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This study investigated the effectiveness and impacts of pro-
cess prompts on students’ learning and computer self-efficacy 
within the technology-enabled project-based learning (PBL) 
context in an undergraduate educational technology course. if 
the aim is to prepare prospective teachers to effectively, ef-
ficiently, and engagingly use technologies in changing pro-
fessional circumstances, it is important to provide learning 
tasks that are not only authentic and meaningful, but also 
strengthen computer self-efficacy. Technology-enabled PBL 
with the assistance of process prompts was used to elicit pro-
spective teachers’ perceptions of their learning experiences in 
past courses in the program to help them integrate knowledge 
acquired prior to solving instructional problems and to as-
sist them in self-assessing their own knowledge. Thirty-five 
prospective teachers enrolled in a Web-Based instruction 
for english Language Teaching (eLT) course worked col-
laboratively for a duration of four months in groups of five 
to complete a project. Collected data included surveys, in-
terviews, final projects, and reflections. Students’ interviews 
and reflections revealed that process prompts were important 
in facilitating problem-solving efforts; they support metacog-
nitive thinking, and facilitate the construction of knowledge 
in technology-enabled PBL. The surveys showed significant 
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gains on students’ computer self-efficacy after the comple-
tion of technology-enabled PBL. The findings contribute to 
the field of technology education through PBL and provide a 
point of reference for other teachers who want to implement 
PBL in their curricula. The implications of the approach for 
the use of technology-enabled PBL for teacher education are 
discussed. 

InTrodUcTIon and ProbLEm STaTEmEnT

Researchers have stressed the need for teacher education to promote 
and evaluate the development of multiple kinds of knowledge and skills 
through authentic learning experience (Darling-hammond & Snyder, 2000; 
Lave & Wenger, 1991; Wiggins, 1993). Teacher education programs have 
often approached the concept of maximizing authentic learning through stu-
dent teaching, case studies, classroom observations and project-based learn-
ing. Despite the plethora of rhetoric about the potential of authentic learn-
ing, there is still a paucity of empirical data addressing the implementation 
of project-based learning to promote authentic learning, or about its impact 
on teaching and learning practices.

in the past two decades, we have witnessed an unprecedented increase 
in technology usage in classroom settings. hence, preparing pre-service 
teachers for successful integration of educational technologies into their 
teaching and learning practices has become an important goal for teacher 
education institutes (e.g., Krueger, hansen, & Smaldino, 2000). Classes 
of technology integration offered by teacher education programs generally 
help students to gain technology skills and model good examples of using 
technology for teaching (Kay, 2006). however, researchers have argued that 
many educational technology courses fail to provide prospective teachers 
with a clear vision of how technology can be used to support educational 
best practices and to enhance computer self-efficacy (ertmer, gopalakrish-
nan, & Ross, 2001; Roblyer, 1993). in fact, the understanding of how we 
can best prepare our student teachers to teach effectively, efficiently, and en-
gagingly with the use of technology while increasing their computer self-
efficacy requires further investigation and discussion. in this study, we will 
investigate how process prompts can be used to facilitate prospective teach-
ers’ learning in the context of technology-enabled project-based learning in 
educational technology courses and examine its impact on their learning and 
computer self-efficacy. 



Effectiveness and Impact Of Technology-Enabled Project-Based Learning 143

rEvIEw of rELEvanT rESEarch

Technology-enabled Project-based Learning (PbL)

One of the greatest opportunities in higher education is the chance 
for students to become independent thinkers and problem-solvers who can 
construct their own knowledge. higher education is also meant to prepare 
students to become qualified professionals who can solve real-world and 
complex problems based on professional and scientific knowledge in spe-
cific professional areas. a prominent strategy used in higher education to 
achieve this end is the effort to help students confront real and meaningful 
tasks and problems. PBL provides a multitude of unique learning experienc-
es that mimics the real-world context and encourages meaningful learning 
through student-directed investigation (Blumenfeld et al., 1991). Originat-
ing with Dewey (1959), PBL cultivates problem-solving skills by encourag-
ing learners to take learning initiatives to recall and apply their prior expe-
riences or previously acquired knowledge, and to alter their approaches to 
accommodate inconsistency or failed expectations. generally, the PBL con-
text involves searching for answers to questions, collaboration, scientific in-
vestigation, and evidence gathering (Thomas, 2000). When students are im-
mersed in such a context, they engage in problem-solving, decision-making, 
and investigation over longer periods of time; the results include products 
and presentations (Jones, Rasmussen, & moffitt, 1997). 

Seo, Templeton, & Pellegrino (2008) found that PBL contributed to the 
enhancement of a knowledge base and professional growth with respect to 
domain knowledge. Through PBL, students reflect on their own learning 
and establish a more concrete, insightful teaching philosophy. grounded in 
constructivism, PBL promotes social interaction in which teachers, students, 
and community members work together on an activity to construct shared 
understanding and reach consensus through negotiation and articulation. as 
a result, the process amplifies and expands what students can learn (Duffy 
& Jonassen, 1992). in teacher education, PBL has been used as a teaching 
method as well as an evaluation strategy in educational technology courses 
(gulbahar & Tinmaz, 2006; Land & greene, 2000). 

accordingly, many teachers have recognized the importance of using 
technology in their classrooms (e.g., Beichner, 1993; ChanLin, 2008; Ful-
ton, 1993). Yet researchers have found that they often have a limited un-
derstanding of and limited experience with various educational aspects of 
technology usage (ertmer, 2005). Technology-enabled PBL can offer an 
ideal opportunity for students to demonstrate mindful application and inte-
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gration of various technological tools into their instruction design (moore, 
1995). in technology-enabled PBL, students typically design an instruction-
al plan prior to the development of a sound multimedia-based instruction. 
The design plan of instruction should reflect the outcomes of needs analy-
sis which include detailed information on the learners (i.e., performance, 
knowledge, skills, and experience), the content (i.e., prerequisites and in-
structional goals), and the learning environment (i.e., description of exist-
ing environment and tradeoffs). The outcomes of needs analysis inform the 
development of actual instructional products and the strategies (i.e., learner-
centered, knowledge-centered or assessment-centered) that would be imple-
mented for the delivery of the content. in addition, when it comes to evalu-
ate students’ technology-enabled PBL, it is important to ensure that the de-
sign plan of instruction is aligned with the product. 

