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a b s t r a c t

This study is to demonstrate the impact of different teaching strategies on the learning performance of
environmental education using quantitative methods. Students learned about resource recycling and
classification through an instructional website based on the teaching tool of WebQuest. There were 103
sixth-grade students participating in this study and broken down into three groups: traditional
instruction, traditional instruction with WebQuest and WebQuest instruction with outdoors. The major
contribution of this study is the introduction of WebQuest into the outdoor instruction. The results of this
study show that using WebQuest in outdoor instruction influences students’ learning performance
positively. Two other interesting results are: (1) when WebQuest was used in real situations, students
could acquire more knowledge and experiences, and (2) in the learning activity of the experiment, the
students accomplished different learning tasks and expressed their own opinions and perspectives,
which could foster their critical thinking skills. On the other hands, the students in outdoor situation
could be positive to participate in learning activity; furthermore, they could ponder the learning contents
by observing the real context and then they began to classify/categorize the resources. These findings
will contribute to the development of teaching and learning for government, schools and teachers; for
instance, teachers act as assistants or tutors and provide students with others public network resources,
including PDAs, smartphones, tablet personal computers or the Internet, to improve their learning in
outdoor learning environments, such as campus, museums or zoos.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Many studies on m-learning have been provided and applied to a variety of outdoor learning settings, such as museums, botanical
gardens or other appropriate settings (Akkerman, Admiraal, & Huizenga, 2009; Chen, Kao, & Sheu, 2003; Chu, Hwang, Huang, & Wu, 2008;
Wishart & Triggs, 2010). Students participating in an m-learning environment can enhance their learning performance (Chen, Chang, Lin, &
Yu, 2009; Liu, Tan, & Chu, 2009) and improve their creativity (Cavusa & Uzunboylu, 2009). Much research has shown that the mobile device
as a mobile guide can help child to increase their environmental or geographical knowledge and their motivation to engage in learning
activities (Akkerman et al., 2009; Chen, Chang, Li, & Li, 2008; Ruchter, Klar, & Geiger, 2010; Uzunboylu, Cavus, & Ercag, 2009).

However, it is not enough to establish m-learning for use in the outdoor education environment because m-learning is a relatively new
tool in the pedagogical arsenal and it helps students and teachers navigate the options available in the expanding world of distance learning
(Liaw, Hatala, & Huang, 2010). An entire outdoor education environment requires a set of learning activities that allow students to
participate in the process of learningmore easily. These learning activities include complex cognitive and social processes that are necessary
in order to interact with the world around them.

WebQuest is treated as “an inquiry-oriented activity in which some or all of the information that learners interact with comes from
resources on the Internet, optionally supplemented with videoconferencing” (Dodge, 1997). Many studies have demonstrated that Web-
Quest can improve students’ learning abilities by promoting cooperative learning and allocating individual roles to students that requires
them to share their different results within a small-group context (Pelliccione & Craggs, 2007). Through this process, students can obtain
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learning resources immediately, learning the skill of inquiry; furthermore, information overload can be reduced (Milson & Downey, 2001). In
other words, WebQuest not only challenges students to search for information but also puts emphasis on fostering the students’ abilities to
analyze, integrate, evaluate and solve problems (Dodge, 2001). Furthermore, students can debate issues, participate in meaningful
discussions, engage in role-play simulations and, most importantly, become connected and involved learners (Watson, 1999).

AWebQuest can be thought of as a micro-world, where students explore an issue in a learning environment that is both cooperative and
contextual (Kundu & Bain, 2006). However, the majority of projects was implemented in the classroom, such as Chan (2007), Chang and
Chang (2007), Chuo (2007) and Gaskill, McNulty, and Brooks (2006).

The aim of this study, based on the above considerations, was three-fold. First of all, a series of teaching scenarios of WebQuest were
designed to support outdoor education engaging with these concepts of a pedagogical model. The concepts of the pedagogical model were
based on learner-centered, collaborative and self-presentation concepts incorporating with mobile technologies and online learning
resource. Secondly, the learning activity was integrated into a course in sixth-grade education. The course includes (1) the descriptions of
environmental problem and protection and (2) the conditions and procedure of the resource classification. Finally, an empirical study was
conducted to evaluate students’ the learning performances and overall perceptions on the WebQuest activities in the outdoor education.

This study adopted an innovative approach by using a teaching scenario of WebQuest and mobile technology in outdoor education envi-
ronment to examine the effect upon the environmental education. The studyalso seeks to explore participants’ learningperformanceand collect
their opinions on their learning experience in the teaching scenario. Three research questions raised fromprevious studies are given as follows:

1. Does the specially designedWebQuest enable the participants to get better learning performance in a unit called Resource Recycling and
Classification in the outdoor education environment?

