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Abstract: In spite of efforts by many dental schools to provide information technology resources for students, only a handful of

studies have been conducted to determine what dental students think about these initiatives. There are no reports in the literature

describing students’ perceptions of mandatory laptop programs, which are now being implemented by at least 25 percent of North

American dental schools. In schools that have implemented laptop programs, students are required either to enroll with their own

laptops that meet specifications or to purchase a laptop from the school at matriculation. In some schools, students are also

required to purchase curriculum support software that is bundled with the laptop. This study was conducted to determine

students’ opinions at U.S. dental schools with mandatory laptop programs about these aspects of this information technology

initiative: frequency of use, perceived necessity of use, note-typing during lectures, effectiveness of training, influence on study

habits, benefits, implementation problems, added value in relation to added tuition costs, impact on quality of dental education,

overall rating of the laptop experience, and impact of the laptop on use of other electronic curriculum resources. Responses of

students at schools that purchased packaged curriculum support software from a commercial vendor were compared with

students’ responses at schools where faculty provided their own educational software. Responses were also compared among

freshmen, sophomores, and upperclassmen in a cross-sectional sample. In 2004, approximately 800 dental students at fourteen

dental schools responded to eleven questions that requested their impressions and evaluation of mandatory laptop programs and

associated educational software. These questions comprised one section of the IREC Students’ Questionnaire (IREC=Institutional

Readiness for Electronic Curriculum) that assessed students’ perceptions of various aspects of information technology at their

schools. The majority of students (63 percent) reported that the laptop and associated software were not essential for successful

performance in their courses primarily because few instructors had modified their courses to take advantage of laptop capacities.

Slightly more than half of the students reported their training was good or excellent, but felt that classroom-based “one size fits

all” training was not effective. Less than 15 percent of the students reported that they had made substantial changes in their study

habits as a consequence of the laptop program. The benefits perceived by students were primarily related to enhanced email

communication with classmates and instructors and convenient access to the Internet and teachers’ PowerPoint presentations.

Implementation barriers included the inconvenience of carrying laptops to classes, lack of incentive to use the laptop and

software because instructors did not require it, and poor quality software. Only 32 percent of students agreed that the value of the

laptop and associated software was equal to the added tuition costs. Less than half of the students perceived that the laptop and

software had improved the quality of their education, but more than 70 percent rated their overall experiences with laptops as

“okay,” “good,” or “excellent.” Freshmen expressed significantly more positive attitudes about the frequency of use, cost-

effectiveness, educational value, and overall quality of laptops and bundled software than did upperclassmen. A significantly

higher percentage of students at schools affiliated with a software vendor reported that laptops were essential in courses than

students at schools with locally produced software, but students at vendor-supplied schools rated the cost-effectiveness signifi-

cantly lower. Overall, students’ assessment of mandatory laptop programs was mixed although freshmen provided significantly

more positive responses than did upperclassmen. Incorporation of the e-curriculum into dental schools appears to be following a

similar pattern as problem-based learning (PBL) in the 1980s and 1990s. Recommendations for enhancing future e-curricula are

proposed based on lessons learned from both information technology and PBL implementation.
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requirement and a number of these schools had con-

tracts with a commercial vendor to supply a digital

version of all curriculum materials and textbooks

bundled with the required laptops.

A 2002 literature review identified nearly 600

English-language articles published in 1996-2002

that addressed computer-assisted instruction in the

health professions and more than 300 articles in the

same time period that more specifically addressed

online (web-based) learning in health professions

education or educational materials made available

by CD or DVD, including twenty-nine articles that

reported efforts to use e-curriculum in dental educa-

tion.1 From 2003 to 2005, twenty-three articles were

published in the Journal of Dental Education that

described e-curriculum applications in dental school

curricula.1,3-24 From this literature and other sources,25-

26 a number of benefits of e-curriculum have been

proposed (see Figure 1). A meta-analysis of 254 stud-

ies by Kulik and Kulik in 1991 indicated that com-

puter-assisted instruction, in comparison with con-

ventional lecture-based training, provided small

learning gains (on the order of 0.3 standard devia-

E
lectronic curriculum, or e-curriculum, refers

to computer-based learning including provid-

ing students with educational materials on

DVD, online courses, electronic mechanisms to

search the literature, email, and various applications

of information technology including providing

laptops to students, use of computer-based simula-

tions in preclinical lab, PDAs, multimedia projec-

tion systems, and wireless classrooms.1 Kassebaum

et al. found high levels of interest among dental edu-

cators in e-curriculum.2 Eighty-six percent of North

American dental schools reported that they had al-

ready expanded the use of information technology

(IT) in their curricula, and 82 percent desired to in-

crease IT even further during the next three years.

Hendricson et al. reported that virtually all U.S. and

Canadian dental schools had made substantial finan-

cial investments in the e-curriculum infrastructure

support and resources identified in Table 1.1 That

study also found that sixteen North American dental

schools in academic year 2002-03 (approximately

25 percent of all dental schools) required their stu-

dents to purchase or lease laptops as a matriculation

Table 1. Number out of sixty-six North American dental schools that reported twelve e-curriculum infrastructure
mechanisms

E-Curriculum Infrastructure Support Mechanism Yes, Currently in No, Don’t
We Have Development Have This

Limited access intranet system for internal communication and curriculum support. 52 6 8

Electronic course registration and grade assignment through the school intranet. 32 10 22

Students have email accounts paid for by the school. 65 0 1

Faculty have email accounts paid for by the school and Internet access in their offices. 66 0 0

Students have convenient Internet access in classrooms (accessible jacks or a wireless
   system). 31 16 19

Faculty have Internet and school intranet access at classroom podiums. 54 4 8

The school or campus has a computer/multimedia laboratory. 65 0 1

Students and faculty have convenient Internet access in the clinic. 38 15 13

An information technology unit that helps faculty create web-based courses and
   multimedia materials for CD-ROM/DVD. 46 4 16

Classrooms are equipped to handle instructional technology such as multimedia
   data projectors, laptops, and Internet access. 62 4 0

Dedicated server for Blackboard and WebCT courses. 40 2 23

A staff or faculty member functions as online course manager (sets up student
   accounts, helps faculty and students with problems). 45 3 18
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tion) and faster lesson completion among secondary

and college students.27

The expectations of improved and faster learn-

ing in health professions education remain largely

unmet,4,28-30 but the enthusiasm for e-curriculum con-

tinues to grow among dental educators. In spite of the

substantial commitment that dental schools have al-

ready made to e-curriculum resources and the persis-

tent advocacy for the many presumed benefits of in-

formation technology, heretofore there has been no

broad-based effort, involving numerous schools, to

determine the perspectives of dental students and fac-

ulty about information technology in the curriculum.

To address this knowledge gap, we conducted a re-

search study known as the Institutional Readiness for

Electronic Curriculum (IREC) project with funding

support from the American Dental Education

Association’s Council of Sections Project Pool and

other sources to assess student and faculty perceptions

of e-curriculum and identify strategies for effective

implementation of e-curriculum. The objectives of the

IREC project were to 1) determine the degree to which

various e-curriculum resources have been made avail-

able to faculty and students at North American dental

schools; 2) assess the level of utilization of these re-

sources; 3) identify e-curriculum infrastructure and

implementation issues, especially barriers; and 4) as-

sess student and faculty perceptions about the effects

of e-curriculum upon dental education including study

habits, teaching methods, and evaluation of perceived

value. The IREC steering committee consisted of den-

tal school faculty with leadership roles in e-curricu-

lum activities at their schools. Four of the steering

committee members were from schools actively in-

volved in laptop and software programs associated

with Vital Source Technologies (a commercial soft-

ware vendor described below), and two others were

involved in their schools’ own laptop initiatives using

locally produced curriculum support software.

Methods
The study protocol was approved as exempted

research by the Institutional Review Board at the

University of Texas Health Science Center at San

Antonio (UTHSCSA) on September 12, 2001

(UTHSCSA IRB Protocol # E-012-017).

