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EXECUTIVE SUMMARY (300-600 WORDS) 

Purpose / Research Question 

This research project is to examine the implementation and outcome of one-to-one 

laptop initiative of National Institute of Education (NIE) to better understand the 

possibilities and challenges of the ubiquitous computing environment aimed at 

achieving multiple dimensional learning goals of pre-service teachers. 

Background 

NIE was the first to implement one-to-one laptop program in higher education 

institutions of Singapore. The 2009 January intake of trainee teachers at NIE were 

equipped with laptops, and thus had 24/7 access to computers. An understanding of 

the intended and unintended usage and consequences is necessary to promote the 

realization of the advantages of a ubiquitous computing program, thus advancing the 

potential impact of the one-to-one laptop access. 

Participants 

Participants were trainee teachers who borrowed a laptop during their study under 

NIE’s one-to-one laptop scheme. 

Research Methodology / Design 

Baseline and exploratory studies were conducted on looking at NIE pre-service 

teachers’ ICT experiences, perception, the impact of ubiquitous computing 

environment and teaching knowledge development. It is through mixed methods, 

which are longitudinal survey, digital log files of students’ laptop, reflective 

diary/journaling, focus group interviews, interviews and class observations. 
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Findings / Results 

Statistical analysis from the pre-programme and post-programme surveys 

collected indicated that the pre-service teachers’ improved their competencies in 

using various ICT tools for teaching significantly after going through the NIE training. 

The student-teachers engaged themselves more in communication / networking, 

media consumption, content creation and other computer activities during their 

training programme in NIE than before that. Regarding the more advanced and 

emerging ICT tools, the gap among pre-service teachers’ skills in using these 

advanced and emerging tools for teaching is growing. It means not all pre-service 

teachers improve their competencies in using these tools for teaching at the same 

level – some pre-service teachers improves a lot whereas others improves a little or 

remains at the same level. 

The pre-service teachers perceived that their computer skills have increased as 

a result of their training programme at NIE. However, there is no difference in the 

perception of their use of the computer in educational activities before and after their 

training programme. Some student-teachers have also expressed that the one-to- 

one laptop programme has enabled them to be more technologically mobile although 

it has not radically changed their perceptions of ICT tools. 

There are multiple devices for student teachers to use in their life. Laptop is not 

always the most frequently used device for them. Some of the trainee teachers gave 

the NIE-issued laptop to their family members to use. Obstacles that they face 

include some of them believing the laptop to be a distracting tool. Also, it was found 

that when they went off to schools for their practicum, the ICT infrastructure in some 

schools were not able to support the needs of the student-teachers. 
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Conclusion 
 
From these findings, it is recognized that policy makers and school authorities should 

make further efforts to better accommodate the “support” teachers and students 

need in leveraging on ICT supported learning environments if “ubiquitous computing” 

is to be attained. Apart from providing technology-centred support (e.g. ICT devices 

and software), people-centred support (e.g. initiatives that encouraging ICT-related 

innovation in pedagogy and curriculum) are also needed to facilitate and stimulate 

teachers to explore and experiment in this area. 

 

Keywords 
 
Ubiquitous computing; one-to-one learning; technology enhanced learning 
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Project Title: Pre-Service Teachers in a Ubiquitous Computing Environment: 

One-to-One Technology Enhanced Learning (TEL) 

1. Introduction

This research project is to examine the implementation and outcome of one-to- 

one laptop initiative of National Institute of Education (NIE) to better understand the 

possibilities and challenges of the ubiquitous computing environment aimed at 

achieving multiple dimensional learning goals of pre-service teachers. It is expected 

to garner useful information for decision-making, education technology researchers 

and professionals. The findings of this study may also offer insights to future one-to- 

one computing initiative in other institutions. 

NIE was the first to implement one-to-one laptop program in higher education 

institutions of Singapore. The 2009 January intake of trainee teachers at NIE were 

equipped with laptops, and thus had 24/7 access to computers. An understanding of 

the intended and unintended usage and consequences is necessary to promote the 

realization of the advantages of a ubiquitous computing program, thus advancing the 

potential impact of the one-to-one laptop access. In the classroom level, we 

investigated the classroom practices that integrate the use of technology for teaching 

and learning. At a personal level, we would also be investigating at how student 

teachers’ life style and practices will change with the provision of a personal laptop. 

The main objectives of this project were: (1) to understand and further foster an 

institutional commitment to technology-enhanced pedagogy that ensures long-term 

support and productive technology integration into all phases of teacher education; 

(2) to work with teacher trainees and NIE academic staff to expand the range of
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technology use appropriately and in flexible and adaptive ways that support the 

diversity of NIE’s disciplines, instructors, and learners, (3) to craft a framework and 

roadmap for the sustenance of a robust integration of technology into teaching and 

learning within NIE for all stakeholders concerned (i.e., MOE, teacher trainees, 

academic staff, administrators and technical support departments); and (4) to 

support instructors and pre-service teacher to design instruction that leverage 

technology advantageously yet appropriately at NIE and in schools they will 

ultimately serve. 

