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Abstract

This paper builds on the earlier results of a study that measured student reactions to a number of components of Tablet PC-based instruction as suggested by self-efficacy precepts. While the initial study found several interesting results supporting self-efficacy precepts in new freshman students, the authors were concerned that student self-efficacy precepts may change as students gain experience and confidence with the system over time. Therefore, a survey focusing on instructional outcomes using Tablet PC computers was administered to both new freshman and returning upper class students during the first week of classes. Analysis of the survey results focus on possible differences between freshman and upper class perceptions of academic performance when using Tablet PC systems in traditional classroom settings. While overall student responses suggest a positive educational experience when using the Tablet PC, significant differences between the freshman and upper class students responses suggest a substantial decline in instructional effectiveness as students gain experience with the Tablet PC.
Introduction

Dakota State University (DSU) has pursued a technology-based mission since the mid 1980’s. As part of that mission, it is responsible for offering academic programs in the computer science and information systems management areas as well as integrating technology across all programs offered by the university. As an extension of this mission, in 2004 DSU became one of the first universities in the country to mandate that all incoming students lease and use a Tablet PC as their main computing platform for all academic degree programs. The Tablet PC program began in the fall of 2004 when more than 900 Gateway M275 Tablet PC convertible systems were distributed to all freshman and sophomore students. Beginning in the fall 2005, the program was extended to all students at the Junior level and below and now features approximately 1,700 Gateway tablets in daily operation. In addition to the Tablet PC systems, DSU has a complete, campus-wide wireless (802.11g) network overlaying a 100MB Ethernet wired network. This network access allows students total access to instructional material, Internet sites, and other information at anytime and from any place on campus. Software packages utilized by all DSU students include Microsoft Office 2003 Professional, Microsoft Power Toys for the Tablet, various programming languages, and Citrix-based specialty software that students can access from anywhere, anytime.
Integration of Mobile Computing Platforms into a Classroom Setting

The integration of computer utilization into classroom settings has been demonstrated in several recent publications (Barak, 2004), (Dori, 2003), (Hazzan, 2002). Indeed, Dr. Kenneth Green, of the Campus Computing Survey, has been conducting surveys of the role of information technology since 1990. The most recent survey indicates that 64% of college campuses have a strategic plan for wireless networks as of fall 2005. Over 50% of public and private universities already have wireless access in their classrooms (Green, 2006). While it is clear that the adoption of notebook and tablet PC technology in higher education along with wireless mobile Internet connectivity has increased significantly in recent years, it is less clear if the benefits delivered by such technology have increased at the same rate.  


Many universities including Bentley, MIT, College of Technology at the University of Houston, as well as Dakota State University, have adopted Tablet PC initiatives that place this unique learning tool into the hands of students. Tablet PCs provide multiple input options - pen, voice, keyboard, and mouse. The device also enables students to use a wide variety of tools that can enhance the learning process. These include the ability to annotate lecture notes with digital ink and directly participate in group learning activities. Researchers at the University of Houston found that the use of these tools available in these devices required competence that was “beyond what is generally considered ‘literacy’” (Miertschin 2004 p. 152).

Dakota State University’s experience with the Tablet PC shows that the platform significantly changes the way students and teachers interact and has the potential to dramatically alter the educational process. This new computer provides digital ink capability and allows the a digital pen to be used to write, sketch, draw, or annotate by using electronic ink and drawing tools. This means that students can take notes in a traditional long hand format directly on their Tablet PC systems and convert the hand-written notes to typed text at a later time. Because the Tablet PC also provides normal computing capability and uses the University wireless network, students can share results instantaneously or collaborate by using these tools in real time. This combination of digital ink, wireless networking, and traditional computing adds completely new dimensions to classroom interaction. 

Mobile Computing Platforms as a Classroom Distraction

The Tablet PC is a new and exciting tool available for student use and, like all powerful tools, presents both opportunities and challenges. Most students respond very well to this sort of challenge, however, students can become distracted by the computer and learning can suffer. Many recent publications promote the positive contribution that this innovation contributes to the learning environment (Barak, 2006), (Finn, 2006).
Tablet-based courses are inherently dependent on technology, which means both students and faculty must effectively use computers and specialized software to exchange information. This means the learning process has a new, added level of complexity; students must not only learn the course material, but also how to use the computer hardware and software effectively. For some students, this dramatically increases the amount of learning required and also the potential for distraction as the student focuses increasingly on the technology and less on the concepts presented in the classroom. Russ-Eft (1994) has suggested that additional research is needed to identify factors that impede successful training through the use of technology. Perhaps such agents include web browsing, web mail, Internet chat, among others. Other university professors also report the distraction introduced by mobile computing devices. In fact, these concerns have led two early adopters in area of wireless mobile computing, Bentley and Babson Colleges, to implement a system allowing professors to block some Internet access (USA Today, 2001). Bentley College has implemented a system allowing professors to block Internet access with the flip of a switch. Additionally, some instructors are banning laptop computers in their classrooms at Harvard Law School and other universities (Silva, 2006).