Three Phases of the Study
The IREC study consisted of three phases.

Phase one was the previously described literature

review on implementation of electronic curriculum

in health professions education, which was summa-

rized in 2004.1 This review was conducted to guide

study design and identify areas of emphasis for

phases two and three.

During IREC phase two, which was conducted

during the 2002-03 academic year, the Electronic

Curriculum Implementation Survey (ECIS) was com-

pleted by all sixty-six North American dental schools

to accomplish three objectives: 1) identify the U.S.

and Canadian dental schools that have mandatory

• Enhances student enthusiasm and motivation.

• Enhances “anytime, anywhere” access to educational materials by students.

• Improves learning outcomes.

• Increases speed of learning.

• Increases efficiency and effectiveness of students’ study habits.

• Increases student control over the pace and sequencing of learning.

• Stimulates teachers to make courses less lecture-based and more interactive. 

• Improves communication and sharing between teachers and students and among students.

• Provides students with a “portal” to all materials in one interactive system.  

• Provides students with better imagery and visualization.

• Allows high fidelity simulations.  

• Provides research tools (electronic searching capacity).

   

Figure 1. Proposed educational benefits of e-curriculum
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laptop programs and assess cost to students, faculty

development issues, extent of curricular use, prob-

lems, and qualitative perceptions; 2) determine the

extent to which twenty-two other e-curriculum

resources were available at U.S. and Canadian den-

tal schools and determine the degree to which these

resources were used to implement curricula; and 3)

identify factors that influenced e-curriculum imple-

mentation. The results of the ECIS project were re-

ported in the October 2005 issue of the Journal of

Dental Education.1 A school was designated as hav-

ing a laptop program if it had one of these policies:

required students to enroll with their own laptop that

met hardware and software specifications dictated

by the school, required students to purchase or lease

a laptop from the school at matriculation, or leased a

laptop to students with a subsequent purchase op-

tion. In addition, approximately 50 percent of the

laptop programs included mandatory purchase of

curriculum support software by students. During the

course of the IREC project (2002-04), the VitalBooks

DVD created by Vital Source Technologies (VST)

was the principle vendor-produced dental school

curriculum resource. The VitalBooks DVD provided

students with a complete digital curriculum library

including key textbooks in each discipline, all course

manuals, syllabi and lecture notes, lab and clinic

guides, and other educational materials provided by

faculty.

Based on the ECIS responses, fifteen dental

schools that had already made a major commitment

to e-curriculum were invited and agreed to partici-

pate in IREC phase three. The dental schools that

reported a major commitment to electronic curricu-

lum on the ECIS and were selected for phase three

are hereafter referred to as the “major EC” schools.

The four selection criteria used to identify the major

EC schools were: 1) students were required to pur-

chase or lease a laptop (with or without associated

educational software); 2) more than 33 percent of

courses were web-based and used online course

evaluations; 3) at least 33 percent of faculty had re-

ceived training in how to develop online courses with

a course management system such as BlackBoard or

WebCT; and 4) the school had access to an instruc-

tional technology unit on campus. Fourteen of the

fifteen major EC schools operated mandatory laptop

programs. The fifteenth school did not have a laptop

program, but met the other three selection criteria:

extensive use of online instruction, high level of fac-

ulty training, and access to an instructional technol-

ogy support unit.

IREC phase three consisted of three question-

naires completed separately by students, course di-

rectors, and e-curriculum managers (information tech-

nology directors) at the major EC schools. Results of

the students’ perceptions questionnaire are reported

here and in a subsequent manuscript to be submitted

for publication in the Journal of Dental Education.

The findings from the course directors’ and e-curricu-

lum managers’ surveys will be subsequently reported.

The rationale for eliciting student perceptions at these

major EC schools was that this group of students had

presumably experienced e-curriculum more consis-

tently and intensely than students at other schools and

thus would be in the best position to share their per-

ceptions of the strengths, limitations, and curricular

impact of information technology.

Phase 3 Methods: Students’
Perceptions of E-Curriculum

Instrument Development. The IREC students’

questionnaire contained sixty-three items designed

to elicit the perspectives of dental students at the

major EC schools and two questions that requested

the name of the dental school and the student’s class

(academic year).  The student questionnaire was de-

veloped by the IREC Project Steering Committee in

2003 based on the results of the previously described

literature review, the findings from the ECIS, and

recommendations of steering committee members

who had substantial experience and leadership re-

sponsibilities for instructional technology at their

schools. Preliminary versions of the IREC student

questionnaire were critiqued by two Ph.D.-level

evaluation specialists with expertise in survey de-

sign and completed by fourteen dental students at

the University of Texas Health Science Center at San

Antonio (UTHSCSA) to identify unclear directions,

questions, or response options. After revisions based

on feedback from the survey specialists and students,

the questionnaire was completed by twelve more

dental students at UTHSCSA to determine comple-

tion time and identify any questions that were still

unclear or difficult to answer. IREC Steering Com-

mittee members also reviewed the student question-

naire during its development and provided sugges-

tions for improvement. The student questionnaire was

developed in both paper-pencil and electronic

(online) formats with the later using the Survey

Tracker software.

Format and Content of the IREC Students’

Questionnaire. All questions employed a menu-
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driven, forced choice response format except for three

open-ended write-in questions. The questionnaire had

five sections as described below. This article will

report findings from sections 1 and 2. Findings for

sections 3-5 will be reported in a subsequent article

in the Journal of Dental Education.

1. Impact of mandatory laptop programs.

Approximately 800 students at fourteen den-

tal schools provided their opinions about the

educational value of laptop programs and

associated curriculum support software and

its impact on their study habits and overall

quality of their educational experience.

2. Students’ study methods. Students evalu-

ated the impact of e-curriculum on their ap-

proaches to studying and described positive

and negative experiences related to the use

of laptops and educational software.

3. Use and value of other e-curriculum re-

sources. Students rated the frequency of use

and the educational value of eighteen e-cur-

riculum capacities and methods such as self-

paced online courses, online testing, online

course evaluations, email, electronic simu-

lations, PowerPoint lectures, and web-based

mechanisms for collaboration on group

projects.

4. Faculty knowledge, attitudes, and teach-

ing methods. Students assessed faculty

knowledge of and attitudes about e-curricu-

lum and the degree to which faculty had

modified teaching strategies to incorporate

information technology.

5. Lessons learned about e-curriculum. Stu-

dents shared recommendations and insights

related to implementation of e-curriculum

in dental school.

Questions: Students’ Perceptions of Mandatory

Laptop Programs and Influence on Study Methods.

Twelve questions assessed students’ opinions about

various aspects of the laptop programs and their in-

fluence on the students’ study habits. These ques-

tions are:

1. How much have you had to use your

laptop and the associated educational soft-

ware to do well in your courses, e.g., learn

the material and get good grades?

2. How often do you use your laptop to type

notes during lecture classes?

3. What is your evaluation of the usefulness

of the training you received for the laptop

and associated software?

4. What are your recommendations for mak-

ing laptop training more useful for students?

(This question requested a write-in re-

sponse.)

5. To what extent have you changed your

study methods because of the laptop and its

associated software?

6. What are the most positive and negative

influences of the laptop program and asso-

ciated software on your study methods?

(This question requested a write-in re-

sponse.)

7. What are the most significant benefits of

the laptop program at your school? (Students

selected three responses from a menu of

eighteen options.)

8. What are the most significant implemen-

tation problems for the laptop program at

your school? (Students selected three re-

sponses from a menu of fourteen options.)

9. Overall, the added value I receive from

the laptop and its associated software has

been equal to the cost that is added to my

dental school tuition and fees.

10. The laptop program and associated soft-

ware have improved the quality of my den-

tal education. (Response options for this

question ranged from strongly agree to

strongly disagree.)

