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a b s t r a c t

Education is one of the most important elements in our lives, as is provides a direct gain in
knowledge. Thus, in order to provide better academic achievement, more and more
instructors are adapting collaborative learning to their classes. Collaborative learning, by
definition, means that students have to become socially active and achieve learning goals
in a group-based environment. The benefits of collaborative learning include learning con-
cepts more effectively, encouraging more participation, improving learning satisfaction,
developing teamwork skills, and promoting higher-order thinking. However, it is difficult
to apply collaborative learning because students tend to engage passively with traditional
lectures. As a result, interactive technologies such as clickers have been applied to increase
interactive learning and raise the rate of interaction. Nevertheless, these interactive tech-
nologies still have some limitations, such as limited mobility, high costs, setup issues, tech-
nical difficulties, and little support of higher-order thinking skills.

Technology is accelerating at an exponential rate, so almost every student now lives with
a smartphone. Therefore, we have designed the Smartphone-Supported Collaborative
Learning System (SSCLS), which includes the MyResponse mobile app and the Delphi
method. SSCLS not only addresses the limitations of mobile technologies, but also achieves
collaborative learning.

In this study, we first provide detailed implementation of MyResponse mobile app and
explain how we apply it to increase the rates of in-class participation and interaction. Next,
we describe how we apply the Delphi method to develop students’ knowledge and pro-
mote higher-order thinking. Then, we explain how we utilize SSCLS in a course to achieve
five cognitive processes from Bloom’s revised taxonomy and facilitate the construction of
knowledge. Furthermore, we ask students to evaluate their experiences and provide feed-
back about SSCLS. Based on students’ overall feedback, we finally conclude that SSCLS can
support collaborative learning.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

For decades, traditional lecturing has used an instructor-oriented approach, where the majority of the class time depends
on the instructor’s delivery of knowledge. The drawback of such lecturing is that there is little interaction between instructor
and students, as students tend to engage only passively with the material. Interactive lecturing, on the other hand, includes
short activities that allow students to recall and enhance their knowledge. The benefits of interactive lecturing include
greater in-class engagement and collaborative learning. Collaborative learning, by definition, means that students achieve
their learning goals via a group-based approach (Dillenbourg et al., 1996). Some benefits of collaborative learning include
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enhancing learning satisfaction, promoting positive attitudes toward subject matter, improving students’ teamwork skills,
encouraging more in-class participation, promoting greater in-class attention, creating more in-class interaction, and devel-
oping higher-order thinking (Srinivas, 2014; Johnson, 1991).

Since technology has become integrated into in our daily life, interactive lecturing with technology has become a ground-
breaking advancement in education. According to Kuh and Hu (2001), technology has been proven to improve learning
outcomes and engagement. SMART Clickers (Caldwell, 2007), interactive devices that allow students to respond to a multi-
ple-choice questions, have been widely employed to promote greater interactive learning and effective communication
(Beekes, 2006). Other technologies such as CSCL (computer-supported collaborative learning) are used to support group col-
laboration and achieve collaborative learning (Stahl et al., 2006). Nevertheless, these technologies still have some limitations
such as limited mobility, high costs, setup issues, technical difficulties, and limited support of higher-order thinking skills.

According to some recent studies (Cisco, 2014), almost 7 billion mobile devices exist on the planet. Most students in post-
industrial countries live with such devices and use them extensively. Thus, more and more education-related mobile apps have
been developed to promote students’ overall learning. On the other hand, some scholars (Meyers et al., 1993; Cheong et al.,
2012; Dangel and Wang, 2008) believe that higher-order thinking, which facilitates students’ knowledge development, is an
important concept in education. Thus, it is important to develop these mobile apps and carefully utilize them with collabora-
tive learning theories to support higher-order thinking, and eventually to achieve collaborative learning (Cheong et al., 2012).

The main purpose of this paper is to present the design of a system named Smartphone-Supported Collaborative Learning
System (SSCLS) that includes both a mobile app (MyResponse) and the Delphi method (Linstone et al., 2002; Cheong et al.,
2012) to achieve collaborative learning. Our contribution includes: (1) applying mobile technologies (mobile phones, mobile
apps, and servers) in the classroom, (2) developing a user-friendly mobile app to encourage greater in-class participation, (3)
accepting text and choices answers from multiple-choice questions, (4) using the Delphi method to promote higher-order
thinking, (5) using SSCLS to promote five cognitive processes from Bloom’s revised taxonomy (Krathwohl, 2002; Cheong
et al., 2012), (6) increasing collaborative learning, and finally, (7) having students to participate and evaluate our SSCLS.

We first discuss the related work in Section 2. In Section 3, we introduce the overall framework of SSCLS. Next, we provide
the user interface in Section 4. We then explain how we utilize SSCLS to support collaborative learning in Section 5. After that,
we discuss the evaluation of SSCLS in Section 6. Finally, we conclude our work and discuss possible future work in Section 7.

2. Related work

We discuss some relevant work that supports: (1) collaborative learning, and (2) mobile-supported collaborative learning
in the subsections below.

2.1. Collaborative learning

Collaborative learning means that students learn material and achieve academic goals along with their peers. According
to Caldwell (2007) and Pollock (2006), collaborative learning improves test results and promotes students’ interest in learn-
ing. Moreover, Kirschner (2001) believes that collaborative learning is a shift from traditional instructor-oriented lecturing to
interactive student-oriented lecturing, which includes social learning, active learning, and constructive learning. Hake (2002)
and Gabbert et al. (1986) note that group discussions help students learn better, understand subject matter more quickly,
and become more engaged in the class. In addition, Sharan (1980) finds that students’ overall learning motivation increases
when they collaborate with others.

Most scholars believe that social interaction a key component in collaborative learning, and there is a large benefit to
applying collaborative learning. According to Vygotsky (1980), social interaction is fundamental because students develop
cognition through social interaction. Other scholars (Gokhale, 1995; McLoughlin et al., 2000; Newman et al., 1995) believe
that collaborative learning strengthens critical thinking and deep learning, as critical thinking encourages students’ judg-
ment and problem-solving skills. Moreover, Barron (2003) believes that overall learning performance is related to students’
interaction with their peers. In addition, Totten et al. (1991) hold that collaborative learning helps students to retain infor-
mation longer than traditional lecturing does.

Delphi method (Linstone et al., 2002; Cheong et al., 2012), a structured communication technique that can provide more
in-class attention and better communication skills. Briefly, the method iteratively involves asynchronous communication
processes and helps students to solve a problem. The benefits of adopting the Delphi method are: (1) structuring the infor-
mation flow, (2) iteratively obtaining feedback, and (3) having students participate anonymously. The Delphi method works
as follows: (1) the instructor creates a question; (2) students submit their answers; (3) the instructor displays the overall
results to the entire class; (4) the instructor facilitates a brief discussion if necessary; (5) instructor asks students to modify
and re-submit their answers as appropriate. The cycle ends when the instructor believes that most of the students have
reached some agreement. Then the instructor moves on to another topic/question and repeats the steps.

According to Krathwohl (2002) and Cheong et al. (2012), Bloom’s revised taxonomy is a well-known framework that
classifies how students should learn as a result of instruction. The purpose of Bloom’s revised taxonomy is to promote higher
forms of thinking in education, such as analyzing and evaluating concepts rather than simply remembering knowledge. Fig. 1
shows Bloom’s revised taxonomy, which includes six learning skills from lower-order thinking to higher-order thinking
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