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Abstract 

As the traditional teaching method is mainly textbook 

based and face-to-face oriented, it tends to cause 

students’ negative emotions and learning effectiveness in 

their learning process even though a commonly fact that 

emotion is one of the important factors affecting learning. 

The purpose of this study is to establish an affective 

tutoring system (ATS) for dengue fever to assist seeded 

teachers to propagandize dengue fever epidemic 

prevention. The researchers used the “Questionnaire of 

Elementary School Students’ Information Literacy” and 

“Questionnaire of Elementary School Students’ Cognitive 

Load Scale” as the tools for the quantitative study of this 

teaching experiment. The comprehensive evaluation 

results of this study showed that the affective tutoring 

system for dengue fever is supported in improving 

students’ learning outcomes; students with different 

information literacy have significant differences in the 

interface operation aspect of cognitive load, but not in the 

overall cognitive load, the content aspect of cognitive 

load and learning outcomes; the student’s information 

literacy and cognitive loads were correlated with the 

supports of partial significant negative correlation in the 

quantitative analysis; while the correlation among the 

students’ information literacy, cognitive loads and 

learning outcomes is not supported in the quantitative 

analysis. 

Keywords: Affection Tutoring System, Dengue fever, 

Information literacy, Cognitive load, Big six 

skills 

1 Introduction 

With the confirmation of the World Health 

Organization [1] that the Dengue fever (DF) is a 

mosquito borne virus infection, called dengue virus 

(DENV), and the incidence of dengue fever has 

increased dramatically in the world over recent decades. 

Now, about half of the world’s population is at risk. It 

is estimated that the number of annually infected 

persons is 100-400 million. In some Asian and Latin 

American countries, severe dengue fever is the main 

cause of serious diseases and deaths. DENV is 

transmitted by two kinds of vector mosquitoes, i.e. 

“Aedes aegypti” and “Anopheles albopictus” [2] with 

different breeding environment respectively. In 2015, a 

largest dengue outbreak with high morbidity and 

mortality occurred in Taiwan [3]. DENV replicates 

within mosquitoes and spreads rapidly from one person 

to another through female Aedes mosquito bites [4-5]. 

Realizing that prevention in advance is much easier 

than remedy afterwards, the Centers for Disease 

Control of Taiwan has been striving to prevent the 

spread of dengue fever in the very first time in the hope 

of cultivating students’ correct and effective epidemic 

prevention consciousness since their childhood. 

Meanwhile, the traditional teaching method is mainly 

textbook based and face-to-face oriented, tending to 

cause students’ negative emotions and learning 

effectiveness in their learning process even though a 

commonly known fact that emotion is one of the 

important factors affecting learning. Therefore, an 

affective tutoring system can be utilized to identify 

students’ current emotional states through the 

interaction with students, on which to give students 

feedback and adjust the curriculum pace. 

In this study, an affective tutoring system (ATS) is 

proposed, where the semantic emotion recognition 

mechanism is adopted to promote user interaction. 

Incorporating with the “Dengue Fever Epidemic 

Prevention” course, an ATS system for dengue fever is 

therefore developed. With the help of this innovative 

teaching mode, students’ participation and learning 

motivation are improved. The purpose of this study is 

to explore the interaction between the cognitive load 

and learning outcomes of students with different 

information literacy in their learning process It is 

expected that this study will provide teachers with 

more diversified epidemic prevention curriculum 
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models and contribute to Dengue fever epidemic 

prevention education; consequently, this study explores 

the following issues: 

(1) To explore what the current states of students’ 

information literacy are, and what their self- aware 

cognitive loads are when using ATS teaching? 

(2) To explore whether ATS teaching can improve 

students’ learning outcomes. 

(3) To explore whether there are any differences in 

the cognitive loads of students with different 

information literacy when using ATS teaching. 

(4) To explore whether there are any differences in 

the learning outcomes among students with different 

information literacy after using ATS teaching. 

(5) To explore whether students’ information 

literacy is correlated with their cognitive loads and 

learning outcomes respectively. 

2 Literature Review 

2.1 Research and Application of Emotion 

Recognition 

Researchers can measure human emotions in a 

scientific way by using multiple emotional medias, and 

using the methods of psychology and statistics, the 

original chaotic physiological signals or fragments of 

sentences can be transformed into a reference for 

emotion recognition. Wang and Guan [6] used 

Mahalanobis distance to select the representative 

feature values of speech and facial features, and set up 

the feature value’s being greater than 50% as a 

benchmark of emotion recognition. In recent years, 

researchers have shifted their focus from emotional 

recognition process to emotional tutoring process [7]. 