11. Up to this point in your education, how

would you rate your overall experience with

the laptop program?

12. Would the other electronic curriculum

resources, such as web-based courses,

Internet access, course websites, email with

faculty and among students, wireless class-

rooms, and online course evaluations, be less
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effective if you did not have the laptop pro-

gram at your school?

Distribution of Questionnaire and Selection of

Subjects. Using a mailing list obtained from the

American Dental Education Association, a package

containing sixty copies of the student questionnaire,

a cover letter explaining the project objectives, and

an IREC information sheet approved by the

UTHSCSA Institutional Review Board was mailed

to the associate dean for academic affairs (ADAA)

at the fifteen major EC schools that agreed to par-

ticipate. Each ADAA was also sent an email with

the same information and attachments that included

the link to the online version of the questionnaire.

The ADAAs were asked to coordinate the comple-

tion of the questionnaire with either paper-pencil or

online formats by fifteen students in each class (Fr.,

Soph., Jr., Sr.) for a total of sixty students per school

during the spring semester (January-May) 2004. The

ADAAs were asked to use their discretion in selec-

tion of students from each class. The number of sixty

students per school was based on the limited budget

of the IREC study (staff were funded for sixteen hours

a week) to handle questionnaire distribution, data

entry, and statistical analysis. All major EC schools

complied with the protocol after two rounds of fol-

low-up reminders.

Results
At the time of the study, seven of the major EC

schools had contracts with Vital Source Technolo-

gies (VST) to provide students with DVDs of all

curriculum materials. Ten of the schools were pub-

licly funded, and the others were private schools.

Thirteen were U.S. dental schools; two were Cana-

dian. Data analyses revealed no meaningful differ-

ences between student responses at public and pri-

vate or U.S. and Canadian schools.

Response Rate
A cross-sectional sample of 866 dental students

returned completed questionnaires. The response goal

was 900 based on sixty students at each of the fif-

teen schools; thus, the response rate was 96 percent

of the target (866/900). Approximately 60 percent

of the students submitted paper questionnaires, and

40 percent responded online, with the response for-

mat largely determined by the preferences of the

study coordinator at each school. Comparison of stu-

dents submitting surveys by paper and electronically

revealed no differences in response patterns other

than the paper responders submitted longer write-in

responses. Therefore, data from the two response

formats were combined. The 866 respondents repre-

sented 25 percent of the total student enrollment at

the major EC schools. Approximately 34 percent of

the responding students were freshmen, 26 percent

were sophomores, 23 percent were juniors, and 17

percent were seniors. The junior and senior students

were combined into a single category called “upper-

classmen” because of the response rate among se-

niors and because the answers provided by juniors

and seniors were virtually identical. The upperclass-

men category represented 40 percent of the overall

sample. Approximately 60 percent of the respond-

ing students were enrolled at the major EC schools

affiliated with VST, and 40 percent were at the other

major EC schools. Overall, this cross-sectional

sample of students represented 5.6 percent of the total

dental student population for all North American

schools in 2004. For the findings reported in this ar-

ticle related to students’ perceptions of mandatory

laptop programs and influence on study methods,

approximately 800 students responded because one

of the major EC schools did not operate a mandatory

laptop program in the spring of 2004.

Responses to the questionnaire items are de-

scribed by reporting the percentage of students who

selected various options. Statistical comparisons of

response frequencies between freshmen, sopho-

mores, and upperclassmen on some of the questions

were performed using the non-parametric Kruskall-

Wallis Test to determine if there was a statistically

significant difference (p<0.05) in responses among

the three student groups for these items. The Mann-

Whitney Test was used for post hoc comparisons to

determine which specific classes differed signifi-

cantly from each other on questions where there was

an overall statistically significant difference in re-

sponse frequencies. Statistical comparisons between

responses on certain items from students at schools

affiliated and not affiliated with VST were also as-

sessed via the Kruskall-Wallis and Mann-Whitney

tests.31

Students’ Perceptions of
Mandatory Laptop Programs

Findings are summarized after statement of

each question. The number of students who re-

sponded to each question ranged from 791 to 806.
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How much have you had to use your laptop and

the associated educational software to do well in

your courses, e.g., learn the material and get good

grades?

Overall, the majority of students in all three

groups (freshmen, sophomores, and upperclassmen)

reported that the laptop and associated software were

not essential for successful performance in their

courses. Collectively, 63 percent of students selected

“not essential in any or most courses.” However, as

shown in Table 2, students at schools affiliated with

VST perceived the laptops and associated software

to be more essential than students at schools where

faculty produced or provided their own software to

students, and this difference was statistically signifi-

cant (p<.028). Forty-five percent of students at the

VST-affiliated schools, labeled “software vendor” in

Table 2 and in subsequent tables, rated the laptop

and bundled software as “essential in all or most

courses,” in comparison to 28 percent of students at

schools where software was produced locally by the

faculty (labeled as “local” in Table 2 and in subse-

quent tables). The cross-sectional data in Table 3 in-

dicate that students’ perception of the need for the

laptop/software was associated with school year.

Among freshmen, 65 percent of students reported

that the laptop/software was “essential in all or most

courses.” Thirty-nine percent of sophomores re-

sponded that it was essential, but only 20 percent of

upperclassmen indicated it was essential for posi-

tive academic performance. The differences in re-

sponses among the three classes of students were sta-

tistically significant (p<.001).

How often do you use your laptop to type notes

during lecture classes?

The response options for this question were: “I

type notes on my laptop in most classes,” “Some-

times—depends on the subject,” “rarely,” and “never.”

Overall, 66 percent of students indicated they rarely

or never typed notes on their laptops, with the remain-

ing 34 percent selecting “in most classes” or “some-

times—depends on subject.” There was no statistically

significant difference in students’ responses to this

question between the laptop schools with locally sup-

plied software and vendor-produced software

(p=.105), and there were no statistically significant

differences among the three groups of students.

What is your evaluation of the usefulness of the

training you received for the laptop and associ-

ated software?

The response options and overall students’ an-

swers (combining all three groups) for this question

were: “excellent” (7 percent), “good” (48 percent),

“only somewhat helpful” (26 percent), “not helpful”

(14 percent), “no training was provided” (3 percent),

and “I did not attend training” (2 percent). Overall,

freshman and sophomore students rated the useful-

ness of their training significantly higher than did the

upperclassmen (p<.011 and p<.010, respectively). For

example, 64 percent of the freshmen and sophomores

rated the training as excellent or good in comparison

to 42 percent of the upperclassmen. There was no sta-

tistically significant difference in students’ ratings of

training between the laptop schools with locally sup-

plied software and the vendor-produced software.

What are your recommendations for making

laptop training more useful for students?

A total of 207 students provided write-in re-

sponses to this question, and four recommendations

comprised the majority of comments. There was no

discernible difference in recommendations provided

by students at schools with locally supplied software

and vendor-produced software.

The principal recommendation for improving

laptop training, provided by more than 50 percent of

respondents, was to conduct a needs assessment be-

fore training to determine which students needed in-

depth assistance with general computer skills includ-

ing word processing and Internet navigation and also

to identify students who could bypass word process-

ing and general Internet operations. Many students

commented that the undifferentiated “one size fits all”

laptop training implemented by most of the schools

Table 2. Student responses at major EC schools with
locally produced software (local) or affiliated with
Vital Source Technologies (software vendor) to the
question: “How much have you had to use your
laptop and the associated educational software to do
well in your courses?”