While PBL has garnered significant popularity in professional teacher 
education because of its potential to contextualize knowledge in authentic 
situations (Blumenfeld et al., 1991; Foulger & Jimenez-Silva, 2007; Seo et 
al., 2008), the investigation of technology-enabled PBL should shed light on 
the effectiveness of PBL in improving student-teachers’ learning regarding 
technology integration. 

Scaffolds for Technology-enabled PbL

Technology-enabled PBL is student-centered and requires self-regula-
tion and sophisticated forms of cognitive processing such as analysis, ap-
plication, and synthesis (greene & Land, 2000). however, students who do 
not possess adequate knowledge or who lack metacognitive skills often face 
great difficulties in such a complex learning environment. in fact, research-
ers have advised that the provision of support for learning within the context 
of PBL is critical for novices (e.g., greene & Land, 2000; Land & greene, 
2000; mettas & Constantinou, 2007; murphy & gzai, 2001). 

Scaffolds are instructional supports that are designed to direct students’ 
attention towards typical problem area(s) and monitor or regulate their own 
learning by responding to the questions being asked (Rosenshine, meister, 
& Chapman, 1996). Studies have consistently pointed to the advantages of 
using process prompts in promoting effective and productive problem solv-
ing (e.g., Choi & Lee, 2009; ge & er, 2005; Lee & Chen, 2009). For ex-
ample, ge, Chen, and Davis (2005) found that prompts facilitated the devel-
opment of students’ domain-specific or structured knowledge and activated 
their metacognitive knowledge (i.e., knowledge of cognition) and skills (i.e., 
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planning, monitoring, and evaluation). moreover, process prompts have 
been seen to provide temporary support for students’ initial learning before 
they reach intended goals and also may act as a “more able other” when a 
human tutor is absent (Davis, 2003; Palinscar, 1986; Rosenshine & meister, 
1992; Rosenshine et al., 1996). 

greene and Land’s (2000) study illuminated the use of scaffolds among 
college students working on web-enhanced PBL in an educational comput-
ing course; the authors found that scaffolds such as process prompts ef-
fectively facilitated the completion of PBL. in the current study, process 
prompts were used to guide students’ attention towards the process of mul-
timedia-based instructional design and development and to provide the ex-
pected support necessary for learners engaged in technology-enabled PBL. 
The process prompts were framed based on a globally known multimedia-
based instructional design (iD) model, which includes five phases—(1) 
analysis, (2) design, (3) development, (4) implementation and (5) evalua-
tion, represented by the acronym aDDie (gustafson & Branch, 1997). Spe-
cific process prompts were also designed under all five phases. For example, 
in the analysis phase, there are four sub-phases: (1) context analysis, (2) 
content analysis, (3) task analysis, and (4) technology analysis. under each 
sub-phase, process prompts were given to the students, as shown in Table 
1. For example, in the content analysis, students were required to answer 
“What is the existing instruction in terms of its efficiency and effective-
ness?” and “What is the existing teaching strategy behind the current cur-
riculum?”. 

Table 1
Samples of process prompts in the analysis phase

Analysis phase Examples of process prompts

Context analysis 1.   What are the characteristics of the teachers?
2.   What hardware and software are available in the school?
3.   What are the characteristics of the facilities and of the 

classes and that will use the web-based instruction?
4.   What types and quantities of hardware are available in the 

school?
5.   What are the characteristics of the school system or organi-

zation in which the new instruction will take place?
6.   What is the philosophy and what are the taboos of the larger 

community in which the school system exists?

Content analysis 1.    What is the existing instruction in terms of its efficiency and 
effectiveness?

2.    What is the existing teaching strategy behind the current 
curriculum?
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Table 1 continued

Analysis phase Examples of process prompts

Task analysis 1.    What are the discrepancies between “what was” and “what 
should be”?

2.    What are the learning goals and learning types?
3.    How will you present the information-processing analysis of 

learning goals? 
4.    What are the learning prerequisites?
5.    What are the learning objectives for the learning goals and 

each of the prerequisites?

Technology 
analysis

How will each of the five applications listed in the project de-
scription be used as instructional and technological strategies 
to support all the lessons identified?
 Word or Spreadsheet
 Drawing tools and graphic editing
 PowerPoint
 Animation
 WebQuest
 Inspiration/Kidspiration
 Movies 
Provide sufficient details and explanation regarding how each 
application is used in a specific lesson context to achieve the 
desired learning outcomes as related to the objectives of the 
lesson.

