

Learning style also affects m-learning, such that researchers have focused on the learning style in m-learning 
via empirical research. These studies can be divided into two aspects. One aspect is building a relevant model to 
explore the problems between m-learning and learning styles, such as constructed adaptive m-learning system 
(Cruz, 2013) and the modified Dunn and Dunn learning style model (Dunn & Dunn, 1978), which incorporated 
learning styles in m-learning (Yau & Joy, 2006). Another aspect is the relationship between learning style and m-
learning. The experiments of Wyatt et al. (2010) indicated that m-learning can better enhance learning for 
visual/nonverbal and tactile/kinesthetic students than for visual/verbal students. The findings of the empirical 
study of Norazah, Ridzwan, and Arif (2013) show a positive and significant relationship between learning style 
and the level of acceptance of m-learning for an AutoCAD course. 

However, empirical studies on the interrelationship among visual/verbal learning style, m-learning, and other 
factors are limited. 

Contribution of this paper to the literature 

• A significant correlation exists between concentration and delayed post-test, while no correlation exists 
between concentration and immediate post-test. 

• Significant interaction effects on achievement occur from learning style and concentration. 
• The concentration issue should be taken into consideration while developing m-learning resources. And 

individual preference, such as learning style, should be comprehensively considered in m-learning. 
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Purpose and Research Questions 
This study aims to investigate the relationship among visual/verbal learning style, learning concentration, and 

achievement when college students use mobile phones to learn conceptual knowledge. This study attempts to 
answer the following questions: 

1) What is the relationship between concentration and learning achievement? 
2) Does an interaction effect on learning achievement exist from visual/verbal learning style and 

concentration? 

METHOD 

Participants 
The participants in this study were 93 freshmen who majored in education and attended two classes at Jiangsu 

Normal University. Their average age was 18.73 (SD = 0.80). After the survey of learning style, the participants 
were found to be 79 visual learners (84.95%) and 14 verbal learners (15.05%). Then the participants were randomly 
divided into two groups. Each participant had a smartphone and had experience in using them for m-learning. 
Thus, the participants were familiar with smartphone operation. 

Instruments 
This study adopted a quasi-experimental design with the following instruments: Index of Learning Styles (ILS) 

questionnaire (Felder & Soloman, 1997), learning concentration questionnaire, m-learning questionnaire, and post-
tests. 

Concentration questionnaire 
The aim of the concentration questionnaire was to examine the participants’ learning concentration while 

studying. The original questionnaire was adopted from Chen, Yang, and Hsu (2013), as well as the Concentration 
Questionnaire of California State University, which was used for the general classroom and not specifically for m-
learning. For the present work, the original questionnaire was modified to include 10 items to meet the 
requirements of m-learning. The integral questionnaire consisted of two parts, namely, forward items (represented 
by a negative tone) and reverse items (expressed in a positive tone). The questions in the modified questionnaire 
were evaluated on a five-point Likert-type scale with a Cronbach’s α of 0.83. 

M-learning questionnaire 
The questionnaire of m-learning involved participants’ basic personal information, such as their name, gender, 

major, age, grade, m-learning situation during the study period, and m-learning frequency. 

Learning style scale 
In this study, the ILS questionnaire was used to distinguish the participants’ dominant learning styles. The ILS 

comprises four dimensions, each with 11 items: perception (sensing/intuitive), input (visual/verbal), process 
(active/reflective), and understanding (sequential/global). Scholars have found that individual preferences for 

Table 1. The concentration questionnaire for mobile learning 
Item Description 

1 In the m-learning activity, I try my best not to be absent-minded. 
2 In the m-learning activity, I can ignore the noise of the surrounding environment and focus on learning content. 
3 In the m-learning activity, it is easy for me to lose my concentration. * 
4 In the m-learning activity, even if the contents are not interesting, I can still concentrate on them. 
5 In the m-learning activity, it is hard for me to keep concentration for 15 minutes. * 
6 In the m-learning activity, my mind wandered. * 
7 In the m-learning activity, I often forget what I just learn. * 
8 In the m-learning activity, it is difficult for me to pay attention to the details. * 
9 In the m-learning activity, I can notice the key points of learning contents. 
10 In the m-learning activity, I can grasp the main points and fully understand. 