This project examined the usage and impact of laptops on teaching and learning 

to understand the possibilities and challenges of the ubiquitous computing 

environment aimed at achieving multiple dimensional learning goals of pre-service 

teachers. We adopted a “phenomenological inquiry” approach for data collection, 

which uses a naturalistic approach to "inductively and holistically understand human 

experience in context‐specific settings" (Patton, 1990, p.36). The development in the 

1:1 ubiquitous computing learning environment, supported by theories of social 

learning, situated learning, and knowledge-building, will influence the nature, the 

process and the outcomes of learning. Through intensive investigation, we got first- 

hand experience with the implementation of the ubiquitous computing environment. 

We intend to find out how trainee teachers used technology for teaching and learning 

at NIE and during practicum to inform the professional development of trainee 

teachers. 

2. Literature Review

Since Weiser introduced the term “ubiquitous computing” in 1991, many 

scholars have argued that technology will play a much more significant role in 

education and learning when it becomes more-human centered, less visible, and 
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available to students whenever and wherever they need it (Norris & Soloway, 2004; 

Roschelle & Pea, 2002; van ’t Hooft & Swan, 2007). The ubiquitous, 24/7 access to 

computers makes it possible for students to access a wider array of resources to 

support their learning, to communicate with peers and their teachers, to become 

fluent in their use of the technological tools of the 21st century workplace. When 

students are also able to take computers home, the enhanced access further 

facilitates students keeping their work organized and makes the computer a more 

“personal” device (Vahey & Crawford, 2002). 

One to one ubiquitous computing and wireless connectivity provide instant and 

continuous access to a vast array of resources such as searches of library catalogs 

while taking notes, recording audio, and interacting simultaneously with peers in- 

class and around the world in real-time (DiGangi, Kilic, & Yu, 2007). Increased 

access to technology leads to improvements in a variety of educational outcomes. 

Some positive results of one to one ubiquitous computing on students’ learning are 

identified, such as increased technology skills (Bebell, 2005; Lowther & Ross, 2003; 

Rockman et al, 2000), media literacy (Bebell, 2005; Hill, Reeves, Grant, Wang, & 

Han, 2002; Rockman, 2003), improved writing (Rockman, 2003; Russell, Bebell,& 

Higgins, 2004; Vahey & Crawford, 2002; Light, McDermott, & Honey, 2002; Lowther 

& Ross, 2003; Bebell, 2005), increased scores on standardized tests (Zucker, 2004), 

development of 21st century skills (Silvernail & Lane, 2004; Zucker, 2004), and 

positive impact for special needs and lower ability students (Hill et al., 2002). Other 

positive effects of ubiquitous computing on students include increased motivation, 

engagement and participation (Russell, Bebell, & Higgins, 2004; Swan, Cook, 

Kratcoski, Lin, Schenker, & van ’t Hooft, 2006; Vahey & Crawford, 2002; Zucker & 

McGhee, 2005; Rockman, et al, 2000; Bebell, 2005; Russell, Bebell,& Higgins, 2004; 
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Silvernail & Lane, 2004), better organized (Zucker & McGhee, 2005), more efficient 

learning (Hill, et al., 2002), increased collaboration among students and between 

students and teachers (Bebell, 2005; Norris & Soloway, 2004; Roschelle & Pea, 

2002; Russell, Bebell,& Higgins, 2004; Vahey & Crawford, 2002; Swan, et al., 2006), 

students become “experts” on particular topics (Norris & Soloway, 2004; Swan, et al., 

2006), and tend to be more independent learners (Zucker, & McGhee, 2005). 

One to one ubiquitous computing brings the evolution of technology-enhanced 

learning to a new phase - “seamless learning,” which refers to a continuity of the 

learning experience across different environments (Chan et al., 2006). Seamless 

learning implies that a student can learn whenever they are curious in a variety of 

scenarios and that they can switch from one scenario to another easily and quickly 

using the personal device as a mediator. Seamless learning space refers to the 

collection of the various learning scenarios supported by one-to-one technology. 

Exploration and investigation in the seamless learning space provides a potential to 

extend formal learning time, usually limited to the classroom, into informal learning 

time, to embrace opportunities for out-of-school learning driven by the personal 

interests of students, which may involve interacting with an online learning 

community, visiting museums, participating in community projects, or other venues 

(Computer Research Associations, 2005). This project aims to investigate the usage 

of impact of one to one ubiquitous computing in both formal and informal setting. 

To describe the level of ICT integration of the teachers observed, we have 

translated the developmental trajectory of ICT use proposed by Dwyer, Rinstaff and 

Sandholtz (1991) into our context. According to this framework, teachers generally 

go through five stages in the process of incorporating ICTs into their classrooms 

indicated by their ICT-related teaching performance: 1) Entry stage, where the 
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physical environment of learning starts to change with the introduction of ICT devices 

yet the learning activities and supporting tools used remain relatively traditional; 2) 

Adoption stage, where ICT devices are used but for traditional learning activities; 3) 

Adaptation stage, where various ICTs are used with increasing depth and breadth, 

and integrated into specific learning scenarios; 4) Appropriation stage, where ICTs 

are routinely used and transforming pedagogical practices in a broader context; 5) 

Invention stage, where both the physical environment and teachers’ mindsets in 

learning have been transformed and teachers are actively exploring and 

experimenting with new tools and activities to enhance learning effectiveness. In 

analysis, the level of ICT use of the teachers involved at both the pre and post 

examination period was examined and compared. It should be noted that in our 

study, the determination of ICT integration level was phenomena-based. The 

progression of ICT integration was thus defined as the improvement in the scope  

and frequency of ICT adoption which might and might not indicate the increase in 

users’ competence in “ICT for teaching”. 