computer Self-efficacy

according to social cognitive theory, self-efficacy is the foundation of 
human motivation and accomplishments (Bandura, 1977). Bandura points to 
four sources affecting self-efficacy: experience (actual success in task per-
formance); vicarious experience (observing successful task performance); 
social persuasion (others expressing positive persuasion regarding success-
ful task performance); and physiological factors (one’s perception or belief 
in the implications of physiological responses during task performance). 
Compeau and higgins (1995) use the term computer self-efficacy to de-
scribe one’s perceived ability to accomplish a task with computers. Stud-
ies have found that well-designed and engaging learning experience can 
increase students’ computer self-efficacies (abbitt & Klett, 2007; Koh & 
Frick, 2009; milman & molebash, 2008). 
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increasing teachers’ computer self-efficacies is expected to improve the 
likelihood of their integrating technology into their teaching (ertmer, even-
beck, Cennamo, & Lehman, 1994) . Beyerbach, Walsh, and Vannatta (2001) 
found that faculty modeling appears to enhance pre-service teachers’ con-
fidence in using technology for teaching. Brush and his colleagues (2003) 
also found that pre-service teachers’ confidence was increased regarding 
the design and implementation of technology-integrative lessons after mod-
eling and with the technology support provided by faculty members. al-
though the strategies for increasing teachers’ computer self-efficacies have 
been studied, there is a dearth of research examining the relationship be-
tween technology-enabled PBL and computer self-efficacy. in the context of 
technology-enabled project-based learning environments, prospective teach-
ers are immersed in different stages such as planning, design, development, 
implementation, and evaluation that may potentially lead to the increase of 
computer self-efficacy. in this study, pre- and post-surveys were used to in-
vestigate the impact of technology-enabled project-based learning on teach-
ers’ self-efficacy with computers. 

PUrPoSES of ThE STUdy

The present study aims to understand the development of knowledge 
and computer self-efficacy about prospective teachers’ learning in the con-
text of technology-enabled PBL, and with that, to develop knowledge about 
learning through process prompts. Specifically, this study will examine the 
following questions: 

Research question 1: To what extent did the process prompts in technol-
ogy-enabled project-based learning influence students’ learning regarding 
technology integration? 

Research question 2: in which ways did the design of technology-en-
abled project-based learning influence students’ learning regarding technol-
ogy integration and computer self-efficacy?

mEThod

Participants

Thirty-five undergraduate pre-service teachers (32 female, 3 male) 
from a college in southern  Taiwan participated in the study. all participants 
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were juniors or seniors between the ages of twenty-one and twenty-six. Par-
ticipants were enrolled in an elective Designing Web-Based Instruction for 
English Language Teaching (ELT) course and were compensated with extra 
credit for participating in the study. Participants were homogeneous in terms 
of their ethnic background, but they represented different levels of prior 
knowledge, experience and efficacy in teaching, instructional design and 
information technology. They worked on different project topics and with 
self-selected group members. group descriptions, project topics, and ratings 
of knowledge of multimedia design tools and computer self-efficacy are 
provided in Table 2. The ratings of knowledge of multimedia tools and com-
puter self-efficacy were self-reported and given at the beginning and end of 
the semester. The rating of knowledge of multimedia tools asked students 
if they knew how to use various multimedia tools, such as Photoimpact, 
Dreamweaver, Flash, and Captive. Computer self-efficacy asked about stu-
dents’ confidence levels in terms of performing computer-related tasks (Cas-
sidy & eachus, 2002). Table 2 provides an overview with the descriptions 
of participants and projects. in total, seven groups, each with five students 
participated in the project. all projects represented information richness and 
provided complete data sets (e.g., interviews, observations, and portfolios) 
that allowed the researchers to conduct in-depth analyses. 

Table 2
Participant and project descriptions

Group, project title and project 
descriptions

Team 
Members

Knowledge 
of Multimedia 
Design Tools1

Efficacy of 
Computer-
related Tasks2

Group 1: Have fun with preposi-
tions.
Target learners: 6th grade students
Proposed objectives: identify and 
define prepositions, demonstrate 
correct usage of prepositions, and 
use prepositions to indicate the 
precise location of objects

Shally
Cynthia
Amy
Natalie
Mandy

Low
High
Low
Low
Low

Low
High
Med
High
Med

Group 2: Amusement park. 
Target learners: 4th and 5th grade 
students
Proposed objectives: learn 
English words and sentences 
associated with how to ask for 
direction and how to buy tickets in 
the context of an amusement park

Deborah
Maggie
Doreen
Eleven
Seny

Med
Low
Med
Low
Low

High
Med
Med
Med
Low
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Table 2 continued

Group, project title and project 
descriptions

Team 
Members

Knowledge 
of Multimedia 
Design Tools1

Efficacy of 
Computer-
related Tasks2

Group 3: Travel around the world. 
Target learners: 6th grade students
Proposed objectives: learn about 
world geography, and about 
cultures and about food in Asian 
countries

Lucy
Joanna
Sammy
Kim
Angela

Low
Low
Med
Low
Low

Med
Med
High
Low
Med

Group 4: Daily routine with proper 
grammar. 
Target learners: 6th grade students
Proposed objectives: learn about 
daily routines and English gram-
mar

Randy
Betty
Nelly
Alice
Ivy

Low
Med
Low
Med
Low

Low
Med
High
High
Med

Group 5: Farm animals. 
Target learners: 6th grade students
Proposed objectives: develop 
clear pronunciation and compre-
hension of elements of English 
grammar, such as appropriate 
subject-verb agreement

Rebecca
Emily
Olivia
Rafael
Sherry

Low
Low
Low
Med
Low

Low
Med
Med
High
Med

Group 6: Daily routine and telling 
dates and times. 
Target learners: 6th grade students
Proposed objectives: learn 
vocabulary associated with daily 
routine, date and time in English

Alex
Joyce
Vicky
Flora
Karin

Med
Low
Low
Low
Med

Med
Med
Med
Low
High

Group 7: In the house. 
Target learners: 6th grade students
Proposed objectives: learn 
vocabulary related to houses and 
furniture together with English 
language structure