2. Do different learning settings make an impact on the students’ learning portfolios and participation levels?
3. Does there exist a causal relationship between the students’ satisfaction and their learning performances, and can the relationship be

verified?
2. Theoretical framework

Dale (1969) addressed that children’s study should be from concrete experience, such as direct experiences (real-life experiences),
contrived experiences (interactive models), and dramatic participation (role plays) to abstract thinking. Outdoor education provides
learners with first-hand and concrete experience, which connects the learner with real people and real issues (Higgins & Nicol, 2002). Knapp
(1996) and Woodhouse & Knapp (2000) advanced the theory that outdoor education aims to provide learners with meaningful contextual
experiences by using both natural and constructed environments. This method further gives teachers and students an opportunity to
complement and expand classroom instruction that is apt to be dominated by print and electronic media.

The outdoor environment is the one which is most neglected by teachers, curriculum developers, and researchers (Biggs & Tap, 1986;
Orion & Hofstein, 1994). Numerous studies (Fido & Gayford, 1982; Tilling, 2004) reported that teachers tended to prevent outdoor activi-
ties from occurring because they were unfamiliar with the philosophy, technique, and organization of field trips. Additional, when carrying
out outdoor education, teachers must take the risk and safety of students into account (Brookes, 2002) and consider appropriate teaching
materials, which often impedes effective instruction (Yi-Ju, 2000).

Ubiquitous computing and mobile technologies offer much scope for designing innovative learning experiences that can take place in
a variety of outdoor and indoor settings (Rogers et al., 2005). Mobile learning (m-learning), is one feasible solution to the challenges of
outdoor instruction because it has the handheld feature of portability, social interactivity, context sensitivity, connectivity and individuality
(Klopfer, Squire, & Jenkins, 2002). Chen et al. (2003) put forth the theory that the m-learning environment has six unique characteristics: (a)
urgency of the learning need, (b) initiative of knowledge acquisition, (c) mobility of the learning setting, (d) interactivity of the learning
process, (e) situating of the instructional activity, and (f) integration of the instructional content. Based on the m-learning environment, the
teacher or manager can establish a new outdoor education environment.

Dodge and March developed WebQuest in 1995 at San Diego State University. WebQuest can be broken down into two parts: Web
consisting of a network that includes a website and the Internet, and Quest, which is the concept of discovery, exploration and inquiry
(Chang & Chang, 2007). It is designed to provide students with an independent or small-group activity that incorporates research, problem-
solving and the application of basic skills (Kelly, 2000; Yoder, 1999). The Internet is usually the chief information resource for WebQuest,
although other, more traditional resources, such as newspapers and journals, can also be used (Warters, 2000).

The advantage of m-Learning is that learning experiences can be quickly accumulated to form complete and accurate knowledge, since all
students can continuously observe, contact and experience meaningful contextual experiences. The advantage of WebQuest is that it fosters
the students’ abilities of learning by allowing them to search for the information needed to complete a task in a way that challenges their
intellectual and academic ability rather than by Internet skills alone (Vidoni &Maddux, 2002). Therefore, IntegratingWebQuest withMobile
Learning can bring new learning experience to students and enhance their learning skills.

3. Method

The approach of this study adopted the experimental design of a nonequivalent pre-test–posttest control group. The period of the
experiment was from March 2009 to April 2009. The experimental procedure is described as follows and is shown as Fig. 1:

- Pre-examination: All students took a pre-examination at the beginning of the course. The pre-examination was used to obtain the
students’ base levels of knowledge and their understanding of the learning topics.

- Learning activity: The students of this experiment were separated into three groups to participate separately in three different teaching
methods with some learning objects and tasks. The results of these tasks were recorded with a quantitative value as the participants’
learning portfolios.
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Fig. 1. Experimental design processes of two control groups and experimental group.
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- Post-examination: After the learning activity was completed, all of the students took a post-examination in order to measure their
understanding of the topics, that is, in order to quantify the range of their knowledge changes. But the content of post-examination is
different from pre-examination. There was an interval of five weeks between the pre-examination and the post-examination. Partic-
ipants were also asked to fill out a questionnaire in order to track their system usage, satisfactionwith the system and learning behavior.

- Data analysis: After the experiment, we analyzed the students’ learning performances, learning portfolios and overall system
satisfaction.
3.1. Environmental education as experimental course

The goal of environmental protection is to prevent damage by early recognition of possible hazards (Brunner & Baccini, 1992). An
understanding of the complexities of the interrelationships between the natural environment and human activity is said to be a necessary
condition for the maintenance and improvement of environmental quality (Chan, 1996). Thus, one of the principal goals of environmental
education is to develop the responsible environmental behavior of people (Ramsey & Hungerford, 1989).

To improve and promote peoples’ environmental knowledge, attitude and behavior, many studies applied different teaching or training
methods in different places. Ajiboye and Silo (2008) improve Botswana Children’s environmental knowledge, attitudes and practices
through the School Civic Clubs. Uzunboylu et al. (2009) integratedmobile technologies, data services, andmultimedia messaging systems to
increase students’ use of mobile technologies and to develop environmental awareness. The results in these studies indicated that the
environment-awareness of participants increased significantly, and attitudes toward maintaining clean environments and preventing
pollution improved.

