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Abstract: Augmented reality (AR) books combining the advantages of physical books with
digital content including new interaction possibilities are the one of the noticeable AR media.
The application of AR book has been documented its effectiveness for learning, however,
studies regarding how users learn in the process of AR book reading is limited. This study
selected a mobile AR picture book to examine the relationships between child-parent shared
reading behaviors and children’s cognitive attainment. The reading behaviors of 33 child-parent
pairs participated in this study were video-recorded and the children were interviewed after the
activity for understanding their cognitive attainment. Through the correlation analysis, the
findings indicated that the more reading and operation (i.e., turning or inspecting the AR book)
of the mobile AR picture book the children were involved in, the more cognitive attainment they
gained. The parental interaction-oriented behaviors (i.e., commenting, prompting, evaluating,
or expanding) were helpful for their children’s learning. Another noteworthy issue is that the
distraction of the children during the shared reading process was negatively related to their
cognitive attainment.
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1. Introduction

The considerable attention of augmented reality (AR) with its technical capability of blending
real-time virtual information over users’ view of physical world is increasingly paid in education (Wu et
al., 2013). AR allows users to transfer seamlessly between the real and virtual world and may create a
new learning experience for conveying situational information beyond traditional learning context
(Bujak et al., 2013). With the aid of AR, research has indicated its positive supports in science learning
such as spatial ability, practical skills, conceptual understanding, and inquiry-based scientific activities
(Cheng & Tsai, 2013). Learners could acquire better understanding in terms of physics in an AR system
(Enyedy et al., 2012; Lin et al., 2013). It can be hence expected that the pedagogical application of AR
probably becomes new learning paradigm (Duh, Klopfer, 2013).

AR books originated from the MagicBook (Billinghurst et al., 2001) combine the advantages of
physical books with digital content including new interaction possibilities (Diinser, 2008). Researchers
indicated that the AR technology may enhance learners’ comprehension of book content through the
interaction with synthetic information upon the book (Vate-U-Lan, 2012). Although the application of
AR book has been documented its effectiveness for learning, studies regarding how users learn in the
process of AR book reading is limited. Accordingly, this study selected a mobile AR picture book with
artistic introduction, namely “The adventures of Yuyu: Yuyu Yang artistic journey (published by
National Chiao Tung University Press in Taiwan),” for children and their parents to read together. The
exploration of the relationships between child-parent reading behaviors and cognitive attainment of
children is the attempts of this study.
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2. Method

There were 33 pairs of children and their parents voluntarily participated in this study. The
children were aged from 5 to 10 years old (mean=7.85, SD=1.58). They were all in primary school level
except 5 children of preschoolers. The parents who ranged in age from 30 to 64 years old (mean=37.91,
SD=5.51) generally had had the experience of using smartphones or tablet PCs.

This study invited the children and their parents to freely share the mobile AR picture book
reading with an iPad in a pair setting. In the beginning of the activity, the reading process and the usage
of the book were briefly instructed by a researcher. The entire reading process was videotaped for
exploring the operation behaviors between children and their parents. When the activity finished, each
child was interviewed for understanding their cognitive attainment regarding the content of the book.
This study conducted quantitative content analysis to examine the video data (coding the behaviors in 5
second time slots) and the interview data of the children. A total of 7,468 coded behaviors of the
children and parents were yielded; and 160 codes are classified as low level cognitive attainment and 47
codes are classified as high level cognitive attainment. Through the correlation analysis with the results
of the frequency generated from the content analysis, the relationships between child-parent reading
behaviors and cognitive attainment of children could be understood.

3. Results

After conducting the Pearson correlation analysis, Table 1 shows that the low level cognitive
attainment (simply describing the appearance of the artistic work) of the children was related to the
parents’ behaviors of commenting (r=0.54, p<0.01) and raising prompts or questions (r=0.38, p<0.05)
on the details of the AR book and further evaluating their children’s responses (r=0.38, p<0.05).
Similarly, in addition to the relationships between and the commenting (r=0.43, p<0.05), prompting
(r=0.49, p<0.01), and evaluating (r=0.45, p<0.01) behaviors of the parents and the high level cognitive
attainment of the children, it is interesting to note that the children were inclined to explain or create the
imagination to describe the content of the AR book or the AR artistic work (high level cognitive
attainment) when their parents provided additional information about the AR book for expanding the
children’s responses (r=0.54, p<0.01).