Affective Tutoring System (ATS) originated from 

the development of Intelligent Tutoring System (ITS), 

is expected to improve the adaptability of ITS [8-9], 

thereby helps learners learn in a way that can 

effectively adjust their emotional states like what a real 

person does [10-11]; the purpose thereof is to arouse 

learners’ motivation and improve their participation 

and self-confidence [12-14]. Learners can achieve 

significant learning outcomes in the aspects of 

knowledge and learning through ATS [15]; in the 

process of learning, learners’ emotions, such as joy, 

frustration, surprise, curiosity and doubt, have a strong 

correlation with and influence on learning experience 

[15-18]. Picard provided a conceptual module that can 

affect learners’ learning emotions. It can identify 

learners’ emotional states, give timely feedback, and 

improve learners’ learning [19-20]. 

As a result, we can know that ATS can detect 

learners’ learning states and emotional states, give 

learners appropriate feedback by identifying their 

different emotions, and help rectify learners’ learning 

states and emotional states [21-23]. ATS has been 

applied in general disciplines, technical fields and 

social behaviors, showing that ATS does have room for 

further development and research. However, no 

research related to epidemic prevention propaganda 

has been found yet in ATS application and research 

categories, thereby triggered the idea of this study.  

2.2 Information Literacy (IL) 

Information Literacy (IL) is the basis of lifelong 

learning and a set of abilities requiring individuals to 

recognize when information is needed and have the 

ability to locate, evaluate, and use effectively the 

needed information [24-27]. It is defined as the ability 

of individuals to collect, evaluate and use information 

from large resources [28-29]. It covers all disciplines 

and learning environments, enabling learners to 

effectively evaluate and manage information and better 

control their learning process [30]. It is also an ability 

to actively construct knowledge rather than passively 

accept knowledge, and plays a key role in conceptual 

understanding [31-34]. At present, it is widely used in 

K-12 information literacy standards internationally. 

In order to effectively evaluate the problem-solving 

ability of students, this study adopts the Big Six Skills 

proposed by Eisenberg and Berkowitz [35], as shown 

in Figure 1. Yi chin Chou [36] also believed that the 

information literacy standard of elementary school 

students, both at home and abroad, is still mainly based 

on Eisenberg’s “Big Six Skills” theory, to cultivate 

students to find information needs, seek information, 

analyze and present information, so that students can 

have the ability to understand and effectively use 

information technology, and then do self-study and 

lifelong learning. In this study, the measurement tools 

based on Big Six Skills theory are used. 

 

Figure 1. Big six skills 

2.3 Cognitive Load 

In 1988, Australian scholar Sweller [37] proposed 

the Cognitive Load Theory, which refers to three types 

of cognitive load generated in the process of working 

memory operation, i.e. intrinsic cognitive load, 

extraneous cognitive load and germane cognitive load. 

This theory has opened up a new category of cognitive 

psychology. The teaching principle of this theory is 

based on the long-term memory and working memory 

hypothesis of human cognitive framework [38]. 

Cognitive load theory emphasizes that in the process of 

learning, all novel information is initially processed by 

working memory, but working memory has the 
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limitation of capacity and duration [39-40]. According 

to Sweller [41], if the teaching design and teaching 

content exceed the working memory capacity of 

learners, then learners will generate cognitive loads, 

which will also damage learners’ ability to understand, 

think and learn, With the aforesaid definition and basic 

assumptions of cognitive loads, cognitive loads could 

be further understood. 

3 Research Methods 

3.1 Participants 

In this study, 77 fifth and sixth graders from a public 

elementary school in Kaohsiung City, Taiwan, were 

selected for questionnaire, wherein 70 questionnaires 

were recovered with 4 invalid ones due to incomplete 

data and answers, which made a total of 66 valid ones 

(32 female and 34 males; aged between 11 and 12). In 

order to reduce the influence of external factors on 

students’ overall emotions, the experiment was 

conducted in the school’s computer lab. SPSS software 

was used to analyze the questionnaire in this study. 

3.2 System Development 

The ATS for dengue fever is developed based on the 

teaching content of dengue fever epidemic prevention 

course produced and distributed by the Taiwan’s 

Environmental Protection Administration, together 

with the introduction of the related modules mainly 

based on semantic emotion recognition. The system is 

divided into two main axes: emotional operation and 

course teaching. 