A unit called Resource Recycling and Classification in environmental education was used during the study as experimental course. In
2003, a grade-1-through-9-curriculum guideline in Taiwan was promulgated and environmental education was viewed as one of six major
topics by the Ministry of Education. The teaching materials were created based on curriculum guideline of environmental protection (refer
to http://www.edu.tw/eje-/content-.aspx%3Fsite_content_sn¼15326). This study combines a teaching scenario of WebQuest with mobile
technology in the outdoor education environment to improve and promote students’ environmental knowledge, attitude and behavior.

3.2. Subjects

One hundred and three sixth-grade students in a public school in Tainan, Taiwan, participated in this study, and their ages ranged
from 11 to 12, as shown in Fig. 1. These participants were separated into three groups: the experimental group included 35 students, the
first control group was composed of 34 students, and the second control group consisted of 34 students. The teacher for each of the
three groups was the same throughout the study. The participants of the experimental group used WebQuest in an outdoor education
environment, and the teaching activities occurred at the treasure house in the elementary school. The first control group underwent
traditional teaching in the classroom, and the second control group underwent traditional classroom teaching combined with
WebQuest.

Before analyzing the research hypotheses, we examined the level of knowledge about environmental protection in each of the three
groups by using one-way ANCOVA (Analysis of Covariance), and we found it to be equivalent among the groups. The results of the pre-
examination showed that the experimental group (M ¼ 49.89, SD ¼ 9.471), the first control group (M ¼ 47.26, SD ¼ 8.113) and the second
control group (M ¼ 50.12, SD ¼ 8.559) had no significant differences between them (F ¼ .638, r ¼ .530 > .05).

http://www.edu.tw/eje-/content-.aspx%253Fsite_content_sn=15326
http://www.edu.tw/eje-/content-.aspx%253Fsite_content_sn=15326


C.-S. Chang et al. / Computers & Education 57 (2011) 1228–1239 1231
3.3. The design of learning content

The teaching goals and learning contents were different for each week, as depicted in Table 1.

3.4. Instruction design

3.4.1. Traditional teaching
Students in the traditional classroom learned about resource recycling and classification by way of lectures. During the lecture, students

presented the teacher with a problem concerning resource recycling and classification and the teacher answered the question directly. In
addition, the teacher showed relevant films about environmental protection and resource recovery. The goal was to give students a deeper
understanding of the importance of resource recovery. The teacher needed to spend one or 2 h instructing the learning content of resource
recycling and classification every week.

3.4.2. WebQuest teaching
Both the second control groupandtheexperimental groupusedaWebQuest teachingwebsite thatwasestablished for this study. Thedesign

of the WebQuest teaching website consisted of six modules, including Introduction, Task, Process, Resources, Evaluation and Conclusion. The
samecontents of thiswebsitewereusedbyboth theexperimental groupand the second control group. Thedifferencesbetween the twogroups
were the setting inwhich the instruction took place and the learning tools utilized. To be precise, the learning activities for the second control
group took place in the computer-classroom using computers. Through Internet, the participants can gather the information of resource
recovery and classification. On the other hand, the experimental group participated in the learning activities to enforce the resource recycling
and classification in the treasure house, using both PDAs (to gather information), as shown in Fig. 2(a), and computers (to create a PowerPoint
presentation and awebsite). Students could discusswith themembers of group and execute the resource recycling and classification as shown
in Fig. 2(b and c). A lot of posterswas put up on the treasure housewith the recovered and classifiedmethod of resource and the treasure house
can allow student learn how to carry on resource recovery and classification. Ramsey (1993) indicate that integration of issue instruction and
action training in school course would seem likely to achieve the goal of citizen participation in environmental issue remediation.

3.5. WebQuest learning activities

The procedures of the WebQuest learning activity were designed in accordance with the six major components of WebQuest advanced
by Dodge (1995). The explanation of each step follows and is shown in Fig. 3:

- Introduction: This study chose a unit called Resource Recycling and Classification in the Natural Science & Life Technology curriculum
for students. This study used some animation designed and implemented by Flash MX to explain the concepts of the unit and learning
objectives (as shown in Table 1). The goal was to capture the students’ attention and interest on this topic.

- Tasks: The three tasks in the experiment were designed and implemented by two professional teachers. Students needed to complete
three tasks in turn, including a learning sheet, a briefing, and the construction of a website.

- Processes: Each task includes a learning process.
1. Learning sheet: The learning sheet, which included four topics and based on the learning objective 1, was designed by two

professional teachers of Natural Science & Life Technology. Students, was divided into nine groups with three or four learning partner
each, needed to complete each topic in Fig. 2(b and c). This task was designed to allow the students to acquire knowledge quickly and
effectively and foster social intercourse and solving problemswith cooperation (Bruffee, 1984; Chatti, Srirama, Kensche, & Cao, 2006).

2. Briefing: This was an individual learning activity. Each student was required to create a PowerPoint presentation, according to a topic
which was based on learning objective 2 and assigned by the teacher, and to present the contents of the topic in the classroom as
shown in Fig. 2(d). The studies on PowerPoint presentation showed that students believed that they learned more from PowerPoint
presentation (Bartscha & Cobern, 2003; Lowry, 1999).