Sabrina
Sandy
Apple
Jane
Cindy

Low
Med
Med
Low
Low

Low
Med
Med
Low
Low

1.2. On a scale of 1(not confident at all) to 5 (very confident). Low: below 
2.5. med: between 2.5 to 3.5. high: 3.5 and above. 
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Study context and Project requirements

The classroom context represented an open-ended learning environment 
in which students were responsible for generating and pursuing their own 
ideas to solve real-world instructional problems. During the class, students 
were taught to use different multimedia tools and familiarize themselves 
with the theory of technology integration. Students were instructed to com-
plete a technology-enabled project as a final project for the class. Project 
requirements and guidelines were explained at the start of the class. For 
the technology-enabled project, students were asked to design and develop 
learning materials supplementary to the course contents for local primary 
school students. Two local primary schools agreed to participate; both had 
good reputations for their english language teaching and a great interest in 
using technology in teaching. One school in particular had an e-Learning 
team that was dedicated to promoting the design and development of online 
learning materials. Student groups were assigned to design instructional ma-
terials for fourth to sixth grade students in these two primary schools. 

Consistent with traditional PBL, technology-enabled PBL requires stu-
dents to conduct authentic investigations, construct goals and objectives for 
the target audience, compose orchestra storyboards, develop and implement 
products, and finally evaluate their instructional outcomes. The project in-
volved three main components: a) the identification of multimedia needs 
analysis; b) the creation of multimedia instructional design and activities; 
and c) the completion of multimedia development and final portfolio. Stu-
dents were asked to include the following in the final portfolio: a) an analy-
sis of the problem context underlying the project idea; b) a discussion of 
different multimedia tools used and solutions to the identified problems; c) 
the steps for implementation; d) a statement of the types of academic and/
or technological skill or knowledge demonstrated; e) reflections on the ex-
perience; and f) a list of references (uRLs). The instructor of this course 
(also the first author of this manuscript), one researcher, and two additional 
research assistants all participated fully in the teaching and research aspect 
of the study. 

Study Procedures

The technology-enabled PBL lasted approximately four months during 
the fall semester of 2008. The instructor explained the project requirements 
on the first day of the class and collected consent forms for participation in 
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this study. The topics being taught by the instructor in this class are listed in 
Table 3. Topics included the theory of technology integration and technolo-
gy skills such as Photoimpact, Flash, Captivate, and Dreamweaver. Practice 
time in which students could use these tools in the classroom was arranged. 

Table 3
Objectives for course subjects and hours/weeks of instruction

Subjects Themes Weeks/Hours

Instructional Design Instructional systematic design 1 week / 2 hours

Rapid prototyping 1 week / 1 hours

ARCS model 1 week / 1 hours

A.S.S.U.R.E model 1 week / 1 hours

ADDIE processes 1 week / 1 hours

Dick-Carey versus Morrison-
Ross-Kemp ID models

1 weeks / 2 hours

Technology Applications PhotoImpact 1 weeks / 3 hours

Flash 2 weeks / 6 hours

Dreamweaver 2 weeks / 6 hours

Multimedia Tools 1 weeks / 3 hours

Hot potatoes 1 weeks / 3 hours

Captivate 1 weeks / 3 hours

Powercam 1 weeks / 3 hours

Total Instruction Hours 15 weeks / 35 hours

all students received the same materials and instruction from the in-
structor. Process prompts were also provided to students while they worked 
through the different stages of designing technology-enabled projects. See 
Table 1 for examples of process prompts. at the end of the semester, stu-
dents were asked to submit their final projects and to participate in a follow-
up interview of approximately 20 minutes. 

Study design and data collection

The design of this study was descriptive and naturalistic, utilizing quan-
titative and qualitative case study research principles (Creswell, 2002). Stu-
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dents’ computer self-efficacy and submitted final projects were assessed 
quantitatively. For the qualitative portion, each group was studied as a sepa-
rate case and analyzed for similarities and differences (Yin, 1994). Collect-
ed data included a self-report computer self-efficacy scale, group final proj-
ects, and student interviews. next, we succinctly describe each piece of the 
data that were collected. 

Computer Self-efficacy Scale

To investigate research question 2, a computer self-efficacy scale ad-
opted from Cassidy and eachus (2002) was used to measure confidence 
in one’s ability to perform specific computer task activities. Students rated 
their computer self-efficacy on a 5-point Likert scale, where 1=not confident 
at all, 2=slightly confident, 3=moderately confident, 4=quite confident, and 
5=very confident. a high Cronbach’s alpha of .87 was obtained for the com-
puter self-efficacy scale.

Student Interviews

Follow-up interviews were conducted upon completion of the project, 
and the questions were geared toward students’ learning experiences and 
their perceptions of technology-enabled project-based learning. Sample in-
terview questions included the following: “Do you think the project facili-
tated your learning of this particular subject? if yes, why? if not, why not?”; 
“Do you think process prompts were useful in completing the project, and 
how did you or your group go about completing the project? Please pro-
vide examples”; and “When you encountered problems, how did you solve 
them?” all interviews were audio-taped and then transcribed and analyzed.

