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Abstract
The reasons for using the interactive hypermedia method for First Year Engineering Laboratory were to enable the instructor to cover a wide spectrum of asymmetric knowledge, deliver educational materials in a logical and appealing manner, incorporate real-life demonstrations, and create an instructional tool to reduce the time spent learning.  Preliminary results of this attempt showed that 85% of the students agreed that using interactive hypermedia method has increased their knowledge in engineering.

Introduction

The First Year Engineering Laboratory ENG1004L at the FAMU-FSU College of Engineering evolved from a lecture-based course given at each department level to a college wide laboratory format. The revised course consists of eight sections and rotates freshmen student groups through laboratories to cover various disciplines within the undergraduate engineering programs. These disciplines include civil, mechanical, electrical, chemical, and industrial engineering.  Non-major freshmen students (>200 students) receive grades for this one credit course and meet once a week for a three hour session. Because of the large number of students and the limited available space, the freshmen students are equally divided into two large groups (about 100 students per group). Various teaching and learning activities such as presentations, quizzes, group discussions, and experimental demonstrations take place during the laboratory sessions.  The same activities given to one group are repeated to the other group the following week. Students who have declared civil engineering as their major (about 40 to 50 students) are accommodated in Section 6 where they learn more about the five civil engineering majors namely; structure, transportation and construction, geotechnical, hydraulic, and environmental engineering.  The First Year course employs active learning aimed at achieving two objectives: (1) to better inform students about the nature of engineering and its specific disciplines, and (2) to improve the retention rate of the students in engineering programs. 

The idea of experimenting with the First Year Engineering course at the college level was addressed by many faculty long before the implementation date in 1999.  The need for this introductory course surfaced based on concerns that a majority of the faculty experienced while teaching different levels of engineering courses.  Some of these concerns were (1) poor knowledge retention and preparation of engineering students in basic science and engineering concepts; (2) lack of transfer from previous courses; and (3) lack of integrating knowledge and analysis at upper level courses. Even at the senior level, students continued to experience difficulties in understanding the interdisciplinary and multidisciplinary nature of engineering applications.  Additionally, students had difficulty relating what they learned to real life engineering practices. 

Such observations have been experienced by faculty at other engineering schools where knowledge retention among students was less than satisfactory. In their study, Boyd and Baker (1996) stated that the “Levels of understanding among senior-level civil engineering students, many of whom are preparing to graduate and enter the workforce were rather surprisingly eye-opening in their mediocrity.”  Also, in his monumental study of nearly 25,000 students at over 300 institutes, Astin (1993) found that only 43% of the first year engineering students in his population went on to graduate in engineering.  He concluded that  “Compared to majors in other fields, engineering majors are much more dissatisfied with the quality of instruction they receive in college and with their over all college experience.”  

At the FAMU-FSU College of Engineering, the authors monitored a class of engineering students who enrolled in the college five years ago and found that only 26 out of 107 students graduated from Florida State University. On the other hand, they found that the retention rate of the engineering students of the Florida A&M university, a Historic Black University, was about 43%.  Although both universities have different admission and retention policies, the explanation appears to involve a more complex set of factors including students attitude. Also, the authors found from internal department assessments that students attitude toward engineering is strongly related to their instructional environment. Although most of the students like to relate what they learn to practical engineering applications, the instructional environment in the classrooms is mostly filled with abstract models, which has a negative impact on student learning. Unfortunately, most of the math and basic science courses including some engineering courses reflect such abstract mode of teaching.  Also, the link between the gained knowledge and the common practical engineering applications is substantially weak. 

College students choose engineering education to “know how” to build bridges, high-rise buildings, airplanes, cars, etc.  Most of basic science and engineering courses lack the “know how” aspects in the delivered materials.  Lectures are mainly written on boards, transferred from ready-made transparencies, or read from handouts. With the new Internet era, some instructors find it more convenient to post their instructional materials on the web and direct students to download their lectures. Moreover, some instructors convey their ideas and instructions through Email massages.  Although this technology can be very helpful in engineering education, some faculty are still misusing it. 

Felder and Felder (1988) stated that most people are visual learners, which means that most students do not get nearly as much as they would if more visual presentation were used in class.  Lewis (1983) found that retention was increased significantly when students were exposed to more than one instructional media.  Krone (1995) supported Lewis’s observation, but suggested that instructional aids do not ensure an improvement in academic achievement. Regardless of the ongoing debate among different schools of thoughts, instruction should be the creation and use of environments in which students’ learning is facilitated. Several research studies have proven that using computer based instruction (CBI) reduces the time spent learning and provides an advantage over using books, films and other traditional methods (Christmann et  al, 1997; Alessi and Trollip, 2001).   That is not to say that the computer can replace all the phases of instruction. Computer usage is but one element in facilitating the learning environment, along with teachers, learners, and other media. 