3. Website fabrication: This was an individual learning activity. Each student was required to create a website with contents that were
based on the learning objective 3 and included the method of work and suggestions for the need of resource recycling and
Table 1
The teaching goals and learning contents for the three experimental groups.

Learning
objects

Teaching goals Learning contents

Object 1 Let students know that the use of natural resources can improve
quality of life but also destroys the natural landscape and brings
about environmental pollution at the same time.

1. Animals and plants offer a source of food to people, and energy
and minerals supply food, clothing, transportation, etc.
for people’s daily lives.

2. Natural resources are not abundant and overuse will exhaust them.
Object 2 Let students learn the concept of resource recovery

so they can form habits of resource recovery and classification.
1. Realizing rubbish decrement and resource recovery so it

can be utilized again
2. Realizing the signs of resource recovery, the items of classification

and the channel of resource recovery.
Object 3 Let students understand that the earth’s resources are limited.

In addition to classifying resources, encourage them to defend
their beautiful home with concrete action.

1. Exploring why there are environmental problems produced and
how to reduce these problems.

2. Teaching students how to become green consumers and
discussing the green consumption principle.



Fig. 2. The learning status and process of the experimental group.
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classification. However, during this process, the students were allowed to discuss their findings with other students and were even
encouraged to browse through their classmates’ websites. To discourage the temptation to copy each other’s work, the students
understood that points would be deducted in the case of such behavior. The purpose was to enhance andmeasure the students’ skills
in information technology.

- Resources: After instruction, teachers were required to put the information presented in the lesson on resource recycling and classi-
fication into the WebQuest website, where the students could search for related information and content.

- Evaluation: This study used different evaluating scales to measure the quantity of students’works as depicted in Table 2. Two teachers
participated in the process of evaluation to measure the works. One teacher had a background in Natural Science & Life Technology and
the other teacher had a background in Computer Science. The item score was the average score graded by two teachers.

- Conclusion: Two Teachers were required to summarize each lesson in order to reinforce what the students learned so they could apply
the knowledge acquired to daily life. Besides, the teachers needed to point out each student’s advantages and disadvantages, according
to the results of implementing learning tasks.
Week 01 Week 02 Week 03 Week 04 Week 05

Introduction
Task 1 for 

Learning Object 1
Task 3 for Learning Object 2
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Fig. 3. The procedures of the WebQuest experiments in two groups.



Table 2
The performance indicators for rating scales.

Rating scales Performance indicators Description

Rating for learning
sheet(total score: 25)

The appearance of content (100%) To evaluate the level of the learning sheet, this study estimated the content
of the learning sheet because each group only answered some of the questions
by searching for the information on the WebQuest website.

Rating for
briefing(total score: 50)

The appearance of content (40%) To evaluate the level of the briefing, this study estimated it based on three performance
indicators because the briefing was an individual learning activity and each student
differed in his/her ability to collect and arrange information, design and refine the
PowerPoint, and present the oral report.

The skill of design
and completion (30%)
The presentation
of oral report (30%)

Rating for website
fabrication(total score: 50)

The appearance of content (60%) To evaluate the level of the website, this study estimated it from two indicators
because the briefing was an individual learning activity and each student differed
in his/her ability to collect and arrange the information, and design and refine the website.

The skill of design
and completion (40%)
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3.6. Research tools

A WebQuest teaching website was built to carry out the experiment, as shown in Fig. 4, and the pre- and post-examinations were
designed by the participating teachers. The questions of a questionnaire were designed based on the assessment of learner satisfaction was
provided by Wang (2003). The questionnaire using a 5-point Likert scale (from “1” being “strongly disagree” to “5” being “strongly agree”)
was used to evaluate whether the website content and learning activity of WebQuest satisfied the participants’ needs, in addition to
examining whether the usage of computers and e-learning captured the participants’ attention and enhanced their learning interest.

Three rating scales (from “1” being “very poor” to “5” being “very good”) as the performance indicators were designed to evaluate the
participants’ performance in those three tasks, as depicted in Table 2. These indicators, which revealed the results of students’ learning
processes in each task, were regarded as their learning portfolios and their participating levels.

This study used SPSS 12 as the analytic tool. Three statistic methods were adopted to analyze the data which was collected by test and
questionnaire. First, one-way ANCOVA was to analyze the difference of learning performance in the diverse learning groups. Second, the
method of k-means clustering was to differentiate the student’s participation levels from their learning portfolios. Finally, regression
analysis was to analyze the relationship between the students’ satisfaction and learning performances.
4. Results

4.1. The influence of learning strategies on the students’ learning performance

Different teaching strategies (traditional instruction, WebQuest with traditional instruction and WebQuest with outdoor instruction)
made an impact on the learning performance of environmental education for the students.

