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Augmentation Strategies for Paper-Based
Content Integrated with Digital Learning
Supports Using Smartphones

Nian-Shing Chen, I-Chun Hung and Wei-Chieh Fang

Abstract Up to the twenty-first century, paper is still widely adopted for recording
and reading. However, paper-based materials are fully capable of presenting abstract
concepts and complicated knowledge with static text and figures. Learners usually
need timely and adequate supports when encountering difficulties during learning.
With a consideration of applying technologies, the learning tool must have a certain
mobility and accessibility for acquiring facilitative resources. Using the networking
capability of smartphone to access digital content from the Internet to enrich con-
ventional paper-based learning activities is worth investigating. This chapter intro-
duces an augmentation-enhanced learning context with an integration of digital
content into paper-based materials in order to facilitate learning. Constructive
feedback, scaffolding questioning, and procedural scaffolding are three strategies
applied into the instructional designs and learning system. Quasi-experiments for
personal learning and collaborative learning were also conducted to evaluate the
effects on learning performance. The results suggest that the three instructional
designs had significantly positive effects on individual’s learning performance.
Team’s learning performance and team’s discourse levels were promoted as well.
This chapter lays out a strong foundation for researchers to further explore how to
better design different learning strategies for different learning subjects in the aug-
mentation-enhanced learning context using smartphones. It is hoped that educational
practitioners are able to obtain concrete ideas and solutions on how to better leverage
the benefits of both paper-based content and digital learning materials in a real
blended learning environment.
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6.1 Introduction

Paper-based materials have been prevalent for delivering knowledge over the past
centuries (Macedo-Rouet et al. 2009). Many convenient features of paper-based
materials have been widely used such as ease of reading, writing, note-taking, and
carrying around. However, paper-based materials provide very limited assistance in
one’s reading comprehension due to static representations or lack of timely sup-
ports. Integrating digital learning supports with a pre-designed strategy into paper-
based content may enhance comprehension.

Recently, smartphone is considered an educational tool and its technological
features have potentials for providing additional learning supports for traditional
paper-based learning context. Comprehension is the ultimate goal of reading.
Reading, the foundation of learning (Berninger and Richards 2002; Cunningham and
Stanovich 2001), is an active and purposeful process of understanding content and
blending self-experience to construct new knowledge (Armbruster et al. 2001;
Oakhill et al. 1998; Smagorinsky 2001). Reading failure may lead to long-term
learning difficulties and further engender a possibility of losing their confidence and
learning motivation (Armbruster et al. 2001; Nation et al. 2002). Digital content (e.g.,
multimedia) can help learners understand complex concepts, elicit higher self-moti-
vation, and foster individual engagement in learning activities (de Jong et al. 2010;
Lowe et al. 2010). By applying technologies into a learning activity, the digital
content can be presented to learners during learning. One candidate is the smartphone
because its popularity and mobility can construct such a learning environment. The
cost of smartphones has been affordable and accessible to people (Chen et al. 2008).
Therefore, using smartphones as educational tools for supporting instructional
activities with adequate pedagogical theories and strategies is conceivable (Lan and
Sie 2010; Özdemir 2010). Although paper-based materials had been used for a long
time, they still suffer from some major drawbacks, such as not being able to present
audio/video or animation content.

Feedback is considered essential to learning not only for cultivating learners’
profession but also improving their self-efficacy, self-awareness, and enthusiasm
(Bain and Swan 2011; Timmers and Veldkamp 2011; Wang and Wu 2008).
Effective feedback should include constructive information (i.e., constructive
feedback) which can contribute to learners’ actual performance and raise it to the
expected performance (Timmers and Veldkamp 2011). Instructors nowadays have
to provide learners adequate and timely feedback for aligning learners with needs
and expectations (Rolfe 2011; Whitelock et al. 2010). For example, feedback can be
utilized as a learning facilitator for learners based on learners’ assessment results
(Whitelock and Watt 2008). Constructive feedback is defined in this chapter as the
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act of providing timely personalized learning suggestions with meaningful direction
for learners according to the results of assessment, which are analyzed and mea-
sured by the learning system through smartphones.

