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This project examined the feasibility of extending problem-based learning to the online environment for health sciences students, while maintaining the unique values of problem-based learning (PBL). A web-based database of literature related to online PBL/collaborative/cooperative learning as well as learning objects was created. A qualitative case study was completed, which examined students’ and tutor perceptions of online PBL. A digital PBL case related to FASD (Fetal Alcohol Spectrum Disorder) was developed. In addition, an animation of how the face develops in the human embryo and an interactive animation of facial characteristics of an FASD infant were created. 

The partners were: faculty members in the Faculty of Health Sciences and staff at McMaster University; an Interactive Learning Consultant and other staff from the Visualization Design Institute at Sheridan College; and staff in the PHRED Program in the City of Hamilton, Social and Public Health Services Department. Ten fourth year Midwifery students, six third year Nursing students, twelve Family Practice Medical students, five Neonatal Nurse Practitioner Masters students, and five tutors were involved in the study. FASD experts in the community provided consultations to students online.
We have learned that PBL can be successfully implemented online.  It affords increased flexibility and can stimulate deeper processing of information. Online PBL provides the opportunity for the PBL case to be presented in a media rich format. It also allows for use of a broad selection of learning resources, including unique audiovisual and people resources. Both asynchronous and synchronous communication features are necessary to support online PBL. Although there is a steep learning curve, carefully planned training sessions can assist students and tutors to adapt and develop online literacy for online PBL. In spite of its challenges, online PBL has the potential to support the acquisition and application of new knowledge in a variety of contexts, and creates the possibility for interdisciplinary learning.

The aim of this project was to examine the feasibility of extending problem-based learning to the online environment in order to increase access for health sciences students while maintaining the unique values of problem-based learning. McMaster’s problem-based learning (PBL) curriculum is organized around problems that are relevant to desired learning outcomes, rather than organized by topics or disciplines.  PBL works optimally in conditions that facilitate small-group, self-directed learning, independent study, functional knowledge, critical thinking, life long learning, and self-evolution (Rideout & Carpio, 2001).

McMaster health sciences education curricula are grounded in PBL. Currently problem scenarios are paper-based, as are many of the learning resources. Apart from online library resources, no case scenarios or resources specific to the case exist online, and therefore are not easily accessible by off-campus learners. As the student population grows and the need for preceptors and clinical placements also grows, students are being placed in more remote or removed locations for unique and needed placement opportunities. Distance makes it difficult to meet face-to-face for traditional PBL. This project, and the insights gained from it, can help inform future investigations of how PBL can be modified for delivery in a distributed mode using current on-line information and communication technologies to reach learners who experience such challenges.
Sheridan College Visualization Design Institute
 and researchers from McMaster University met for over a year before the start of this project to discuss possible joint development projects. Sheridan offered expertise in visualization technologies while McMaster offered a PBL curriculum, content knowledge, as well as a variety of health sciences programs, which could serve as a testing bed. A vision to examine PBL online began to develop. Two of the researchers held affiliations with the City of Hamilton Social and Public Health Services (SPHS), PHRED (Public Health Research, Education and Development) program
. Since one of the aims of the PHRED program is to support public health education, the topic of FASD (Fetal Alcohol Spectrum Disorder) was chosen for study and SPHS staff was brought into the partnership. The partners achieved the following goals:

1. Conduct two literature reviews i) online learning and problem-based learning, ii) the use of learning objects
;

2. To develop one PBL case for learners with access to information resources to support the case that is equal to current on-campus resources,
3. To provide collaborative online learning environment for PBL that is equal to that provided in face-to-face tutorials;

4. To apply emerging learning objects standards and standards in resource discovery formats to the development of multimedia databases for multiple audiences including PBL students,

5. To develop partnerships that strengthen capacity in the development and application of educational technologies to PBL courses;

6. To explore health science students’ and faculty use and perceptions of PBL in an on-line environment; and

7. To disseminate new insights gained from this research to practitioners involved in higher learning, and health sciences education.