This study analyzed the differences between pre-examination, post-examination and learning strategies using ANCOVA in order to
eliminate the influence of the pre-examination. First, there was an interaction of minor degree between pre-examination achievement and
the learning strategies (F2, 100 ¼ 2.346, r ¼ .101), which showed that the regression slopes of the three teaching strategies were homoge-
neous. Since the homogeneity requirement wasmet, wewere able to carry onwith the ANCOVA analysis, as depicted in Table 3. Based on the
premise that the pre-examination achievement was the covariate (F1, 99 ¼ 17.621, r ¼ .000), the learning strategies showed a significant
difference in post-examination achievement (F2, 99 ¼ 22.764, r ¼ .000). This result shows that using WebQuest with outdoor instruction
leads to differences in learning performance, after removing the influence of the pre-examination. The post-hoc analysis for the learning
model showed that achievement in using WebQuest with traditional instruction and WebQuest with outdoor instruction was higher than
the achievement of traditional instruction alone. On the other hand, compared with the achievement of the second control group (Web-
Quest with traditional instruction), the experimental group (WebQuest with outdoor instruction) showed no significant difference
(r ¼ .056), although the experimental group did have a higher learning performance.
4.2. Comparison of learning portfolios between the two WebQuest teaching strategies

Different teaching strategies (WebQuest with traditional instruction and WebQuest with outdoor instruction) made an impact on the
students’ learning portfolios. The achievements of the first task, the second task and the third task in these two groups are regarded as
Fig. 4. The interface of the WebQuest website.



Table 3
ANCOVA results for assessment of post-examination achievement.

Teaching strategies Number of students Estimated marginal mean SD F-Value (p-value) Pairwise comparison

WebQuest with Outdoor Instruction 35 72.346 1.294 22.764a (.000) (1) > (3)a

(2) > (3)a

WebQuest with Traditional Instruction 34 67.930 1.316
Traditional Instruction 34 60.006 1.312

a *r < .05, **r < .01, ***r < .001.
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providing a comparative basis for the learning portfolios. Using an independent T-test, Table 4 illustrates the two groups in each learning
task and the differences between them. In Table 4, Exp represents the experimental group and Sec represents the second control group.

In the learning sheet task, compared with the achievement of the second control group (M¼ 17.057, SD¼ 2.912), the experimental group
(M ¼ 18.286, SD ¼ 1.775) showed a significant difference (t ¼ 2.106, r ¼ .04). In the briefing task, compared with the achievement of the
second control group, the experimental group showed no significant difference on three performance indicators. In the website task,
compared with the achievement of the second control group, the experimental group showed no significant difference on two performance
indicators.

4.3. The influence of participation levels on the students’ learning performance

The learning sheet task was a collaborative learning activity and therefore could not be cited as being covered by the indicators of the
participation levels. This study used the k-means clustering method to classify students into three clusters according to their performance
indicators. Three clusters with different levels of performance indicators were obtained, as depicted in Table 5, which explains their
characteristics. Cluster 1 represents the group of students at the high-participation level, cluster 2 represents the group of students at the
middle-participation level, and cluster 3 represents the group of students at the low-participation level.

This study used ANCOVA to treat pre-test scores as a covariate. There was an interaction of minor degree between pre-examination
achievement and the participation levels (F2, 66 ¼ .485, r ¼ .618), which showed that the regression slopes of the three teaching strategies
were homogeneous. Since the homogeneity requirement was met, we could carry on with the ANCOVA analysis, as depicted in Table 6.
Based on the premise that the pre-examination achievement was the covariate (F1, 65 ¼ 8.227, r ¼ .006), the participation levels showed no
significant difference for post-examination achievement (F2, 65 ¼ 2.971, r ¼ .058).

4.4. Analysis of satisfaction with the system and learning tasks

Factor analysis was adopted to analyze the questionnaire, with the questions having three main dimensions. Table 7 shows the factor
loadings for each of the three dimensions. Questions 1 through 4 were used to measure the satisfaction with learning tasks. Questions 5
through 8 were used to measure the usage behavior of computers and e-learning. Questions 9 through 11 were used to measure the
satisfaction with the system. Therefore, this questionnaire had good construct validity. Since Cronbach’s alpha value was .826 and higher
than .7, this questionnaire also had good reliability.

4.5. The relationship between the students’ satisfaction and learning performances

We used different independent variables combined to show the casual relationship between the students’ satisfaction, the task
performance and the learning performance. The performance indicators have been summed up and form the task performances. By using
the standard multiple regression procedures, path analysiswas adopted to analyze the casual relationship, and each dependent variable was
regressed on the variables that had causal paths leading to it. The bweights represented are illustrated in Fig. 5. First, the usage behavior of
computers and e-learning (t ¼ 2.984, r ¼ .004) and the satisfaction with the system (t ¼ 3.082, r ¼ .003) was related positively to the task
performance (F ¼ 6.734, r ¼ .001, adj-R2 ¼ .202). Second, task performance (t ¼ 3.082, r ¼ .003) was related positively to the learning
performance (F ¼ 4.497, r ¼ .003, adj-R2 ¼ 17.1%).
Table 4
The T-test results of the performance indicators of different tasks.