Self-efficacy Concepts
According to Bandura (1986, p. 391), self-efficacy refers to “people’s judgments of their capabilities to organize and execute courses of action required to attain designated types of performance. It is not concerned with the skills one has, but the judgements of what one can do with whatever skills one possesses.”

Computer self-efficacy is a belief in one’s capability to use a computer (Compeau & Higgens, 1995). Computer-based efficacy has been identified as a major factor in a person’s decision to use a computer (Hill, Smith, & Mann, 1987).  A study by Gist, Schwoerer, and Rosen (1989) noted those subjects with higher levels of computer self-efficacy performed better in computer training situations. Christoph, Schoenfeld, and Tansky (1998), suggest that multimedia self-efficacy can be defined as a judgment of one’s capability to understand and benefit from utilizing multimedia-based instruction. All of these studies suggest that there is a significant and positive relationship between an individual’s self-efficacy with a specific pedagogy and corresponding learning results. 

Computer self-efficacy has been found to be important for students who are learning to use the computer. (Karsten and Roth 1998).  They found a weak but “significant relationship between perceptions of computer literacy and course performance.” (Karsten and Roth (1998) p. 21).  

Several studies have found that self-reported measures of computer experiences and software packages used are significant predicators of computer self-efficacy. (Hill, Smith, & Mann, 1987, Torkzadeh, and Koufterous, 1994, Cassidy and Eachus 2002)  Prior computer training and owing a computer have been found to be significantly correlated with computer self-efficacy. (Torkzadeh, and Koufterous, 1994, Houle, 1996).  Houle (1996) also found that high school courses with spreadsheets and databases and having worked at a job with computers contributed to higher computer self-efficacy.  However, in Cassidy and Eachus’s ( 2002) study, prior training and owning a computer were not significant predictors.  A prior high school programming class did not increase computer self-efficacy. (Houle, 1996). In a study that also investigated learning styles, Shiue, (2002-2003) found that a Converger or abstract learning style contributed to a high computer self-efficacy.
Given the increasing number of courses taught with computer-based devices such as the Tablet PC, and the concerns express regarding student distraction issues, it is appropriate to determine how self-efficacy might impact distraction levels in students involved with such technology. Christoph, O., Christoph, R. & Dennis, T. (2000) focused on technologies used in distance education and defined self-efficacy as a judgment of one’s capability to understand and benefit from distance education courses taught with a high degree of computer-interface requirements (for example, Internet courses). In a study of students in a similar computer literacy class, Miertschin and Willis (2004), found that the self-efficacy of the students in one of the classes went down by the end of the semester.   Cassidy and Eachus (2002) suggest that a self-efficacy scale be used to identify students with low computer self-efficacy.  A low computer self-efficacy, without intervention, “may prove an immediate, as well as a long term obstacle to academic progress.” Cassidy and Eachus (2002, p. 147) Finally, Christoph, Puetz and Walters (2006) report that self-efficacy levels play a role in self assessed student distraction levels noting that high levels of self-efficacy are related to lower levels of expected classroom distraction. 
Hypotheses

This paper examines differences in self-reported student expectations when using Tablet PC systems in the areas of classroom performance and distraction criteria by comparing survey responses for freshman and upper class students. To determine how student perceptions of classroom performance and distraction of the Tablet PC compared between student class levels, two fundamental hypotheses were developed:
· Hypothesis 1: There will be no difference between new freshman computer users and more experienced upper class students in student self assessment of the Tablet PC as a tool to enhance classroom performance.
· Hypothesis 2: There will be no difference between new freshman computer users and more experienced upper class students in self-reported distraction levels caused by student use of computers in the classroom.
Sampling and Methodology
On the first day of class in the fall 2005 semester, a Tablet PC instructional survey consisting of 23 questions (included in the Appendix) was administered to 302 incoming freshman students. These students were taking part in a mandatory CSC 105 Introduction to Computing class that teaches common personal computer applications as well as Tablet PC specific materials. The survey sought to ascertain an individual student’s initial self-assessed level of Tablet PC expertise and their expected level of distraction. Additional questions asked for student reaction on a number of pedagogical issues including expected test performance, class attendance, boredom in class, etc. The survey was developed to allow respondents to directly indicate their selection while online from their WebCT user account. The same survey was also administered during the first week of class to 75 upper class students taking a junior level information systems class. This group of upper class students had utilized Tablet PCs at Dakota State University during the previous year. 
Respondents used a Likert scale to indicate the extent to which they agreed (1 indicates strong agreement) or disagreed (5 indicates strong disagreement) with the statements concerning Tablet PC-based instruction. 