A group of 10 fourth year midwifery students was recruited for the project in the fall of 2001. These students had previously participated in face-to-face PBL, since the first year of their program. The second group to begin consisted of 7 third-year nursing students, who had two and a half years of traditional face-to face PBL experience, and had worked together as a group since September 2001. One participant from this group dropped out of the study, leaving 6 students in the group. In February, a group of 6 medical students was added to the project. They were placed in clinical settings throughout various locations in Northern Ontario as part of NOMP program (Northern Ontario Medical Placement Program). The final two groups began in February and March. One was a group of 5 Neonatal Nurse Practitioner students and the other was a group of 6 medical students who were located throughout mostly rural areas in southern Ontario. The medical students in both groups knew each other previously, but had not worked together as a group.  They had been in the PBL curriculum for at least two years. The neonatal nurse practitioner students were in their final semester of their Masters program. They had worked closely together during the two-year PBL program. The majority of the students in this project were female (27, 81.8%); Six (18%) of the participants were male.

A number of activities were undertaken in this project. These activities not only met, but also exceeded the goals determined at the beginning of this project.  The activities are summarized as follows:

· Development of a literature database related to online PBL/Collaborative/Cooperative learning;

· Development of a second database related to literature pertaining to learning objects;

· Literature reviews of the material on online PBL/collaborative/cooperative learning and learning objects;

· Online tutorials conducted with a variety of disciplines (Midwifery, Nursing, Neonatal Nurse Practitioners and Medicine) within the health sciences faculty;

· Completion of a research case study of online PBL with 5 groups;

· Creation of a digital PBL case on FASD (Fetal Alcohol Spectrum Disorder);

· Creation of an embryology facial development animation; 

· Creation of an interactive animation of normal and abnormal infant facial characteristics illustrating the classic signs of FASD aimed to assist diagnostic skill development

· Participation of research team members in numerous conferences and seminars to share research findings.

There was only one activity that was not completed in the way it had originally been proposed and that was the application of metatag standards to the learning objects created for this project. While much work is underway in defining metatags that will ultimately lead to searchable databases of reusable learning objects, our literature review of learning objects confirmed that these standards are still evolving. We did, however, develop a prototype of a database system that will support learners and instructors in their search for learning resources to support PBL. This McMaster Interactive Database for Anatomical Studies (MIDAS) is described below in the Outcomes section of this report.

This project would not have been possible without the tremendous support from numerous people and groups. The research team consisted of: Ruta Valaitis and Wendy Sword, who are both McMaster University School of Nursing faculty members and clinical consultants in the PHRED program (Public Health Research, Education and Development) at the City of Hamilton, Social and Public Health Services Department; Bob Jones, Interactive Learning Consultant, Sheridan College Visualization Design Institute; and Andrea Hodges, Public Health Nurse and research coordinator, City of Hamilton, Social and Public Health Services Department. As noted earlier, the student participants consisted of 10 fourth year Midwifery students, 6 third year Nursing students, 12 Family Practice Medical students, and 5 Neonatal Nurse Practitioner Masters students. 5 tutors participated in the project, one for each student group. The online FASD expert resource personnel included a Public Health Nurse and a Health Promoter from the City of Hamilton, Social and Public Health Services Department (SPHS), a Social Worker from the Catholic Children’s Aid Society, a neonatologist from McMaster University Medical Centre, a nurse practitioner from St. Michael’s Hospital, Toronto, and a legal guardian of two children with FASD. Dr. Larry Belbeck, at McMaster University, assisted in the development of the embryology facial animation. Brenda Stade, a nursing faculty member at the University in Toronto assisted with the development of the facial anomalies animation. Beyond these individuals support was provided by many others, including McMaster Health Sciences Library staff, the Centre for Leadership in Learning, the Learning Technologies Resource Centre, staff from Sheridan College Visualization Design Institute (such as the Director of the Visualization Design Institute, a research associate, a web designer, a 3D animation specialist and computer programmer), and support staff from both McMaster University and Sheridan College Visualization Design Institute.