The advancements in hardware and software technologies have provided many opportunities for instructors to incorporate instructional materials that in the past required professionals to produce.  The combination of the multimedia and hyper-text which is known as interactive hypermedia is one of these opportunities which can efficiently be utilized to produce cognitive structures capable of facilitating learning by:

# 
Presenting information in a logical manner

# 
Guiding the learner

# 
Practicing through problem solving and critical thinking 

# 
Assessing learning activities

These phases of learning have been implemented by the authors using computer based instruction (CBI) through the interactive hypermedia method to teach freshmen and declared civil engineering major students in the First Year Engineering Laboratory.  

Needs for Educational Technology
Two years after institutionalizing the course at the college level implementation of the First Year Engineering Laboratory did not fully meet the objectives of the course. Students continued to experience difficulties in understanding the nature of the engineering profession.  Even those who declared civil engineering as their major showed some confusion about the interdisciplinary relationships between the five major areas in the program.  Additionally, students showed difficulty relating what they learned to real life engineering practices. As a result, the course became a continuation to the abstract mode of learning that the students experienced in the basic science and math courses. Results from exit interviews showed that 80% of the students ranked the course unsatisfactory and demanded certain improvements. Some suggested canceling the course and saving the credit for additional electives. Students’ feedback motivated changes in the course content, delivery methods, and assessing student learning, 

A close look at the students’ feedback revealed two main problems in the course. First, the conventional method of teaching the course had failed to interweave the large disparity of the delivered materials to numerous engineering concepts. This means that summarizing one complete engineering discipline in two sessions and proceeding to a new subject caused confusion to the students. Second, the course delivery methods appeared to require more than a blackboard or overhead transparencies to convey the subjects to the students. The general-purpose textbooks available in the market still lack the real life applications. Such shortcomings in textbooks necessitated that faculty rely on other sources to cover relevant topics.  

One suggested improvement was to increase the credit hours of the course and to incorporate hands-on instrumentation laboratory experience to make the course more exciting for learning. Such a solution has been followed by other schools.  However, because of the large number of students involved in the course, the lack of enough space to engage every student with hands-on experiments, the limited number of teaching assistants, and the overwhelming full time equivalency (FTE) load for the faculty, the authors decided take different path and  to explore the possibility of using modern educational technology to teach the course. 

To assist in solving the problem with the current constrains and to achieve the objectives of the course, a pilot test using an interactive hypermedia approach was implemented. This method was chosen to effectively deliver the course materials and to spark the joy of learning in the students. The use of interactive hypermedia enabled the instructors to produce instructional and learning materials with the following advantages:

1. 
covered a wide spectrum of asymmetric knowledge

2. 
delivered the materials in a logical and appealing manner

3. 
incorporated real-life demonstrations

4. 
created an instructional tool that reduced the time spent learning. 

Numerous studies have researched the use of hypermedia in relation to cognitive models and cognitive styles (Alessi and Trollip, 2001).  The hypothesis is that the organization of hypermedia, which is composed of nodes and links based on semantic structures, matches human cognition, and thus can map fairly directly to human knowledge structures and facilitate learning.

Hypermedia is a collection of multimedia materials (audio, video, photos, graphics, text, database, and animation) and hypertext with multiple possible arrangements and sequences.  It is being used as one of the tools in the field of computer-based training (CBT), computer-based instruction CBI, and other e-learning applications. With the availability of skilled instructors who can develop quality electronic courseware and produce advanced interactive schemes, the hypermedia method can be used as an effective educational tool to present information, guide the learner, practice problems, and assess learning. 

Planning and Selecting the Topics
To develop a purposeful interactive hypermedia product, several issues had to be resolved first.  These issues were included in the planning phase and they involved the following considerations:

# 
Delivery method


-
Internet, intranet, or CD delivery


-
Bandwidth constraints 







high (LAN, DSL, T1)







medium (ISDN, 56 Kbps modems)







low (modems < 56 Kbps)

-
System Requirements (browsers, operating systems, speed, memory, storage capacity)


-
Required plug-ins or players (availability, cost, server side, client side, security)

# 
Types of media intended for use (graphics, photos, animation, audio, video)

# 
Level and types of interactivity 


-
Basic (linear presentation such as Power Point, Corel, HTML)

· Intermediate (nonlinear navigation, drop menus, hot spots, low level


assessment) 

· Advanced (algorithm for logical and conditional branching, data tracking,  custom assessment, print and electronic mailing)

# 
Level of data tracking   (scores, tracking time, question answers, progress, analysis)

# 
The content size and maintenance (level of learner and intensity/level of the materials)

# 
Available technical skills (programming requirements, graphic skills, multimedia editing reproduction) 

# 
Cost of the project (development/operating time, technical assistant, cost of materials, computers, and additional presentation equipment)

These considerations helped the authors identify the needed resources including the hardware, the software, and funding allocations.  Fortunately, the results of the planning phase were encouraging, and all of the above mentioned concerns were addressed and most of the questions were answered before the first trial started. The reason for that intensive preparation was the unsuccessful experience that some faculty faced when attempting to develop such products with scarce resources.  The time spent was wasted because of the lack of continuous support and improvement to meet the needs of students.  Most of these products ended up on the Internet as HTML presentations only.

