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Abstract 

Hands-on laboratory projects are an essential component of engineering 
education. At minimum, labs provide experience in making and interpreting 
measurements (an ABET requirement); when challenge-based, they provide the 
chance for self-guided learning by solving authentic problems. The difficulty with 
offering a significant lab component in courses with large numbers of students is 
a severe lack of resources. Our department, like many others, does not have the 
volume of sophisticated equipment and laboratory space needed to conduct large 
lab sessions. Furthermore, from a pedagogical point of view, we do not feel that 
large sessions are conducive to self-guided learning. 
Our approach to overcoming these limitations is to develop tutorials utilizing new 
teaching technologies. Web-based streaming videos have been developed to 
provide a “toolbox” of lab techniques for the students. These “tools” allow 
students to perform the labs on a flexible schedule without constant instructor 
supervision and facilitate self-guided learning. Student learning from the tutorials 
was evaluated by pre- and post-viewing online questionnaires in Blackboard, 
comparison of competency in specific areas between course offerings, and end-of-
term feedback forms with Likert scale and write-in questions. 
The tutorials facilitated the addition of a laboratory component to a sophomore-
level biomechanics course and the development of a new junior-level 
experimentally driven biomechanics course. In the sophomore-level course, the 
tutorials were shown to significantly impact student knowledge. Using only the 
tutorials, students in the junior-level course were able to complete two major 
challenge-based laboratory projects without additional instructor-based training 
on the equipment or software. The student feedback on the usefulness and quality 
of the tutorials was predominantly positive in both courses.  
Development of these high quality tutorials required a diverse team of experts in 
biomechanics, technology, and assessment and many hours of work by two 
dedicated undergraduate students. Once created, these educational tools freed up 
instructor time for teaching of concepts during class time and permitted a 
relatively large course enrollment with limited resources. However, this project is 
a work in progress, and the true benefits will not be fully realized for years to 
come. 
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Introduction 

Engineering is a practical profession, and laboratories are an important and valuable part of 
engineering education [1]. Although most hands-on laboratory activities provide experience in 
making and interpreting measurements (an ABET requirement), it is becoming clear that 
challenge-based (i.e., inquiry- or problem-based) instruction offers one of the most effective 
means of facilitating learning by compelling students to solve authentic problems through a self 
discovery process [2].  
In biomedical engineering (BME), in particular, there has been a recent upsurge in activity in 
challenge-based instruction in the educational literature [3-7]. Although BME programs have 
been under development over the past 40 years, it is still a relatively new discipline and a fertile 
area for new methods and pedagogy. The pace of development in this area has accelerated in 
recent years with the rapid rise in student interest in BME and infusion of funds from the 
Whitaker Foundation (www.whitaker.org). Challenge-based laboratories are especially well 
suited for BME where quantitative measurements of complex and variable biological systems are 
required [6].  
In the BME department at Worcester Polytechnic Institute (WPI), our long-term goal is to 
integrate challenge-based laboratories throughout all levels of the curriculum to facilitate self-
guided learning. As a first step, we are integrating challenge-based laboratories into our 
fundamental core courses (sophomore-level) that “bridge the gap” between freshman-level 
science and mathematics and upper-level BME courses. Our efforts began with a course covering 
bioelectric phenomena in the body (BME 2204) [8], and are now focused on our biomechanics 
course (BME 2504). The engineering laboratory is an ideal setting for students to solve authentic 
biomechanics problems with industry-standard equipment. The challenge however is to train a 
large number of students to use complex, potentially dangerous equipment properly and safely. 
Challenge-based laboratories require not just step-by-step instructions how to do a single 
measurement, but also the theory of operation of the equipment so the students have the ability to 
do more than just “cookbook” lab assignment. Additionally, the resources available, including 
instrumentation, space, and instructor time, for such instruction are limited. 

Our approach to overcome these challenges has been to create a “toolbox” of streaming video 
biomechanical testing tutorials. The tutorials cover a wide range of techniques necessary to 
perform mechanical testing of biological tissues including safe handing and storing of biohazard 
materials, setting up and running uniaxial and torsional failure tests, and analysis of mechanical 
data. These tutorials were utilized in sophomore- and junior-level biomechanics courses at WPI 
in the fall semester of 2005. The goal of this formative study was to assess student learning from 
the tutorials and to gather student feedback on their usefulness and quality as a guide for future 
improvements.  

