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Abstract 

This paper offers a contribution to the validation work on the ILS instrument based on the au-
thor’s study of the relationship between learning styles and learning performances in a language 
learning support system. An analysis on 198 valid questionnaires, collected from Chinese-native 
undergraduate students in responds to a Mandarin translation of Felder- Silverman Index of 
Learning Styles, are discussed. The discussion includes internal reliability, inter-scale correlation 
and construct validity. In the terms of construct validity, the trends of learning style preferences 
with respect to gender and the field of study are investigated.  

Keywords: Felder-Silverman learning style, index of learning styles, internal consistency, con-
struct validity. 

1 Introduction

Learning styles has been integrated as a system parameter for the personalization of learning 
scenarios in numerous adaptive systems [1] [2] [3] [4]. Although more than 70 learning style 
models are described in the literature [5] and different models are used by various adaptive sys-
tems to classify learners into supposedly distinct groups or to assign learners graded scores on 
single or multiple dimensions [6]. In this paper we discuss the widely adopted Felder-Silverman 
learning style model (FSLSM) [7] [8] which carefully formulates the individual differences in 
four dimensions.  

FSLSM was firstly presented for Engineering Education by Felder and Silverman in 1988 and 
revised by Felder in 2002. This model was also extended to foreign and second language educa-
tion by Felder and Henriques in 1995. As shown in Figure 1, FSLSM defines four dimensions of 
learning style: Active/Reflective, Sensing/Intuiting, Visual/Verbal, and Sequential/Global. The 
first dimension is about information processing: learners of active scale tend to understand the 
knowledge through active trial, discussion or by explaining it to others while learners of reflective 
scale tend to observe reflectively. The second dimension involves information perception: learn-
ers of sensing scale prefer to perceive data by the senses while learners of intuiting scale prefer 
by accessing memories or insights. The third dimension refers to information reception: visual 

* Kyushu university, Fukuoka, Japan
†  Kochi University of Technology, Kochi, Japan 

Information Engineering Express
International Institute of Applied Informatics
2015, Vol.1, No.3, 1 – 8



learners prefer that information is presented by diagrams, flow charts, pictures or films rather 
than in written words, which is preferred by verbal learners. The last dimension involves infor-
mation understanding: sequential learners gain understanding in logically linear steps while 
global learners need the big picture of a subject before mastering details. It is worthy to notice 
that "these four dimensions have not been shown to be fully independent" ([8], p.27).  

Figure 1: The four dimensions defined by FSLSM 

The Index of Learning Styles (ILS) is an instrument designed based on FSLSM to assess the 
cognitive styles of the learner and its current version was suggested to be reliable, valid and suit-
able for capturing learners’ behavioral tendencies [9]. This instrument were adopted by many 
adaptive systems to identify learning styles of learners. For instance, Hwang et al. [4] proposes a 
personalized game-based learning approach incorporating the sequential/global dimension of 
FSLSM. The programming tutoring system "Protus" [10] also forms clusters of learners based 
on their responses towards ILS and then mines the behavioral patterns for each cluster with 
AprioriAll algorithm [11] to create a recommendation list for individuals of each cluster accord-
ing to the system’s ratings of mined frequent sequences.  

Although reference [9] elaborately describes the reliability and validity analysis of English-
language version ILS [12] which was designed for native English speaker, few literature de-
scribes the analysis of the translation versions of ILS except for the Portuguese version used in 
[13] [14]. It is meaningful to investigate the reliability and validity of Felder-Soloman ILS in 
other translation versions. Therefore, this paper offers a contribution to the validation work on 
the ILS instrument based on the data collected from Chinese-native undergraduate students in 
responds to a Mandarin version of ILS. The internal reliability, inter-scale correlation and con-
struct validity are all considered. 
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2 Participants

In our previous work, a series of experiments were conducted to study the learning performance 
of undergraduate students who studied Japanese language with the support of a personalized e-
learning system [15]. 198 undergraduate students (including 60 Engineering students and 138 
Language students) from 4 Chinese universities participated in those experiments. Their learning 
style distribution data was collected for the investigation of the relationship between learning 
styles and learning performances. The measuring tool adopted was a questionnaire written in 
Mandarin, translated from the ILS of 44 questions [12]. All the participants (84 male and 114 
female) were voluntarily to fill in this questionnaire. 