Final Project and Reflections

in this study, researchers collected each group’s final project, which in-
cluded all of the design documents and information that the students chose 
to include. along with the final project, students also submitted a copy of a 
final product for a web-based lesson for primary school children. Students’ 
reflection reports, in which they reflected on what they had learned and 
their perceptions of and experiences with technology-enabled project-based 
learning, were also collected . 
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data analyses

The analyses of students’ interviews and final projects were slightly dif-
ferent. analyses of students’ interviews focused on thematic elements. Re-
searchers first read the transcripts several times and wrote marginal notes. 
The marginal notes were then entered and indexed into a data display ma-
trix. This matrix provided an overview of within and cross-case compari-
sons of student learning. The next level of analysis was group-related seg-
ments that led to explanations of the research question (miles & huberman, 
1994). The two researchers were in agreement on 88 of 95 student descrip-
tions, yielding an inter-rater agreement of .95.  

a scoring rubric was developed to assess students’ final projects and 
the web-based instruction they developed for primary school children. The 
rubric, as shown in Table 4, included three parts with associated subcom-
ponents: (1) the design plan for web-based instruction, (2) the implementa-
tion strategies of web-based instruction, and (3) the product of web-based 
instruction. 

Table 4
Rubric for scoring students’ technology-enabled project

Part A. Design plan for web-based instruction

Phase 1: Analysis (content, learners, and context)

A.   Performance analysis

8pts  Define learners’ prior knowledge for tasks including essential and peripheral 

         components.

6pts  Define requisite knowledge for task success.

4pts  Define criteria for task success.

2pts  Vaguely define criteria for task success.

0pts  No identification of any criteria for task success.

B.   Learner KSA analysis

8pts  A statement of evidence of learners’ current knowledge, domain expertise, 

         pre-existing performance skills, and prior domain experience.

6pts  A statement of evidence of learners’ current knowledge, domain expertise, 

         pre-existing performance skills.

4pts  A statement of evidence of learners’ current knowledge, domain expertise.

2pts  A statement of evidence of learners’ current knowledge.

0pts  No statement of learner KSA.

C.   Learner needs analysis

8pts  Identify learners’ perceptions, attributions, preferences (i.e., structure, control, and    

        media), and general content approach/avoidance tendencies.

6pts  Identify learners’ perceptions, attributions, and preferences (i.e., structure, control,    

         and media).

4pts  Identify learners’ perceptions and attributions.

2pts  Identify learners’ perceptions.

0pts  No identification of learner needs.
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D.   Content analysis

6pts  Identify prior knowledge requisite for content area and in domain. 

4pts  Identify prior knowledge requisite for content area or in domain.

2pts  Identify requisite prior knowledge to access content.

0pts  No identification of content area or in domain. 

E.   Situational analysis

6pts  A statement of realistic contextual opportunities, tradeoffs, and rationale for optimal   

         balance.

4pts  A statement of contextual opportunities, tradeoffs, and rationale for optimal balance.

2pts  A statement of contextual opportunities.

0pts  No statement of any situational analysis.

Phase 2: Instructional goals (content for web-based instruction)

A.   Cognitive/affective/developmental

4pts  Identify 2 or more cognitive goals of instruction.

2pts  Identify one cognitive goal of instruction.

0pts  Identify no cognitive goals of instruction.

B.   Behavioral/performance

4pts  Identify 2 or more goal behaviors and task achievement for instruction.

2pts  Identify one goal behavior for instruction.

0pts  Identify no goal behaviors for instruction.

C.   Motivational

4pts  Identify 2 or more motivational goals of instruction.

2pts  Identify one motivational goal of instruction.

0pts  Identify no motivational goals of instruction.

D.   Social

4pts  Identify 2 or more social goals of instruction.

2pts  Identify one social goals of instruction.

0pts  Identify no social goals of instruction.

Part B: Development of web-based instruction

Phase 1: Features of learning environment

A.   Learner-centered

1pt   Attentive to learner needs, interests, reference points.

1pt   Acknowledge learner values, interests, and goals.

1pt   Aware of individual construct of meaning.

1pt   Attentive to academic and social intentions.

1pt   Facilitate deliberate transfer.

B.   Knowledge-centered

1pt   Well-organized knowledge to support knowledge acquisition.

1pt   Actively facilitate learning and transfer.

1pt   Define skills and knowledge required. 

1pt   Emphasize on the structure of knowledge.

1pt   Foster integrative understanding of domain.

C.   Assessment-centered

1pt   Provide opportunities for self-assessment of understanding and performance.
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1pt   Enable choice of performance options and preferences.

1pt   Activities are congruent with learner and instructional goals.

1pt   Emphasize knowledge improvement and participation.

1pt   Provide constructive feedback for revision of understanding.

Phase 2: Events of instruction

A.   Content/knowledge objects

6pts  Content is appropriate to learner needs and abilities.

4pts  Content is attentive to requisites of domain.

2pts  Content is aligned with learning goals.

0pts  Content is not aligned with learner goals. 

B.   Arrangement of learning space and events

8pts  Facilitate access to resources.

6pts  Facilitate interaction with and among learners.

4pts  Pace appropriate to learner needs and abilities.

2pts  Sequence appropriate for content and tasks.

0pts  No consideration of arrangement of learning space and events.

C.   Quality of practice opportunities

8pts  Practices are meaningful and linked to real-life and instructional goals.

6pts  Practices are relevant and linked to real-life.

4pts  Practices are appealing and engaging.

2pts  Practices enable learners see results.

0pts  No practice opportunities.

D.   Selection of materials

6pts  Materials are appropriate to learner needs and abilities.

4pts  Materials are comprehensive to the knowledge development.

2pts  Materials used are ideal to the enhancement of learning.

0pts  No selection of any materials.

E.   Assessments

6pts  Design practices are aligned with goals and analysis (e.g., involve learners in 

         decisions/design, make purpose & criteria clear, prepare learners & provide 

         rationales, and every assessment is goal-driven).

4pts  Design practices are somewhat aligned with goals and analysis.