 
Methods 

Twenty tutorials were developed to train undergraduate BME students to perform uniaxial and 
torsional tests on biological tissues using a screw-driven material testing system (Q-test5, MTS, 
Minneapolis, MN). The content of the tutorials ranged from turning on the machine to analyzing 
the data using mathematical software. The tutorials were developed in Powerpoint (Microsoft 
Corp., Redmond WA) and included still slides with text, pictures, and audio annotation as well 
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as video clips from software displays recorded with Camtasia (TechSmith, Okemos, MI) and 
standard video recordings of physical demonstrations. 

In the first phase of our study, a subset of the tutorials was utilized in a sophomore-level course 
entitled “Foundations of Biomechanics” to statistically assess specific learning from each tutorial 
and obtain feedback on their usefulness and quality from a relatively large number of students 
(n=47). In the second phase, the full set of tutorials was employed in a new junior-level course 
entitled “Experimental Biomechanics” to assess the utility of the tutorials for a challenge-based 
course with a smaller number of students (n=17). 

Sophomore-level foundations of biomechanics course 
In this, the fourth offering of the sophomore-level biomechanics course, a laboratory 
investigating the effect of hydration on the uniaxial properties of leather was added to replace a 
uniaxial testing demonstration. The twelve tutorials utilized to train the students are listed in 
Table 1 along with their code names (M indicates a “machine-related” tutorial; S indicates a 
“software-related” tutorial). The content of the tutorials was specific enough to include all of the 
steps necessary to complete a uniaxial pull to failure of a soft biological material (e.g., tendon, 
leather) and were general enough that a wide range of sizes and types of materials could be 
tested with all settings chosen by the students to facilitate self-guided learning.  
Table 1: Naming convention for tutorials utilized in the sophomore-level biomechanics course 

   
Questionnaires. To assess each student’s individual learning from the tutorials, the students were 
asked to fill out pre- and post-viewing questionnaires. The viewing of the tutorials and answering 
of the questions was done in a controlled environment where the students could be monitored to 
assure that the students were not working together. The instructor or teaching assistant could also 
help if technical problems arose. Each questionnaire had two to five multiple choice questions 
(mean 3.8, median 4). Each question had a minimum of seven choices including “all of the 
above,” “none of the above,” and two combinations to minimize the impact of random guesses, 
e.g., Figure 1 shows a question with ten possible answers. The streaming video tutorials were 
posted on myWPI, the WPI version of Blackboard software (Blackboard Inc., Washington DC), 
along with the questionnaires. The questionnaire scores were recorded and tabulated 
automatically by Blackboard. It was made clear to the students that the scores from the 
questionnaires would not affect their course grade, and the term “questionnaire” was chosen 
instead of “quiz” to avoid student test anxiety. The training was broken up into two one-hour 

Code Title 
M1  Intro to the MTS Q-test5 screw-driven uniaxial material testing system 
M2 Safety working with materials testing machines 
M3  Inputs to run a uniaxial test 
M4 Range and accuracy 
M5  Tare load and specimen dimensions 
M6  Running a uniaxial mechanical test on the MTS Q-Test5 
 
S1  Logging into the MTS Q-Test software 
S3*  Running a uniaxial test to failure using Testworks software 
S4  Saving test data in the Testworks software 
S5  Exporting test data in the Testworks software 
S6  Opening an MTS data file in Excel 
S7  Plotting data in Excel 
* Tutorial S2 not used in this course offering 
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sessions and took place in a computer lab on campus (3.2 GHz processors, 100 Mbps internet 
connection) with an instructor or teaching assistant available for questions. The pre- and post-
viewing questionnaire scores were compared using one-tailed paired t-tests with p<0.05 
considered statistically significant (SigmaStat, SyStat Software, Inc., Point Richmond CA). 

 
Safety practicum. To assess the ability of the students to prepare biological samples and utilize 
the test equipment safely, a safety practicum was administered by the instructor or teaching 
assistant for each three-person lab group. The students were asked to prepare a specimen, mount 
it on the machine, and begin a test. If the practicum was completed properly, the group was given 
the password to the software and given access to the machine which enabled them to complete 
their experiments without an instructor present. 