3 Results and discussion

The learning style profiles based on the responses to ILS questionnaire are shown in Figure 2. 
According to Felder and spurlin [9], each learning style dimension has associated with 11 force-
choice items, with each option (a or b) corresponding to one or the other category of the dimen-
sion (such as active or reflective). Given visual/verbal dimension as an example, based on the 
responses to its related 11 items, participant would be identified as having strong, moderate or 
mild preference for visual or verbal. Learner with strong or moderate preference for one category 
normally is stably exhibiting consistent learning behavior. Conversely, learner with mild prefer-
ences would be expected to shift their preference in learning activities readily.  

Figure 1: Reported learning style preferences 
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In statistical analysis, the responses were normally scored for the Active, Sensing, Visual and 
Sequential scales by assigning a value of 1 to (a) items, and 0 to (b) items. For example, as shown 
in Figure 2, in the Active/Reflective dimension, 15.7% of participants submitted between 8 and 
11 “a” responses indicating a moderate or strong preference for active learning; 56.6% of partic-
ipants submitted 4-7 “a” responses indicating a mild preference in this dimension; 21.7% of par-
ticipants submitted 0-3 “a” responses indicating a moderate or strong preference for Reflective 
learning. 

Except for the Visual/ Verbal Dimension, more than half of participants were found with mild 
preferences in other dimensions (56.6% for Active/Reflective, 55.6% for Sensing/Intuiting, 
59.6% for Sequential/Global). Meanwhile, large percentage of participants (51%) are identified 
as stable visual learners, who strongly prefer that information be presented visually while only 
7% of them are stable verbal learners who strongly prefer spoken or written explanations to visual 
presentations and 41.9% of them with mild preference for visual or verbal are fairly well balanced 
in the dimension of Visual /Verbal. These findings are generally consistent with those reported in 
past studies [9]. In additional, for Sensing/Intuiting dimension, 34.4 % of student are stable (mod-
erate or strong) Sensing learners while 10.1 % of student are stable Intuiting learners; for Sequen-
tial/Global dimension, 25.8 % of student are stable Sequential learners while 14.6 % of student 
are stable Global learners. 

3.1   Internal Consistency Reliability

Cronbach’s alpha is commonly used to measure the internal consistency of scales of a question-
naire. The higher the score, the more reliable the generated scale is. Tuckman [16] suggest that 
alpha test reliability should be above 0.75 for achievement tests and above 0.5 for attitude tests. 
Table 1 shows the analysis results of internal reliability performed on the (a) items in each scale 
for all 198 valid ILS questionnaires. The internal reliability of the scales was found to range from 
0.51 to 0.65. As in [17] [18] [19], the weakest reliability was found in Sequential/Global scale. 
The resulting coefficients meet acceptable limits as suggested in [16].  

Table 1: Internal consistency reliability for the ILS 

Dimension Case Items Scale Mean Scale STD Cronbach’s alpha 

Act-Ref 198 11 5.2424 2.2602 0.514 

Sen-Int 198 11 6.5404 2.2790 0.625 

Vis-Ver 198 11 7.2525 2.3943 0.644 

Seq-Glo 198 11 5.1263 2.2302 0.509 

The Direct inter-scale correlation was also considered by calculated the Pearson’s correlation 
coefficients computed between scores on the ILS scales. As shown in Table 2, most of scales had 
negligible inter-scale correlation except for a moderate correlation (r = 0.370) observed between 
the Sensing and Sequential scores. This finding is also consistent with the results described in 
[17] [18] [19], which found the overlap between Sensing and Sequential scales as well as the 
inter-scale correlation between them. As stated in [9], this finding is not unexpected and in fact 
supports the construct validity of ILS which is intended to help instructors formulate a balanced 
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leaning style. For instances, discovering some methods that can not only meet the need of intui-
tive learners but also benefit global learners, may ease the workload of instructors. 

Table 2: Correlations between scale scores of the ILS 

Act-Ref Sen-Int Vis-Ver Seq-Glo 

Act-Ref Pearson Correlation

Sig. (2-tailed) 
1 

Sen-Int Pearson Correlation

Sig. (2-tailed) 

0.146* 

0.040 
1 

Vis-Ver Pearson Correlation

Sig. (2-tailed) 

0.191** 

0.007 

0.177* 

0.013 
1 

Seq-Glo Pearson Correlation

Sig. (2-tailed) 

0.064 

0.367 

0.370** 

0.000 

-.071 

0.323 
1 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

3.2   Construct Validity

The responses to ILS questionnaire in this study were also used to investigate trends with respect 
to gender and the field of study. Reference [20] reports that there are no significant interaction 
effects among gender and the field on all scales. However, among the engineering students in this 
study only 6 of them are female. The analysis results on all the collected data may not represent 
the general situation. Therefore, only the analysis of the gender effect on the data of participants 
who major in Language are conducted. Table 3 suggests that learning styles of students in Lan-
guage department did not have significantly differences in terms of gender. This supports the 
convergent construct validity of the ILS, as female and male students in Language department 
share many characteristics hypothesized by the model. (For engineering students, significant 
mean differences between genders on all scales except for active-reflective were found in [20].) 