Based on Shulman’s (1986) construct of pedagogical content knowledge (PCK), 

Mishra and Koehler (2008, 2006) constructed a new framework by integrating the 

technology knowledge domain into the previous model and highlighted the prominent 

role of digital technologies in instructional settings (Mishra & Koehler, 2006). This 

emerging framework named as Technological Pedagogical Content Knowledge 

(TPACK) is used to explain the complex relationships between the different types of 

teacher knowledge. It describes the intersections among technology, pedagogy and 

content knowledge which a teacher needs in order to teach content with efficient 

pedagogical methods and technology tools. This framework have seven components: 

three primary domains of technology knowledge (TK), content knowledge (CK), 
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pedagogical knowledge (PK), three mixed domains of pedagogical content 

knowledge (PCK), technological content knowledge (TCK), technological 

pedagogical knowledge (TPK) and the fully integrated knowledge of technological 

pedagogical content knowledge (TPACK). Studies revealed that the better a teacher 

is equipped with highly developed TPACK, the more likely to integrate ICT into 

instructional design effectively for teaching subject contents (Chai, Koh, Tsai & Tan, 

2011; Koehler & Mishra, 2005; Marina, Sameshima & Beecher, 2009). 

3. Research Questions 
 

(1) Usage and experiences of trainee teachers 
 

 How do the teacher trainees use the laptops in the ubiquitous learning 

environment? 

 What benefits do teacher trainees get by using laptops? 

 
 What are the digital and technical literacies of new teacher trainees? 

 
 What obstacles or challenge have learners encountered in the one-to-one 

laptop program? 

(2) Impact 
 

 How does the ubiquitous access of laptop facilitate teacher trainees’ learning 

and teaching practice? 

 How do teacher trainees’ attitudes, values, and pedagogies change with the 

implementation of one-to-one ubiquitous computing? 

 
 
 

 
4. Methodology 
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Baseline and exploratory studies were conducted on looking at NIE pre-service 

teachers’ ICT experiences, perception, the impact of ubiquitous computing 

environment and teaching knowledge development. It is through mixed methods, 

which are longitudinal survey, digital log files of students’ laptop, reflective 

diary/journaling, focus group interviews, interviews and class observations 

(shadowing). 

 
Since April 2009, survey data collection was made among trainee teachers at 

different stages of attending NIE teacher preparation program. The survey was on a 

voluntary basis. There have been 4 baseline surveys and 4 post-programme surveys 

implemented. The pre-service teachers were invited to take the online surveys. The 

questionnaire asked questions about the ICT devices they own, their time spent on 

ICT devices, how much of ICT tools/activities they engaged in, skills with an array of 

established and emerging technologies and tools and their attitudes towards ICT for 

teaching and learning. Participants were trainee teachers who borrowed a laptop 

during their study under NIE’s one-to-one laptop scheme. Most of them were from 

PGDE programme, while the rest from BA, BSc, DipEd, PhyEd group. In addition, we 

monitored tracking of laptop usages patterns of the targeted student-teachers via 

logging software ManicTime. 

 
Periodic interview sessions were held with the focus group as well as personal 

ones. A semi-structured interview was employed at each session, as this offered a 

more flexible way to approach different participants while still focusing on the same 

area of data collection. 15 focus group interviews have been facilitated. Each 

interview was about one hour long, and was recorded and transcribed. Journal 

writing was carried out by 24 trainee teachers on fortnightly basis. Log software was 
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installed in the target trainee teachers’ laptops. In addition, the researcher shadowed 

two beginning teachers for class observations just after they graduated from NIE. 

Once a month class observations for a semester (from July to November 2011) were 

followed by interviews after class. Photography, videos, voice recording were made 

for documentation. Analysis of interviews, observations, documents, log files, and 

surveys provided triangulation. 

5. Data Analysis and Main Findings 

 
Descriptive analysis, preliminary factor analysis of usage variables, preliminary 

inferential analysis of pre and post survey data and pair-sample t tests were 

conducted on analyzing pre-service teachers’ ICT usage and competencies. 

Exploratory Factor Analysis (EFA) with principal component extraction and varimax 

rotation was also applied to provide a meaningful interpretation of the data. 

 
Statistical analysis from the pre-programme and post-programme surveys 

collected indicated that the pre-service teachers’ improved their competencies in 

using various ICT tools for teaching significantly after going through the NIE training. 

The student-teachers engaged themselves more in communication / networking, 

media consumption, content creation and other computer activities during their 

training programme in NIE than before that. However not all student teachers 

improve their ICT skills at the same level. 

 
It is noted that the mean scores of their competencies in using basic ICT tools 

(e.g., use email to communicate with students, use presentation software, using 

learning management system, using online resources, Create online assessments, 

quizzes, activities, Create lessons using videos, and Create a learning environment 

using Web2.0 tools) for teaching in post survey is higher than using emerging and 
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advanced ICT tools (e.g., Use ‘live’ conferencing platforms, Create lessons using 

podcasts, Incorporate online games in lessons, Use Virtual Learning Environment, 

Use storyboarding or comic creation tools, and Create digital portfolios) for teaching. 