Furthermore, scaffolding strategies, closely related to the notion of zone of
proximal development (Vygotsky 1978), can be applied to the instructional designs
to provide more support to learners than the constructive feedback. Hannafin et al.
(1999) suggested that scaffolding can be used during learning to guide learners what
to consider, how to think, how to utilize available resources, or how to approach the
learning goal. Scaffolding has two types, namely hard and soft (Saye and Brush
2002). Hard scaffolding is static supports pre-designed based on common learners’
difficulties in a learning activity, whereas soft scaffolding is dynamic and situational
requires to provide timely supports in response to each individual learner’s needs
during learning (Wood and Wood 1996). Scaffolding is provided to students with
necessary learning supports for facilitating what they are not fully capable of when
achieving a learning goal alone (Wood et al. 1976). The learning supports in one’s
individual learning process enable the learner to move from the current develop-
mental level to the level of potential development. Assisting learners with per-
forming high-level cognitive activities, such as reading, inquiry, and problem
solving, requires effective strategies (Kim and Hannafin 2011; Li and Lim 2008;
Pearson and Fielding 1991). Scaffolding questioning is one of the most conven-
tional classroom instructional activities for instructors to facilitate knowledge
construction during learning (Ge and Land 2003). Providing proper scaffolding
questions to learners can promote knowledge constructions, reasoning, problem
solving, and metacognition (Ge and Land 2004; King 1994; McDaniel and Don-
nelly 1996). When learners participate in a reading activities, questions are usually
applied into the pre- and post-reading phases to facilitate understanding of the
whole reading materials and memorization of important concepts (King 1994).

On the other hand, collaborative learning allows learners to interact with peers
and facilitate their development of thinking skills in face-to-face settings (Davidson
1985; Dillenbourg 1999; McCarthey and McMahon 1992). Constructive feedback
and scaffolding questioning can benefit personal learning well. However, additional
requirements have to be considered for collaborative learning such as group dis-
course level. In such collaborative learning context, guiding and facilitating group
members to discuss and learn are also essential. Applying procedural scaffolding
into a learning activity is able to improve learners’ performance and create a context
helpful for accomplishing a learning task (Pea 2004). Procedural scaffolding
strategy for supporting group collaborative learning can be utilized to make learners
think first and then discuss with other group members (Chen et al. 2011). The
purpose of applying procedural scaffoldings in learning activities is to reduce social
loafing and free rider effect (Janssen et al. 2007; Johnson and Johnson 1989). In a
social loafing situation, group members would invest less effort in a group than they
are assigned to complete tasks individually. Besides, when a learner does nothing
and leave the work to other group members, the free rider effect can take place.
Through procedural scaffoldings, the social loafing and free rider effect can be
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reduced for better knowledge construction and cognitive development (Veerman
et al. 2000).

In the following sections, this chapter will explain how to utilize the three
strategies (i.e., constructive feedback, scaffolding questioning, and procedural
scaffolding) into real instructional activities with learning systems using smart-
phones. The learning performance is a key measure of goodness which shows how
well learners can benefit from the augmented strategies for paper-based content
enabled by smartphones. Team’s learning performance and team’s discourse levels
were also regarded as two indexes of learning outcomes for collaborative learning.

6.2 Paper-Based Learning with Mobile Technologies

Reading activities can be enriched by using information and communication
technologies (ICTs) such as electronic reader devices (Daniel and Woody 2013;
Embong et al. 2012; Koike et al. 2001; Rockinson-Szapkiw et al. 2013; Woody
et al. 2010). However, learners have to read on or with a specific mobile device
apart from the printed materials during the whole learning process. Reading com-
prehension is a result of the interaction between the learners and paper-based
materials in conventional reading activities. If reading assistances can be brought
into the undergoing reading process on each reader’s demand, the conventional
reading activities can be enriched with both advantages of paper-based materials
and digital content, and learners’ reading experience and performance will lead to
positive outcomes (Chen et al. 2011). With the support of ICTs, learners’ com-
prehension can be maximized even in the traditional paper-based reading activities
(Chen et al. 2008; Koike et al. 2001).