The project ran fairly smoothly with only a few minor difficulties along the way. FirstClass(, the conferencing software used to support online PBL, was unavailable due to server difficulties for five days in the midst of the research intervention. This situation was beyond the control of the researchers. However, the participants were notified of the issue and they were able to make alternate arrangements until the server was repaired. Experiencing difficulties with the server brought to light the importance of alternate modes of communication in case of technical failure.

All student groups, except the northern medical students, were trained face-to-face in Hamilton. The students in the northern placement had a prearranged meeting in Thunder Bay; a WebEX training session was arranged to correspond with this meeting. WebEx interactive online meeting services provide web conferencing capabilities, with voice, data and video conferencing seamlessly integrated in a highly interactive, visual environment
. This technology supported the needed software training for students located at a distance.  Each student also was sent a comprehensive package with a training manual and a worksheet to familiarize themselves with FirstClass(. This group was already fairly familiar with the FirstClass( environment, so the lack of face-to-face training did not seem to be an issue.

Part way through the project, the research team decided to utilize N’Vivo, a qualitative software package, for data analysis. None of the research team had experience with N’Vivo, so a consultant was hired to provide consultation regarding effective use of the software for our project. This consultation was an unexpected additional expense.

As previously described our research team had a number of goals outlined for this project. The major outcomes achieved through this project are as follows:

· A database for worldwide dissemination of information related to both online PBL/collaborative/cooperative learning as well as learning objects;
· An increased understanding of what is known in the field of online PBL
· Greater understanding and experience of how to manage PBL online and increased knowledge of practical implications based on the research findings;

· Stronger partnerships between McMaster University and Sheridan College and SPHS;

· The beginnings of a learning object library with digitized videos, and animations for FASD;

· The development of an digital PBL case;

· A list of suggestions for training materials.

Not all of the outcomes of this project were related to the initial goals, nor were all the outcomes positive. The most disappointing outcome was the experience with the medical students in the research. Initially, it was difficult to recruit medical students who were at an appropriate point in their program to try online PBL. Medical clerks, who were expected to participate in PBL tutorials as an adjunct to their family practice clinical placements in rural or remote Northern settings, were recruited for the research. The students did not self-select to be placed in these isolated communities and some were clearly displeased. In addition, they were informed that they would be conducting the PBL tutorials online, as opposed to using teleconferencing and being flown in for the occasional face-to-face meetings, which was done in the past. Despite having no choice in their clinical placement setting and the mode of tutorial communication, they were given the right to refuse to participate in the project with no consequences to them. There was some resistance to participate in the research by some students; however, they eventually all agreed. Unfortunately, as the students began to participate in online PBL, it became apparent that their needs for clinical tutorial would not be met by the FASD case. They did not utilize the case provided on Fetal Alcohol Spectrum Disorder. The medical students in both groups did not follow the defined protocol for the project. Despite repeated reminders, they did not complete the reflections, which were important to learn about their experience in the online environment. Since the context of the online PBL experience for these two groups was vastly different from the others, their feedback from interviews and focus groups was not included in the final research findings. Their experiences will be analyzed separately in the future taking into account these contextual differences.  

The second unexpected negative outcome was related to one of learning resources – the embryology facial animation.  It was initially going to be created using castings of embryologic development from China. The research team, along with Dr. Larry Belbeck, tried for six months to arrange for shipping of the castings, but to no avail. Eventually, the animation was completed, but a number of student groups did not have access to this valuable resource because of the six-month delay in production. 

