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Abstract: Teachers can publish a variety of multimedia learning materials on learning 

management system. Students can freely access these materials for their self-regulated 

learning. Students with different verbalizer-visualizer cognitive style may have different 

engagement levels in accessing different kinds of online multimedia learning materials, and 

thus may affect their learning performance. Therefore, this study analyzed the system logs 

for understanding the effects of verbalizer-visualizer cognitive style on students’ 

engagement levels and learning performance. The results revealed that cognitive style did 

not affect the engagement level of the students. However, students learning performance 

was affected by cognitive style. These results were then discussed. 
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1. Introduction 

 
With the development of internet and the promotion of flipping instruction, more and more teachers 

have used Learning Management Systems (LMSs) to publish a variety of multimedia learning 

materials, such as lecture slides and videos, for students to learn after class.  Learning on LMSs is a 

self-regulated learning process, in which students can freely select the learning materials and control 

their learning path and pace. However, students with different individual characteristics may have 

different preferences, abilities, and motivations in using these learning materials (de Barba, 

Kennedy, & Ainley, 2016). These preferences, abilities, and motivations influence their engagement 

levels and in turn may affect their learning performance (Cheng & Chau, 2016; Graff, 2003).  

 Thus, there is a need to consider individual differences. Several individual differences have 

been examined in the past two decades, such as gender (Padilla-Melendez, del Aguila-Obra, & 

Garrido-Moreno, 2013), prior knowledge (Taub, Azevedo, Bouchet, & Khosravifar, 2014), and 

learning style (Graf, Liu, & Kinshuk, 2010), and cognitive style (Graff, 2003). Among these 

individual differences, verbalizer-visualizer cognitive style is the most relevant with multimedia 

learning (Bos, Groeneveld, van Bruggen, & Brand-Gruwel, 2016; Mendelson & Thorson, 2004) 

Students with different verbalizer-visualizer cognitive styles should have different preferences in 

accessing these online multimedia learning materials. Therefore, this study attempts to examine 

whether verbalizers and visualizers have different engagement levels in accessing different kinds 

online learning materials (i.e., lecture slides and video lectures), and whether their cognitive style 

can affect their learning performance. 

 

 

2. Related works 
 

LMSs can record learners’ behaviors of online tool uses and navigational paths into system logs. 

These logs can be analyzed to understand students’ online learning behaviors. Studies have analyzed 

system logs to examine the effects of individual differences on the online participation behaviors 

and learning performance (Heffner & Cohen, 2005; Lust, Vandewaetere, Ceulemans, Elen, & 



Clarebout, 2011) and have explored the relationships between students’ characteristics, online 

participation behaviors, and learning performance (Chang, Chen, & Wang, 2011; Macfadyen & 

Dawson, 2010). However, most of the studies focused on the individual differences of gender, age, 

learning styles (Cheng & Chau, 2016; Huang, Lin, & Huang, 2012), and motivation (de Barba et al., 

2016; Giesbers, Rienties, Tempelaar, & Gijselaers, 2013). We found few studies to examine how 

verbalizer-visualizer cognitive style affect online participation behaviors and performance. 

 Cognitive style refers to an individual’s habitual and preferred way for acquiring, 

processing, and organizing information (Frias-Martinez, Chen, & Liu, 2008; Lei, Sun, Lin, & 

Huang, 2015; Mendelson & Thorson, 2004). Several dimensions of cognitive style have been 

proposed, such as verbalizers/visualizer, field independent/field dependent, and wholistic/analytic 

(Frias-Martinez et al., 2008; Gulliver & Ghinea, 2010). Among these dimensions, 

verbalizer-visualizer is the most related to multimedia learning because multimedia involves 

multiple information representation formats (Bos et al., 2016; Mendelson & Thorson, 2004), which 

include text, pictures and animations. Such different representation formats may be appreciated by 

verbalizers and visualizers differently. For example, verbalizers like to learn from reading text, 

writing text, and listening, while visualizers like to learn from reading text with pictures and viewing 

animations or videos. This is due to the fact that verbalizers prefer to think and process information 

by words, while visualizers prefer to think and process information by pictures, charts, and graph 

(Frias-Martinez et al., 2008; Lei et al., 2015; Mendelson & Thorson, 2004).  

 Students with different verbalizer-visualizer have different preferences in access 

information. These preferences may influence their learning behaviors. Studies have examined how 

cognitive style affect learning behaviors (Liu, Kinshuk, Lin, & Wang, 2012; Massa & Mayer, 2006). 

However, most of the previous studies were conducted in a controlled setting , involved in a shorter 

time (e.g., one hour), and focused on the search and navigational activities (Frias-Martinez et al., 

2008; Graff, 2003; Kinley & Tjondronegoro, 2010) and multimedia learning (Leutner & Plass, 

1998; Massa & Mayer, 2006). Fewer studies have examined behaviors in the field, involved a longer 

time (e.g., one semester), and focused on accessing LMS learning materials.  To address this issue, 

we analyzed a one-semester logs of a LMS, where the course teacher regularly published lecture 

slides and videos and students learned from these published learning materials after class. By doing 

so, we can compare the engagement levels and learning performance of learners with different 

cognitive styles. 