To efficiently facilitate learners’ reading, ideal reading assistances, which are
paper-based materials augmented with digital support content, enable readers to
immerse in a reading process (Chen et al. 2011). Now, the question is how to
leverage the benefits of both paper-based content and digital content. Weiser (1991)
proposed the vision of embedded virtuality, which means a seamless integration of
ICTs into real world to power human on different kinds of tasks. From the technical
perceptive, learners can acquire knowledge through seamlessly integrating digital
support content into paper-based learning materials through a mobile device
because of its popularity and mobility. A mobile device could integrate QR code
technique which features fast readability and easy reproduction. The storage
capacity of QR code is larger than the conventional one-dimensional bar code.
Learners can easily access digital content such as animations or other multimedia
information on a smartphone right after reading the QR code on a smartphone. On
the other hand, instructional designs also have to apply appropriate learning strat-
egies to improve learners’ performance. With adequate learning strategies, the
educational potential of using QR codes has been examined and positive learning
results have been observed (Chen et al. 2011, 2013; Huang et al. 2012; Law 2010;
Ozcelik and Acarturk 2011).
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6.3 The Augmentation Design and Three Applications

This chapter proposes an augmentation design for paper-based content integrated
with digital learning supports using smartphones. The composition of the aug-
mentation-enhanced learning context includes four layers, namely hardware,
strategy, knowledge, and application (Fig. 6.1).

Educational practitioners can refer to the four layers for preparing and setting up an
augmentation-enhanced learning context. In first layer, a digital content distribution
server, a smartphonewith aQR code reader app, and a wireless network infrastructure
are the hardware as the foundation. The digital content distribution server can be a
self-owned computer with networking capability or a cloud service over the Internet.
The smartphone is used to decode aQR codewith a reader app (i.e., a software tool for
the smartphone). The learning environment has to be equipped with a wireless
Internet infrastructure. The second layer is about the strategies for facilitating learning
activities. The third layer consists of paper-based materials and digital content as the
source of knowledge. Paper-based material is the main learning media such as a
textbook or a lecture, while the digital content is the learning support on demand for
further elaboration. Besides, the digital content can be provided as personalized
assistance depending on what strategy is adopted for the learning activity. The upper,
last layer is the application which forms a learning activity by combining the previous
three layers. Different combinations of layer components create different learning
activities. In the following sections, three applications will be provided for the aug-
mentation-enhanced learning context, including self-learning with constructive
feedback, self-learning with scaffolding questioning, and collaborative learning with
procedural scaffolding.

Fig. 6.1 The components of the augmentation-enhanced learning context
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6.3.1 Application 1: Self-learning with Constructive
Feedback

The first application was designed for self-learning with the support strategy of
constructive feedback (Chen et al. 2013). An instructional experiment was con-
ducted in a university course entitled Computer Networks regarding Internet pro-
tocol (IP) to evaluate the effectiveness of the scaffolding questioning strategy on
learning performance in the augmentation-enhanced learning context. A learning
unit of IP addresses was chosen as the topic.

6.3.1.1 Participants

A total of 80 students were recruited to participate in this instructional experiment.
The participants were randomly assigned to two groups with or without construc-
tive feedback strategy respectively. A pre-test as well as a post-test included 20
question items, which were used for assessing students’ prior knowledge and
learning performance, respectively.

6.3.1.2 System Design

In application 1, a self-owned digital content distribution server was deployed to
manage updates of supplemental materials, video lectures, and self-evaluation
quizzes (Fig. 6.2). The digital content can be accessed through a smartphone by
decoding a QR code printed on paper-based materials (Fig. 6.3). Supplemental
materials were additional/up-to-date information not included in the paper-based
materials. Video lectures consisted of instructional recordings made by instructors

Fig. 6.2 The smartphone accessible digital content
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for further elaborations of the learning topic. Self-evaluation quizzes provided by a
computer-supported learning system are capable of facilitating learners’ reflection
(Whitelock 2009; Whitelock and Watt 2008).

Application 1 used the self-evaluation quizzes to assess how well each learner
learned with the strategy of constructive feedback. Two types of constructive
feedback (Fig. 6.4) was automatically generated and provided timely to each learner
based on the learning activity and the result of self-evaluation quizzes. Such fast
delivered learning assistances benefit learners when learning a new concept
(Timmers and Veldkamp 2011; Whitelock et al. 2010). One is to suggest unread

Fig. 6.3 A decoding process to play a video lecture

Fig. 6.4 Examples of the constructive feedback to a learner
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digital content which may be visited. The other is to make a recommendation
according to the result of self-evaluation quizzes for further understanding the
unclear concepts. Learners can easily and quickly access the constructive feedback
provided by the learning system (Fig. 6.5).