2pts  Design practices are not aligned with goals and analysis.

0pts  No design practices in the final product. 

Part C: Implementation of web-based instruction

A.   Identification of instructional strategies 

6pts  As identified in design, planned strategies are robust, fit with needs identified by    

         learner analysis.

4pts  As identified in design, analytical links are clear and strategy appropriate.

2pts  Strategies used are not aligned with proposed in design.

0pts  No strategies are used or defined in the product.

B.   Implementation strategies

4pts  Identify and implement motivational strategies appropriately and effectively.

2pts  Identify motivational strategies but fail to implement them appropriately and effectively.

0pts  No identification or implementation of motivational strategies.
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The raters separately evaluated and assigned ratings to each project. 
The initial inter-rater reliability coding displayed 85% agreement. When dif-
ferences occurred, the two raters discussed the discrepancies in the coding 
results until a consensus was reached. independent coding of the second dis-
cussion achieved a 91% inter-rater reliability. Based on this rating, it was 
determined that both the accuracy and the reliability of this coding instru-
ment met the general check-coding standard, which requires a 90% range.

fIndIngS and dIScUSSIon

The findings will be presented in terms of each research question and 
followed by a discussion. For each question, we begin with a summary of 
our findings, and then we provide specific examples from the data to sup-
port and explain our summary. 

research Question 1

The examples from the qualitative data we collected exemplified in-
stances that were influenced and facilitated by the process prompts in many 
ways, particularly through the facilitation of problem-solving efforts, the 
promotion of self-monitoring skills, and the encouragement of knowledge 
construction. The major findings of the interviews and reflection reports are 
summarized below.

Facilitating Problem-solving Efforts

The students from group 1 indicated that the process prompts helped 
them focus and strategize regarding appropriate steps for project comple-
tion. as a result, group members adopted task-oriented tactics that helped 
them focus on what they needed to do to complete each task. Students in 
group 1 also used the prompts to divide tasks among group members and to 
help each other work collaboratively. each member was able to take part in 
tasks about which he or she felt most confident. 

“The process prompts are important. if we don’t have this 
information, we don’t have any clues regarding how to go 
about completing the final project.” (group1)
 “We basically divided the questions [process prompts] 
into tasks. each of us took part in observing and address-
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ing the task. Some of the questions [process prompts] 
were difficult to answer, so we made an appointment 
with the instructor after class. These questions [process 
prompts] constitute an important stage in the design of 
WBi. We need to have a better understanding of learners’ 
needs and ability levels. We must learn that before we 
begin our project; we have to ask students’ opinions about 
their learning processes and understand what they really 
need so that our final project will include suitable materi-
als for our target audience”. (group1) 

Students in group 2 used the process prompts as procedural guidance 
to help them monitor their problem-solving processes. The process prompts 
reminded them to think about what they had learned and how the knowledge 
should be used; this helped them to think more comprehensively and deeply 
about relevant perspectives and organize their ideas more coherently. 

Students from group 4 revealed that the prompts helped them to con-
sider multiple points of view, which in turn gave them more ideas for de-
signing a suitable teaching website to help students learn english in a fun 
and engaging way. 

“By going through the questions [process prompts], we 
learned what to observe in the classroom. We observed 
not only the students but also the teachers. We were able 
to evaluate what each teacher was doing in the class and 
saw the students’ reactions to his or her teaching. Through 
this project, we realized that we have to prepare well in 
order to do the work well when we are involved in any 
project.” (group4)
“We think this was a very good experience. We learned 
many things and skills from this project. We did many 
things that we had not done before. although we still 
think it’s very hard to design a website for a group of 
students whose first language is not english, we know 
that we have overcome many challenges and difficulties. 
although the questions [process prompts] were helpful, 
we still needed the instructor to explain in greater detail 
for us.” (group4)

in the context of technology-enabled PBL, the support provided by 
the process prompts served as the “goals” for the students to complete the 
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projects. Without the prompts, the students could possibly approach the 
projects according to their instinct or their previous experience. When the 
prompts were provided, the students tackled the questions directly, and the 
prompts helped them to make a sound project. Since the students had these 
“goals”, they had to follow them and fulfill the requirements of the ques-
tions. Therefore, the students made efforts to understand the questions and 
to accomplish them. in other words, the process prompts drove them to find 
answers to the questions. Through this process, when problems came up, 
the students were focused to solve them. in fact, enhancing problem-solving 
skills is one of the purposes of PBL (Dewey, 1959), and the support for the 
students through the process prompts facilitated it, which is consistent with 
greene and Land’s (2000) findings. The process prompts used in technolo-
gy-enabled PBL enabled students to be persistent when facing problems and 
difficulties regarding technology integration. This kind of problem-solving 
oriented attitude may determine students’ future academic success. 

Promoting Self-monitoring Skills

Students in group 2 stated that with process prompts, they were able to 
accomplish what they thought to be an impossible task. members of group 2 
mentioned having spent significant time gathering relevant information and 
trying to make sense out of the information they had collected. They faced 
cognitive dissonance and inconsistency because of the large amount of in-
formation found by different group members. 

“We spent lots of time reading academic study books on 
unfamiliar topics and surfing the internet to collect infor-
mation about new content or teaching approaches or to 
look for classroom materials. We found that we needed to 
gather sufficient helpful information to answer the ques-
tions [process prompts]. (group2) 
“We discussed and shared what we had found individu-
ally, and we tried to identify and state areas of agree-
ment and disagreement. When we had disagreements, we 
tended to let our group leader make the decision because 
she had more experience than we had.” (group2)

The process prompts guided students’ attention towards self-monitoring 
and evaluating. Process prompts function through self-awareness, which can 
lead to better and more appropriate control of cognitive strategies. Those 
strategies can contribute to success in staying on task and task completion 
during project-based learning. Students also mentioned that the prompts 
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gave them a clear sense of direction. They often used it to monitor their 
progress, and they frequently reflected upon whether they could complete 
such a daunting task. 