Note. * represents the reverse item 
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multimedia materials based on visual and verbal cognitive styles may affect learners’ emotions and performance 
(Chen & Sun, 2012). Therefore, the visual/verbal dimension was selected to measure students’ preferred input 
mode in the present study. 

Post-tests 
Two post-tests, namely, immediate and delayed post-tests, were conducted. The researchers in this study 

followed the learning materials and used the post-tests to evaluate the participants’ learning outcomes of eight 
concepts. The same paper was used as the immediate post-test and the delayed post-test. The only difference was 
the order of the items to eliminate the participants’ previous memories. The full mark of post-tests was 100. All the 
questions were objective items. After one researcher marked all the test papers, another researcher randomly 
selected 30 papers to check to ensure accuracy. 

Group interviews 
After the delayed post-test, 10 participants (two groups) were selected for the focus group interview. Group A 

consisted of three high-concentration participants and two low-concentration participants, whereas Group B 
consisted of three high-achievement participants and two low-achievement participants. All interviews were 
recorded using a recording pen. Each group interview lasted approximately 30 minutes. The researcher then 
transcribed the audio of each interview into text. The interview outline was as follows: 

(1) Rate the difficulty of these concepts. Kindly explain. 
(2) Please provide a brief description of your concentration level in the process of m-learning. 
(3) Do you have any suggestions for this graphical courseware? 
The learning achievement and learning concentration of the interviewees were not disclosed. The interviews 

were conducted in a quiet and undisturbed classroom. Before the questions were asked, the interviewees described 
their individual situations and expressed their feelings about the learning process. 

More than 95% of the interviewees said that the content of the concept knowledge had moderate difficulty. They 
proposed how the learning materials could improve. 

Materials 
The participants were education majors. In educational experiments, selecting unfamiliar knowledge for 

participants is an effective strategy to guarantee their equal pre-knowledge level and avoid the effect of pre-test on 
subsequent tests (Kang & Zhou, 2009). Eight concepts from other majors (including biology, geography, and 
chemistry) were selected to ensure that the participants had similar levels of knowledge before the experiment. The 
eight concepts were aerobic respiration, golgiosome, cold front, metamorphic rock, equatorial plate, covalent bond, 
brine electrolysis, and redox reaction. Moreover, six students from other classes and those who were not involved 
in this experiment were randomly selected to investigate their levels of understanding of the eight concepts. Results 
showed that they had now almost forgotten these concepts although they were included in their middle school 
curricula. 

After determining the concepts, a graphical courseware was developed in PDF format. In the courseware, the 
text on the left side of the screen was the concept explanation, and the image on the right side was the schematic of 
concepts (Figure 1). In view of the concept of metamorphic rock by graphical courseware for example, the concept 
explanation of metamorphic rock describes its formation process and various types. In addition, the diagram shows 
its formation process with pictures and arrows. 

Before the experiment, the courseware was installed in different types of mobile phones (e.g., Android and iOS) 
to test its usability. The graphical courseware could run smoothly on mobile phones with different operating 
systems. 
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Procedure 
The experiment was conducted in a classroom setting. Each participant completed learning of the eight concepts 

using their own mobile phones within the required time. Figure 2 outlines the overall research procedure. 
Before the experiment, informed written consent was obtained from the participants, which indicated that they 

were willing to participate in this experiment and that their personal information would not be revealed. 
Subsequently, the participants were provided a brief description of this research, including its aims, procedure, and 
privacy protection measures. Each student was asked to fill in the survey of learning style and personal information 
with regard to m-learning supported by mobile phones. 

During the experiment, students downloaded the graphical courseware via the download links written by the 
researchers on the blackboard. Then, they were given the security codes to open the graphical courseware 
simultaneously and learn the eight concepts individually in 20 minutes. 

After the concept learning, a post-test was conducted immediately for 15 minutes. Then, the participants filled 
in the concentration questionnaire for three minutes. One week after the experiment, the delayed post-test was 
conducted for 15 minutes. 