6.3.1.3 Experimental Procedure

The chosen learning topic requires certain prior knowledge to comprehend the
advanced materials. Therefore, a total of 80 students were recruited from two
computer networking courses for this instructional experiment. They were 47 male
(58.75 %) and 33 female (41.25 %); 45 % was undergraduate students and the rest
were graduate students. The experimental procedure included five steps. Firstly,
participants were given orientation and briefed about the experiment. Secondly,
participants took a pre-test. Thirdly, participants hold a smartphone and received
paper-based materials. Fourthly, participants studied the learning unit regarding IP
address. One group was with constructive feedback; the other was not. Finally,
participants took a post-test. The entire experiment took 110 min.

6.3.1.4 Result

A statistical test was conducted to examine the main effect of constructive feedback
on learning performance. The findings revealed that the strategy of constructive
feedback had a significant influence on learning performance (F = 5.647, p = 0.02).
The strategy of constructive feedback can help learners improve their learning
outcomes in the augmentation-enhanced learning context.

Fig. 6.5 Accessing constructive feedback through a smartphone
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6.3.2 Application 2: Self-learning with Scaffolding
Questioning

The second application was designed for self-learning with the support strategy of
scaffolding questioning (Chen et al. 2011). An instructional experiment was con-
ducted in a university course entitled Advanced Business English and Communi-
cations to evaluate the effectiveness of the scaffolding questioning strategy on
learners’ English reading comprehension in the augmentation learning context.

6.3.2.1 Participants

A total of 77 students (8 sophomores, 14 juniors, 9 seniors, and 46 graduate students)
were recruited to participate in this instructional experiment. The participants were
randomly assigned to two groups with or without scaffolding questioning strategy
respectively. A pre-test and a post-test were used to evaluate the change of students’
reading comprehension. The pre-test had a total of 12 comprehension questions for
two articles before the instructional experiment. The post-test had 18 comprehension
questions for the other two articles after the instructional experiment.

6.3.2.2 System Design

In application 2, a self-owned digital content distribution server was deployed to
deliver the pre-designed digital content, including additional learning materials and
scaffolding questions. QR codes printed on paper-based materials were used to help
learners quickly access digital content. Articles, selected from textbooks as the
reading materials, were further rearranged along with QR codes for this instruc-
tional experiment (Fig. 6.6). The main text was represented on the left side of a
page. The QR codes were printed on the right side of the page according to the
availability of the supplementary digital content related to the main text. If the
digital content was available, related words of the main text were highlighted in
yellow color with different colors of QR codes and different types of icons.

Fig. 6.6 The QR codes
printed on the paper-based
materials
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The strategy of scaffolding questioning provided learners with question-based
digital content along with QR codes, printed at the center of the page. The locations
of the QR codes were before the first paragraph, in-between paragraphs, and after
the last paragraph for pre-reading, during-reading, and post-reading questions,
respectively. These scaffolding questions were designed to facilitate students’
understanding of the learning materials. Figure 6.7a shows the QR code for pre-
reading questions. Pre-reading questions were used for briefing the key points to
students before reading the article, and students can receive the pre-reading ques-
tions using a smartphone to quickly finish the decoding process (Fig. 6.7b).

After students read a certain part of the main text (e.g., a paragraph), the during-
reading questions were given to students for helping them reflect on what had been
read and evaluate how well they comprehend the content they read (Fig. 6.8a). A
few multiple-choice questions were showed on the smartphone one by one after the

Fig. 6.7 a A QR code for a pre-reading questions. b A pre-reading question shown in the
smartphone

Fig. 6.8 a A QR code for a during-reading question. b A during-reading question shown in the
smartphone. c System feedback after students gave their answer
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decoding process of the QR code (Fig. 6.8b). Students could continue to read the
next paragraph when they answered the question correctly. If they had a wrong
answer, the learning system would prompt them to read the related paragraph(s)
again or provide them associated digital content for further clarification (Fig. 6.8c).

After students finished the whole main text, the last page of the paper-based
materials only printed a QR code of the post-reading questions (Fig. 6.9a). These
post-reading questions, which were accessed through scanning the QR code, helped
students review what they have learned (Fig. 6.9b), and then the learning system
would give them corresponding suggestions based on their answers (Fig. 6.9c).