Rating scales Performance indicators Groups Mean SD T-Value (p-value)

Rating for Learning Sheet The appearance of content Exp 18.29 1.775 2.106a (.040)
Sec 17.06 2.912

Rating for Briefing The appearance of content Exp 10.60 3.574 .658 (.513)
Sec 10.89 2.832

The skill of design and completion Exp 8.91 2.811 .859 (.393)
Sec 8.38 2.296

The presentation of oral report Exp 8.83 2.905 .348 (.729)
Sec 8.62 2.074

Rating for Website Fabrication The appearance of the content Exp 14.00 5.83 .155 (.877)
Sec 13.79 5.139

The skill of design and completion Exp 10.03 3.585 .653 (.516)
Sec 9.50 3.116

a *r < .05, **r < .01, ***r < .001.



Table 5
The clustering analysis results of the performance indicators.

Cluster Rating for briefing Rating for website fabrication

The appearance
of content

The skill of design
and completion

The presentation
of oral report

The appearance
of the content

The skill of design
and completion

1 11.76 9.66 9.69 19.24 12.72
2 11.4 9.55 9.65 12.25 8.9
3 7.25 6.3 6.4 7.8 6.35
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5. Discussions

WebQuests were more effective than some other activities at supporting a higher cognitive presence, which was demonstrated by
Kanuka, Rourke, and Laflamme (2007). The results of students’ learning performance showed that there was an increase in students’
performance level when the students used the WebQuest. A great deal of research also reached the same finding (e.g., Chan, 2007; Chuo,
2007; Gaskill et al., 2006). Comparedwith the use of tradition instruction, in the learning activity ofWebQuest takes studentsmore time and
energy to finish the learning tasks, and makes them highly engaged in the use of higher order thinking skills (Perrone, Clark, & Repenning,
1996; Souers, Kauffman, McManus, & Parker, 2007).

Many researchers believed that knowledge was effectively acquired in real-life environments (authentic context) of social-cognition and
culture through problem-solving and social practice (Billett, 1996; Brown, Colllns, & Duguld, 1989; Schell & Black, 1997; Young, 1993). From
the results of the performance indicators, there were no significant differences in all learning tasks, except for the learning sheet task,
between the second control group and the experimental group. One of the possible reasons is that the experimental group completed the
learning sheet in the treasure house but the second control group did it in the computer-classroom. Consequently, the students of the
experimental group implemented the learning sheet with richer content by themeans of observing and practicing the processes of resource
recycling and classification. This revealed that students had better learning performance, and develops critical thinking skills while they
were situated in a setting reflecting the topic instruction (Cavusa & Uzunboylu, 2009; Yatani, Onuma, Sugimoto, & Kusunoki, 2004). On
contrary, under the same marking condition (marking PowerPoint presentation file and website in computer-classroom); there were no
differences in the performance in the tasks between the experimental group and the second control group.

Learning is a process inwhich knowledge is acquired through the transformative experience, according to the Learning-by-Doing theory
(Dewey, 1938; Kaagan, 1999). The results of the experiment demonstrate that combining the learning activity with outdoor instruction can
enhance students’ learning motivation, improve the participation degree, and enhance the learning performance. This finding is quite
similar to those of previous studies (Huang, Lin, & Cheng, 2010; Lai, Yang, Chen, Ho, & Chan, 2007; Liu & Chu, 2010). Although there were no
significant differences in the participation level between the groups, we found that increasing the achievement of students in learning
correlates with their participation degree positively. Additionally, concerning the high-participation level, the number of students in the
experimental group was larger than that in the second control group because building own multimedia works increased students’ moti-
vation and improved their learning attitude (Barbour, Rieber, Thomas, & Rauscher, 2009).

The results of the questionnaire indicated that the students thought accomplishing learning tasks could help them acquire more when
learning the course (Gwo-Jen,Wan-Ling, Po-Han, Yueh-Min, & Ya-Yan, 2010). Also, they thought that theWebQuest website could help them
search for relevant information quickly so it was a useful tool, and they further hoped they could use it in different disciplines. Furthermore,
they had a higher inclination to search for answers to their questions and to solve problems if using computers and e-learning. Prior research
has also found similar findings (e.g., Gaskill et al., 2006; Laborda, 2010; Leite, Vieira, Silva, & Neves, 2007).

The studywas further focusedon the relationship among the students’ satisfaction, task performance and learningperformance. The results
of this study indicated that when interested in using computer and e-Learning and satisfied with the function of the system in the outdoor
environments, the students could complete theirwork or tasks better andgethigher the sense of achievement. Prior studies pinpointed thatm-
Learning can help students perform on learning better (e.g., Cavus & Ibrahim, 2009; Huang et al., 2010; Liu et al., 2009). Greenwald andHedges
(1996) found that a broad range of resourceswere positively related to student outcomes; with appropriate expansion, resources can improve
the learning achievement of all students. On the other hand, there was not direct correlation between the students’ satisfactionwith learning
tasks andtheirperformanceof the tasks. That is, the students’performanceof the learning taskhadnothing todowith their satisfactionwith the
task. Similarly, Bean and Bradley (1986) found that learning performance had a strong positive effect on learning satisfaction. Even though the
participating studentswere satisfied and liked the learning activities ofWebQuest, but, many students in Taiwanwere short of participating in
the complicated learning activities, whereas they lacked the abilities to express opinions and to make a report about their learning process.