The subsequent step after the planning phase was to select the suitable multimedia material with topics that attracted the attention of the students and prompted them to learn more about the subject matter.  A questionnaire was distributed to the students who has civil engineering as their major requesting them to choose from a predefined list of topics.  Surprisingly, the students requested a wide spectrum of practical topics that cover the five major areas in civil engineering with more requests for structural engineering applications. The reason for their choices was primarily based on what they experience in their daily life. They wanted to know how to design and construct buildings, bridges, historical structures, and other infrastructure facilities.  Consequently, such practical applications were developed and then proceeded with contemplating the related details including  knowledge of basic science and engineering concepts. 

Design and Development of Hypermedia
Out of several topics selected by the students three different interactive hypermedia products were designed and developed.  One of these subjects was the Leaning Tower of Pisa (Figure 1). This subject was selected by all the students in the class.  The design phase for each product started in the same way:

-
Prepare text/graphics including historic facts, photos, and simple animation

-
Optimize video/audio materials (digitization, select short video clips, select optimization format, resize presentation window/frame per second)

-
Design the story-board with logical branching (main menu, floating menus/submenus,  and media interface/control buttons)

-
Prepare the types of questions/level of difficulties

-
Program the data tracking and the feedback contents

-
Provide reasonable security arrangement to maintain confidentiality of the scores

-
Select the streaming size/speed (Web Packaging)

Several trials were attempted to produce uninterrupted and speedy hypermedia pieces.  These attempts took into account that students might access the web site using low bandwidth modems. From the trials, the proper segment for fast streaming on 56K modem was found to range from 12K to 24K.  Lower segment sizes were also tested but the video streaming was very poor and the sound was either missing or out of phase.  

In the General Civil Engineering piece (Figure 2), the product was divided into four main menus starting with Introduction, History, Fundamentals, and Civil Engineering Applications. The text portion was developed with hotspots, drop menus, text scrolling bar, and floating navigation bar.  Using these features the authors could enrich the material by embedding definitions, explanations, links, glossaries, photos, and other illustrations.  These elements could be projected on the screen without changing the pages. This technique was implemented based on students’ suggestions, where they could maintain the sequence of the subject without leaving the page. Also this piece included different video clips from different civil engineering applications.  The copy right issue was one of the concerns the authors faced when selecting the relevant materials. Some of the materials were obtained from the Florida Department of Transportation, the Florida Department of Environmental Protection, and private consultants with their permissions to use them for educational purposes.   

After delivering the knowledge and background, students were required to take an electronic test where they answered questions and solve problems on the web to test their understanding of the subjects (Figure 3).  The exams were designed using two levels of difficulty.  A student should pass the first test before proceeding to the second one.  If he failed, a screen would pop up showing him his score and the questions he missed.  Also the screen would  show him how many times he took the exam to pass it.  For both segments the student has to print the results and give them to his instructor. An Email provision will be added to the products in the future to facilitate the submittal of the results.  

Assessment of Learning and Feedback
The outcome assessment of this course was done by comparing the students performances from the assigned learning tasks with the students responses on course surveys.  Students performance was assessed by the instructor who collected the results of the electronic tests as well as other assigned projects.  

Student surveys showed that the interactive hypermedia instruction was the most pleasant experience in the course. The survey results indicated that more than 92% of the students were fully satisfied with this method and that the pieces they used helped them understand the subject matters even without direct interaction with the instructor.  The common dissatisfaction among all the students was the delivery method.  Most of the students encountered problems downloading the pieces on their 56K modems.  At certain times, the streaming of the video clips and the audio were discontinued causing a freeze in the screen.  Accordingly, some students had to continue their work from the computer laboratory at the college.    

Although this method is still limited to three sessions during the semester, the successful feedback from students was encouraging.  Also, this success motivated that other instructors to produce similar materials.  The time involved in producing the instructional materials varies depending on the content size and the amount of the embedded information. In general, once the product story-board and all the required programming were developed for one hypermedia piece, adding more instructional and testing materials or even producing another piece for another subject became a matter of transferring or replacing the texts and multimedia of the new materials.

Conclusion
Teaching the First Year Engineering sections using conventional methods proved to be ineffective. Students found the interactive multimedia more informative, more exciting for learning, and provided quick assessment for their understanding.  In preparing for the project, a survey showed that most of the students would like to work on engineering applications that they experience in daily life.  Involving engineering students in selecting engineering applications proved to be very effective.  Relevant analytical methods including concepts of math and science were added to the selected applications.  To produce a meaningful interactive hypermedia product, a thorough planning process is very important followed by the design and development stages. Frequent upgrade for the interactive hypermedia applications is essential to maintain its effectiveness.
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Figure 1.  Interactive hypermedia example on Leaning Tower of Pisa
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Figure 2.  Different elements in the interactive hypermedia
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Figure 3.  Internet course assessment with the students’ feedback
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Figure 4.  Electronic testing and learning assessment
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