Local Software Vendor

Essential in all courses   9% 22%

Essential in most courses 19% 23%

Not essential in most courses 56% 33%

Not essential in any course 16% 22%

Note: The labels “local” and “vendor” refer to the main
source of educational software as described below and in
the text.
• Local=faculty produce own educational software for

students.
• Vendor=students purchase VitalBooks DVD from VST.
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in this study addressed the actual needs

of only a small percentage of students in

the class. Far more students indicated that

training was “too simple/too basic” than

students who wrote that training was too

advanced. The second most frequent rec-

ommendation was to individualize laptop

training by conducting it in small groups

where hands-on learning would be fea-

sible and students could share sugges-

tions with each other. Many students

commented that computer training

classes for 50-100 students sitting in a lecture hall were

not effective. The third recommendation was to con-

duct the laptop training in two phases: an initial “get

familiar” session at the start of the fall semester, fol-

lowed several weeks later by a problem-solving/

trouble-shooting session conducted in small groups

to allow questions and answers. One student articu-

lated the third recommendation by stating, “I learned

far more when I came to training with specific ques-

tions after I tried to use my laptop and its loaded-up

software.” The fourth recommendation was an admon-

ishment to laptop trainers to make sure that the tech-

nology actually worked before trying to demonstrate

it. Approximately 40 percent of the students reported

that technology glitches occurred during training in-

cluding software that was not properly installed on

their laptops, problems setting passwords to gain ac-

cess to course websites, and connection failures in sup-

posedly wireless classrooms.

To what extent have you changed your study

methods because of the laptop and its associated

software?

There were minimal differences among the three

groups of students for this question, so Table 4 reflects

the combined responses of the entire cross-sectional

student sample. Few students at laptop schools with

locally supplied software (6 percent) and vendor-pro-

duced software (18 percent) indicated that they had

made major changes in their approach to studying be-

cause of the laptop and associated software. Even though

the percentages of students who reported modification

of study habits were small for both types of laptop

programs, the difference was statistically significant

(p<.002) in favor of the vendor (VST) schools.

More than 400 students submitted written com-

ments related to the question about study methods.

The written responses were divided nearly equally

into positive and negative commentaries about the

influence of the laptop and associated software on

studying in dental school. The two following com-

ments capture the essence of the pro and con per-

spectives expressed by students:

“Before, I would have most of my notes in

a bunch of spiral notebooks and in three ring

binders, and I was always forgetting where

I put notes for different classes. Now I or-

ganize most of it in my laptop. It’s easy and

convenient and I spend less time looking for

stuff.”

“It’s still a work in progress; studying from

a laptop is more difficult for me as opposed

to studying out of books and I find note-

taking to be cumbersome in class. No mat-

ter what the laptop people say, staring at a

fuzzy scanned image on a little laptop screen

is not an ideal situation. I wound up buying

most of my textbooks anyway.”

What are the most positive and negative influences

of the laptop program and associated software on

your study methods?

Figure 2 indicates the six most frequently de-

scribed positive influences of laptops on study meth-

ods and the six most often identified negative influ-

ences. Each positive or negative item was described

Table 3. Freshmen, sophomore, and upperclassmen responses at major
EC schools to the question: “How much have you had to use your
laptop and the associated educational software to do well in your
courses?”

Freshmen Sophomores Upperclassmen

Essential in all courses 38% 16%   6%

Essential in most courses 27% 23% 14%

Not essential in most courses 30% 38% 49%

Not essential in any course   5% 24% 31%

Table 4. Student responses at major EC schools with
locally supplied software (local) or affiliated with
Vital Source Technologies (software vendor) to the
question: “To what extent have you changed your
study methods because of the laptop and its associ-
ated software?”

Local Software Vendor

Made major changes   6% 18%

Changed a few things; made
   some tweaks 55% 51%

Have not changed my study
   methods 39% 31%
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by at least 10 percent of the 407 students who sub-

mitted comments about the influence of laptops and

curriculum software on study habits. Verbatim com-

ments written by students appear in Figure 2 to illus-

trate each positive and negative influence. Positive

influences included better time management, Internet

and email access, convenience of consolidating

course materials, access to instructors’ PowerPoint

files, and easier/faster communication, including

document sharing, with classmates and faculty. Fre-

quently described negative influences included abuse

of PowerPoints (“death by PowerPoint—too many,

too much, too fast”), software-sharing glitches, out-

dated and underpowered laptops often described as

“bottom rung” or “low bid” by students, the chal-

lenge of reading from small laptop screens, malfunc-

tioning wireless classrooms, and lack of convenient

access to “paper” copies of course materials.

Six most frequently described positive influences of the laptop program 

(illustrated by direct quotes from student respondents) 

• Better time management: I use my study time much more efficiently since I got this laptop.

• Access: I can access the Internet from my classrooms and labs and also use the laptop for the web and email at    
   home.

• Convenience: Having all course files on the laptop or through the web (accessible by my laptop) makes it easier to  
   go from source to source and text to text quickly and I lose less of my notes.

• PowerPoints: PowerPoints of lectures have been amazingly helpful, and it is more efficient to go over the  
   PowerPoints than reading textbooks. The professors' PowerPoints are great and make the lectures clear; they let you  
   pay attention in class rather than writing notes like crazy.

• Communication with faculty: I can communicate better and more often with my instructors and stay up with  
   assignments and schedule changes.

• Sharing with classmates: I exchange more class notes and in general communicate more frequently with my  
   classmates about our courses.

Six most frequently described negative influences of the laptop program

(illustrated by direct quotes from student respondents) 

• Concerns about overuse and poor use of PowerPoints: The PowerPoint lectures are given way too fast and it is  
   impossible to keep up with information, so we stop listening. Nobody can take notes when the instructors use  
   PowerPoints because they talk nonstop and jam in too much material. We are experiencing “Death by PowerPoint” 
   —too many, too much, too fast.

• Difficulty using software: Much of what we are given for software doesn't work as advertised. The DVD of our  
   curriculum is buggy. The DVD that we pay for is not user-friendly, and when we're searching for a topic, often does  
   not display the correct information because it can't find it.

• Outdated laptops: Our laptops are bottom rung, and they were outdated before we even got them.

• Don't like reading from the laptop screen: You still have to buy all the textbooks because studying off the laptop is  
   extremely straining to the eyes and gives you headaches. Textbooks on computers are cumbersome to read, and the  
   illustrations are hard to see. 

• Wireless classrooms are often down: Our so-called wireless school is just that—“so-called.” Half the time the        
   wireless doesn't work, or it depends on where you sit in the classroom. It never works in the clinic unless you stand  
   in a certain place in the lobby.

• Printing electronic notes is not efficient: Most of us still want and need a paper copy of our class handouts and the  
   PowerPoints and our own typed notes because it's hard to study these things on the laptop screen, so we spend a lot  
   of time printing and then highlighting paper copies. 

Figure 2. Positive and negative influences of laptops on study methods as described by 407 students at fourteen
major EC dental schools
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What are the most significant benefits of the

laptop program at your school?

For this question, students were asked to se-

lect three responses from a menu of eighteen options.

Students identified the following items as the top ben-

efits of the laptop program: provides convenient ac-

cess to the Internet (58 percent selected this item),

convenient way to email lecture notes to classmates

(56 percent), all study materials are conveniently in

one place (36 percent), it’s easier than carrying

around numerous textbooks (25 percent), and I can

create my own PowerPoints (20 percent). The two

following benefits were each selected by less than 1

percent of students: “helps me learn more effectively”

and “increased my interest in my coursework.” There

was no statistically significant difference in students’

perception of benefits between the laptop schools

with locally supplied software and vendor-produced

software, and there were no statistically significant

differences among the three classes of students.

What are the most significant implementation

problems for the laptop program at your school?

For this question, students were asked to select

three responses from a menu of fourteen potential

implementation problems. Students identified the fol-

lowing items as the main implementation issues for

the laptop program: it’s a hassle to carry the laptop

around (45 percent), it’s distracting to have students

using laptops in class (36 percent), don’t need laptops

and software to do well in courses (36 percent), fac-

ulty have not changed their teaching methods (29 per-

cent), faculty rarely ask us to use the software (26

percent), and the software provided with the laptop is

poor quality and hard to use (25 percent). Nearly 80

percent of students selected one or more of these three

items: don’t need laptops and software to do well, fac-

ulty have not changed teaching, and faculty rarely ask

us to use software. There was no statistically signifi-

cant difference in students’ identification

of implementation barriers between the

laptop schools with locally supplied soft-

ware and vendor-produced software or

among the three classes.