3.2.1 ATS for Dengue Fever  

The threshold of semantic recognition equipment is 

not high but more universal. Users are allowed to use 

just the keyboard and mouse to convert their current 

emotions into text entering the system for analysis. In 

the ATS for dengue fever, a semantic recognition 

module is applied to recognize students’ sentimental 

keywords defined in a sentiment lexicon, wherein the 

SeCeVa (Semantic Clues Emotion Voting Algorithm) 

proposed by Lin, Hsieh, Loh and Wang in 2012 [42] is 

adopted as a method of sentiment recognition. Learners 

can enter their current learning emotions and situations 

in the system dialog box, and the system can 

immediately identify learners’ emotions and provide 

appropriate interaction accordingly. The setup method 

and operation process are as follows: (1) Building 

keyword dictionary; (2) Processing semantic structure 

information; (3) Getting emotions, as shown in Figure 

2. 

 

Figure 2. Flow chart of the method of building 

semantic recognition module and its operation 

Sentiment lexicon vocabulary is established by using 

the vocabulary of students’ general sentiment lexicon 

and referring to the vocabulary of “Academia Sinica 

Balanced Corpus of Modern Chinese” developed by 

Academia Sinica to classify relevant emotions and 

parts of speech. By integrating six emotion 

classifications provided by Ekman with eight learning 

states provided by other scholars, the sentiment lexicon 

vocabulary is further categorized as: Joy, Sadness, 

Anger, Surprise, Frustration, Doubt, Disgust and Fear, 

which is shown in Table 1. 

Table 1. Sentimental keyword classification table 

ON COE DCK NE 

1 Joy kuài lè (happy), hěn bàng (excellent), and so on. Sadness (Negative emotion) 

2 Sadness shāng xīn (heart-broken), bēi āi (woeful), and so on. Joy (Positive emotion) 

3 Anger qì fèn (indignant), shēng qì (angry), and so on. Joy (Positive emotion) 

4 Surprise jīng huáng (trepidation), jīng yà (surprised), and so on. Non positive and negative emotions 

5 Frustration méi rén yào (unwated), kě xī (pity), and so on. Joy (Positive emotion) 

6 Doubt kùn huò (perplexed), huái yí (distrust), and so on. Joy (Positive emotion) 

7 Disgust tǎo yàn (hate), yàn wù (detest), and so on. Joy (Positive emotion) 

8 Tension jǐn zhāng (nervous), zhāo jí (anxious), and so on. Joy (Positive emotion) 

Note. ON=Ordinal number, COE=Classification of emotion, DCK=Defined Chinese keywords, NE=Negative Emotion. 
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Based on the Chinese grammatical framework, the 

short sentences entered by the learners for semantic 

analysis and recognition should be processed against 

three semantic structures: semantic negation, semantic 

transition and semantic conjunction, wherein semantic 

negation and semantic transition are the very important 

basis on which the judgment of semantic emotion is 

affected; taking the Chinese sentence, “wǒ bù gāo xìng 

(I am not happy) “as an example, if we only see the 

emotional word “gāo xìng (happy)” in the literal sense 

of the word without recognizing the semantic negation 

of the word “bù (not),” we would misunderstand 

learner’s original intention. In this study, we refer to 

Lin et al. (2012) to sort out the available vocabulary for 

the semantic framework and expand the sentiment 

lexicon. 

“Ambiguity” is a special feature in the process of 

Chinese word segmentation, which might cause 

different word segmentation results. For example, 

when “tài kōng rén (astronaut)” appears in the sentence, 

different segmentation results such as “tài kōng rén 

(astronaut)” or “tài kōng (outer space) rén (person)” 

will be produced due to semantic ambiguity. This 

system adopts the rule of “long word priority” to avoid 

this problem. 

After the learners input the sentences into the system, 

the system would first match the keywords of the 

sentences. System uses the word segmentation method 

to divide a sentence into several word strings. 

Following that, the system judge the emotions and 

semantics according to the content of the word strings, 

and determines the final emotions according to the 

semantic structure to achieve the accuracy of judgment. 

As semantic negation, transition and conjunction will 

affect and change the result of emotions expressed in 

the sentence, in this study the system would perform a 

logical analysis of semantic emotions to find out 

whether the semantic words in the sentence change the 

dimension of emotion. Figure 3 show the screenshots 

of system display. 