5.1. Limitations and future research

The WebQuest website was a teaching website; therefore, it could not trace data in the students’ learning portfolio, such as usage time
per week or usage frequency per week. This study attempted to use the performance indicators from the learning portfolios to analyze the
Table 6
ANCOVA results of post-examination achievement at different participation levels.

Cluster Groups Number of students Mean (SD) Estimated marginal mean SD F-Value (r -value)

High-participation level Exp 18 74.22 (6.17) 73.17 6.47 2.971 (.058)
Sec 11 71.45 (6.86)

Middle-participation level Exp 7 72.14 (6.18) 69.45 5.55
Sec 13 68.00 (4.81)

Low-participation level Exp 10 70.00 (7.75) 66.20 9.57
Sec 10 62.40 (10.06)

Annotation: Exp represents experimental group and Sec represents second control group.



Table 7
The students’ satisfaction with the system and learning tasks (N ¼ 69).

Dimension Question Mean SD Factor
loading

Eigen
value

Cumulative
variance

Satisfaction with
the learning tasks

I can enter the state of studying easily by achieving every task gradually. 4.10 .807 .549 4.308 35.157%
I clearly know the focal point of the study by achieving every task gradually. 3.94 .968 .734
The process of gradually finishing every task helps me to learn. 4.13 .821 .809
The process of gradually finishing every task captures my learning interest. 3.78 .937 .528

Usage behavior of
computers and
e-Learning

I am interested in using computer software and networks. 4.25 .812 .582 1.674 45.703%
I often use an e-learning platform or Computer-Assisted Instruction. 3.46 1.092 .495
When I have a question, I will look for the answer by using Internet
sites such as Google or Yahoo! Answers.

4.29 .941 .622

I have presented my own opinion or helped others to solve their problems
via blog or discussion forum.

3.57 1.23 .712

Satisfaction
with the system

I can reduce the time it takes to collect information from the Internet
by using the WebQuest website.

4.09 .836 .695 1.086 51.289%

I can learn more knowledge about resource recycling and
classification using the website.

4.23 .825 .589

I hope to apply this system in other disciplines. 4.07 .846 .547

The satisfaction with 
learning tasks

The usage behavior of 
the computer and e-

Learning

The satisfaction with 
system

Task
Performance

Learning
Performance

-.117

.325**

.340**

.143

-.199
.106

.434***

0.001***0.05,**0.1,<* < <

Fig. 5. The relationship of students’ cognitions and learning performances.
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participation level of students. The results of this study showed that students can achieve better learning performances while they
conscientiously participate in the learning task in the outdoor setting.

A common problem with learning at schools is in the limited contents of the courses. This was visible to learn the concepts of resource
recycling and classification which is based on the program of Natural Science & Life Technology. The participants have preliminary
understood resource recycling and classification, which may reduce students’ learning motivation and interest. According to the obser-
vations mentioned previously, three suggestions are given for future work.

- Combining the learning activity of WebQuest with outdoor instruction can apply in different learners, such as the education of
adolescent or adult, and different courses, such as cultural exploration or geology.

- The learning activities can be more diverse, such as making poster, compiling manual or popularizing the concept of course to others.
Through different learning activities, students can foster and develop more learning abilities, such as expression and Information
integration.

- In this study, aWebQuest teaching websitewas built to carry out the experiment. However, we think that many learning-assisting tools,
such as blog, wiki or concept map, can help students to record and express their own opinions. And then students can develop critical
thinking skills by discussing with others.

6. Conclusions

6.1. Contributions

The major contribution of this study is the introduction of WebQuest in outdoor instruction compared with traditional instruction in the
classroom and traditional instruction usingWebQuest. WebQuest in outdoor instruction has been developed to probe the students’ learning
performance, satisfaction and behavior. This study not only examined the differences of learning performances among traditional instruction
in the classroom, traditional instruction using WebQuest, and WebQuest in outdoor instruction, but also it found a significant association
among the students’ satisfaction, participation levels (task performance), and learning performance. Therefore, elementary school should
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provide studentswithmore online educational resources and learning settings; participating in different learning activities allows students to
focus on completing learning tasks and acquiring more knowledge and experience (Chen & Chung, 2008; Huang et al., 2010).

This study addressed three research questions and showed some interesting findings. The first interesting finding was that the learning
performance of the experiment group was a higher than the control group. Lugg (2007) reported that educational experiences in outdoor
situation could be significant in developing environmental sensitivity and knowledge. Therefore, the WebQuest combining with outdoor
situation could help students to acquiremore knowledge and to accumulate learning experience. This learning experience can help students
to maintain clean environments and increase their awareness of environmental concerns.

The second interesting findingwas that theWebQuest includedmainly a topic description, a list of relevant web resources, and a series of
task requirements and processes (MacGregor & Lou, 2004). In the learning activity of the experiment, the students accomplish different
learning tasks and present their own opinion and perspective, which can foster their learning skills (Leite et al., 2007).

