
LEARNING EFFECTIVENESS OF USING INTERACTIVE TEACHING 
MATERIALS ON FORTH GRADERS’ SCIENTIFIC CONCEPTS AND 

ARGUMENTATION ABILITY 

Kai-Wei Hu, Yu-Ling Lu 
National Taipei University of Education (TAIWAN) 

Abstract 
Many technology-enhanced systems have been applied in teaching science. YouTube is one such 
method. It allows viewers to interact with videos and is potential for enhancing learning. Hence, this 
study utilizes its interactivity to study how well this instructional approach affects forth graders’ learning 
growth, in terms of scientific concepts and argumentation ability. Two-group pre-post-test quasi-
experimental design was conducted in this study. There were 111 students participating in this study 
and these students were divided into two groups, the experimental (EXP) and control group (CON). 
Subjects in the EXP group were taught with interactive teaching materials, whereas students in the 
CON group were taught with conventional pedagogy. All subjects were taught the same topics for six 
weeks (40 minutes x 3 classes, per-week), thus the total duration of intervention was 720 minutes (18 
classes). This study developed and used the scientific concepts test (SCT) and scientific 
argumentation ability test (SAAT) to measure students’ learning outcomes. Both tests were used in the 
pre- and post-tests, and the validity of both tests was confirmed by experts in science education. The 
reliability of the SCT and the SAAT were .84 and .81, respectively. The results of t-test showed that 
students in both groups did significantly better in the post-test than those in the pre-test SCT. In the 
SAAT, only the EXP group did significantly better in the post-test than in the pre-test. ANCOVA was 
then used to examine the comparative effectiveness of these two different instructional methods. The 
results showed that students in the EXP group improved significantly compared with students in the 
CON group, both in the SCT and SAAT. Furthermore, student feedback also indicated that using 
interactive teaching materials could enhance student learning interests. Therefore, this study 
concluded that interactive teaching materials are capable of improving student learning of scientific 
concepts and their competencies for scientific argumentation. 
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1 INTRODUCTION  
Nowadays, several technology-enhanced systems have been developed and applied in teaching 
science. YouTube is one of the most popular global media which has also been extensively used in 
classroom instruction and, in some cases, its learning efficacy has been scientifically demonstrated. 
For examples, a study in undergraduate nurse education proved that YouTube videos can increase 
student engagement and facilitate deep learning [1]. Orús, Barlés, Belanche, Casaló, Fraj, and 
Gurrea, found that YouTube, as a learning tool for post-secondary education, has a positive impact on 
student learning outcomes and satisfaction [2]. For engaging students into effective learning, human–
computer interaction (HCI) design is important. Human–computer interactive learning environments 
were found not only to predict learners’ perceived self-regulation, but also can influence learner 
perception of usefulness and affect learner perception of satisfaction [3] Therefore, it is important to 
investigate the usability design of interactive learning environment for digital learning. YouTube videos 
often use it for delivering knowledge and concepts, but studies focusing on its interactivity features 
and functions are scarce. YouTube has an online caption editing feature which facilitates opportunities 
for videos-generators to create interactive environment design. For example, the designer can display 
video with multiple-choice icons to ask learners to choose. Based on learner selection, the interactive 
learning design may bring learners to designated clips/videos. The HCI interfaces between learners 
and computers allow viewer interactions with videos and have potential for enhancing student learning. 
For this reason, this study utilizes the interactivity of YouTube to study how well the instructional 
approach affects fourth graders’ learning growth in terms of scientific concepts and argumentation 
ability.  
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The main purpose of this study is to elucidate learning effectiveness of using YouTube interactivity in 
teaching materials for fourth graders to learn scientific concepts and argumentation ability. Three 
research questions are as follows: 

1 What are the learning differences of students’ scientific concepts between interactive teaching   
and conventional pedagogy? 

2 What are the learning differences of students’ argumentation ability between interactive 
teaching and conventional pedagogy? 

3 What have we observed during students’ learning? 

2 METHODOLOGY 
YouTube interactive instruction programs regarding “time measurement” and “water flow” designed for 
fourth graders has been developed. According to storyline theory [4], interactively learning 
opportunities between teachers and students can be increased by using a story context design. This 
study utilizes storyline design in the videos to increasing student immersion. 

Two-group pre-post-test quasi-experimental design was conducted in this study. There were 111 
students participating in this study and these students were divided into two groups, the experimental 
(EXP) and the control group (CON). In the scientific concepts test (SCT), subjects in the EXP group 
totaled 56 and in the CON group there were 55. Meanwhile, only 54 students were in both EXP and 
CON groups, in the scientific argumentation abilities test (SAAT). Subjects in the EXP group were 
interactively taught, whereas students in the CON group were taught with conventional pedagogy. All 
study subjects were taught the same topics for six weeks (40 minutes x 3 classes, per-week), thus the 
total duration of intervention was 720 minutes (18 classes). This study developed and used the SCT 
and SAAT to measure students’ learning outcomes. Both tests were used in the pre- and post-tests, 
and the validity of both tests were confirmed by experts in science education. The reliability of the SCT 
and the SAAT were .84 and .81, respectively. 

3 RESULTS 

3.1 Students’ learning in scientific concepts 
Students’ SCT scores in the pre- and post-test are shown in Table 1 for the EXP and CON group. The 
results indicate that the SCT scores in the two groups of students increased from the pre-test to the 
post-test. However, students’ SCT scores in the EXP group increased more than in the CON group. 
The standard deviations (SD) for SCT in the EXP group decreased, whereas the SDs for SCT in the 
CON group increased. This study adopted t-test to analyse the learning improvement for each group 
and significant results were found (EXP: t (55) =13.13, p<.000; CON: t (54) =6.95, p<.000). This 
signifies that the SCT scores of the two groups of students were improved significantly and showed 
that both teaching materials (interactive/conventional approach) could enhance students’ scientific 
concepts. In order to evaluate whether students’ scientific concepts were influenced by the different 
teaching materials, this study adopted ANCOVA to answer this question. The results are shown in 
Table 2. 