Grade comparison. As a measure of the student learning of the conceptual material, the students’ 
understanding of data generated in similar experiments was assessed by statistical comparison of 
quiz grades from conceptually equal quizzes over three consecutive offerings using a one way 
ANOVA (SigmaStat). The exact same quiz was not reused each year to minimize the 
opportunity for academic dishonesty. Specifically, the students were asked to calculate stress, 
strain, strength, and stiffness from uniaxial force-displacement curves from various types of 
specimens or to calculate force and displacement from stress-strain curves. The overall grades 
from the course offerings were also analyzed for comparison. Kruskal-Wallis one way ANOVA 
on ranks with an all pairwise multiple comparison procedure (Dunn’s Method) was utilized due 
to non-normal distribution of data. 

Student feedback. To obtain formative feedback from students as to the usefulness and quality of 
the tutorials, a survey was developed in conjunction with an educational consultant and 
administered. The students were asked to rate the usefulness and general quality of each tutorial 
on a five-point Likert-type scale and to give their perception of the general usefulness, relative 
helpfulness, and ease of use of the tutorials as a whole (Figure 3).  

 
Figure 1: Example questionnaire interface in Blackboard. Each questionnaire had two to five 
questions and each question had at least seven answers to minimize the effect of guesses. 
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The students were also asked to provide specific written suggestions as to what they liked and 
disliked about the tutorials and the process of learning laboratory techniques using streaming 
web tutorials. The surveys were completed anonymously and handed in the same day as the 
laboratory assignment. 

End-of-term course evaluations. As an overall evaluation of the students’ perceptions of how 
well they learned from the tutorials, the scores from the standard WPI end-of-term surveys were 
recorded. The students were asked to rate their agreement to the following statements on a 
Likert-type scale with 1 indicating “Never” and 5 indicating “Always:” “The instructor showed 
me how to use lab equipment properly,” and “Good laboratory procedures were emphasized.” 
The answer to “My overall rating of the quality of this course is” was also recorded for 
comparison. 
Junior-level experimental biomechanics course  
The junior-level course consisted of two major challenge-based laboratories covering the effects 
of heat treatment on the viscoelastic properties of tendons and the effects of decalcification on 

Please rate the usefulness  of each 

tutorial  in helping you to successfu lly 

complete the lab  by checking the one 

cell for each tutorial  that most closely 

matches your opinion . 

Please rate the general quality  of 

each tutorial  by checking the one cell 

for each tutorial  that most closely 

matches your opinion . 
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      Tutorial  M1       

      Tutorial  M2       

      Tutorial  M3       

      Tutorial  M4       

      Tutorial  M5       

      Tutorial  M6       

      Tutorial  S1       

      Tutorial  S3       

      Tutorial  S4       

      Tutorial  S5       

      Tutorial  S6       

      Tutorial  S7       

  

 
(a) 

In each shaded section below, please check the one box that most closely matches your opinion. 
 

In attempting to understand how to do the lab, I found these tutorials, in general and as a whole, were 
 

! not at all useful.   ! something that made me very confused.  

! not very useful.   ! something that made me a little confused.  

! neither not useful nor useful.   ! something that neither confused nor clarified.  

! somewhat useful.   ! something that made the material a little clearer.  

! very useful.   ! something that made the material much clearer.  
   

! much less helpful than written materials.   ! much less helpful than one-on-one time with the prof.  

! less helpful than written materials.   ! less helpful than one-on-one time with the prof.  

! as helpful as written materials.    ! as helpful as one-on-one time with the prof.  

! more helpful than written materials.   ! more helpful than one-on-one time with the prof.  

! much more helpful than written materials.   ! much more helpful than one-on-one time with the prof.  

    

! very difficult to use.    ! very inconvenient to use.  

! difficult to use.    ! inconvenient to use.  

! neither difficult nor easy to use.    ! neither inconvenient nor convenient to use.  

! easy to use.    ! convenient to use.  

! very easy to use.    ! very convenient to use.   
(b) 

Figure 3: Portions of the feedback form: (a) chart for specific tutorials (M5-S7 not shown) and (b) 
general perceptions of the tutorials. The feedback form also included write-in sections soliciting 
what was liked and disliked about the tutorials and the learning process.  



 Proceedings of the ASEE New England Section 2006 Annual Conference. Copyright © 2006 6 

the torsional properties of bone [9]. A few of the tutorials described above were slightly modified 
to improve their quality and clarity based on specific feedback from the students in the 
sophomore-level course. In addition to the tutorials listed in Table 1, the tutorials for this upper-
level course included biological sample preparation, biological materials safety, cleanup and 
disposal of biohazard materials, sample hydration, alternative testing fixtures, torsion testing, 
mantling different types of grips, and methods of deformation measurement. The streaming 
video tutorials were made available to the students on myWPI for viewing at their own pace and 
at their convenience. 