The purpose of the environmental protection is to prevent pollution by early recognition of possible hazards. This study provided
environmental educators with a method and an opportunity to foster students’ responsibility and to develop their environment-awareness.
Through participating in outdoor learning activities, students can have a firsthand experience of how important the environmental
protection is; more specifically, students can realize how important to protect environment is by perceiving the destruction of the pollution
to the environment, observing the real context and launching to classify the resources.
6.2. Recommendations

6.2.1. Recommendations to the government
We found that using WebQuest with outdoor instruction makes a positive influence to the learning performance of students. During the

period of our research, we observed that most of the students in the experimental group had better participation levels and interacted with
other students more often than the students in the classroom interacted.

We suggest that the government provide to students and others public network resources, including PDAs, smartphones, tablet personal
computers or the Internet, for use in an outdoor learning environment, such as museums or zoos, and WebQuest websites with other
disciplines, and then integrate them. The government should also encourage the WebQuest providers to build an Integrated Learning Net
Service, which will include not only the knowledge found in a textbook, but also pluralistic information on medicine and health, ecology,
travel tips, etc.

6.2.2. Recommendations to schools
In the city, most of the elementary schools have a good infrastructure of information technology, such as computer-classrooms, networks

and teaching websites. We suggest that schools apply these technologies and integrate teaching settings such as the treasure house to
achieve creativeways of instructing students, thereby improving their learning abilities. The second suggestion for schools is to build related
WebQuest websites for their curriculums and to design the learning procedure and tasks as tools to assist them in instructing the courses.
The goal is to promote the usage and learning behavior of e-learning by incorporating e-learning into the students’ courses.

Many studies have provided teachers and students with learning system or environment to help them acquiring more learning expe-
rience and knowledge. Table 8 compiled the related practices from research in recent years, which can provide for school, teachers or
students takes in the future the teaching and learning reference.
Table 8
A concise list of practices from studies and learning platforms.

Authors (years)/
website name

The descriptions of articles and learning platforms

Yang and Lin (2010) To learn the characteristics and classification of plants, this study designed two-phase seven-step learning activity and created a mobile
learning environment with the integration of the Shared Display Groupware (SDG). SDG allows students to share information from individual
and public spaces. The results of the study showed that students have positive appraisal, particularly, they could share information and
create a common focus during group discussions via SDG. In addition, students had improved their abilities to create conditions for classifying
plants via the support of the SDG system in mobile learning environment.

Chen, Lien, Annetta,
and Lu (2010)

This study examined the influences of an educational computer game on children’s cultural identities using computer game, called
FORmosaHope (FH). Students participating in the game need to enter the “Village” for a free exploration and may trigger a series of
learning events. The evidence showed that FH has significant effect on students’ cultural learning and is helpful in some degree to students
from lower socioeconomic families as compared with students from middle and upper socioeconomic families.

Nature versus
nurture

This is a WebQuest of psychological teaching (http://education.csm.edu/students/mbonacci/Technology/webquest.htm). The purpose is
that let students find the difference between “nurture” stance of social psychologists and “nature” stance of social psychologists.
The WebQuest has a complete produce of teaching and learning, which can be regarded as a reference materials to design WebQuest
teaching activity in future.

To recycle or
not to recycle

This is a WebQuest of resource recycling http://education.iupui.edu/webquests/recycle/index.htm). The purpose of this program is to reduce
the amount of waste at the local landfill. The program would require both residents and businesses to separate their waste into garbage
and material that is recyclable. The WebQuest has a complete produce of teaching and learning, which can be regarded as a reference
materials to design WebQuest teaching activity in future.

Green power This organization was established in 1988 by the Hong Kong resident (http://www.greenpower.org.hk/gp/main.asp). The purpose is for
promoting the environmental education because they believe that education is most fundamental method to change idea and the behavior
of people. The organization will design the activity and publish the publication about environmental education in unfixed time. And the
website will offer the relevant materials of environmental education too.

Recycle more
Wisconsin

The aims to bring together communities across Wisconsin to prevent valuable recyclables from going to waste in our landfills. To achieve this
goal they are providing education on the benefits of recycling and the opportunities to recycle at home, work, school, and all public places.
This is a website of resource recycling (http://www.recyclemorewisconsin.org/index.php), which admonish and teach people why recycle,
what to recycle, and what happens to my recyclables.

http://education.csm.edu/students/mbonacci/Technology/webquest.htm
http://education.iupui.edu/webquests/recycle/index.htm
http://www.greenpower.org.hk/gp/main.asp
http://www.recyclemorewisconsin.org/index.php
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6.2.3. Recommendations to teachers
From results of this study, we found that learning task is a very effective assisting tool for students. Teachers should interact with

students frequently. We provide two suggestions for teachers. First, teachers can assign homework or address problems which are related
with curriculum to students and then the students can discuss with one another via an e-learning platform. Second, the learning tasks based
on different subjects, chapters and sections should be built by teachers, school or government as learning tools or activities, which can help
students to acquire more knowledge from extracurricular learning resource and foster diversified learning skills such as oral report,
collaborative wok or making report. This is the shortcoming of Taiwan education in elementary school.
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