Table 1.  Descriptive statistics of students’ SCT scores in the pre- and  
post-tests between EXP and CON groups. 

 Pre-test Post-test 

 M SD M SD 

EXP 16.42 4.49 24.80 3.62 

CON 17.65 5.18 23.41 5.87 
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Table 2.  ANCOVA results of students’ SCT scores in EXP and CON groups 

 Sum of square df Mean Square F 

Co-variable: Pre-test 336.79 1 336.79 16.18*** 

Group: Different Instruction 91.32 1 91.32 4.32* 

Error 2247.22 108 20.80  

Total 67199.00 111   
 ***: p<.000, *: p<.05 

The homogeneity of variance is non-significant and indicates that the ANCOVA can be proceeded (F 
(1, 104) =.96, p>.05). The results of ANCOVA in Table 2, showed that using different teaching 
materials and teaching approach produced significantly different learning results in terms of student 
learning in scientific concepts. The adjusted SCT mean score in the post-test of the EXP group was 
25.02 and that in the CON group was 23.19. This study concluded that students’ SCT adjusted mean 
scores in the post-test between the EXP and CON groups showed a significant difference (F=4.32, 
p<.05), and students in the EXP group did better than those in the CON group in term of their learning 
in scientific concepts. 

3.2 Student learning in argumentation ability 
The descriptive statistics of students’ SAAT scores are shown in Table 3. Although the two groups of 
students’ SAAT scores in the post-tests were higher than that in the pre-tests, the t-tests results 
showed that only EXP group had a significant difference (EXP: t (53) =6.24, p<.000; CON: t (53) =1.85, 
p>.05). For further understanding whether students’ argumentation abilities were influenced by 
different teaching materials and teaching approaches, further ANCOVA was conducted. The results 
are shown in Table 4. 

Table 3.  Descriptive statistics of students’ SAAT scores in the pre- and  
post-tests between EXP and CON groups. 

 Pre-test Post-test 

 M SD M SD 

EXP 11.18 3.75 13.87 3.98 

CON 12.57 4.25 13.22 4.32 

Table 4.  ANCOVA results of students’ SAAT scores in EXP and CON groups 

 Sum of square df Mean Square F 

Co-variable: Pre-test 1034.78 1 1034.78 136.38*** 

Group: Different Instruction 78.41 1 78.41 10.33** 

Error 796.64 105 7.58  

Total 21661.00 108   
***: p<.000, **: p<.01 

The homogeneity of variance is non-significant and indicates that the ANCOVA can be proceeded (F 
(1, 104) =.87, p>.05.) The results of ANCOVA in Table 4, showed that using different teaching 
materials and teaching approaches produced significantly different learning results in terms of 
students’ learning in argument abilities. The adjusted SAAT mean score in the post-test of the EXP 
group was 14.41 and that in the CON group was 12.68. Based on these findings, this study concluded 
that students’ SAAT adjusted mean scores in the post-test between the EXP and CON groups showed 
a significantly difference (F=10.33, p<.05), and students in the EXP group did better than those in the 
CON group in term of their learning in argument abilities. 

Based on the findings in above two sections, it is demonstrated that the interactive instruction can 
enhance student learning both in scientific concepts and argumentation abilities.  
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3.3 What have we observed during students’ learning with the interactive 
approach 

This study also interviewed 10 participated students in the EXP group, and the results are shown 
below: 

1 Are the interactive teaching materials interesting to you? If so, why?  

Eight out of 10 students answered that they were interesting. For example: One student 
(S004M-H) said that “the learning was interesting to me, because I could play and learn at the 
same time.” This indicates that the interactive materials and instructional approach developed 
with use of YouTube has pedagogical efficacy and students enjoy their learning. 

2 Can the hyperlinks in the interactive teaching materials attract you to learn more? If so, why? 

Seven students gave a positive response. One student (S030F-M) said that “when I clicked and 
my answer was correct, the computer would say “I am good” and I was happy with that 
immediate feedback”. Another student (S046F-M) said ”I enjoyed clicking every link icon.” 
Students’ feedbacks showed that the hyperlinks design were interesting and the system’s 
positive feedback encouraged students’ learning. 

3 Could you learn from feedback provided by the computer? If so, why? 

All students said that this function could help them clarify their misunderstandings and the 
system explained the reason clearly. For example: One student (S030F-M) said that “when I 
answered incorrectly, the system would tell me why I made a mistake. I could learn and 
understand the reasons from the feedback.” This shows that the system provided efficacious 
feedback to the students, and students’ scientific concepts could be clarified and learning 
efficacy improved. 

4 CONCLUSIONS 
This study used the existing interactivity functions provided in YouTube to construct interactive 
learning environments which are different from those of traditional instruction. The interactive design 
can be seen as an alternative e-learning method. Students can learn effectively by this experimental 
approach to enhance their scientific concepts understanding as well as argumentation ability. This 
study also provides empirical data to support using interactively instructional approaches in teaching 
to significantly improve students’ learning outcomes when comparing to conventional pedagogy. 
Meanwhile, this teaching intervention can also enhance student learning motivation. In summary, this 
study found that the approach of using interactive teaching materials and instruction with the YouTube 
platform is feasible to teach students’ scientific concepts and enhance their scientific argumentation 
ability. 
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