There were some unexpected positive outcomes from the project as well. As mentioned before, N’Vivo was the software package chosen for the qualitative analysis of the data. This comprehensive program was new to all members of the research team. Now, each member of the research team is proficient in using it and has found it to be a very strong qualitative research tool.
One of the more significant positive outcomes is the increased collaboration between Sheridan’s Visualization Design Institute and McMaster University. Since the inception of this project, Sheridan has been asked to be involved with a number of other projects at McMaster.
SPHS staff has been excited by this project and the potential that online learning can offer. The principal researcher has been asked to work with information technology staff and program directors at SPHS to determine new applications for online learning for staff development as well as public health education. For example, online learning is being considered as a strategy to certify food handlers in Hamilton; this will likely lead to a new research study.
Another unexpected positive outcome was the development of MIDAS (McMaster Interactive Database for Anatomical Studies), a prototype of a learning content management system that, once fully populated with learning resources, could support a complete health sciences curriculum. MIDAS provides faculty and students wanting to access a learning objects repository support for:

· PBL on campus and on-line

· Instructor-led classroom and lab instruction

· Self-directed and distance learning

In addition to the learning materials, MIDAS contains 

· Links to Internet resources, people and publications

· Connections to the library and online resources

· A search engine of the repository’s assets

· A “briefcase” tool where users can store selected resources for later use

In the final six months of the project, there have been numerous opportunities to present the results and preliminary findings of the project at various conferences. The response from attendees at the conferences has been overwhelmingly positive.

Finally, there has been a great interest internationally for showcasing the project and McMaster University. Many other institutions are interested in utilizing PBL, and as the worldwide need for alternative distance education methods grows, the project and the results are of great interest to many people. 

This project was evaluated in a variety of ways by the research team. The methods of evaluation for all group participants included:

· Questionnaires to gather background information regarding computer access, knowledge, and experience with online course work;

· Focus groups with students at the end of the online PBL experience;

· Individual interviews for those participants who could not attend the focus group; 

· Reflections completed by most students during their online experience; and 

· Individual interviews with tutors

Quantitative analysis of usage statistics derived from the note histories in FirstClass( also was carried out. The history feature can be used to determine who has opened a note, created a note, downloaded an attachment, or replied to a note. The number of notes was counted for each group, as was the number of folders each group created.

The key findings from the qualitative data collected from the student participants can be divided into advantages and disadvantages/issues for each of four main themes: online PBL, group process, use of online experts and use of the PBL digital case and resources. For quotes to illustrate these advantages and disadvantages/issues refer to the PowerPoint presentation in the appendix.

Advantages of online PBL:

· Many enjoyed online learning

· Depth/extensiveness of information valued

· Enhanced ability to reflect and synthesize

· Flexibility of time and place

· Easy access valued

· Learned about computers, web resources and the Internet.

Disadvantages of online PBL:

· Lack of in-depth discussion

· Lack of stimulation online

· Discussion threads hard to follow

· Online learning workload heavy

· Time pressures

Advantages to group process online:

· Chats were valued to support decision making

· Peer validation was important

· Quiet members participated more

· Chats helped some feel connected

Issues with group process online:

· Decision making was frustrating

· Students felt pressure to show knowledge

· Repetitive information was posted

· Chats were overwhelming and frustrating

Advantages of using online experts:

· Provided an authentic learning experience

· Students felt confident to write to experts

· Experts invited dialogue

· Experts provided a detailed response

· Experts were easy to access online

Issues with using online experts:

· Information was not always relevant

· Responses were sometimes disappointing

· Some students forgot about experts online and how to access them.

Advantages of using online digital case and resources

· Students valued videos to introduce the case

· Videos helped the case seem more authentic

· Students were satisfied with the depth of the case and its reality
· Students increased their use of Internet resources
Issues with using online digital case and resources

· Students reverted to usual ways of searching for resources

· Some students experienced problems downloading some resources

These key findings along with the other results will be used to provide direction for future research as well as to inform future online PBL.

There were also a number of key findings that emerged from the tutor interviews, which spanned a range of topics such as chats, resources, the tutor experience, workload, group process, and grading. The findings are grouped into issues, advantages and general comments.