The students’ ability to use the equipment safely was assessed by a practicum as with the 
previous course. The ability of the students to learn from the videos was assessed by their ability 
to perform the laboratories without instructor help on aspects covered in the tutorials; pre- and 
post-viewing questionnaires were not administered in this course. Feedback from students was 
solicited in the same manner as from the previous course, but a different subset of specific 
tutorials was assessed to avoid overburdening the students. The scores from the end-of-term 
course evaluations were also recorded. 
 

Results 

In general, the tutorials were well received and the students were able to use the mechanical 
testing equipment and software to complete their laboratory assignments with little direct help 
from the instructor and teaching assistant. Few technical problems in terms of access to the 
tutorials and questionnaires on the web were encountered. A number of students in the 
sophomore-level course thought that the number and breadth of tutorials, questionnaires, and 
surveys were excessive for a single laboratory exercise, although the majority completed the 
assessment vehicles in a timely manner despite being anonymous. As expected, in the 
sophomore-level course the majority of students found the tutorials less helpful than one-on-one 
time with the professor; surprisingly, in the junior-level course the students did find them as 
helpful as time with the professor. Most students believed that the tutorials would benefit future 
students in both courses. 

Sophomore-level biomechanics course  
Questionnaires. Overall, the students answered significantly more of the questions correctly after 
viewing the tutorials than prior to viewing them (71% ± 12% and 34% ± 9%, respectively; p < 
0.01). Detailed results for each of the twelve questionnaires are plotted in Figure 4 for both pre- 
and post-viewing. All post-viewing groups have statistically greater scores than the pre-viewing 
groups (p<0.05) with the exception of the M5 (tare load) group (p=0.07).  

Most students completed the majority of the questionnaires, but only slightly greater than half of 
the students completed them all. Specifically, 27 of 47 completed all 100% (57% compliance) 
and 36 of 47 completed greater than 90% of the questionnaires (77% compliance). Not 
surprisingly, the number of students that completed a given questionnaire decreased from close 
to 100% to just above 80% as the students progressed through the tutorials sequentially (Figure 
5) indicating a lack of time and/or waning interest in finishing the tutorials and questionnaires. 
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Figure 4: Percentage of correct answers on tutorial questionnaires pre- and post-viewing of streaming 
video tutorials. All post-viewing groups have statistically greater scores than the pre-viewing groups 
(p<0.05) with the exception of the M5 (tare load) group (p=0.07) by one-tailed paired t-tests. 

      
Grade comparison. Statistical analysis of quiz grades aimed at assessing the students’ 
competency at understanding uniaxial mechanical test data demonstrate that the grades are 
significantly higher with the addition of the laboratory component in the 2005 course offering (p 
< 0.001) compared to the previous offerings (Table 2). Based on student feedback in the end-of-
year course evaluations in 2004, the students enjoyed the demonstration of a uniaxial test on a 
pig tendon; however, the scores were not significantly different between 2003 and 2004 (no 
demonstration and demonstration, respectively). The final course grades were not significantly 
different between the three offerings indicating that the overall course grading was neither more 
nor less stringent in any particular course offering. 
Student feedback. Of the 47 students in the course, 35 completed the survey (74%). The 
responses indicate that the quality of the tutorials was good in general. Most students found the 
tutorials useful, and students believed that the tutorials are likely to be beneficial to future 
students. Specifically, for all tutorials, between 70% and 90% of survey respondents identified 
the general quality of the tutorials as either “good,” “very good,” or “excellent.” Only 20% of 
survey respondents found the tutorials either “inconvenient” or “very inconvenient” to use. 
Approximately 60% of respondents found the tutorials either “easy” or “very easy” to use.  
 