Overall, the added value I receive from

the laptop and its associated software

has been equal to the cost added to my

dental school tuition and fees.

The results for this question ap-

pear in Tables 5 and 6. Responses from

students at the local software schools were signifi-

cantly more positive than those provided by students

at the schools affiliated with the software vendor

(p<.002). Approximately 39 percent of students from

the laptop schools with locally supplied software

agreed or strongly agreed with this statement, in com-

parison with an almost equal percentage (37 percent)

who disagreed or strongly disagreed (Table 5).

Twenty-nine percent of students at the laptop schools

with vendor-produced software agreed or strongly

agreed, and 50 percent disagreed or strongly dis-

agreed. As shown in the cross-sectional data in Table

6, freshman students were significantly more likely

to strongly agree or agree than were sophomores and

upperclassmen (p<.001). Forty-six percent of all

freshmen strongly agreed/agreed, in contrast with 25

percent of sophomores and 25 percent of upperclass-

men. Conversely, 26 percent of freshmen strongly

disagreed/disagreed versus 52 percent of sophomores

and 58 percent of upperclassmen. Overall, combin-

ing all students who responded to this item, 32 per-

cent of students agreed or strongly agreed, 22 per-

cent said they could not yet evaluate, and 46 percent

disagreed or strongly disagreed.

Table 6. Freshmen, sophomore, and upperclassmen responses at major
EC schools to the question: “Overall, the added value I receive from the
laptop and its associated software has been equal to the cost added to
my dental school tuition and fees.”

Freshmen Sophomores Upperclassmen

Strongly agree 14%   6%  4%

Agree 33% 19% 21%

Cannot evaluate yet 28% 23% 17%

Disagree 16% 26% 21%

Strongly disagree 10% 26% 37%

Table 5. Student responses at major EC schools with
locally produced software (local) or affiliated with a
software vendor to the question: “Overall, the added
value I receive from the laptop and its associated
software has been equal to the cost added to my
dental school tuition and fees.”

Local Software Vendor

Strongly agree   9%   7%

Agree 30% 22%

Cannot evaluate yet 24% 21%

Disagree 20% 21%

Strongly disagree 17% 29%
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From my perspective as a student, the laptop pro-

gram and associated software have improved the

quality of my dental education.

Tables 7 and 8 display the results for this ques-

tion. Overall, students at the laptop schools with lo-

cally supplied software provided significantly more

positive ratings for this item than students at schools

with vendor-produced software (p<.001). As indicated

in Table 7, 55 percent of students at the laptop schools

with locally supplied software strongly agreed or

agreed with this statement versus 37 percent of stu-

dents at schools with vendor-produced software. In

contrast, 24 percent of the students at the locally sup-

plied schools strongly disagreed or dis-

agreed in comparison with 42 percent of

students at the vendor software schools.

As shown in the cross-sectional data in

Table 8, freshman students were signifi-

cantly more likely to strongly agree or

agree than were sophomores and upper-

classmen (p<.01). Fifty-five percent of

all freshmen strongly agreed/agreed, in

comparison to 36 percent of sophomores

and 34 percent of upperclassmen. Con-

versely, 20 percent of the freshmen

strongly disagreed/disagreed versus 42

percent of the sophomores and 52 per-

cent of the upperclassmen.

Up to this point in your education, how would

you rate your overall experience with the laptop

program?

Responses for this question are displayed in

Tables 9 and 10. The responses from students at

laptop schools with locally or vendor-produced soft-

ware were significantly different (p<.042). Essen-

tially the same percentage of students at both schools

rated the laptop program as excellent or good al-

though 31 percent of students at the vendor-produced

software schools rated the program as

“in general, not positive” or “poor;

needs major improvement” versus 18

percent of students at the local software

schools (Table 9). The cross-sectional

data in Table 10 indicate that freshmen

rated their overall laptop experience

more positively than either sophomores

or upperclassmen. Approximately 55

percent of freshmen rated the program

as excellent or good in comparison to

34 percent of sophomores and 19 per-

cent of upperclassmen; the differences

Table 7. Student responses at major EC schools with
locally produced software (local) or affiliated with a
software vendor to the question: “From my perspec-
tive as a student, the laptop program and associated
software have improved the quality of my dental
education.”

Local Software Vendor

Strongly agree 10%   8%

Agree 45% 29%

Cannot evaluate yet 21% 21%

Disagree 15% 19%

Strongly disagree   9% 23%

Table 8. Freshmen, sophomore, and upperclassmen responses at major
EC schools to the question: “From my perspective as a student, the
laptop program and associated software have improved the quality of
my dental education.”

Freshmen Sophomores Upperclassmen

Strongly agree 16%    6%   5%

Agree 39% 30% 29%

Cannot evaluate yet 25% 22% 14%

Disagree 13% 21% 24%

Strongly disagree   7% 21% 28%

Table 10. Freshmen, sophomore, and upperclassmen responses at
fifteen major EC schools to the question: “Up to this point in your
education, how would you rate your overall experience with the
laptop program?”

Freshmen Sophomores Upperclassmen

Excellent 14%    6%   2%

Good 41% 29% 17%

Okay 32% 39% 41%

In general, not positive   9% 15% 19%

Poor; needs major improvement   4% 11% 21%

Table 9. Student responses at major EC schools with
locally produced software (local) or affiliated with a
software vendor to the question: “Up to this point in
your education, how would you rate your overall
experience with the laptop program?”

Local Software Vendor

Excellent   8%   5%

Good 28% 30%

Okay 33% 47%

In general, not positive 16% 12%

Poor; needs major improvement 15%   6%
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between classes were statistically significant

(p<.001). Overall, combining all students who re-

sponded to this item, 35 percent of students agreed

or strongly agreed, 37 percent said they could not

yet evaluate, and 28 percent disagreed or strongly

disagreed.

Would the other electronic curriculum resources

such as web-based courses, Internet access, course

websites, email with faculty and among students,

wireless classrooms, and online course evaluations

be less effective if you did not have the laptop pro-

gram at your school?

Tables 11 and 12 provide the students’ re-

sponses to this question. Approximately

half of the students at the laptop schools

with faculty-produced and vendor-sup-

plied software indicated that other e-

curriculum components would be less

effective without the laptop to facilitate

access to these IT capabilities (Table

11). However, an almost equal percent-

age of students in both categories of

laptop schools felt that other e-curricu-

lum capacities such as web-based

courses, course websites, email among

faculty and students, and online course

evaluations would be still effective, al-

though less convenient, or equally ef-

fective without a mandatory laptop pro-

gram. Overall, the responses from

students at the laptop schools with faculty-produced

and vendor-produced software were not significantly

different. As demonstrated in the cross-sectional re-

sponse patterns for other questions (Table 12), fresh-

man students were the most likely to select “less ef-

fective without my laptop” (58 percent) in

comparison to sophomores (46 percent) and upper-

classmen (35 percent). The response of freshmen was

significantly different from that of the upperclass-

men (p<.001) but not from sophomores (p<.081). The

responses of sophomores and the upperclassmen

were also significantly different (p<.028).

Discussion
The discussion section is divided into three

parts: 1) summary of the study methodology and ra-

tionale, 2) our perspectives on noteworthy findings,

and 3) assessment of organizational change issues

pertinent to e-curriculum.