For those basic ICT skills for teaching, the stand deviation shows a decreasing trend 

from pre-survey to post survey, which means the gap among pre-service teachers’ 

skills in using these basic tools for teaching is narrowing. However, regarding the 

more advanced and emerging ICT tools, the gap among pre-service teachers’ skills 

in using these advanced and emerging tools for teaching is growing. It means not all 

pre-service teachers improve their competencies in using these tools for teaching at 

the same level – some pre-service teachers improves a lot whereas others improves 

a little or remains at the same level. 

 
The pre-service teachers perceived that their computer skills have increased as 

a result of their training programme at NIE. However, there is no difference in the 

perception of their use of the computer in educational activities before and after their 

training programme. Some student-teachers have also expressed that the one-to- 

one laptop programme has enabled them to be more technologically mobile although 

it has not radically changed their perceptions of ICT tools. Most of these findings are 

similar across academic groups in NIE. 

 
Analysis of focus group discussions and journals reveal a dissonance between 

the student-teachers’ use of laptops for work-related purposes and for leisure 

purposes. Some of them also expressed using ICT more out of obligation than 

because they perceive ICT to be useful. Also, although their computer usage is 

relatively high, they do not perform varied activities on their laptops. Most of their 

activities are similar. 
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There are multiple devices for student teachers to use in their life. Laptop is not 

always the most frequently used device for them. Some of the trainee teachers gave 

the NIE-issued laptop to their family members to use. Obstacles that they face 

include some of them believing the laptop to be a distracting tool. Also, it was found 

that when they went off to schools for their practicum, the ICT infrastructure in some 

schools were not able to support the needs of the student-teachers. 

 
Research papers on topics including ubiquitous computing, technology- 

enhanced learning, and teacher education have been published in journals and 

presented at international conferences. 2 papers have been published in journals 

and one paper is under journal review. We have presented 5 papers at international 

conferences. The major findings are as following: 

 
ICT Experiences and Competencies as “Digital Natives” 

 
 

A baseline study was conducted on the ICT experiences and competencies of 

the new generation of pre-service teachers born after 1980 and grown up in the 

Digital Age. An explanatory mixed methods design was adopted. In August 2009, 

1787 first year student teachers at NIE participated in an online survey. Quantitative 

data of 1554 participants among them were collected to get a general view of ICT 

device ownership, ICT usage and competence in both educational and non- 

educational contexts. Demographic information such as age, gender, nationality and 

education background was also included in the survey questionnaire. Qualitative 

data obtained from focus group interviews and bi-weekly journaling of 24 

respondents was analysed to draw a more detailed picture of ICT-related activities of 

these pre-service teachers and to uncover the factors that affected the usage 

patterns. 
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Data analysis shows that pre-service teachers in the Digital Age generally had 

good access to mainstream ICT devices such as laptop computers, desktop 

computers and mobile phones. The vast majority, 86% had laptops before coming to 

the institution to study, and more than half had desktops at home. Additional 

analyses showed that 43% owned both a desktop and a laptop computer. Most of 

the netbook users had a laptop as well. As for the emerging handheld mobile 

technologies, 43% owned smartphones. Half of them had portable multimedia player 

(PMP) and about ¼ owned handheld gaming console. Further analysis showed that 

about ¾ had one other type of mobile device besides the mobile phone. Around 10% 

of the pre-service teachers had all mobiles device types investigated (including 

laptop, smartphone, game console and PMP), and they would carry multiple devices 

with them most of the time. ICTs were nearly ubiquitous to this group. The majority 

preferred to bring their laptops (mostly the ones loaned from NIE) to their allocated 

school during practicum. 

A set of core ICT-based applications (e.g. emails and social network sites) were 

frequently and extensively used for entertaining, communicating and socializing 

purpose. They used the core set of ICT devices (laptops, desktops and mobile 

phones) and more than 90% of the pre-service teachers examined used ICTs for 

applications (e.g. sending and receiving emails, chatting online, watching videos, 

reading online news) at an early age and with fairly high frequency and long duration. 

The patterns of access/ownership, use of and competency with a range of other 

emerging ICT applications show considerable variation. The core ICT application 

skills do not necessarily translate into sophisticated skills with other applications. 
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While some pre-service teachers have embraced the technologies and tools as 

the “Digital Natives”, this is by no means the universal pre-service teacher 

experience. The results of this study highlight the lack of homogeneity in young pre- 

service teachers with regards to ICT and a potential “digital divide” between them. 

They are a diverse group. It is clear that there is a more complex mix of technology 

experiences and skills among the young generation of pre-service teachers. For 

teacher education, on top of the basic ICT tools, we need to find a way to effectively 

engage more pre-service teachers to improve their ICT competencies for teaching 

especially those “laggards”. 

 
The young pre-service teachers were comfortable, confident and competent in 

using mainstream ICT applications. These improvements in ICT “assets” and 

“actions” of this new generation of pre-service teachers could be attributed to the 

education they received before and after enrolling in the NIE teacher training 

programs that emphasized ICT use in learning and teaching as a response to the 

implementation of three Master plans that engaged not only policy makers but also 

school practitioners and industry. The achievements made in the Singapore context 

to some extent validates the “government initiate, multiple parties participate” mode 

in enhancing ICT use among the future work force, which can be translated into 

other contexts to make a difference. 