Tutor issues:

· Difficult formulating objectives in the chat

· Important to control the pace of the chat

· There was less sharing of stories between students

· There was more presentation of information and less discussion

· The workload online was heavy

· Tutors found their presence was different online

Tutor advantages:

· Experts were valued

· The variety of resources was also valued

· Tutors found more depth and breadth in student learning than in face to face

· Online learning provided tutors hard evidence of participation

· Schedule flexibility

· Tutors found they were drawn into the process

Tutor general comments:

· Tutors enjoyed the chat

· Despite appreciating the accessibility of the resources, tutors still really wanted students to find their own resources and information.


The strengths of this project include the interdisciplinary nature of the project and the involvement of multiple institutional partners. Most of the deliverables are in digital form and hence can be shared with the general public through our project web site. The research team felt that this would be a relevant method of dissemination of our work. A pilot site has been developed by the researcher team and Sheridan graphic design and programming staff. Plans are to finalize it in the next few months and move it to a McMaster server. It can be viewed at a temporary location

see http://142.55.41.66/vdi/pbl/demos.htm
Weaknesses of the project are few. As described above, medical students who were placed in rural and remote communities were excluded from the final analysis. Therefore the findings do not reflect the experiences of students who were placed in distanced communities. Although the as was developed in consultation with faculty in four programs, it did not completely meet everyone’s needs. However, others could easily use components of the case could to meet their future needs.  

As a result of this evaluation, faculty’s awareness of the potential for online PBL has been raised. Faculties are also considering other possible applications for the use of online PBL in the curriculum. Although feedback from the medical students was not included in the final analysis of this project, the family practice faculty is considering pursuing online tutorials in rural and remote communities in the future. Although no decisions have been made to use online PBL in other programs at this point, it has become clear that it is possible. Other hybrid models of mixed face-to-face and online models are being considered for further testing. In addition, as described above, SPHS staff is considering the use of online learning for staff development and public health education. 

We have learned that PBL can be successfully implemented in an online format.  It affords increased flexibility for students and can enhance depth of learning by stimulating greater analysis and synthesis of information.  The online environment provides opportunity for the case, which is the stimulus for learning, to be presented in a media rich format.  It also allows for use of a broad selection of learning resources, including unique audiovisual resources and experts in topics relevant to the case.  Both asynchronous and synchronous communications are software features necessary to support online PBL.   Although there is a steep learning curve, carefully planned training sessions can assist students to adapt more readily to online PBL.  Tutor training that addresses not only the technology aspects of online PBL but also the importance of clearly defined expectations and the provision of ongoing feedback is essential.  Development of online literacy in students and tutors will smooth their progression to online PBL, and facilitate meaningful discussion and effective decision-making in both asynchronous and synchronous modes.  In spite of its challenges, online PBL has the potential to support the acquisition and application of new knowledge in a variety of contexts, and creates the possibility for interdisciplinary learning.



There have been a variety of deliverables produced by the members of the research team as a result of this project. A number of them came from the project goals outlined earlier in this report and include:

· A literature review of online PBL;

· A literature review of the information and emerging standards of learning objects;

· A digital PBL case;

· An embryology animation; and

· An animation of facial anomalies in FASD.


There were also a number of deliverables produced that were not included in the project goals, but are complimentary to the goals:

· An online database of literature pertaining to online PBL/collaborative/cooperative learning;

· An online database of literature pertaining to learning objects; and

· A website sharing the results of the project.

There have been a number of opportunities for the researchers to share the findings of the project thus far, as either an oral or poster presentation, at the following conferences and seminars:

· This is IT – Sheridan College, Oakville, Ontario, May, 2002

· Society for Teaching and Learning in Higher Education (STLHE) – McMaster University, Hamilton, Ontario, June 2002

· Nursing Research Day, McMaster University, Hamilton, Ontario, October 2002

· E-Learn, Montreal, Quebec, October 2002

· Ontario Public Health Association Conference, Toronto, Ontario, November 2002

· Nursing Academic Seminars, McMaster University, Hamilton, Ontario, November 2002.