Results

· Hypothesis 1: There will be no difference between new freshman computer users and more experienced upper class students in student self assessment of the Tablet PC as a tool to enhance classroom performance.
	Table 1. t-test results on Tablet PC classroom performance
	Freshmen n = 302
Upper Class n = 75

	Question
	Group
	Mean
	Prob>T
	Accept/Reject

	Having class notes available on my Tablet PC during the class would help me learn.
	Freshman result
Upper class result
	1.577
1.816
	0.0120
	Reject

	My test performance has been enhanced by Tablet PC use.
	Freshman result

Upper class result
	2.838
2.802
	0.6744
	Accept

	My class attendance has improved due to Tablet PC use.
	Freshman result

Upper class result
	2.633
2.943
	0.0010
	Reject

	My expected overall course grade for this course has changed and is _________  due to being taught with Tablet PC technology..
	Freshman result

Upper class result
	3.452
3.239
	0.0079
	Reject


Freshman students had less than five days of experience with their Tablet PC while upper class students had used them for at least one academic year and it is expected that their familiarity and their comfort with the technology would be higher.
The first question related to Hypothesis One, “Having class notes available on my Tablet PC during the class would help me learn.” shows a highly significant difference between the two student groups. It is particularly interesting to note that while both survey groups responded with a very strong, positive answer to this question, responses from the upperclassmen are statistically different and less enthusiastic as those from the freshman survey. This result shows that increased experience using the Tablet led to a surprisingly lower level of in the belief that the Tablet will allow more effective learning. This result contradicts self-efficacy theory, which suggests that additional training in a technology leads to stronger beliefs in one’s effectiveness in using it. 
Question 2 under Hypothesis 1, “My test performance has been enhanced by Tablet PC use,” shows no significant difference between the two groups with both groups responding in a neutral manner with respect to test performance. 
Table 1 also shows strong differences between the pre- and post-instructional surveys for questions 3, and 4 under Hypotheses 1. Student responses from the upper class business students consistently rated the Tablet PC as less beneficial to class attendance and their overall expected grade (question 24 is coded in reverse – a 5 response indicates strong agreement) in a class than freshman students did before their Tablet PC instruction and use began. Therefore, this study shows that as familiarity with the Tablet PC increased, student expectations held at the beginning of the semester were not replicated by upper class students after using the systems for an academic year. Three out of four of the questions that describe hypothesis one statistically reject the null hypothesis in favor of the alternate which states “There is a difference between new freshman computer users and more experienced upper class students in student self assessment of the Tablet PC as a tool to enhance classroom performance.”
· Hypothesis 2: There will be no difference between freshman and upper class business majors in the expected level of in class distraction caused by Tablet PC systems between students based on the student’s self-assessment of their level of Tablet PC expertise. 

	Table 2. t-test Results for expected level of classroom distraction
	Freshmen n = 302
Upper Class n = 75

	Question
	N
	Mean
	Prob>T
	Accept/Reject

	I think the learning process will be harmed when Tablet PC technology is used.
	Freshman result

Upper class result
	4.069
3.450
	0.0000
	Reject**

	I find using a Tablet PC in class tends to distract me from classroom topics.
	Freshman result

Upper class result
	3.511
2.957
	0.0000
	Reject**

	Wireless connections to the Internet by student Tablet PCs distracts from the class topic and should not be included in classroom settings.
	Freshman result

Upper class result
	4.013
3.253
	0.0000
	Reject**


Instructors at DSU and other universities worry that students using the Tablet PC and connected to the Internet through a wireless network may negatively impact the classroom experience. Examples of this problem could include non-course-related web surfing, instant messaging, and email, any of which could affect classroom pedagogy. Hypothesis Two focuses on these potential student concerns by comparing freshman and upper class student responses to four survey questions. As with Hypothesis one, freshman students were compared with upper class students using t-tests to assess the presence or absence of significant differences. 
The absolute value of the results displayed in Table 2 reveals that both groups of students believe that the Tablet PC does not harm the classroom experience and that they would prefer classes be taught using the Tablet. However, upper class students having more experience in using the Tablet PC systems report highly significant differences when compared to freshman responses. 
Hypothesis 2, question 1, “I think the learning process will be harmed when Tablet PC technology is used.” showed a significant difference between the two surveys, with freshman students strongly disagreeing with the question and indicating they believe that learning will not be harmed. Upper class student responses were significantly less enthusiastic. This difference continued for questions 2 (“I find using a Tablet PC in class tends to distract me from classroom topics.”) and 3 (“Wireless connections to the Internet by student Tablet PCs distracts from the class topic and should not be included in classroom settings.”) which showed highly significant differences between the survey responses. In both cases, upper class student responses were statistically less favorable regarding Tablet PC use in the classroom and indicated the potential for more distraction from class work.