 
On the other hand, emerging devices (e.g. smart phones) and applications (e.g. 

participating in virtual multi-user environments) were less incorporated. These young 

pre-service teachers remained as passive recipients of information rather than active 

contributors and creators of contents in the digital world. Content creation activities 

such as creating and editing wikis were hardly observed. Moreover, the use of ICT 
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for educational purposes was behind expectations as these pre-service teachers 

lacked in competency in integrating ICT to innovate and transform teaching and 

learning. 

 
The limited range of ICT devices and applications used and the restricted scope 

of ICT-related activities carried out by these pre-service teachers could be ascribed 

to the lack of exposure to these newly developed technology and technology- 

augmented practices. But it is more likely that it was because these pre-service 

teachers could not comprehend the needs and methods to integrate ICTs to innovate 

and transform existing practices that caused the compromised ICT usage. This is 

particularly the case for adoption of ICTs in educational settings. On the limited 

occasions when ICTs did play a role (e.g. some used PowerPoint presentations in 

teaching), they were only used for supplementing traditional practices (e.g. 

presenting and illustrating the learning points) rather than enabling new forms of 

learning and teaching. 

 
The gap between the pre-service teachers’ everyday ICT competence and that 

for teaching and learning observed requires the adaptation and adjustment of 

existing teacher training programs. The research provides sufficient evidence to 

negate the one-for-all approach to the integration of ICT into teacher education 

curricula. 

 
ICT Usage across Spaces 

 
 

Examination of ICT ownership and usage on another sample of 107 pre-service 

teachers who were at the end of their training period at NIE, and a closer look at 

three of them was conducted to find out how they used different computing devices 
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across different spaces. The combination of these two parts provides a snapshot of 

the teachers’ ubiquitous computing experiences and sheds light on how their ICT 

experiences affected their learning and consequently, their teaching. For this group 

of pre-service teachers, the ownership levels and usage levels for communication 

and media consumption were high, but the usage levels for content creation was 

significantly lower. Except laptop, most also had a desktop and a Smartphone. 

Slightly more than half of them owned portable media players (PMPs). Netbooks, 

game consoles and ultra-mobile personal computers (UMPCs) were less popular 

with this group of student-teachers. Most of them spent between 3-7 hours online on 

a typical day. Very few of them spent either less than 3 hours a day, or more than 7 

hours a day on ICT devices. This means that on the average, most of them spent 

about 35% of their waking hours using ICT devices. The levels of adoption of ICT for 

communication tools and media consumption were generally higher, with a large 

majority of the student-teachers using ICT to carry out activities like sending emails, 

chatting, watching videos and such. 

However, the average time spent on these activities (in a week) was relatively 

low and the adoption rate for using ICT to create content is significantly lower. For 

teaching and learning, most of them commonly use about five of the ICT activities 

listed. The activity with the highest level of adoption for content creation is blogging 

and only 40% in this group did so. The average amount of time spent on content- 

creating activities is also much lower than that for communication tools and media 

consumption. The most common tools for teaching and learning were using 

presentation software, creating online assessments, using online resources, using 

web 2.0 tools and using emails. 
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Among the cases of three pre-service teachers, two used ICT tools mostly on a 

need-to basis, and most of their ICT usage involved work. Also, the level of comfort 

with ICT tools did not seem to increase much with the increase in the level of 

familiarity with ICT tools. The lack of ease and familiarity with ICT, and the student- 

teachers’ general perceptions about laptops and ICT seem to be the main factors 

affecting the smooth transition of laptops into their classroom sessions and their lives. 

Mostly, the student-teachers seem to view the ICT tools as objects to enhance,  

rather than as a main tool in itself. They were sometimes not able to effectively 

manipulate the tools to suit their needs, and as a result, they viewed the tools as 

ineffective. Many of them only use it for a limited set of activities, and mostly do not 

seem interested in exploring much further than they have to. 

 
Another case study examined perceptions on technology as a predictor for the 

use of and attitudes towards ICT in the classroom. By borrowing the Pew typology, 

the three pre-service teachers were characterized with two in the group of elite tech 

users, who has an extensive suite of gadgets, are multi-taskers and do much of their 

activities online. One can be described as a lower end of a middle-of-the-road-tech 

user who is connected but does not want technology to intrude into everyday life and 

refuse to become too tech dependent. 

 
The three pre-service teachers used the NIE laptop for coursework and for most 

of their coursework assignments. The laptop loan initiative met its main goal of 

providing a tool to leverage IT during their training period. However, all three 

mentioned that the laptop was a little too heavy and cumbersome to carry around. 

Perhaps, the institution should look beyond laptops and examine other devices such 

netbooks, iPod Touches or iPads which may be just as effective but more portable. 
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While it was mandatory to bring a laptop to class for some courses like the ICT and 

Education Psychology, not all courses had the same requirements. Unless there is a 

widespread integration of technology at NIE in all its courses, the institution has not 

fully leveraged on the use of IT. The trainees learn best by observing other’s model 

of how to facilitate ICT in class. 