Study Methodology and Rationale
At least 25 percent of all North American den-

tal schools have implemented mandatory laptop pro-

grams since 2000, but there are no reports in the lit-

erature that we could identify that described students’

perceptions of these programs. This component of

the IREC study was conducted to address this knowl-

edge gap by determining students’ opinions at four-

teen U.S. dental schools with mandatory laptop pro-

grams about various aspects of this information

technology initiative. Responses were compared be-

tween students at schools that purchased packaged

curriculum support software from a commercial ven-

dor versus schools where faculty provided their own

educational software, and responses were compared

among freshmen, sophomores, and upperclassmen

in a cross-sectional sample. The results of the previ-

ous ECIS project, described in the introduction, sug-

gest that these fourteen schools were at the leading

edge of information technology adoption (e.g., char-

Table 12. Freshmen, sophomore, and upperclassmen responses at
fifteen major EC schools to the question: “Would other e-curriculum
resources such as web-based courses, Internet access, course websites,
email with faculty and among students, wireless classrooms, and online
course evaluations be less effective if you did not have the laptop
program at your school?”

Freshmen Sophomores Upperclassmen

Less effective without my laptop 58%  46% 35%
Would be less convenient, but
   still effective 19% 25% 28%
No difference in effectiveness 15% 22% 29%
Cannot respond; my school does
   not have laptop program   8%   7%   8%

Table 11. Student responses at major EC schools with
locally produced software (local) or affiliated with a
software vendor to the question: “Would other e-
curriculum resources such as web-based courses,
Internet access, course websites, email with faculty
and among students, wireless classrooms, and online
course evaluations be less effective if you did not
have the laptop program at your school?”

Local Software Vendor

Less effective without my
   laptop 47% 51%

Would be less convenient,
   but still effective 32% 23%

No difference in effectiveness 20% 26%
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acterized as “early adopters” in organization devel-

opment literature) among U.S. dental schools at the

time of this study.1 ECIS findings demonstrate that

these major electronic curriculum schools had made

substantially greater efforts to provide information

technology resources and capabilities, as described

in Table 1, such as online course management sys-

tems, dedicated IT support staff, and web-based

course evaluations for students and faculty than had

other schools. Thus, we felt that examination of stu-

dent perceptions at these “early adopter” schools may

provide unique insights that will enhance the IT

implementation efforts of other schools that appear

to have taken a “wait and see” approach to electronic

curriculum. The 800 students who participated in this

study also represent the largest sampling of dental

students’ opinions about e-curriculum reported to

date and has the advantage of reflecting the views of

students at a substantial number of dental schools

rather than just one.

Noteworthy Findings and
Interpretation

The results will provide some degree of com-

fort for advocates of required laptop programs and

also for skeptics of this particular information tech-

nology initiative. Five findings are particularly note-

worthy from our perspective and are discussed in

rough order of importance.

First, students’ assessment of mandatory laptop

programs was less than enthusiastic overall, but fresh-

men, particularly, and sophomores, to some extent,

provided more positive assessments of laptop pro-

grams than upperclassmen. The generally positive

response of freshmen in contrast to upperclassmen

can be interpreted in several ways because data was

collected from a cross-sectional sample rather than

a longitudinal sample that followed one class through

the four years of dental school. One interpretation of

the differences in response patterns among classes is

that faculty have learned to more effectively take

advantage of laptop/software capacities over the past

three to four years. At many of the schools in this

study, the upperclassmen who participated were the

first students at their school to be part of a manda-

tory laptop program, and at the VST-affiliated

schools, they were the first students to experience

that curriculum support software. Predictably, ini-

tial efforts to use the laptop/software in the curricu-

lum may not have been well orchestrated, an issue

that is reflected in the upperclassmen’s generally

negative assessments; but with practice and tweak-

ing by faculty, implementation may have been more

effective for the freshmen as reflected by their re-

sponses. An alternative explanation is that upperclass-

men are rarely required to use their laptops and

bundled educational software in the clinical phase

of dental school (as was often reported in the write-

in comments of juniors and seniors), and thus their

responses reflect a perception that the laptop is of

little current value in the clinic.

Our assessment is that both explanations have

an element of truth: most studies of curricular change

demonstrate that implementation of instructional in-

novations does become more effective over time if

the innovation is not abandoned after the initial, and

often flawed, implementation,1,32-33 and the upperclass-

men who participated in this study probably had little

use for their laptop as a study aid in the clinical years.

More than 60 percent of the write-in comments by

upperclassmen mentioned the lack of practical utility

of the laptop. For example, one senior student wrote

this comment, which was typical of many others:

“I don’t really remember the last time I actu-

ally used my laptop or the DVDs and to be

honest I haven’t even thought about them for

a long time until I started to do this survey.

My guess is that a lot of our clinic teachers

don’t even know about the laptop or the DVD.

I have never had an instructor mention them

during almost two years in the clinic.”

However, we believe it is important to note that

a number of upperclassmen as well as some under-

classmen commented that gaining some in-school

experience with information technology would likely

enhance their comfort and familiarity with electronic

records and computer-based office management sys-

tems when they started practice.

The second noteworthy finding was that stu-

dents in all classes reported there was minimal ne-

cessity to use laptops/educational software to per-

form well (get good grades) in their courses. This

feeling reinforces the students’ perception that their

instructors have made minimal effort to build learn-

ing experiences into courses that require use of the

laptop, for example, asking students to use their

laptops in a wireless classroom to access an Internet

site with patient simulations. These students’ write-

in comments exemplify this perception:

“It’s pretty apparent that there a lot of things

that our professors could ask us to do with
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these laptops or on the Internet in class or

as homework assignments but they don’t.”

“It’s nice to be able to look at the teacher’s

PowerPoints on my screen during class and

then to have the PowerPoints available at

home to study later, but other than that, none

of my professors has done much with the

laptop other than make jokes about emailing

and googling during class.”

“I guess they’re happy with the way things

are, and to be honest, I’m not sure how the

DVD would help me do better on tests.

Studying the PowerPoints and my own lec-

ture notes and reading parts of the text men-

tioned by the professor in class are enough

to be prepared.”

However,  a significantly higher percentage of

students at schools affiliated with VST reported that

the laptop and associated software were essential for

good performance. This finding suggests that mean-

ingful integration of e-curriculum may be enhanced

by a comprehensive schoolwide strategy in which

all faculty and students are provided one educational

resource (in this case, the VitalBooks DVD) that can

be used throughout the curriculum versus allowing

faculty to devise their own software based on indi-

vidual perceptions of need. There is evidence from

research on incorporating informational technology

into complex business and academic institutions that

a “transformational” strategy that is comprehensive

(all teachers participate) and not negotiable (imple-

mentation is required and not optional) is more likely

to produce high levels of utilization and meaningful

changes in curriculum format than following an “evo-

lutionary” approach in which teachers learn to make

use of an IT innovation by trial and error experimen-

tation on their own and can be selective about imple-

mentation.34-35 Although it is our impression that no

dental schools in this study overtly required their

faculty to use the laptop and bundled VST software

in specific ways, contracting with a software vendor

to provide a universal product to support the entire

curriculum is certainly more of a “transformational”

approach than asking students to purchase laptops

but leaving it up to faculty to produce/acquire their

own software. Thus, the stronger perception of per-

formance utility among students at VST-affiliated

schools might be a reflection of a decision by these

schools to follow a strategy more consistent with

transformation than evolution. On the other hand, it

is important to note that less than 50 percent of stu-

dents at VST-affiliated schools reported that the

laptop and bundled software were essential or very

essential for good performance. Therefore, even at

schools that apparently implemented a proactive

transformational strategy for information technology,

the connection in the students’ minds between good

performance and use of the laptop/software was not

particularly strong.

The third noteworthy finding was that, over-

all, the majority of students were not convinced that

the laptop program and associated software added

sufficient educational value to justify the increased

tuition. Students at schools with locally produced

software had significantly more positive perceptions

about the educational value added by the laptop pro-

gram than students at vendor-supplied schools, but,

overall, less than 40 percent of students at both cat-

egories of schools responded positively (32 percent).