Conclusions

This paper reports the results of a study administered to new freshmen and returning upper class students enrolled in courses at Dakota State University during the fall semester of 2005. An earlier study focusing only on the pre-instructional data showed that self-efficacy concepts play a clear role in student expectations of success and potential distraction levels (Christoph, Puetz, and Walters, 2006). This study focuses specifically on classroom performance and distraction and shows that initial student expectations are not matched by upper class student experiences with regard to several measures of Tablet PC instructional effectiveness. These results for students with substantially more familiarity with the Tablet PC appear to contradict established self-efficacy theory. 
Both surveys show that students regard the Tablet PC as an educationally positive addition; however, the significant differences between the freshmen and upper class responses suggest initial student enthusiasm for the Tablet may undergo a significant decline as experience increases. 

These results present a potential warning to the very positive, initial review of the incorporation of Tablet PC systems into the classroom. A number of possible explanations for these results, ranging from students being overly distracted with the technology to faculty not incorporating the technology completely into their classes, should be investigated. In addition, third variable explanations may be in play which could include psychological and social changes that occur while enrolled in college. It would also be useful to track individual student familiarity gains over time and couple these results to actual grading outcomes. Finally, it would be very interesting to relate student expectations with faculty expectations on these computing devices. 

These studies have been worthwhile, given that placing high performance computing equipment into the hands of students is an expensive proposition that has a direct impact on the academic learning process. Much more information is needed before a final determination can be made on the actual effectiveness of such devices. 
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Appendix 1

Tablet PC Instructional Survey

Tablet PC-based instruction involves the use of special Tablet computer hardware and software systems in teaching a class. These systems can be used during the class period or can be made available for use outside the class. 

The development of Tablet PC material for instructional use takes a considerable amount of effort and your opinion on its usefulness is important. Please take just a few minutes to answer the following questions about your ideas regarding Tablet PC use. Thanks for your help!

Please use the following scale when responding to questions 1 - 11:

A
B
C
D
E

Strongly 

No

Strongly


Agree
Opinion
Disagree
1.
I am familiar with the use of Tablet PC computers.

2.
I would learn more effectively when a Tablet PC is available to me to use in the classroom.  

3.
I would be less bored Tablet PC systems are used than when using computer lab based systems.

4.
I find using a Tablet PC in class tends to distract me from classroom topics. 

5.
Having class notes available on my Tablet PC during the class would help me learn.

6.
I feel that the 3 hours it takes the professor to create a complete note set for Tablet PC use.

7.
I think the learning process will be harmed when Tablet PC technology is used.

8.
I would prefer that classes be taught without use of the Tablet PC systems.

9.
Wireless connections to the Internet by student Tablet PCs distracts from the class topic and should not be included in classroom settings.

10.
Tablet PC systems should not be used in large classes.

11
Learning would be more effective if I had a notebook PC computer instead of a Tablet PC  computer. 

12.
I have had _________________ classes that used Tablet PCs in the classroom.

A
B
C
D
E

0 
1
2
3
4 or more

13.
I primarily use _____________________ computer equipment.

A
B
C
D
E

Personal
Personal
Personal
My friend’s
DSU

 Tablet PC
Notebook
Desktop
computer
computer lab

14.
I would consider myself to be a(n) ____________________ computer user.

A
B
C
D
E

Novice 
Average
Advanced
Expert
Do not





use a computer

15.
I take academic notes on using digital ink on Tablet PC computers.

A
B
C
D
E

Never 
Occasionally
Many times
Most of the time
All the time

16.
I am currently a _____________________ at DSU.

A
B
C
D
E

Freshman 
Sophomore
Junior
Senior
Grad Student

17. My major is represented by the ____________ college at Dakota State University.
A
B
C
D
E

Arts & Sciences 
Business& Info Sys
Education.
Graduate.
Other


18.
I began using computers regularly in _______________ school.

A
B
C
D
E

Elementary
Middle
High.
College
Do not use


19. My test performance has been enhanced by Tablet PC use.

A
B
C
D
E

Strongly 

No

Strongly


Agree
change
Disagree
20. My class attendance has improved due to Tablet PC use.

A
B
C
D
E

Strongly 

No

Strongly


Agree
change
Disagree
22.  My ability to recall course content has been facilitated by Tablet PC use.

A
B
C
D
E

Strongly 

No

Strongly


Agree
change
Disagree
23. I would recommend a course taught with Tablet PC use to friend over a course section taught in a without Tablet use. 

A
B
C
D
E

Strongly 

No

Strongly


Agree
Opinion
Disagree
24.  My expected overall course grade for this course has changed and is  _________________   due to being taught with Tablet PC technology.

A
B
C
D
E

Much 

About

Much


Lower
the same
Higher