Figure 5: Downward trend of 
student participation in answering 
tutorial questionnaires indicates 
waning interest. 
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Table 2: Quiz and final grades for three offerings of the sophomore-level biomechanics course 

 
The students believed that the tutorials helped them complete their labs successfully. 
Specifically, between 54% and 72% of the survey respondents characterized all but one of the 
tutorials as being either “quite” or “extremely” useful in helping them to successfully complete 
their labs (the M5 tutorial was not considered useful). The scores increased to 85% and 94% 
when “somewhat useful” was included. Over three-fourths of respondents indicated that the 
tutorials either “helped me” or “helped me much” in completing the lab, and almost all 
respondents indicated that in general and as a whole they found the tutorials either “somewhat 
useful” or “very useful.” Over three-fourths of respondents also found that the tutorials in 
general and as a whole made the material either “a little clearer” or “much clearer.”  
Almost 30% believed that the tutorials were “as helpful” or “more helpful” than one-on-one time 
with the professor; however, 80% of respondents indicated that the tutorials in general and as a 
whole were “as helpful,” “more helpful,” or “much more helpful” than written materials, and 
over 60% of respondents believed that the tutorials alone were adequate or better in preparing 
them for their lab. 
While the semi-quantitative survey data indicate that the tutorials were valuable to many students 
in the course, written comments and suggestions were in many ways more valuable for 
determining what changes were required for the tutorials and the assessment process. 
Specifically, many students commented that a few particular tutorials were not helpful (e.g., “M5 
Tare load”) and that there were difficulties with the audio in a few tutorials. Also, many students 
suggested that supplemental written material be handed out such as a glossary of terms and 
software instructions. In terms of the assessment process, many students indicated that the 
questionnaires before and after viewing the tutorials were extremely time consuming and that the 
questions did not really aid in comprehension. A number of students indicated that the 
questionnaires were confusing and actually interfered with learning. Students suggested a longer 
time for viewing under lower pressure as they had difficulty absorbing the information in such a 
short amount of time. Several students commented that many tutorials, especially those that dealt 
with using the software, were confusing when viewed ahead of time, but were very useful when 
actually performing the experiment or analyzing data. 
The students’ comments about what they especially liked about the tutorials were encouraging. 
Several students believed that the tutorials were a good source of information and a good 
reference source that they could go back to when they needed an explanation. Many students 
appreciated the visuals in the tutorials (e.g., being able to see the machine working before being 
in the lab, a person loading a sample, and the software actually being used). Many also 

 Uniaxial test data quiz  Final course grades 
 2003 

(no lab or 
demo) 

2004 
(demo 
only) 

2005 
(limited 

lab) 

 2003 
(no lab or 

demo) 

2004 
(demo 
only) 

2005 
(limited 

lab) 
# students 41 45 46*  41 45 47 
Average 74 74 85  85 82 86 
SD 18 17 13  13 12 8 
CV% 24% 23% 15%  16% 15% 10% 
For quiz: P<0.001 by ANOVA with 2005 different than 2003 and 2004 (P < 0.05, Dunn’s)   
For final course grades: P = 0.175 by ANOVA (not significant). 
*One student did not take this particular quiz 
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commented on the ease of use of the tutorials and the fact that they were easy to access and view 
at the students’ leisure. Students also remarked that they enjoyed the freedom from having to ask 
the professor and teaching assistant how to use the equipment and software. 
End-of-term course evaluations. On a Likert-type scale with 1 indicating “Never” and 5 
indicating “Always,” the students scored the statement “the instructor showed me how to use lab 
equipment properly” with a 4.24 (n=25) and the statement “good laboratory procedures were 
emphasized” with a 4.71 (n=26). Scores above 4.0 are considered very good agreement with the 
statements in this rating system. For comparison, their “overall rating of the quality of this 
course” was somewhat lower at 4.17 (n=35). These data indicate that the students felt that the 
tutorials provided good training on proper use of the equipment, as the instructor was not 
generally in the laboratory with the students and did not demonstrate how to use the equipment.  
Student comments on the end-of-course evaluations indicated that the hands-on lab was a fun 
experience and well structured; however, they also pointed out that lab scheduling was difficult 
due to the fact that they worked in groups and only a single machine was available. 

Junior-level experimental biomechanics course 
Student feedback. Of the 17 students in the course, 16 completed the survey (94%). The 
responses indicate that the quality of the tutorials was, in general, good. All students found the 
tutorials useful to some extent, and students believed that the tutorials are likely to be beneficial 
to future students. Specifically, for all tutorials, between 80% and 93% of survey respondents 
identified the general quality of the tutorials as either “good,” “very good,” or “excellent.” All 
respondents found the tutorials either “easy” or “very easy” to use, and none found them 
“inconvenient.” 