This finding combined with data displayed in Table

2 (necessary for good grades), Table 7 (improved

quality of dental education), and Table 9 (overall

evaluation of laptop program) in which less than 50

percent of all students responded positively to each

of these items, coupled with students’ perceptions of

implementation problems (e.g., faculty have not

changed teaching methods), suggests that the major-

ity of students in this study did not perceive the laptop

program as a “difference-maker” in their dental edu-

cation and consequently had concerns about the ad-

ditional financial burden. This finding has implica-

tions for the admissions process and faculty

development. Unless academic program managers

can convince/encourage faculty to more proactively

incorporate e-curriculum into courses in an educa-

tionally effective manner, so that students see a tan-

gible benefit and are thus motivated to use these re-

sources, the long-term effect on school attractiveness,

including tuition cost, among prospective applicants

may need to be examined. However, our assessment

is that the responses of the freshman and sophomore

students are the most likely representation of cur-

rent student attitudes about mandatory laptop pro-

grams and the value of associated curriculum sup-

port software. The perceptions of the underclassmen

in this study, particularly the freshmen, during the

spring semester 2004 provide a somewhat optimis-

tic view of what students think about e-curriculum.

The fourth noteworthy finding was that few

students reported they had modified their study hab-

its. Students’ responses to the question about imple-

mentation barriers, their assessment of the negative
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aspects of the laptop program (Figure 2), and the

analysis of persistent themes in their write-in com-

ments all point to the fact that most of their faculty

had not changed teaching methods to incorporate

laptop-related activities other than as a mechanism

to share PowerPoint files. This finding is particu-

larly notable because thirteen of the fourteen schools

represented in this study had operated mandatory

laptop programs for at least three years at the time of

the study. Student reports that dental school faculty

had made few curricular modifications to take ad-

vantage of laptop and educational software capabili-

ties reinforce previous findings that faculty hesitancy

to change instructional methods is often a profound

barrier to integration of information technology and

adoption of other curriculum modifications in health

professions education programs.1,36-37 For example,

in the preceding ECIS study, dental school adminis-

trators identified faculty reluctance to change coupled

with lack of training and support for instructors as

the principal barriers to e-curriculum implementa-

tion.1 Faculty hesitancy to embrace e-curriculum is

not a new phenomenon; it simply continues a de-

cades-long pattern. Faculty in the 1940s were slow

to adopt simple audiovisual devices, such as over-

head and slide projectors, designed to make life easier

in the classroom. Teachers at secondary, college, and

graduate/professional school levels demonstrated

similar approach-avoidance behavior for film in the

1950s, videotape in the 1960s, searchable videodisk

technology in the 1970s, computer-assisted learning

(at desktop computer stations) in the 1980s, and early

versions of web-based learning with hyperlinking and

email capabilities in the 1990s.35 Information tech-

nology innovations for the past five decades have

been proposed as mechanisms to allow individual-

ization of students’ learning experiences, diversify

the time, place, and rate of learning, and serve as

ways to break the “sage on the stage” (teacher/lec-

turer-centered instruction) mold that has dominated

higher education since the medieval period. In spite

of persistent advocacy for information technology

and learner-centered curriculum models, primarily

problem-based learning (PBL), the sage on the stage

model still reigns supreme in most dental and medi-

cal schools although academic program managers

desire to diversify learning experiences.2,38-43

Previous investigations of personality profiles,

preferred learning styles, and study habits over the

past twenty-five years consistently found that dental

students are concrete learners who are comfortable in

a teacher-centered learning environment and expect a

well-organized, efficient curriculum with clear objec-

tives.44-48 For example, Murphy et al. concluded that

dental students prefer to learn by attending lectures

and prefer instructors who 1) use detailed visuals to

augment their verbal presentations and 2) facilitate

students’ note-writing during class with guided lec-

ture notes and handouts.48 In contrast, the responses

to the question about note-taking in class suggests that

the students participating in this study did not see the

laptop as facilitating better note-writing. Our collec-

tive experience indicates that dental students are, above

all, pragmatic and results-oriented and not likely to

change their study methods unless they are convinced

that an alternative approach is clearly superior and will

be time/effort-effective. The findings from this study

suggest that faculty have not yet made the case that

use of a laptop and associated software substantially

improves academic performance.

The fifth noteworthy finding was that many

students perceived a “better way” to conduct train-

ing related to use of the laptop and associated soft-

ware, even though the overall ratings of the laptop

training were generally positive, especially among

freshmen. Students reported that the most common

training model was an undifferentiated approach in

which all students received the same instruction, usu-

ally in a large-group, classroom setting, without a

needs assessment to identify students who were com-

puter neophytes versus those who already possessed

well-developed computer skills. The most frequently

expressed recommendations by the 207 students who

submitted written comments about laptop training

were: 1) individualize training based on the student’s

unique needs; 2) conduct hands-on training in small

groups in computer labs; 3) minimize emphasis on

routine word processing and Internet skills that vir-

tually all students already possess; and (4) conduct

follow-up sessions several weeks into the curricu-

lum with a problem-solving focus. Nearly one-third

of the students’ written comments included observa-

tions about the need to provide training for faculty

including the following comment that exemplified

this theme:

“What they did for us [students] was all well

and good and I learned a couple of things,

but looking back I think the time would have

been much better spent if the training was

given to the faculty instead of us students.

In most of my classes the students know

more about the DVD, Internet and the other

software we were given than the instructors

who mostly just ignored all of those things.”
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Organizational Change Issues
Pertinent to E-Curriculum

Failure to meaningfully integrate information

technology into educational programs is not unique

to health professions education. Zemsky and Massey,

in a study titled “Thwarted Innovation: What Hap-

pened to E-Learning and Why,” investigated e-learn-

ing (defined similarly to e-curriculum) at six colleges

and universities that had made major investments in

information technology ranging from small liberal

arts campuses such as Hamilton College with less

than 2,000 students to major public universities such

as the University of Texas-Austin and Michigan State

University with thousands of students.49 This eigh-

teen-month study explored three assumptions that

have driven efforts to reform higher education

through the application of information technology.

The investigators’ conclusions about the validity/ac-

curacy of these assumptions are indicated in italics.

• If we build it, they will come. Not True. Despite

massive investments in both hardware and soft-

ware, there has yet to emerge a viable market for

e-learning products other than online course man-

agement systems such as WebCT and Blackboard

and PowerPoint lectures which are the electronic

equivalent of clip-art.

• Students will take to e-learning like ducks to wa-

ter. Only Partially True. Students do want to be

connected, but principally to one another; e-learn-

ing at its best is seen [by students] as a conve-

nience and at its worst as a distraction.

• E-learning will force a change in the way we teach.

Not True. Not by a long shot; even when they use

e-learning products and devices, most faculty still

teach as they were taught: they stand in the front

of a classroom providing lectures.

Zemsky and Massey concluded, “E-learning will

only become pervasive when faculty change how they

teach—not before.”49 Thus, from our perspective, the

primary question, and challenge, facing advocates of

e-curriculum is how to change deeply ingrained in-

structional behavior by implementing an institutional

change process (transformation) that makes alterna-

tive teaching strategies desirable to faculty. Based on

a model of innovation transfer within complex orga-

nizations originally proposed by Szulanski,50

Hendricson et al. described four stages in the trans-

formation of operational methods or routines as they

apply to curriculum implementation (Figure 3).1 Trans-

fer is the process by which an organization develops

and attempts to institutionalize new methods to ac-

complish its missions; for example, implementing a

laptop program so students can access educational

websites in wireless classrooms and have electronic

versions of all course materials instantly available. The

four stages of the transfer process are initiation (con-

ception and pre-implementation planning), initial

implementation efforts (characterized by “on the job”

trial and error learning), ramp-up to satisfactory per-

formance, and integration with established routines.