  

Figure 3. Screenshot of the analysis system 

Therefore, the system tests and trains related 

sentences iteratively to define the related logic rules, 

wherein it is found that more than two kinds of 

emotions are bridged by semantic transition and 

semantic conjunction so that the emotional semantic 

collocation analysis is carried out, as shown in Table 2. 

Table 2. Table of structure of emotional dimension 

ON SED DEJ 

1
Positive + Transition + 

Negative 

2
Negative + Transition + 

Positive 

Judge the emotion 

undergone semantic 

transition as the actual 

emotion 

3 
Positive + Conjunction + 

Positive 
Positive emotion 

4
Positive + Conjunction + 

Negative 

5
Negative + Conjunction + 

Positive 

Do not deal with 

compound emotions. 

6 
Negative + Conjunction + 

Negative 
Negative emotion 

Note. ON=Ordinal number, SED=Structure of emotional 

dimension, DEJ=Definition of emotional judgment. 

 

Having undergone the above processing procedures, 

users’ emotions are obtained through their sentences 

input at the time, and feedback is given, and the 

appropriate teaching strategies are then selected. 

3.2.2 Curriculum Teaching  

The curriculum teaching is divided into three 

modules: Assistant agent module, Dengue fever 

epidemic prevention teaching material module, and 

Teaching strategy module. In the assistant agent 

module, the assistant agent can give learners 

appropriate feedback in time through the assistant 

agent as a medium of information exchange between 

learners and the system, and by the informing learners 

of the current actions of the system or understanding 

learners’ needs, which is a two-way interactive process, 

having the emotional feedback (such as happiness, 

sadness and doubt). Therefore, the assistant agent can 

help learners to enhance their learning motivation, and 

give guidance related to the system or the course at the 

end of each learning stage or the whole course. The 

Dengue fever epidemic prevention teaching material 

module includes the dengue epidemic prevention 

courses, which are presented with different manners 

according to the difficulty of course content. There are 

three units in total; there will be a unit test at the end of 

each unit; if students fail in the unit test, the assistant 

agent will immediately give them encouragement and 

feedback and start the review mechanism, or the 

assistant agent will immediately give the ones who 

pass in the unit test positive feedback and start the next 

unit. In the teaching strategy module, the strategy of 

rectifying users’ negative emotions in learning is 

adopted during the recognition of their emotions 

according to the sentences they input. When the system 

detects that the learners’ active and/or passive 

emotions are negative and reach the preset threshold 

value, the system will temporarily suspend the course, 

and switch to the joke website, and resume the original 

course again 2 minutes later, whereby the learning 

outcomes can be improved, as shown in Figure 4 and 
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Figure 5. The system has a prevention mechanism, 

which would immediately enter a unit test in case the 

number of times that students temporarily stop the 

course at the ATS exceeds a default threshold. If the 

student cannot pass the unit test, the system would 

return to the unit course and pause the emotion 

detection. 

 

Figure 4. Screenshot of the interaction between 

assistant agent and learners 

 

Figure 5. Web page screenshot of the strategy of 

rectifying learning emotion 

3.3 Study Tools 

3.3.1 Questionnaire of Elementary School Students’ 

Information Literacy  

In this study, Chou’s [35] questionnaire was used to 

measure students’ information literacy. It was divided 

into six dimensions with 30 questions in total: The 

ability to retrieve information, the ability to identify 

problems, the ability to seek information, the ability to 

use information, the ability to synthesize information, 

and the ability to evaluate and share information. In the 

questionnaire, the 4-point Likert Scale was used (1: 

Strongly Disagree, 4: Strongly Agree). Through factor 

analysis, 30 questions of the questionnaire were 

categorized into six factors, and the six factors of the 

questionnaire can explain 52.653% of the total 

variance, which shows that the questionnaire has good 

construction validity. The reliability of the 

questionnaire was further tested by Cronbach α 

coefficient, and the internal consistency α value is .917, 

which shows that the questionnaire has stable reliability. 