6.3.2.3 Experimental Procedure

Participants took a 15-minute pre-test at the beginning of the instructional experi-
ment. Then, a 10-minute briefing and instruction on the experimental procedure and
learning system operation were given. All participants were then randomly assigned
to the two groups with or without scaffolding questioning strategy respectively.
Each participant received paper-based materials and a smartphone. The reading
activity lasted 50 min and then participants took a comprehension test (i.e., post-
test). The total length of the instructional experiment was 90 min.

6.3.2.4 Result

A statistical test was conducted to examine the main effect of scaffolding ques-
tioning on learning performance of English article reading. The results suggested
that the reading strategy of scaffolding questioning significantly improves students’
understanding of the English reading materials (F = 4.15, p = 0.04). The strategy of
scaffolding questioning can help learners improve their English reading perfor-
mance in the augmentation-enhanced learning context.

Fig. 6.9 a A QR code for an post-reading question. b An post-reading question shown in the
smartphone. c System feedback after students gave their answer
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6.3.3 Application 3: Collaborative Learning with Procedural
Scaffolding

The third application was designed for collaborative learning with the support
strategy of procedural scaffolding (Huang et al. 2012). An instructional experiment
was to evaluate the effectiveness of using procedural scaffoldings in fostering
students’ team’s discourse levels and individual learning performance in the aug-
mentation-enhanced learning context.

6.3.3.1 Participants

A total of 60 students, 27 males and 33 female, were recruited from a university to
participate in this instructional experiment. The participants (11 undergraduates and
49 graduate students) were randomly assigned to two groups with or without
procedural scaffolding strategy respectively. The participants self-selected their
teams. Two groups of 10 teams were formed to proceed with the collaborative
learning activity in this instructional experiment.

6.3.3.2 System Design

In application 3, a self-owned digital content distribution server was deployed to
deliver the predesigned digital content and to record the responses of individual
learners and teams. QR codes printed on paper-based materials were used to help
learners quickly login to the learning system (Fig. 6.10), access digital content

Fig. 6.10 The cover page of
the paper-based materials
with a login QR code for the
collaborative learning activity
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(Fig. 6.11), and enter the responses of individual learners and teams (Figs. 6.12 and
6.13). The learning unit in this instructional experiment was theory of long tail for
collaborative learning.

One type of the QR codes printed on the paper-based materials was to provide
supplementary digital content (Fig. 6.11a). After the decoding process, options of

Fig. 6.11 a A QR code printed on the paper-based materials for accessing the digital content.
b A list of available options of digital content. c A screenshot of playing a supplementary video for
elaborating theory of long tail

Fig. 6.12 a Two questions for learners with a QR code to enter individual responses.
b A screenshot after decoding process. c A smartphone interface for entering responses in Chinese
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the supplementary digital content related to the learning materials of the scanned
page were available (Fig. 6.11b). Figure 6.11c shows an example that a learner
decided to play a supplementary video for further elaborating the theory of long tail.

The strategy of procedural scaffolding includes three steps, problem statement,
individual response, and group discussion. In the problem statement step, questions
regarding the read learning materials were given to help learners reflect what they
have learned and stimulate their deep thinking (Fig. 6.12a). In the individual
response step, participants in the group with procedural scaffolding were asked to
answer the questions (Fig. 6.12b) and to enter the individual responses to the
questions after scanning the QR code (Fig. 6.12c). All the individual responses
were stored in the learning system simultaneously. Participants in the group without
procedural scaffolding did not enter or receive any information about other team
member’s answers on their smartphone screen. In the group discussion step, every
team member scanned the QR code to initiate a group discussion (Fig. 6.13a).
Every team started discussing (Fig. 6.13b) and negotiating (Fig. 6.13c) each team
member’s responses. All team members’ answers were showed on the each team
member’s smartphone screen. Participants in the group without procedural scaf-
folding only had verbal discussions in this step. All teams’ responses were recorded
on a paper-based team learning sheet.