Table 3: Means, Standard Deviations and ANOVA Results for Comparisons between Fe-
male and male Students from Language department in ILS Scores 

There is also support for discriminant validity of the ILS, with significant differences in scores 
for undergraduate from different fields. In this study, the author compared the learning styles of 
students from engineering and Language department, as shown in Table 4. There were statisti-
cally significant differences at 0.05 level between 60 engineering students and 138 language stu-
dents in the mean scores on Active/Reflective and Visual/Verbal scales, with engineering students 
predominantly more Reflective and Visual than Language students. 

Gender N 
Active 
Score 

Sensing Score Visual Score Seq. 
Score 

Mean STD Mean STD Mean STD Mean STD 
Female 108 5.01 2.13 6.73 2.12 7.06 2.31 5.11 2.30 
Male 30 5.11 2.77 6.36 2.45 7.18 2.52 5.21 2.18 
ANOVA p = 0.848 p = 0.436 p = 0.811 p = 0.837
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Table 4: Means, Standard Deviations and ANOVA Results for Comparisons between Engi-
neering and Language students in ILS Scores 

*Statistically significant at 0.05 level

4  Conclusion and recommendations

In this study, the reliability estimate of the scores for the four scales of the Mandarin version ILS 
based on Cronbach alphas ranged from 0.51 to 0.65. This suggests the Mandarin version of ILS 
satisfies the criterion of acceptability. In terms of inter-scale correlation, there was moderate cor-
relation between Sensing/Intuitive and Sequential/Global dimensions, which was also observed 
in the other studies [17] [18] [19].  

The data was used to explore possible gender differences in learning style preferences between 
male and female language students. The analysis results on learning styles of language students 
indicate that there are no significant mean differences between genders on all scales. However, 
since there are few studies addressing the effect of gender on learning styles data based on ILS, 
the practical implication and its generality remain to be investigated.  

The data set was also used to compare the reported learning styles of students in Engineering 
with those in Language. The analysis revealed that the engineering students are significantly more 
Reflective and Visual than Language students. This suggests that instructors of engineering stu-
dents should try to encourage their students to participate more in active or verbal tasks. A balance 
of instructional methods is the best way to make learners achieve effective learning. Researchers 
[8] [21] [22] argued that learners will inevitably need to deal with problems and challenges that 
require the use of their less preferred mode. Therefore, the learners should regularly be given 
practice in the use of less preferred modes, even that they might have stress and frustration.  

In summary, ILS was an appropriate and statistically acceptable instrument for characterizing 
learning style. This questionnaires for accessing cognitive style focus on the ratings of general 
descriptions about learning scenario. It is worthy to notice that cognitive style (i.e., tendency to 
use visual or verbal modes of knowledge representation and thinking) is distinguished from cog-
nitive ability (i.e., proficiency in creating, holding, and manipulating spatial representations) and 
learning preference (i.e., preference for receiving instruction involving pictures or words when 
learners interact with a particular learning situation) [23]. On the other hands, despite the large 
size of literature on learning styles, correlation between the learning styles and academic perfor-
mance is was scarcely discussed and hardly supported [24]. Our previous study [15] also revealed 
that the learning styles identified by ILS was only related to learning perception (i.e., mental load 
or technique acceptance) and not related to academic performances while studying with a learn-
ing support system. The original intension of ILS is to provide both the learners and the instructor 
with an insight into how they approach the learning/teaching process. As advocated in [19], fur-
ther works on analysis of responses to ILS can encourage learners/instructors to expand the range 

Field N 
Active 
Score 

Sensing Score Visual Score Seq. 
Score 

Mean STD Mean STD Mean STD Mean STD 
Engineer-

ing 
60 5.08 2.08 6.56 2.37 7.54 2.40 4.82 2.13 

Language 138 5.18 2.39 6.64 2.20 7.09 2.35 5.14 2.24 
ANOVA p = 0.018* p = 0.540 p = 0.023* p = 0.329
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of learning/teaching strategies. 
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