 
ICT Adoption in Classroom and Gratifications 

 
 

In describing how well the student-teachers have adopted ICT tools into teaching 

during practicum, the sixteen participants were analysed and categorized based on 

Dwyer, Ringstaff and Sandholtz’s five stages in the process of incorporating ICT. It 

seems most teachers were possibly at around stages 2-3. Not many were in stages  

4 and 5, as they did not engage much in content creation. Even those who  did, 

spend very little time on it, on the average. Two pre-service teachers were at Entry 

level. They hardly used ICT devices in their classrooms and struggled with very low- 

level problems. They relied almost purely on whiteboards and (paperback) textbooks. 

Seven pre-service teachers were found at Adoption level. They adopted the use of 

ICT to support traditional text-based drill-and-practise instructions and struggled less 

with the ICT devices. They sometimes used tools like visualizers and PowerPoint 

presentations to support their classroom lessons, and occasionally experimented  

with other ICT applications, such as add videos, applets, PBworks, websites (Ace 

Learning) and other software. The majority of them appeared generally satisfied with 

the ICT tools that they had used for enhancing their teaching and this motivated  

them to use more. The inconvenience of minor technical glitches did not put them off 

using ICT devices, though several of them did express that it made them slightly 

more reluctant to do so. They seem to believe that the tools and applications they 
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used thus far were able to sufficiently cater to their teaching needs, although some of 

them did not mind trying out new tools/applications. 

 

Six pre-service teachers were at Adaption level, generally more proficient with  

the more common ICT tools and applications (like Power Point presentations, videos, 

interactive white boards and digital textbooks) than the pre-service teachers in the 

previous two categories. A few of them in this group also used simulations, applets 

and data loggers. Using various combinations of the above-mentioned tools and 

applications in dynamic ways, they found that in general, students were more 

engaged, understood the content better and enjoyed the lessons more. One of them 

made a comment that these tool are useful for teaching the students to think critically 

and creatively. Another was pleasantly surprised and impressed by the material that 

the students created when they were told to create a wiki. Some of the pre-service 

teachers were also told by the students that the interactivity made learning easier. 

 
One pre-service teacher was at Appropriation level, who effectively navigates the 

various ICT resources, able to overcome ICT-related problems, also experimented 

with creating his own applications to suit the needs of respective classrooms. He 

used the digital textbook and PowerPoint presentations extensively, and engaged 

the students well. He included Flash programmes for more interactive exercises. He 

used PPTV, online video streaming software and made his lessons interesting. Other 

applications he created include quizzes and scoring boards. The applications that he 

had created worked well which gave him a sense of achievement. He would continue 

to use ICT application as he saw the benefits to using them, though he would like to 

have more time to explore different applications. None of the pre-service teachers 

was identified at the highest level of Invention yet. 
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Data shows the higher and more advanced the pre-service teachers’ usage, the 

higher their general levels of gratifications towards ICT applications. Those teachers 

who have higher levels of usage were also less easily discouraged when they ran 

into problems, and the problems did not put them off using ICT as much. The 

problems they confronted mainly are: 1) the lack of time. Most pre-service teachers 

felt the rush to complete the syllabus so it was difficult to include ICT in lessons. 

Troubleshooting and solving the technical problems take up more time; 2) technical 

constraints. For instance, the computer in some schools was slow or not working 

sometimes. There was difficulty getting help from the technical assistant in the 

school and the lack of technical support. Some mentioned they faced compatibility 

and security issues when they used laptop in school. 

 
Technological Pedagogical Content Knowledge Preparation and Practice 

 
 

The research assessed pre-service teachers’ teaching knowledge within 

Technological Knowledge (TK), Technological Pedagogical Knowledge (TPK) and 

Technological Pedagogical Content Knowledge (TPCK) domains. It also investigated 

the factors and learning context influencing pre-service teachers’ TPACK practice 

and further development. Findings suggest that these pre-service teachers perceived 

themselves with better TPK and TPCK than TK. And they can hardly differentiate 

TPK and TPCK. Less evidence of TPCK was shown in their implementation of using 

technology for teaching subject content in pedagogical sound ways. Learning context 

and interpersonal influence among peers, colleague, student and teachers have 

significant impact on pre-service teachers. Obstacles caused by external factors 

were also addressed. The analysis identified a relatively small number of factors that 

were representative of the relationships among the interrelated variables. TPCK has 
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been merged with TPK factor which means the pre-service teachers were not able to 

differentiate Technological Pedagogical Content Knowledge and Technological 

Pedagogical Knowledge. 

 
Teacher educator model effective use of technology in classrooms would be the 

most suitable way to prepare a new generation of teachers who can effectively use 

the new tools for learning. Learning to teach subject content with digital technology in 

pedagogical sound ways for teachers is a long-term effort. Training programs in 

schools shall be tailored and provided for beginning teachers to help them develop 

teaching knowledge and practical skills. 