During the initiation phase, decision makers decide

to implement a new strategy or methodology to ac-

complish an organizational goal and then start pre-

liminary planning by a small group of inner circle

advocates who support the innovation. The new rou-

tine is ultimately unveiled for use by many other indi-

viduals in the organization who typically are not well

informed about the new approach. This stage involves

resolution of problems that arise during first imple-

mentation attempts by individuals, called the outer

circle, who were not involved in planning and who

may not share the assumptions, enthusiasm, or skills

of the inner circle and thus may experience difficul-

ties in using the new routine, particularly in the ab-

sence of training. Transformation efforts that survive

initial implementation evolve into a ramp-up phase

where the organization attempts to produce successes

that justify the innovation and motivate non-users to

join the effort. During the integration phase, the inno-

vation is absorbed into the organizational culture as a

standard operational procedure and is no longer per-

ceived to be new or different. This four-stage transfer

process may take many years to complete, depending

on the complexity of the innovation, the degree of re-

sistance or apathy among the outer circle, and the

management skills of organizational leaders.51-52

According to Szulanski, innovations can be-

come stuck at each of the four stages, but are most

likely to experience problems or even failure during

the initial implementation stage, as highlighted in

Figure 3, for the following reasons: 1) poor commu-

nication between the inner circle advocates and the

outer circle who are expected to implement the in-

novation; 2) lack of motivation among the outer

circle; 3) failure to prepare the outer circle for new

tasks and roles; and 4) failure to provide encourage-

ment and rewards for the outer circle, especially as

they struggle with the predictable but discouraging

pitfalls.53 The students’ perceptions reported in this

article combined with the findings from the previ-

ous ECIS study1 suggest that dental schools are hav-

ing difficulties with the “hand-off” of e-curriculum
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from the inner circle of faculty and administrators

who are enthusiastic about the potential of informa-

tion technology to accomplish the benefits depicted

in Figure 1 to the faculty in general who appear to be

displaying characteristic outer circle behavior.

The struggle to incorporate e-curriculum into

dental school historically parallels the reaction of den-

tal school faculty to problem-based learning in the

1980s and 1990s. Hendricson and Cohen40 identified

factors that mitigated against adoption of PBL in den-

tal schools: 1) the student-centered structure of PBL

was alien to virtually all dental school faculty who

had no experience with case-based and discussion-

based learning when they were students; 2) depart-

ment chairs had concerns about the resources needed

to implement PBL and consequently were hesitant to

commit their teachers to a curriculum format that was

perceived to be faculty intensive; 3) PBL was often

used as an “add-on” supplement to an already over-

crowded curriculum to help students tie together ba-

sic science and clinical concepts, but no free time was

created for students to do the independent research

that is the heart and soul of the PBL process and thus

students perceived it to be an extra burden with little

tangible reward; 4) many dental school faculty were

not comfortable with the “solve the mystery” process

of PBL (essentially a diagnostic detective game) and

had difficulty relating to students who wanted to de-

bate the merits of various patient care approaches,

which faculty saw as time consuming and inefficient;

and 5) faculty repeatedly asked to be shown the evi-

dence that PBL is a sound methodology  but did not

receive convincing answers that there was sufficient

educational gain to rectify the perception that PBL

was “more work for the already overworked.” The

findings of the previous ECIS study and those reported

here suggest that e-curriculum is following a similar

path. Many of the reasons why PBL failed to make

Figure 3. Phases during implementing a new operational routine and sources of problems during each phase

Triggers:

Negative event that reflects 
poorly on organization.
    
Persuasive new leader.
Awareness of new technologies 
that competitors may be using.

Institutional Commitment 
Decision is made to move 
ahead with a new method.

Preliminary Planning Starts
Create inner circle group of 
advocates and planners.   

Lack of Attentiveness
 
Failure to recognize need to 
improve routines.

Failure to recognize 
opportunities to improve.

Failure to identify superior 
techniques that could be used.   

 Initiation  Initial Implementation Efforts  Ramp-Up to Satisfactory Integration  
   Performance  

Learning Before Doing

Inner circle planning 
meetings.

Experiments to test new 
routine under “trial” 
conditions (pilots).

Decision to move ahead 
with formal “roll-out.” 

Learning by Doing/
Trial and Error Use

Others within the 
organization (outer circle) 
are asked to use the 
new method.

Monitor initial use by
outer circle and solve 
problems.   

Identify opponents of
the change effort.  

Improve and Expand Use

Improve quality by tweaking 
use and providing training.

Create successes to justify 
the new routine and motivate 
non-users to join the effort. 

Institutionalization

New method is no 
longer perceived as 
being “new.”

Blends into regular 
operating procedures 
of the organization.

Sources of Stickiness (Problems, Barriers)

Lack of Communication and Training

Poor communication between inner and outer circles.

Outer circle lacks motivation or does not share 
assumptions about value of the new method.

Outer circle not ready for new roles and no training 
is provided.

No encouragement, emotional support, or rewards 
for outer circle.   

Slow Response

Failure to resolve emerging 
problems before they lead to 
discontent.

Flawed practice becomes 
institutionalized and hard
to correct. 

Lack of Diligence

Inner circle fails to 
recognize problems 
and minimize 
obstacles.

Based on: Szulanski G. The process of knowledge transfer: a diachronic analysis of success. Org Behav Hum Decision Processes 2000;82(1):9-27.
 

Phases During Process
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inroads in dental schools appear to be recurring, al-

though the responses of the freshmen students are

somewhat encouraging. Critiques of the PBL move-

ment concluded that adoption of this educational in-

novation would have been enhanced by three events

that largely did not occur: 1) avoid the “build it and

they will come” approach by providing meaningful

training to faculty prior to implementation of this cur-

riculum model; 2) establish that the technique is in-

deed worth the extra effort by conducting research that

proves that assumptions about educational advantages

are true; and 3) once events 1 and 2 have occurred,

implement a transformational approach to ensure a

comprehensive implementation of the innovation

throughout the curriculum versus the evolutionary

approach that typically relegates curriculum innova-

tions to the category of supplements and add-ons.54-57

Dental schools considering implementation

of mandatory laptop programs and other types of

e-curriculum would be well served to follow these

recommendations.

Conclusion
Overall, a cross-sectional sample of approxi-

mately 800 students at fourteen U.S. dental schools

with a major commitment to information technol-

ogy provided a mixed assessment of the value and

practical utility of mandatory laptop programs. Stu-

dents reported there was minimal necessity to use

laptops and associated software to do well in their

courses, and few students reported changes in study

methods because they perceived that most of their

instructors had not modified courses to incorporate

laptop-related activities. The benefits perceived by

students were primarily related to enhanced email

communication with classmates and instructors, con-

venient access to the Internet, and ability to receive

their teachers’ PowerPoints. Less than one-third of

students agreed that the value of laptop and associ-

ated software were equal to the added tuition costs.

However, there were three findings that may

be encouraging to advocates of e-learning in dental

school. First, freshmen expressed significantly more

positive attitudes about the frequency of use, cost-

effectiveness, educational value, and overall quality

of laptops and bundled software than did upperclass-

men. Second, in spite of the fact that students at ven-

dor-supplied schools rated the cost-effectiveness of

the laptops/software significantly lower than students

at schools not affiliated with a vendor, a significantly

higher percentage of students at the vendor schools

reported that laptops were essential in courses than

students at the other schools participating in this

study. Third, despite being generally negative about

this educational innovation, many upperclassmen

commented that gaining experience with e-curricu-

lum ultimately may be beneficial when they enter

practice in terms of increasing their familiarity and

comfort with IT applications in the dental office.

Overall, the students’ responses suggest that

dental schools are experiencing implementation dif-

ficulties similar to those encountered with PBL, and

the pattern of faculty reaction is also similar to what

occurred when other types of information technol-

ogy emerged over the past fifty years. Based on pre-

vious studies of innovation adoption, we conclude

that establishing an evidence base that supports use

of e-curriculum, increasing emphasis on faculty de-

velopment, and employing a transformational imple-

mentation strategy may improve incorporation of

information technology into the mainstream curricu-

lum in the future.
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