The students believed that the tutorials helped them complete their labs successfully. 
Specifically, between 73% and 100% of the survey respondents characterized all but one of the 
tutorials as being either “quite” or “extremely” useful in helping them to successfully complete 
their labs (the Sample Preparation Tutorial had the only score less than 70%). Over 85% of 
respondents indicated that the tutorials either “helped me” or “helped me much” in completing 
the lab, and almost all respondents indicated that in general and as a whole they found the 
tutorials either “somewhat useful” or “very useful.” Over 85% of respondents also found that the 
tutorials in general and as a whole made the material clearer.  

About three quarters of the students believed that the tutorials were “as helpful” or “more 
helpful” than one-on-one time with the professor. In addition, all of respondents indicated that 
the tutorials in general and as a whole were “as helpful,” “more helpful,” or “much more helpful” 
than written materials, and about three quarters of respondents believed that the tutorials alone 
were adequate or better in preparing them for their lab. 
Students written comments about the tutorials were generally positive. Several students 
commented that they liked the fact that the tutorials could be reviewed as many times as needed 
and that they could learn at their own rate. Suggested improvements included having low 
bandwidth versions for off-campus viewing and adding supplemental written instructions. A 
number of students commented that they liked the ability to go to the tutorials online before 
asking the instructor or teaching assistant for assistance with simple questions. 
End-of-term course evaluations. On a Likert-type scale with 1 indicating “Never” and 5 
indicating “Always,” the students scored the statement “the instructor showed me how to use lab 
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equipment properly” with a 4.58 (n=12) and the statement “good laboratory procedures were 
emphasized” with a 4.49 (n=12). For comparison, their “overall rating of the quality of this 
course” was substantially lower at 3.85 (n=13). Similar to the sophomore-level course, these data 
indicate that the students felt that the tutorials provided good training on proper use of the 
equipment, as the instructor was not generally in the laboratory with the students and did not 
demonstrate how to use the equipment. In general, the students liked the hands-on laboratories 
and “real life applications,” but a few disliked how much time was required to solve authentic 
problems in lab. 

Time logged on the test equipment. In the sophomore-level course the student experience with 
the test equipment exceeded 50 hours, over one hour per student, up from a one hour 
demonstration for all 45 students in the previous year.  More impressively, the tutorials 
facilitated a challenge-based course with students able to perform self-designed experiments 
without the instructor present. Each of the 17 students logged over 20 hours on a single materials 
testing system with relatively few scheduling conflicts. 

 
Discussion 

Our motivation to create a series of streaming video tutorials was to facilitate challenge-based 
biomechanics laboratories for a rapidly growing number of BME undergraduate students while 
limiting the need for additional instructor time and testing equipment. In this formative study we 
assessed student learning from the tutorials and gathered student feedback on the usefulness and 
quality of the tutorials as a guide for future improvements. Our goal was not to compare the 
effectiveness of the tutorials with that of an instructor or with written instructions, although some 
useful data on these topics were gathered. Furthermore, we did not attempt to compare the 
effectiveness of learning concepts in the laboratory versus in the classroom as there is ample 
literature demonstrating the need for both modes of learning [1].  
Overall, the students were able to use the tutorials successfully to learn proper laboratory 
procedures, correct usage of industry-standard mechanical test equipment, and appropriate 
analysis of mechanical data. These findings were demonstrated most directly by observing the 
students’ performance in the lab safety practicum and by examining the student laboratory 
notebooks and reports. The students’ knowledge of salient laboratory techniques was very 
limited before viewing the tutorials, and the instructor and teaching assistant did not train the 
students, thus the students’ ability to perform the experiments strongly indicates that they learned 
from the tutorials. This conclusion is further supported by the results from the pre- and post-
viewing questionnaires and the feedback from the students. 

Creation and dissemination of the tutorials 
Concepts of biomechanics were not covered explicitly in the tutorials; rather the tutorials were 
designed to be a tool to aid in acquisition of effective laboratory techniques. They tutorials 
provide demonstration of general and detailed aspects of laboratory techniques and allow student 
to practice the techniques individually at their own pace before embarking on inquiry-based 
laboratory with a group of their peers. Training videos are already available for various pieces of 
equipment (e.g., MTS MiniBionix servohydraulic machine training series) and software (e.g., 
Microsoft Excel training courses on the web), but these are not particularly well suited for our 
students’ requirements. Test equipment training videos require over 20 hours of viewing, are 
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designed to train testing technicians rather than to educate university students, and the video tape 
format is not easily accessible to a large number of viewers. We found that the software training 
videos available on the web were helpful but were not sufficiently specific to efficiently show 
the students how to perform necessary data manipulations.  