“One of the questions [process prompts] asked us about 
the motivation level of the students. When we observed 
the class, we found that students seemed motivated to 
learn english because they actively participated in Q&a 
and games. But we also found that students had difficulty 
understanding what the teacher said to them in english. 
Therefore, we set learning goals to improve their listening 
skills and emphasized practicing and repeating english 
words.” (group5) 

in technology-enabled PBL, the process prompts promoted self-moni-
toring skills. They helped the students realize what they knew and what they 
did not know especially regarding technology integration in teaching. Thus, 
the students knew what they needed to work on, and it facilitated learning 
autonomy. The instructor did not need to cram knowledge into the students. 
in fact, the students actively sought the information they needed and made 
sense out of it. For prospective teachers, the awareness of self-monitoring 
may also help them evaluate their future teaching. a follow-up research can 
be done to further examine this effect.

Eliciting Knowledge Construction

PBL aims to enhance a knowledge base and professional growth with 
respect to domain knowledge (Seo et al., 2008). in this study, the data 
showed, specifically, that the process prompts had a positive effect on acti-
vating student’s prior knowledge related to technology integration and their 
domain area and facilitating knowledge construction from the awareness of 
what was known and unknown. it confirmed that scaffolds such as process 
prompts could facilitate the completion of PBL (greene & Land, 2000). 
Students expressed that they had little experience of being asked to put what 
they had learned into practice. They used question prompts as advance or-
ganizers when they had to recall what they had learned or experienced. The 
students found that they had to use much of what they had learned in other 
classes to adequately address process prompts, and as a result, new knowl-
edge was constructed upon the old one. 

“at the beginning, we had a lot of problems and had no 
idea how to solve them. Our group tried to use the ques-
tions [process prompts] to get the work done, but some 
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of them were too difficult for us. We needed much more 
help. if we were to do this again, we would plan to spend 
more time searching for information on the internet.” 
(group3)
“When we first started, we were totally lost and felt dis-
couraged. most of our group members are not good with 
technology. But when we worked through the steps, we 
realized that content is the key. We had a lot of problems 
(mostly technical) to overcome and also had much to 
learn. We had learned or heard some of the teaching meth-
ods before, but had never been called upon to use them 
in such an authentic way. in completing this project, we 
learned a lot of technical information, but the most valu-
able lesson was that we were able to incorporate resources 
or knowledge we had known earlier.” (group5)

When the students perceived the process prompts as procedural guid-
ance, they were likely to make an effort to address each process prompt and 
to consolidate various pieces of information or ideas. This sort of consola-
tion facilitated the consistent integration of project methods and resources 
according to the stated purposes of the project (Land & greene, 2000). On 
the other hand, if students perceived the process prompts only as a checklist, 
they were less likely to self-evaluate and ultimately developed fragmented 
products. 

moreover, the case study analysis also pointed to some limitations of 
the process prompts in the context of technology-enabled project-based 
learning. First, process prompts required prior knowledge and sufficient 
schema in order to be effective. if the student had an inadequate knowl-
edge base or insufficient experience to relate to the prompt, or if his or her 
schema was limited, that process prompt could do little to maximize student 
learning. it was observed that groups 6 and 7 skipped the process prompts 
and eventually relied mostly on internet resources. Whether this was due to 
a failure to recall knowledge that would have helped them to address the 
prompts or to a lack of confidence in answering the questions, the process 
prompts had not been able to help them activate their schema. Therefore, for 
technology enabled PBL, besides providing process prompts to support stu-
dents’ learning, the guidance of the instructors is also important.
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research question 2

Descriptive statistics were used to analyze student’s technology-en-
abled projects, and a t-test was used to analyze computer self-efficacy prior 
to and after the project. The technology-enabled projects assessed the fol-
lowing three components: (1) a design plan for web-based instruction, (2) 
the development of web-based instruction, and (3) implementation strate-
gies in web-based instruction. Table 5 shows the results of the project evalu-
ations for all seven groups. 

Table 5
mean scores for group’s technology-enabled projects

Group 

1

Group 

2

Group 

3

Group 

4

Group 

5

Group 

6

Group 

7

Design plan for web-based instruction

Analysis of learners, content, 

and context1

5.4 5.8 4.4 5.4 5.4 2 1.4

Instructional goals (Content for 

web-based instruction)2

3 3 1.75 2.75 3 0.75 1

Development of web-based instruction

Features of learning 

environment3

3 3 2 2.67 3 1 1

Events of instruction4 5.8 5.4 2.6 5 5.2 1.4 0.8

Implementation of web-based 

instruction5

3.5 3.5 1.5 2.5 3 1 1

1the maximum score is 7.2; 2the maximum score is 4; 3the maximum score is 
5; 4the maximum score is 6.8; 5the maximum score is 5.