· Other conference presentations are being planned. An abstract has been sent to the American Public Health Association Annual Conference, to be held in winter of 2003.
· Publication for RAPPORT- a newsletter distributed to all Ontario health units.
It is expected that the results and applicable deliverables described above will be of interest to a wide variety of audiences, but namely health sciences educators currently using, or those who have an interest in pursuing collaborative online learning. In addition, we plan to disseminate our findings widely among FHS faculty and the curriculum innovation committees at McMaster. In order to share these findings with the widest possible audience, a number of potential publication sources will be targeted. These include, but are not limited to:

· The Journal of Computer Mediated Communication

· The Journal of Computer Assisted Learning

· The Canadian Association for Distance Education

· The Journal of Nursing Education

· The Canadian Public Health Association

We have recently been invited to prepare a chapter for a book being edited by faculty at the Ontario Institute of Studies in Education at the University of Toronto on E-learning in Professional Education. 


Through this study, it has been determined that PBL can be conducted in an online environment without changing the fundamental philosophy of this mode of learning. The resources employed in this project were well received and highly valued by participants, and would be an important aspect to include in any online PBL case. The technical difficulties experienced by faculty and students during the project were minor. Students were well equipped to participate in this project with the majority having high speed or cable Internet connections, and they also had fairly strong computer skills. Finally, the communication software system used in this project proved to be a supportive environment in which to carry out this intervention.


If this study were to be repeated, there are some issues worthy of consideration. It would be interesting to try online PBL for the duration of an entire course. The students and the tutors who participated in this project were on a steep learning curve with the technology during the intervention, and often they were just getting comfortable with the technology and online PBL when their portion of the study finished. An evaluation of a hybrid model of face-to-face as well as online tutorials is also worth investigating. 

It also would be interesting to repeat the study with experienced online tutors. An experienced online tutor would be able to assist students in their initial navigation of FirstClass so that they become efficient in the use of this technology sooner, thereby leaving more time for learning content. If no experienced tutors were available to participate, more thorough tutor training would be an important consideration.

Finally, with respect to the difficulties encountered with the medical students, it would be helpful to have a more in-depth interdisciplinary approach to case development. This strategy would have brought to the fore the different ways in which PBL is operationalized across the faculty of health sciences.  Changes then could have been made to the presentation of the case, its contents, and student expectations so that the needs of each student group were met.
Overall, this project was successful. Most importantly, we gained a better understanding of student and tutor perceptions of online PBL. These insights will inform future investigations of how PBL can be modified for delivery in a distributed mode using current on-line information and communication technologies to reach learners who experience challenges in accessing educational opportunities offered in traditional formats, while maintaining the unique values of PBL.
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� The Visualization Design Institute is an organized research unit of Sheridan College dedicated to the pursuit of excellence of design in the field of computer visualization and simulation. The Visualization Design Institute is a multi-disciplinary establishment, encouraging collaborative partnerships in the areas of scientific, medical, engineering, architectural, economic, entertainment, and environmental research.


� The PHRED program involves boards of health, health science programs of Ontario universities and colleges and the Ministry of Health and Long-Term Care.  It contributes to health promotion, health protection and prevention of health problems among residents of Ontario. PHRED provides leadership in undergraduate, graduate and post professional education of future health and public health professionals. It is also mandated to conduct applied public health research in public health practice and public health education.


� Learning objects are defined as “any entity, digital or non-digital, which can be used, re-used or referenced during technology supported learning.” From Quinn, C. “Learning Objects and Instructional Components” Educational Technology and Society, 3(2), 2000. International standards for defining learning objects are actively under development and will be tested in this project.


� For more information on Web-EX please go to www.webex.com