 

 

3. Method 
 

3.1 Participants  
 

Fifty-six third-year undergraduate students participated in this study. Their major was computer 

science and they enrolled a course, named as mobile phone programming. In addition to lecture in 

the classroom, the course teacher published video lectures, lecture slides, and programming 

homework assignments on the 21CS learning management system (http://www.21cs.tw)/. The 

students could use the system to learn from the published slides, videos, and shared submissions, to 

submit their assignments, and interact in a discussion forum. 

 

3.2 Instruments  
 

The students’ cognitive styles were measured by Style of Processing (SOP) scale developed by 

Childers et al.(1985), because it is easy-to-use in field settings and has revealed satisfactory 

reliability and validity(Sadler-Smith, 2011). The SOP scale has two subscales (i.e. the verbal and 

visual subscales), consists of 22-item, and uses four-point Likert scale. The total score is 88. High 

scores indicate a preference for processing visual information; low scores indicate a preference for 

processing verbal information. Reliability of each subscale is .73 for verbalizers, and .74 for 

visualizers. Global reliability of the SOP scale is .82. Overall, the reliability of the SOP scale is 

acceptable. The participants with the SOP scores that are higher and lower than the mean SOP score 

are identified as visualizers and verbalizers, respectively. 



 The learning performance of the students was evaluated by a final exam. There were 32 

true/false (each correct answer is 0.25 point), 2 single selections (each correct answer is 1 point), 10 

open-ended (each correct answer is 1 point) questions in the paper-based test. The total score of the 

paper-based test is 20. It primarily evaluated students’ cognitive levels of remembering and 

understanding, for example, the syntax of opening a local file and the procedure of setting the 

permission. 

 

3.3 Procedure  
 

The course lasted for 18 weeks. For each week, the teacher taught the slide content and used a screen 

capture software to record what he taught in the classroom. Each lecture slide was published before 

one week of the slide content taught; each video lecture was published immediately after the teacher 

recorded in the classroom. There were 17 slides published and 56 video lectures published.  

 The students’ cognitive style was measured at the 13th week. Their learning performance 

was evaluated at the 18th week by the final exam. The time for the exam was continued for one hour. 

 

 

4. Results and Discussions 
 

4.1 Time spent for accessing the learning materials  
 

Verbalizers prefer to learn from text information and visualizers prefer to learn from visual 

information. Lecture slides that combine text with pictures and video lectures that combine voice 

with dynamic images are visual information, visualizers should spend more time on viewing them 

than verbalizers. In order to understand whether students preferred to use the learning materials that 

match with their cognitive styles, we compared the time that they spent in viewing lecture slides and 

time spent in viewing video lectures between verbalizers and visualizers. Two Mann–Whitney tests 

were conducted. The results did not show any statistical significant differences between verbalizers 

and visualizers, in terms of the time spent for viewing any learning material. Therefore, these results 

represent that the behavior that students demonstrated did not reflect their cognitive styles. 

 

Table 1 

Time length of viewing the learning materials 

 Verbalizer Visualizer p 

 Mean SD Mean SD 

Time spent 

of viewing 

lecture 

slides 

29696.39 25239.13 27086.89 15465.51 0.909 

Time 

spent of  

viewing 

video 

lectures  

13977.29 16993.96 10353.46 8287.99 0.793 

 

4.2 Learning performance between Verbalizers and Visualizers 
 

Because the learning materials published in this system were visual information (i.e. lecture slides 

and video lectures), visualizers should learn better on the system than verbalizers did. Therefore, 

visualizers should have better learning performance than verbalizers. In order to prove this 

assumption, we compared the final exam scores of verbalizers and visualizers. A Mann–Whitney 

test was conducted. The results showed that cognitive styles had a marginally significant effect on 

the final exam score (U=506.00, z=1.869, p=0.040). More specifically visualizers (mean = 10.33) 

gained higher scores in the final exam than the verbalizers (mean =9.45).  



 Why visualizer have better learning performance than verbalizers in the final exam. There 

may be a reason to explain this result. Visualizers may more easily remember and understand visual 

information than verbalizers (Childers et al., 1985; Darley, 1999; Marks, 1973), so the students with 

visualizer style have better final exam scores when learning from the learning materials. Please leave 

one blank Normal (11 point) line before every table caption or figure. Similarly, please leave one 

blank Normal (11 point) line after every table or figure caption. 

 

 

5. Concluding Remarks 
 

This study conducted a one-semester instructional experiment, where the course teacher regularly 

published lecture slides and videos on a LMS; and students learned from these published learning 

materials after class. In the end of the experimental instruction, the LMS logs were analyzed for 

comparing the engagement levels and learning performance of learners with different cognitive 

styles. The results revealed several interesting findings. Firstly, the behavior that students 

demonstrated did not reflect their cognitive styles. Secondly, the learning performance that students 

demonstrated did reflect their cognitive styles. 
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