3.3.2 Questionnaire of Elementary School Students’ 

Cognitive Load Scale  

In this study, the “Questionnaire of Elementary 

School Students’ Cognitive Load Scale” compiled by 

Wei [43] was used to measure the cognitive loads of 

elementary school students when using ATS teaching, 

wherein the content framework is divided into two 

dimensions of “Cognitive load of content” and 

“Cognitive load of interface operation” after referring 

to relevant literature and theories, with 12 questions in 

total. The questionnaire was compiled according to the 

6-point Likert Scale, where the score was calculated 

from “totally disagree” 1 to “totally agree” 6, wherein 

the higher the score is, the higher the cognitive load is; 

and conversely the lower the score is, the lower the 

cognitive load is. Through factor analysis, 12 questions 

of the questionnaire were categorized into two factors, 

and the two factors of the questionnaire can explain 

54.076% of the total variance, which shows that the 

questionnaire has good construction validity. The 

questionnaire also tested the reliability of the 

questionnaire with Cronbach α coefficient, and the 

internal consistency α value is .651, which shows that 

the questionnaire has a stable reliability. 

3.3.3 Test on the Knowledge of Dengue Fever 

Epidemic Prevention  

The results of the dengue epidemic prevention 

knowledge test are the basis of learning effectiveness 

analysis. Since the purpose of this study is to explore 

the differences in students’ learning outcomes after 

using ATS teaching, the test questions were taken from 

the test questions attached to the EPA’s teaching 

materials, with only change in their numbering, so as to 

facilitate the analysis and comparison of learning 

outcomes. Regarding the test content architecture, the 

test content consists of three parts: the part about the 

characteristics and habits of dengue vector mosquitoes, 

the part about the characteristics of dengue fever and 

the part about the concept of dengue epidemic 

prevention, with 12 questions in total. The full score is 

100, so the mean score of each question is 8.33. 

3.4 Procedure 

ATS Teaching and Questionnaire Implementation  

The teaching experiment adopted the one-group pre- 

and post-test design. After obtaining the authorization 

of the questionnaires of Chou [36] and Wei [43], the 

researcher first gave the information literacy 

questionnaires and then the dengue epidemic 

prevention tests in the school before the ATS teaching 

started so as to obtain the students’ pre-test results, 

while the same process was repeated four times 

according to the class order. After ATS teaching was 
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given, the cognitive load questionnaire and dengue 

epidemic prevention test were carried out immediately 

to obtain the students’ post-test results, while the same 

process was repeated four times according to the class 

order. The entire teaching experiment lasted for two 

weeks. In this study, students were grouped according 

to their scores of information literacy, where the 

students with scores of top 27% were grouped as the 

high score group, the students with scores of bottom 

27% the low score group [44]. The process of teaching, 

questionnaire and test implementations is shown in 

Figure 6, while the test implementation is shown in 

Figure 7. 

 

Figure 6. Flow chart of teaching, questionnaire and 

test implementations 

 

Figure 7. ATS teaching formally given to the fifth 

graders and sixth graders 

4 Data Analysis 

4.1 Analysis of Current Situation of Students’ 

Information Literacy and Cognitive Loads 

According to Table 3, for the overall information 

literacy, the mean score of each question was 3.34, 

which showed that the information literacy of the 

elementary school students was still good. The score of 

each factor was greater than the mean score of 2.5, and 

the mean score of single question was between 2.87 

and 3.58, which indicated that the experience extent of 

elementary school students in various factors of 

information literacy was between “partially disagree” 

and “partially agree”. In addition, among the mean 

scores of single factor, the highest was at the factor of 

information retrieval (M = 3.58), followed by the 

factor of seeking information (M = 3.42), the factor of 

problem identification (M = 3.24), the factor of 

information synthesis (M = 3.10), and the factor of 

information usage (M = 3.07), and the lowest was the 

factor of information evaluation and sharing (M = 

2.87). 

Table 3. Summary table of current situation analysis of 

students’ “information literacy questionnaire” (N = 66) 

Scale item MS SD NQ MSQ SDQ 

Information retrieval 21.45 2.66 6 3.58 .44 

Problem identification 19.44 3.61 6 3.24 .60 

Seeking information 13.70 2.11 4 3.42 .53 

Information usage 21.48 3.25 7 3.07 .54 

Information synthesis 18.61 4.11 5 3.10 .69 

Information evaluation 

and sharing 
5.74 1.92 2 2.87 .96 

Overall information 

literacy 
100.45 14.31 30 3.34 .48 

Note. MS=Mean score, SD=Standard deviation, NQ= 

Number of questions, MSQ=Mean score of single question, 

SDQ=Standard deviation of single question. 