 
Figure 1. Graphical courseware 
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RESULTS AND DISCUSSION 

Relationship between Concentration and Learning Achievement 
Statistical analysis of data indicated that the average scores of concentration when using mobile phones to learn 

conceptual knowledge was 3.06 (SD = 0.56). The average scores of the immediate and delayed post-tests were 64.31 
(SD = 16.06) and 55.23 (SD = 16.05), respectively. 

In this experiment, post-test scores were set as the indicator of learning achievement. Table 2 indicates a 
significant but weak correlation between concentration and delayed post-test (Pearson’s r = 0.267, p < 0.05). 
Meanwhile, a significant but medium correlation was found between immediate and delayed post-tests (Pearson’s 
r = 0.590, p < 0.01). No correlation was found between concentration and the immediate post-test. 

Table 2 indicates three interesting experimental results. Firstly, there is a significant but medium correlation 
between the immediate and delayed post-tests. During this experiment, we have administered the same paper to 
test the participants’ learning effects. The only difference was the order of the items. So it is reasonable that there 
was correlation between immediate and delayed post-tests. Secondly, there is a significant but weak correlation 
between concentration and the delayed post-test. Several studies have demonstrated that learning concentration is 
associated with learning achievement (Lin, Huang, & Cheng, 2010; Lin, Huang, & Liu, 2010) and that learning 

 
Figure 2. Research procedure 

Table 2. Results of correlation analysis 
 Concentration Immediate post-test Delayed post-test 

Concentration - - - 
Immediate post-test 0.141 - - 
Delayed post-test 0.267** 0.590** - 

  **p<0.01 
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concentration can improve students’ achievement (Delgado, Phelps, & Robbins, 2011). The significant correlation 
between concentration and the delayed post-test achievement is consistent with the above conclusions. Conversely, 
the absence of a relationship between concentration and immediate post-test achievement is incongruent with the 
above conclusions, which is the third interesting results. The post-tests consistently assessed memory retention and 
analytical skill (Kalpana et al., 1998). In this study, the participants’ immediate comprehension and memory about 
the eight concepts was examined during the immediate post-test. The absence of a relationship between 
concentration and immediate post-test indicated that the participants’ concentration during the experiment did not 
affect their memory of the learning content. Stipek (2014) conducted an experiment on childhood memory and 
attention. One of the results of the experiment demonstrated a strong relationship between working memory and 
attention with academic outcomes. Ebbinghaus’ forgetting curve shows that the memory of knowledge reduced by 
approximately three-fourths after six days (Murre & Joeri, 2015). The one-fourth that was retained in the memory 
of the participants showed the concentration level. However, the effect of anxiety on concentration cannot be 
ignored. Students who participated in group interviews expressed that anxiety reduced their concentration when 
learning. One student said, “When I found out that I had forgotten what I learned, I felt very anxious which made it harder 
for me to concentrate.” Other students gave similar feedback. Thus, memory and anxiety (one or more factors) may 
be the main factors that affect the relationship between concentration and the immediate post-test. 

Interaction Effect of Learning Style and Concentration on Learning Achievement 
In the study, the visual/verbal learning style was selected as an independent variable, which was one dimension 

of learning style. One-way ANOVA revealed no effects of visual/verbal learning styles on learning concentration 
or learning achievement. Two-way ANOVA revealed significant interaction effects between visual/verbal learning 
style and concentration on immediate post-test (F (3, 89) = 2.814, p < 0.05; Figure 3). The visual learners achieved 
higher scores with high concentration (M = 68.19, SD = 13.40) and medium concentration (M = 66.11, SD = 15.18) 
than those with the scores with low concentration (M = 58.91, SD =14.72). The verbal learners obtained better scores 
with low concentration (M = 72, SD = 26.87) than those with the scores with medium concentration (M = 62.88, 
SD = 22.76) and high concentration (M = 58.25, SD = 24.57). No interaction effects of visual/verbal learning style 
and concentration were observed on the delayed post-test in learning concepts using mobile phones. 