6.3.3.3 Experimental Procedure

A pre-test was conducted to evaluate the participants’ entry-level performance on the
concept of long tail theory. Then, all participants at-tended a 15-minute training
session to learn how to use a smartphone to scan aQR code printed on the paper-based
materials. No additional instruction or support was provided at the beginning of the
instructional experiment. After participants completed the pre-test, they were

Fig. 6.13 a A QR code for starting a collaborative discussion in a team. b A screenshot after
decoding process. c Team members’ responses to the question
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randomly assigned to two groups with and without procedural scaffolding strategy
respectively. All participants then read a four-page paper-based materials on the long
tail effect for 15 min. After reading, participants in the group with procedural scaf-
folding strategy were asked to enter individual and team responses for 30 min. Par-
ticipants in the other group had 15 min because they only had to enter team’s
responses. Before ending the instructional experiment, all teamswere required to hand
in their paper-based team learning sheets and then completed a 20-minute post-test.

6.3.3.4 Result

Statistical tests were conducted to examine the main effect of procedural scaffolding
on collaborative learning. The findings suggest that participants in the group with
procedural scaffolding strategy achieved better team’s discourse levels (test 1: χ2

(3, 192) = 9.15, p = 0.027; test 2: χ2 (3, 234) = 15.09, p = 0.002), team’s learning
performance (t = 2.68, p = 0.015), and individual learning performance (F = 9.68,
p = 0.003).

6.4 Implications for Educational Practices

The augmentation-enhanced learning context with three strategies (i.e., constructive
feedback, scaffolding questioning, and procedural scaffolding) can positively con-
tribute to personal learning and collaborative learning. A seamless integration of
supplementary digital content into paper-based materials was proven to improve
learning performance on personal and collaborative reading activities.

For personal learning, the augmentation learning context with constructive feed-
back and scaffolding questioning strategies is suitable for helping learners in
reviewing a lesson. The advancement of mobile technologies makes a smartphone
affordable for daily communication with family, friends, and so on. By well-utilizing
the functionalities of a handy smartphone, educational practitioners can further add
values to extracurricular learning activities. No additional hardware is required for
learners to buy in. A smartphone, the Internet access device, can help learners retrieve
a lot of supplementary digital content. Although the mobile devices are already there,
learners still need a well-design instructional activity to form an authentic augmen-
tation-enhanced learning context. Thus, instructors have to provide learners adequate
paper-based materials with effective supplementary digital content using right strat-
egies for delivering knowledge and improving learning performance. The QR code
printed on the paper-based materials can be regarded as a portal to access the digital
content. Instructors can keep updating the latest digital content to the Internet without
reprinting a new QR code to each individual learner. Learners, who already have the
paper-based materials, can learn with the latest supplementary digital content easily.

For collaborative learning, this chapter suggests that educational practitioners
can apply procedural scaffolding strategy to facilitate a team’s discourse levels and
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learning performance (i.e., individual and group). Literature suggests that effective
group discussion require appropriate guidance, instruction, and training (Blatchford
et al. 2003; Chen et al. 2011; Nussbaum et al. 2009; Pea 2004). The result of
application 3 shows that a team’s collaborative discussion was not satisfactory
because the team members did not have a chance to reflect on the reading materials
before the discussion. Obviously, procedural scaffolding strategy (i.e., thinking
before talking) can facilitate collaborative discussion and learning in a well-pre-
pared condition.

Instructors can refer to the applications to design different representations of the
paper-based materials and the digital content. Applying the strategies of con-
structive feedback, scaffolding questioning, and procedural scaffolding in authentic
learning environments is also worth investigating, such as nature science obser-
vation activities. Instructors can pre-design paper-based materials with supple-
mentary digital content for indoor or outdoor observational activities. Then, learners
can situate themselves in a real environment and learn in such an augmentation-
enhanced learning context. More personalized feedback and questions can be
applied for instructors to utilize the augmentation-enhanced learning context in the
future instructional designs. Learners’ characteristics, such as longitudinal learning
portfolio, learning style and cognitive style, can also be the basis of the provision of
the personalized feedback and questions.

6.5 Conclusion

This chapter proposes an augmentation-enhanced learning context for paper-based
content integrated with digital learning supports using smartphones. Three strate-
gies are designed and implemented for real educational practices that have been
observed to enhance individual learner’s reading comprehension and a team’s
discourse levels for specific subjects. The way of integrating paper-based content
with digital learning supports using smartphones has been demonstrated to be a
well-structured design and effective for enhancing learning performance.
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