 

According to Table 4, for the overall cognitive load, 

the mean score of each question was 2.44, which 

showed that the cognitive loads of the elementary 

school students given ATS teaching was to a medium 

low degree. Among the mean scores of single question 

in each aspect, the aspect of content scored higher (M 

= 3.76), which showed that the elementary school 

students’ cognitive loads in content aspect was 

between “slightly disagree” and “slightly agree,” while 

the aspect of interface operation scored lower (M = 

2.00), which indicated that the elementary school 

students’ cognitive loads in interface operation aspect 

were roughly “mostly disagree” 

Table 4. Summary table of situation analysis of 

students’ “cognitive load questionnaire” (N = 66) 

Scale item M SD NQ MSQ SDQ

Content 11.29 4.24 3 3.76 1.41 

Interface operation 18.00 7.66 9 2.00 .85 

Overall cognitive load 29.29 9.08 12 2.44 .76 

Note. M=Mean, SD=Standard deviation, NQ=Number of 

questions, MSQ=Mean score of single question, SDQ= 

Standard deviation of single question. 

 

4.2 Learning Outcomes of ATS Teaching 

To explore the learning outcomes of the students 

using ATS teaching, a t-test was applied to understand 

the difference of students’ learning outcomes before 

and after giving ATS teaching. The mean, standard 

deviation and t-test results of students’ learning 

outcomes after ATS teaching are shown in Table 5. 

The t-test results showed the students’ learning 

outcomes in the post-test were better than those in the 

pre-test, and the students unanimously expressed their 

high affirmation for the predicted learning outcomes of 

using ATS teaching. 
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Table 5. Summary table of students’ differences in 

learning outcomes (N = 66) 

 T NS MS SD T value DO 

Pre-test 66 76.73 14.50 Learning 

outcomes Post-test 66 84.73 11.38 
-4.357*** 

Post-test 

> Pre-test 

***p<.001 

Note. T=Test, NS=Number of students, MS=Mean score, 

SD=Standard deviation, DO=Difference outcomes. 

 

4.3 Analysis of the Difference Between 

Cognitive Loads and Learning Outcomes 

of Information Literacy 

Independent sample t-test was applied to analyze the 

difference between students’ cognitive loads and 

learning outcomes of information literacy. Table 6 

shows the results of the mean, standard deviation and t-

test of the two aspects of cognitive load and the overall 

cognitive load of the elementary school students with 

different information literacy. In the interface operation 

aspect of cognitive load, there was a significant 

difference between the students with high score and 

low score in information literacy, with the p value 

being less than .05 and the t-value being - 2.20, which 

indicated that the cognitive loads of the students with 

high scores in information literacy was significantly 

lower than that of the students with low scores in 

information literacy. However, in the content aspect of 

cognitive load and the overall cognitive load, neither 

reached a significant level which indicated that there 

was no significant difference in the overall cognitive 

load and the content aspect of cognitive load among 

the elementary school students with different 

information literacy. Table 7 shows the mean, standard 

deviation and t-test results of the learning outcomes of 

the elementary school students with different 

information literacy. The results showed that there was 

no significant difference in learning outcomes between 

the students with high and low scores in information 

literacy. 

Table 6. Summary table of the analysis of the 

cognitive load differences between the groups of 

students with different information literacy 

DCL ILG NS MS SD T value 

H 18 12.94 3.50 
Content 

L 19 11.11 4.29 
1.42 

H 18 15.06 6.88 Interface 

operation L 19 20.16 7.21 

* 

(H < L) 

H 18 28.00 8.04 Overall 

cognitive load L 19 31.26 7.91 
-1.25 

Note. DCL=Dimension of cognitive load, ILG=Information 

literacy grouping, NS=Number of students, MS=Mean score, 

SD=Standard deviation, H: High-score group, L: Low-score 

group. 

*p < .05. 

 

Table 7. Summary table of analysis of learning 

outcomes difference between the groups of students 

with different information literacy (N = 66) 

 ILG NS MS SD T value 

H 18 90.22 9.33 Learning 

outcomes L 19 82.74 15.38
1.78 

Note. ILG=Information literacy grouping, NS=Number of 

students, MS=Mean score, SD=Standard deviation, H: High-

score group, L: Low-score group. 