 
Figure 3. Interaction effect of learning style and concentration on learning achievement 
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Visual/verbal learning styles were not significantly effective on students’ achievement which is consistent with 
the findings of Yilmazsoylu and Akkoyunlu (2009). Li and Yang (2016) also found no effects between learning styles 
and concentration in m-learning. When learning conceptual knowledge with graphical courseware, the participants 
with different learning styles (visual/verbal) in m-learning had different performances under the three states of 
learning concentration. The visual learners attained the highest scores with high concentration, whereas the verbal 
learners attained the best learning outcome with low concentration. Generally, students often achieve better 
performance when they focus highly on the learning contents and activities. However, this situation is different 
between visual and verbal learners who are learning conceptual knowledge with graphical courseware; such 
difference may be attributed to the preference of different learning styles and the graphical courseware. Visual 
learners prefer pictures, diagrams, and sketches (Felder, 1993). They are interested in learning contents with 
graphics and best remember the details of what they learn via images and illustrations (Gappi, 2013). Conversely, 
verbal learners obtain considerable information from what they have heard or said (Gomes et al., 2007). They prefer 
explanations with words. The graphical courseware contains two media elements, namely, text and graphics. In 
the courseware used in the present study, the text was the concept explanation that explained the conceptual 
knowledge; whereas the graphics was the schematic of concepts that showed the content of conceptual knowledge 
or its formation process. In comparison with the preference of the verbal learners, the graphical courseware was 
more likely to meet the visual learners’ demands. Moreover, learning preferences and learning interest have the 
same meaning to some extent (Arikpo & Domike, 2015). Ge (2006) found that interest is a significant factor that 
affects student concentration. Therefore, the visual learners with high concentration attained better performance, 
whereas the verbal learners obtained high scores with low concentration. In addition to the above results, another 
phenomenon deserves attention, in which the verbal students did not perform poorer than the visual students did 
on concentration. The verbal learners obtained the best scores with low concentration; these scores were higher 
than those of the visual learners. One possible reason might be that undue attention had caused anxiety, which is 
congruent with the findings of Wine (1971). The verbal students obtained the best learning experience with low 
concentration. However, they were unable to attain better performance with high concentration, which caused 
anxiety. 

CONCLUSION 
This study investigated the interaction effects of learning style on learning concentration and achievement when 

college students used mobile phones in the classroom setting to learn concepts using a graphical courseware. The 
major findings are as follows. 1) A significant correlation exists between concentration and the delayed post-test, 
and no correlation exists between concentration and the immediate post-test. 2) Significant interaction effects on 
achievement occurred from visual/verbal learning style and concentration. 

These findings could serve as a guideline in promoting m-learning, particularly for concept learning in the 
classroom. The results also provided the following research implications. 1) Individual preference, such as learning 
style, should be comprehensively considered in m-learning. M-learning emphasizes individuation and allows truly 
personalized learning (Attewell, 2005). Designers should consider learning style as the most important feature of 
the individual when designing m-learning materials. Teachers should provide suitable learning materials for 
learners in m-learning. Furthermore, they are recommended to adopt different teaching strategies for visual and 
verbal learners in m-learning. For instance, teachers can encourage visual learners to use imagery strategies and 
guide verbal learners to use verbal associative or elaborative strategies (Kirby, Moore, & Schofield, 1988). In 
addition, teachers should train learners in the skills of other learning styles through their teaching. A learning style 
is value-neutral and has no indication of intelligence or individual worth (Felder & Brent, 2005). Students, equipped 
with the skills associated with every learning style, can learn concepts quickly because they will need all of those 
skills to function effectively as professionals (Felder & Brent, 2005). 2) The improvement of learners’ concentration 
in m-learning should be given focus. Generally, concentration may depend on several other factors, such as learning 
motivation and self-efficacy. Some studies have also indicated difficulties in focusing concentration on the learning 
contents in m-learning (Denk, Weber & Belfin, 2007; Sharples et al., 2009). 

The results of this study can provide a reference for the development of m-learning resources. However, as with 
all empirical research, this study has certain limitations. First, the influence of the participants’ a priori knowledge 
is unavoidable without pre-tests. Second, participants measured their concentration by self-reporting without 
objectivity. Future research may incorporate the use of eye tracking and brain wave monitoring to record 
participants’ concentration. Moreover, the research scope will be expanded by including students with different 
majors and types of knowledge. 
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