 
Constraints Discouraging Teachers Using ICT in Classroom 

 
 

Monthly observation sessions with 2 beginning teachers showed that the ICT 

tools that were used by the beginning teachers were not varied, and the potential of 

ICT was not leveraged on. They mostly used the visualiser and the digital textbook, 

and the tasks performed using these tools were generally simple. A contrast has 

been found in ICT usage during pre-exam and post-exam period. Both teachers  

were found at the Adoption level of ICT integration before the exam. After the 

examinations, both teachers used ICTs more extensively and effectively due to 

improved room and freedom for embracing more diverse and sophisticated ICT- 

supported pedagogical practices. They did not believe in using ICT tools for revision 

or for the preparation of examinations, believing it to be most suitable for teaching 

new topics. They prepared the students for the examinations by going through many 

test papers with them (the students). However, after the examination period, it is 

observed that they used ICT in much more dynamic and creative ways. 
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One teacher believed that ICT was only used to build interest and the games he 

played with the students were more skills-based. Another one viewed ICT tools as 

fancy add-ons, to “attract” the students by showing them video clips or animation 

clips, and felt that the “area and the opportunity to use ICT to enhance teaching is 

limited”. 

 
Extrinsic barriers - time and curriculum constraint has been confirmed as 

discouraging ICT adoption in classroom settings. After the examinations, both the 

teachers used ICTs more extensively and effectively due to improved room and 

freedom for embracing more diverse and sophisticated ICT-supported pedagogical 

practices. Though curriculum being responsible for reduced ICT integration in 

classrooms is suggested, we do not argue for the eradication of existing curriculum 

but for the modification as curriculum can give teachers a clear sense of what to 

teach and foster teachers’ on-the job training (Valencia, et al., 2006). 

 
From these findings, it is recognized that policy makers and school authorities 

should make further efforts to better accommodate the “support” teachers and 

students need in leveraging on ICT supported learning environments if “ubiquitous 

computing” is to be attained. Apart from providing technology-centred support (e.g. 

ICT devices and software), people-centred support (e.g. initiatives that encouraging 

ICT-related innovation in pedagogy and curriculum) are also needed to facilitate and 

stimulate teachers to explore and experiment in this area. 

ACKNOWLEDGEMENTS 

This study was funded by the Education Research Funding Programme, National 

Institute of Education (NIE), Nanyang Technological University, Singapore, project no. 

OER 21/08 CWL. The views expressed in this paper are the author’s and do not 

necessarily represent the views of NIE. 



Jun 2012  

References 

 

Bebell, D. (2005). Laptop learning: An examination of upper elementary classrooms 

with 1 to 1 student to computer ratios. Technology and Assessment Collaborative. 

Center for the Study of Testing, Evaluation and Educational Policy. Retrieved

 August 30, 2008 from 

http://www.bc.edu/research/intasc/researchprojects/laptopLearning/laptopLearnin 

g.shtml 

Bin-Taleb, A. A. (2005). The laptop Initiative: Faculty and preservice teachers' 

perspectives on teaching practices and the learning environment. Unpublished 

doctoral dissertation. The University of Texas at Austin. 

Brown, R. (2005). Colleges & universities with laptop or notebook computer 

initiatives. Retrieved August 20, 2008, from http://www2.westminster- 

mo.edu/wc_users/homepages/staff/brownr/NoteBookList.html 

Chan, T. W., Roschelle, J., Hsi, S., Sharples, M., Brown, T., Patton, C., et al. 

(2006). One-to-one technology-enhanced learning: An opportunity for global 

research collaboration. Research & Practice in Technology Enhanced 

Learning, 1(1), 3-29. 

Cole, M., & Engestrom, Y. (1993). A cultural historical approach to distributed 

cognition. In G. Salomon, (Ed.) Distributed cognitons Cambridge: Cambridge 

University Press. 

Computing Research Association. (2005, November). Cyber infrastructure for 

education and learning for the future: A vision and research agenda. (Co- 

authored by Sharon Ainsworth, Margaret Honey, W. Lewis Johnson, Kenneth 

Koedinger, Brandon Muramatsu, Roy Pea, Mimi Recker, and Stephen Weimar). 

Washington, DC: Computing Research Association. 

http://www.bc.edu/research/intasc/researchprojects/laptopLearning/laptopLearnin
http://www2.westminster-/


Jun 2012  

DiGangi, S., Kilic, Z., Yu, C.H., Jannasch-Pennell, A., Long, L., Kim, C., Stay, V., & 

Kang, S. (2007). One to one computing in higher education: A survey of 

technology practices and needs. AACE Journal, 15(4), 367-387. 

Hill, J. R., Reeves, T. C., Grant, M. M., Wang, S-K., & Han, S. (2002). The impact of 

portable technologies on teaching and learning: Year three report. Retrieved 

August 8, 2008 from 

http://www.usm.maine.edu/cepare/Reports/MLTI_Report3.pdf 

Johnson, S. D. (1995, Spring). Will our research hold up under scrutiny? Journal of 
 

Industrial Teacher Education, 32(3), 3-6. 
 

Koehler, M. J., & Mishra, P. (2008). Introducing TPACK. In AACTE. (Ed.), Handbook 

of technological pedagogical content knowledge (TPACK) for educators (pp. 3– 

29). New York: Routledge. 

Light, D., McDermott, M., & Honey, M. (2002). Project Hiller: The impact of 

ubiquitous portable technology on an urban school. New York: Center for 

Children and Technology, Education Development Center. 

Norris, C., & Soloway, E. (2004) Life in the handheld-centric classroom. Paper 

presented at the Annual Meeting of the World Conference on Educational 

Multimedia, Hypermedia & Telecommunications (Ed-Media), Lugano, Switzerland, 

June. 