 

4.4 Correlation Analysis of Information 

Literacy, Cognitive Loads and Learning 

Outcomes 

The Pearson product-moment correlation was used 

to explore the correlation between students’ 

information literacy and cognitive loads, where the 

relevant analysis results are shown in Table 8. There 

were significant negative correlations with the p values 

less than 0.05 between the “interface operation” factor 

of cognitive load and the “problem identification,” 

“seeking information,” and “overall information 

literacy” factors of information literacy (r = -.27, -.29,  

-.30) respectively. The “interface operation” factor of 

cognitive load had significant negative correlations 

with the “information retrieval” and “information 

synthesis” factors of information literacy (r = -.42 and  

-.33) respectively, with the p values less than 0.01; 

with the correlation coefficients’ being between -.27 

and -.42, the correlations were regarded as lowly 

correlated. While the overall cognitive load was 

negatively correlated with the “information retrieval” 

and “information synthesis” factors of information 

literacy (r = -.32, -.27) respectively, with the p values 

less than 0.05, they were also regarded as lowly 

correlated. On the whole, the correlation coefficient 

between information literacy and cognitive load was    

-.18, which was not significant. According to the 

survey on the current situation of students’ information 

literacy, it was found that the overall information 

literacy of students at this stage was to a medium high 

degree. 

Table 8. Summary table of the correlation between 

information literacy and cognitive loads of the 

elementary school students (N = 66) 

 C IO OCL 

Information retrieval .08 -.42** -.32* 

Problem identification .20 -.27* -.13 

Seeking information .09 -.29* -.20 

Information usage .16 -.04 .040 

Information synthesis .03 -.33** -.27* 

Information evaluation and sharing .11 -.03 .02 

Overall information literacy .14 -.30* -.18 

Note. C=Content, IO=Interface operation, OCL=Overall 

cognitive load. 

*p < .05. **p < .01. 
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The correlations of all factors of students’ 

information literacy with their learning outcomes were 

shown respectively in Table 9. None of the correlation 

coefficients of all factors of students’ information 

literacy and the overall information literacy with their 

learning outcomes reached significant level. 

Table 9. Summary table of the correlations of the 

students’ information literacy with their learning 

outcomes (N = 66) 

 IR PI SI IU IS IES OIL 

Learning 

outcomes 
.13 .07 .19 -.04 .16 .00 .11 

Note. IR=Information retrieval, PI=Problem identification, 

SI=Seeking information, IU=Information usage, IS= 

Information synthesis, IES=Information evaluation and 

sharing, OIL=Overall information literacy. 

 

The correlations of all factors of students’ cognitive 

loads with their learning outcomes were shown 

respectively in Table 10. None of the correlation 

coefficients of all factors of students’ cognitive loads 

with the overall cognitive load and their learning 

outcomes reached significant level. 

Table 10. Summary table of the correlations of the 

students’ cognitive loads with their learning outcomes 

(N = 66) 

 Content 
Interface 

operation

Overall  

cognitive load 

Learning outcomes -.00 -.13 -.11 

 

5 Conclusion 

In this section, research questions that were 

proposed in this study were answered and the 

conclusions are as follows: 

In terms of overall information literacy, students’ 

experience in information literacy scale was above 

middle value in this 4-point scale. Thus, the current 

situation of students’ information literacy was regarded 

as good enough, which was to a medium or above 

degree. In addition, in terms of six dimensions of 

information literacy, students scored the highest in the 

dimension of “information retrieval,” and the lowest in 

“information evaluation and sharing,” which shows 

that students had better ability in information search, 

but weaker in information evaluation and sharing. 

Students given the ATS teaching, the average score of 

each question was 2.44. It can be shown that the 

cognitive loads experienced by the elementary school 

students, given ATS teaching by their teachers, were 

comparatively lower, with the average number lower 

than the middle value. In addition, in terms of two 

dimensions of cognitive load, in ATS teaching, 

students’ experience in cognitive load was higher in 

the dimension of “content” than “interface operation,” 

which shows that the cognitive load brought by the 

content was slightly higher than that brought by the 

interface operation. Regarding students’ cognitive 

loads being lower in the “interface operation” of the 

system, the researcher also obtained further support 

after analyzing and comparing the interview data of the 

respondents. The respondents all gave good feedback 

on the interface presented in the system during the 

process of operating the system practically. 