The descriptive statistics shown in Table 5 indicate that most of the 
groups received above-average scores for the design plans for web-based 
instruction, the development of web-based instruction, and the implemen-
tation of web-based instruction. This is not a means of comparing group 
performance on technology-enabled projects, and that was not our focus. 
instead, we are interested in how much of the design plan for web-based in-
struction was actually manifested in the development of web-based instruc-
tion. 

group 1’s technology-enabled project showed that they had consistent-
ly worked on their problems; this resulted in high scores for both the plan 
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design and the development of the actual product. Such consistency can also 
be seen in groups 2, 4, and 5. group 3 received a high score on its design 
plan for web-based instruction, particularly in terms of the analysis of learn-
ers, content, and context; however, the group’s web-based instruction end 
product did not demonstrate much of what was indicated in the web-based 
instruction. The same applied to groups 6 and 7. in those instances, there 
was a discrepancy between students’ design plan and their web-based in-
struction or the strategies they employed. For example, group 7’s project 
was too broad, and the objectives were stated ambiguously. This affected the 
project development negatively. The insufficient analysis of target learners, 
content, and context, together with ill-defined or unclear instructional goals 
for web-based instruction, could have caused them to develop instructions 
that were not well-suited to the delivery of web-based instruction. 

another reason could be that the focus of the projects could be off tar-
get during the instruction development process. it was found that, for in-
stance, the majority of group 6’s time was spent on deciding how the in-
struction should be structured and the kinds of images or animations that 
the group members should create or design to capture students’ attention. 
Furthermore, limited prior knowledge of the use of technology and ineffi-
cient teamwork may also have contributed to this problem. group 7 reported 
that they encountered difficulty completing the project. as can be seen from 
Table 1, most of them were not confident regarding computer-related tasks, 
and this also led to unequal task assignments for Sandy and apple because 
they were more knowledgeable about multimedia tools and computer-relat-
ed tasks. 

as mentioned previously, the students might choose to ignore the pro-
cess prompts when they found them too difficult to understand. That could 
have been one of the factors contributing to the discrepancy. it has been 
argued that most of the students’ instruction designs did not apply to the 
product under development (mcRobbie, ginns, & Stein, 2000). This study 
suggested that further research should continue such discussion of the dis-
crepancies between their design plans and actual products so that the overall 
quality of the instruction can be assured.

in terms of students’ computer self-efficacy, technology-enabled PBL 
appeared to have a positive impact on computer self-efficacy for students. 
Paired sample t-tests showed a significant difference in pre-test ratings 
(mean = 2.42) and post-test ratings (mean = 3.30) of students regarding 
computer self-efficacy t(30)=16.32, p<0.014 (two-tailed), d=0.52. after 
technology-enabled PBL, students were shown to have significantly higher 
computer self-efficacy. an increase in computer self-efficacy meant that stu-
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dents’ confidence in the use of educational technology was promoted, and 
it enhanced the likelihood of their integrating educational technology into 
future teaching in class (ertmer et al., 1994). a high level of computer self-
efficacy together with a solid knowledge of technology will enable more ef-
fective integration of educational technology to class teaching. Thus, teach-
ing effectiveness will also be raised. Therefore, consideration should be 
given to offering technology-enabled PBL in teacher education programs.

Finally, the findings of this study have raised some issues and implica-
tions for further discussion. Process prompts work to their fullest efficacy 
in technology-enabled PBL when students believe them to be useful and 
meaningful for the attainment of learning goals. This study found that how 
students choose to work with the scaffoldings also impacts their technology-
enabled PBL. it is recommended that scaffoldings are used as a procedural 
guide and explicitly addressed by the instructor in promoting self-monitor-
ing or evaluating metacognitive strategies. Future research should examine 
how to better assist students in using (or motivating them to use) process 
prompts mindfully, so that they can engage in the type of learning that ap-
pears necessary to achieve the goals of scaffolding. While our data strongly 
suggest that the process prompts as effective scaffolding for technology-en-
abled PBL will depend on students’ domain knowledge of and competen-
cies related to the subject, some of our students seemed to experience prob-
lems finding information for or answering process prompts due to a lack of 
content available in forms that suited their project purposes; another reason 
might be due to limitations associated with their partially developed knowl-
edge and/or project focus. Continued discussion about this topic will shed 
light on the overall effectiveness of technology-enabled PBL in technology 
education for prospective teachers. 

concLUSIon

This study had two primary goals: a) to examine the effects of pro-
cess prompts on scaffolding students’ technology-enabled PBL; and b) to 
investigate the effectiveness of technology-enabled PBL on students’ learn-
ing and computer self-efficacy. The results supported greene and Land’s 
(2000) findings with respect to the effects of process prompts in the context 
of PBL. The results revealed that process prompts in technology-enabled 
PBL facilitated problem-solving, supported self-monitoring, and facilitated 
knowledge construction. in addition, this study supported the findings that 
technology-enabled PBL provides experiences that broaden prospective 
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teachers’ perceptions of technology and technology education and improves 
their computer self-efficacy. The technology-enabled PBL has successfully 
called attention to the concept of having prospective teachers develop com-
plete web-based instruction for specific learners. Such a project offers a 
meaningful context in which they can learn what technology tools to use 
and how to use them in order to integrate instructional technology into the 
curriculum. in turn, their confidence in technology integration will become 
stronger; this may enhance the likelihood of integrating educational tech-
nology to their future teaching (ertmer et al., 1994). nevertheless, when 
implementing technology-enabled PBL in teacher education, the instructors 
should pay attention to whether the students understand the process prompts 
that are given to them to support their activation of PBL and to the problem 
of discrepancy between students’ design plan and their web-based instruc-
tion. The instructors may need to monitor the process closely and provide 
more scaffolding along the way, especially when the students encounter dif-
ficulties. moreover, smaller scale technology-enabled PBL can be employed 
more frequently to help them gain more experience and to give them more 
chances to develop their metacognitve skills or self-reflective skills. Thus, 
the effectiveness of a bigger scale of technology-enabled PBL can be as-
sured. Despite some limitations, to foster prospective teachers, technology-
enabled PBL should be encouraged.
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