Table 1: The correlations between parent reading behaviors and cognitive attainment

Low level High level
cognitive attainment cognitive attainment
Parent narrates the book for the child -0.20 -0.11
Parent points at the book 0.11 0.04
Parent comments on the book 0.54** 0.43*
Parent prompts on the book 0.38* 0.49**
Parent evaluates the child's responses 0.38* 0.45**
Parent expands the child's responses 0.32 0.54**
Parent controls the AR book -0.22 -0.21
Parent turns the AR book -0.10 0.13
Parent disciplines the child -0.17 -0.15

** p<0.01, * p<0.05

As shown in Table 2, the children’s behaviors of reading themselves (r=0.52, p<0.01), turning
(r=0.64, p<0.01), and inspecting (r=0.50, p<0.01) the AR book were linked to their low level cognitive
attainment. However, according to Table 1, the narration and operation behaviors of the parents were
not associated with the children’s learning outcomes. The findings may imply the importance of the
reading and operation of the mobile AR picture book by the children themselves rather than their
parents. Moreover, the children’s cognitive attainment had relationships with their behaviors of
commenting on the AR book (r=0.47, p<0.01 for low level; r=0.35, p<0.05 for high level) and
responding to their parents’ prompts (r=0.50, p<0.01 for low level; r=0.49, p<0.01 for high level).
Compared with the results in Table 1, this study considers that the children may be benefited when their
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parents showed more interaction-oriented behaviors and they could show more tendencies to respond to
their parents accordingly. In addition, the behaviors of losing focus on the AR book by the children
were negatively related to their cognitive attainment (r=-0.53, p<0.01 for low level; r=-0.36, p<0.05 for
high level). As a result, the distraction of the children during the child-parent shared mobile AR book
reading process should be a noteworthy issue.

Table 2: The correlations between children reading behaviors and cognitive attainment

Low level High level
cognitive attainment cognitive attainment
Child read himself/herself 0.52** 0.20
Child points at the book 0.31 -0.08
Child comments on the book 0.47** 0.35*
Child questions about the book 0.16 -0.08
Child responds to parent's prompts 0.50** 0.49**
Child controls the AR book 0.21 0.10
Child turns the AR book 0.64** 0.43*
Child inspects the AR elements 0.50** 0.19
Child intervenes in parent's operation -0.16 -0.12
Child is distracted -0.53** -0.36*

** <0.01, * p<0.05

References

Billinghurst, M., Kato, H., & Poupyrev, I. (2001). The MagicBook: A transitional AR interface. Computers and
Graphics, 25(5), 745-753.

Bujak, K. R., Radu, L., Catrambone, R., Macintyre, B., Zheng, R., & Golubski, G. (2013). A psychological
perspective on augmented reality in the mathematics classroom. Computers & Education, 68, 536-544.
Cheng, K. H & Tsai, C. C. (2013). Affordances of augmented reality in science learning: Suggestions for future

research. Journal of Science Education and Technology, 22(4), 449-462.

Duh, H. B. L., & Klopfer, E. (2013). Augmented reality learning: New learning paradigm in co-space. Computers
& Education, 68, 534-535.

Dinser, A. (2008). Supporting low ability readers with interactive augmented reality. Annual Review of
CyberTherapy and Telemedicine: Changing the Face of Healthcare, 41-48.

Enyedy, N., Danish, J. A., Delacruz, G., & Kumar, M. (2012). Learning physics through play in an augmented
reality environment. International Journal of Computer-Supported Collaborative Learning, 7(3), 347-378.

Lin, T.J., Duh, H. B. L., Li, N., Wang, H. Y., & Tsai, C. C. (2013). An investigation of learners’ collaborative
knowledge construction performances and behavioral patterns in an augmented reality simulation system.
Computers & Education, 68, 314-321.

Vate-U-Lan, P. (2012). An augmented reality 3D pop-up book: the development of a multimedia project for
English language teaching. Proceedings 2012 IEEE International Conference on Multimedia and Expo,
890-895.

Wu, H. K., Lee, S. W. Y., Chang, H. Y., & Liang, J. C. (2013). Current status, opportunities and challenges of

augmented reality in education. Computers & Education, 62, 41-49.

277



	The Relationships between Child-Parent Shared Mobile Augmented Reality Picture Book Reading Behaviors and Children’s cognitive attainment
	1. Introduction
	2. Method
	3. Results
	References