As the teaching experiment adopted the one-group 

pre- and post-test design, before carrying out ATS 

teaching, the students were tested for dengue fever 

epidemic prevention knowledge, whereby their pre-test 

results were obtained. Afterward, after given ATS 

teaching, the students were post-tested to obtain their 

post-test results. After obtaining the pre- and post-test 

results, the scores of students in the pre- and post-test 

of ATS teaching are statistically analyzed in the way of 

t-test to understand the differences of students’ 

learning results before and after ATS teaching. The 

results show that the differences between the average 

numbers of pre- and post-test were significant, 

indicating that ATS teaching can effectively improve 

students’ learning outcomes. 

The cognitive loads of the high and low score 

groups generated in ATS teaching and then compared 

to see whether there were any differences. The results 

showed that the cognitive loads of the students with 

high information literacy were significantly lower than 

those of the students with low information literacy, but 

among the elementary school students with different 

information literacy, there were no significant 

differences in the aspects of overall cognitive load and 

content. 

The learning outcomes of the high score group and 

low score group generated in ATS teaching and then 

compared to see whether there were any differences. 

The results showed that the difference in learning 

outcomes of the students with high and low 

information literacy did not reach a significant level, 

indicating that there was no significant difference in 

learning outcomes among the students with different 

information literacy. 

Although there was no significant correlation 

between the overall information literacy and the overall 

cognitive load, the “interface operation” factor of 

cognitive load was significantly negatively correlated 

with “overall information literacy,” as well as the 

“problem identification,” “seeking information,” 

“information retrieval” and “ information synthesis” in 

the dimension of information literacy respectively. The 

correlations thereof were categorized as lowly 

correlated. In addition, the “overall cognitive load” was 

significantly negatively correlated with the “information 

retrieval” and “information synthesis” in the dimension 

of information literacy respectively. The correlations 

thereof were also categorized as lowly correlated. The 
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results showed that neither any factor of information 

literacy nor overall information literacy was significantly 

correlated with learning outcomes. The results showed 

that neither factor of cognitive load nor overall 

cognitive load was significantly correlated with 

learning outcomes. 

From the perspective of skills, information literacy 

is a set of skills, abilities or behaviors that an 

individual demonstrates when seeking information in a 

digital environment [45-46]. In the cognitive theory of 

learning and guidance, cognitive load has been 

emphasized as an important factor of successful and 

efficient learning [47-48]. The emotion dictionary 

keyword matching is the most commonly used method 

[49]. Araque et al. also used emotional dictionaries and 

semantic models to calculate the semantic similarity 

between input words and dictionary words to obtain 

the features in the text [50]. This study obtained the 

results consistent with those of other scholars in the 

facts that the emotional dialog of encouraging phrases 

used by the assistant agents has a positive impact on 

the learning motivation of students facing learning 

difficulties [51], and the emotional teaching system is 

good for students with learning difficulties [52-53]. 

This is because students facing learning difficulties 

need more motivation to achieve their goals, and need 

guidance and support in their learning process. 

6 Final Remarks and Future Work 

Overall, our work shows that ATS teaching hold the 

potential to capture learning experience intuitively and 

in an almost real-time manner, can detect learners’ 

learning states and emotional states, give learners 

appropriate feedback by identifying their different 

emotions, and help rectify learners’ learning states and 

emotional states [21-22]. The main reason why the text 

input method was used as the way through which 

students communicate with their assistant agents is 

subject to the constraint of course giving style; if 

students use voice input, it may be a very noisy during 

the course. The possible limitation of this study may lie 

in that the recruited subjects are 11- to 12-year-old 

students in Taiwan, and the field of application is 

limited to the dengue fever epidemic prevention course, 

whose survey uses semantic recognition module to 

carry out emotion recognition and analysis; the system 

may not be able to obtain effective results about the 

real emotional states of the learners, while in the 

process of text input, negative emotions of the students 

under test might be aroused. Concerning future 

prospects, it is expected that the semantic recognition 

module can be added with students’ popular words and 

voice input, and be incorporated with wearable devices 

or the face recognition capability to increase the 

reliability of emotion recognition. The 2 minutes break 

system setting is determined after discussion with the 

domain experts, In future work, we will test different 

settings to determine the best time of break. As for the 

verification part, such conditions as learning achievement 

and learning motivation are also expected to be added 

further.  

Some additional measurement items may be used to 

collect students’ views on the ATS teaching, it is 

expected that the students can be further analyzed 

according to their different characteristics or groups. 

Moreover, the sample size is supposed to be increased 

to enhance the effectiveness of future research results. 
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