Papert, S. (1980). Mindstorms: Children, computers, and powerful ideas. New York: 

Basic Books. 

Patton, M. Q. (1990). Qualitative evaluation and research methods (2ed). Newbury, 

CA: Sage. 

Penuel, W. (2006). Implementation and effects of one-to-one computing initiatives: A 

research synthesis. Journal of Research on Technology in Education, 38(3), 329. 

http://www.usm.maine.edu/cepare/Reports/MLTI_Report3.pdf
http://scholar.lib.vt.edu/ejournals/JITE/v32n3/ed_notes.html
http://scholar.lib.vt.edu/ejournals/JITE/v32n3/ed_notes.html


Jun 2012  

Lowther, D. L., & Ross, S. M. (2003, April). When each one has one: The influences 

on teaching strategies and student achievement of using laptops in the classroom. 

Paper presented at the Annual Meeting of the American Educational Research 

Association, Chicago, IL. Retrieved August 8, 2008 from 

http://www.springerlink.com/content/9367jx211784t750/ 

Mishra, P. & Koehler, M. (2006). Technological pedagogical content knowledge: A 

framework for teacher knowledge. Teachers College Record, 108 (6), 1017-1054. 

McClintock, R. (1999). The Educator’s Manifesto: Renewing the progressive bond 

with posterity through the social construction of digital learning communities. New 

York: Institute for Learning Technologies, Teachers College, Columbia University. 

Retrieved March 21, 2005, from 

http://www.ilt.columbia.edu/publications/manifesto/contents.html 

Norris, C., & Soloway, E. (2004). Envisioning the handheld centric classroom. 
 

Journal of Educational Computing Research, 30(4), 281-294. 
 
Rockman, S. (2003). Learning from laptops. Threshold, 1(1), 24-28. 

 

Rockman et al. (2000, June). A more complex picture: Laptop use and impact in the 

context of changing home and school access. San Francisco: Author 

Roschelle, J., & Pea, R. (2002). A walk on the WILD side: How wireless handhelds 

may change computer-supported collaborative learning. International Journal of 

Cognition and Technology, 1(1), 145–168. 

Russell, M., Bebell, D., & Higgins, J. (2004). Laptop Learning: A comparison of 

teaching and learning in upper elementary classrooms equipped with shared 

carts of laptops and permanent 1:1 laptops. Journal of Educational Computing 

Research, 30(4), 313-330. 

http://www.springerlink.com/content/9367jx211784t750/
http://www.ilt.columbia.edu/publications/manifesto/contents.html


Jun 2012  

Sandholtz, J. H., Ringstaff, C., & Dwyer, D. C. (1997). Teaching with technology: 

Creating student-centered classrooms. New York: Columbia University Press. 

Scot, C. C. (2005). Exploring the impact of a teacher preparation program's laptop 

initiative on the faculty's teaching and learning experiences. Unpublished 

Doctoral dissertation. The University of Texas at Austin. 

Shin, N., Norris, C., & Soloway, E. (2007). Findings from early research on one-to- 

one handheld use in K-12. In: Hooft, M. van't (Ed.), Ubiquitous computing in 

education: Invisible technology, visible impact. Mahwah, NJ: Erlbaum. 

Silvernail, D. L., Lane, D. M. M. (2004). The impact of Maine's one-to-one laptop 

program on middle school teachers and students. Gorham: Maine Educational 

Policy Research Institute, University of Southern Maine. 

Stevenson, K. (2002). Evaluation report—Year 2: High school laptop computer 

program (Final Report, for school year 2001/2002). Liverpool: Liverpool Central 

School District, New York. 

Stevenson, K. (2004). Liverpool Central School District: Evaluation report - year 3 

High School Laptop Computer Program for school year 2002/2003. Syracuse, NY: 

Liverpool Central School District. 

Swan, K., Cook, D., Kratcoski, A., Lin, Y., Schenker, J., & van ’t Hooft, M. (2006). 

Ubiquitous computing: Rethinking teaching, learning and technology integration. 

In S. Tettegah & R. Hunter (Eds.), Education and technology: Issues in 

applications, policy, and administration (pp. 231-252). New York: Elsevier. 

Vahey, P., & Crawford, V. (2002). Palm Education Pioneers program: Final 

evaluation. Menlo Park, CA: SRI International. 



Jun 2012 

van ’t Hooft, M., & Swan, K. (2007). What is ubiquitous computing? In M. van ’t Hooft 

& K. Swan (Eds.), Ubiquitous computing in education: Invisible technology, visible 

impact (pp. 3-17). Mahwah, NJ: Erlbaum. 

Weiser, M. (1991). The computer for the twenty-first century, Scientific American, 

September issue, 94–104. 

Zucker, A. A. (2004). Developing a research agenda for ubiquitous computing in 

schools. Journal of Educational Computing Research, 30(4), 371–386. 

Zucker, A. A., & McGhee, R. (2005). A study of one-to-one computer use in 

mathematics and science instruction at the secondary level in Henrico County 

Public Schools. Arlington, VA: SRI International. 


	OER-21-08-CWL_cover
	OER-21-08-CWL
	OER-21-08-CWL_cover
	OER-21-08-CWL_Or
	2108 CWL cover page
	OER 2108 CWL_Final Written Report