When possible, we created tutorials that were general enough to share with others at different 
universities with different test equipment. When necessary, the tutorials were specific to the 
devices and software. For these reasons, a large number of short, focused tutorials were created. 
These tutorials satisfy the goals of being easy to deliver, reuse, modify, and share more broadly, 
key attributes for shareable learning materials [10]. In fact, we utilized a statistics tutorial from 
our sophomore bioelectricity course in both the sophomore- and junior-level biomechanics 
courses [8], and we envision using a subset of our tutorials for mechanical and civil engineering 
courses at WPI and at other universities. 

It was of utmost importance that the tutorials were able to be delivered without difficulty and 
easily modified. In creating the tutorials, we were able to take advantage of our professionally 
staffed Academic Technology Center and extensive technological infrastructure (e.g., internet, 
computer facilities, servers) as well as tech-savvy undergraduate students here at WPI. For 
maximum ease of delivery the tutorials were uploaded to myWPI where they were accessible to 
all registered students. In the controlled assessment, the tutorials and questionnaires were only 
available during the set viewing time. Management of these settings was simple in Blackboard. 
For maximum ease of creating and later modifying tutorials without professional assistance, 
Microsoft Powerpoint was chosen over other programs. Multimedia tutorials were easily created 
in Powerpoint; however, when audio annotation and video clips were added to the tutorials they 
became very large. For the students to view the tutorials at a reasonable rate, it was necessary to 
place the audio and video clips on a streaming server. 

Camtasia was successfully utilized to record video clips of the steps necessary to navigate 
through the menus and features of the testing software (TestWorks, MTS Corp.) and analysis 
software (e.g., Excel, MathCAD, etc.). The undergraduates who created the software videos 
found Camtasia easy to learn and use. The video of physical demonstrations required 
substantially greater resources and expertise. The video clips were professionally prepared and 
edited by the Academic Technology Center staff in two three-hour sessions. 

Time commitment and resources  
Clearly, developing twenty tutorials required a significant use of resources. Our group consisted 
of one biomedical engineering professor, one mechanical engineering professor, two 
undergraduate students, two media experts, one technology manager, and an assessment 
consultant. Various subgroups met for five one-hour sessions to plan out the tutorials. Once the 
content and media were decided upon, the undergraduate students worked 20 hours per week for 
approximately eight weeks to develop the tutorials. Two three-hour video recording sessions 
were also completed. Revisions and corrections required an additional week totaling over 400 
hours of work. 
During the running of the courses, the demonstration in the 2004 offering of the sophomore-level 
course required approximately two hours of the instructor and teaching assistant’s time and 
provided 15 to 20 minutes of class time for the students with the test equipment. In the 2005 
offering with the full lab exercise, sample and material preparation required approximately two 
hours and administration of the safety practicum required an additional four hours of the 
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instructor and teaching assistant’s time. The students spent two hours watching the tutorials in 
the controlled environment and approximately one hour on their own. Each lab group spent on 
average of three hours working on the testing machine for a total of 50 hours logged on the 
machine. 

Questionnaires and controlled viewing 
Given the goal of demonstrating that students were able to learn through their use of the 
streaming video tutorials, and given that we did not have access to a control or comparison 
group, we used a single-group pretest-posttest design for each tutorial. While this approach was 
appropriate from a research design standpoint, it turned out to be less than ideal from a practical 
standpoint. The condensed viewing time required students to take multiple tests (24 in all) within 
a short time period, and students indicated that this was quite burdensome as reflected in the 
decrease in compliance in answering the questionnaires as they sequentially went through them 
(Figure 5). The fast pace and large number of tutorials most likely affected the students’ 
performance on the questionnaires, thus limiting the reliability of the scores. A small number of 
students commented that they found it distracting to focus on answers rather than to learn the 
general concepts. Indeed, the tutorials were designed to be viewed at the students’ convenience 
and as often as necessary to completely understand the material in the tutorials at students’ own 
pace. Much of the information contained in the videos was abstract to the students until they got 
into lab and started their experiments.  
Regardless, even in the relatively short viewing period, comparison of the pre- and post-viewing 
questionnaire scores clearly demonstrates that the students were able to learn a significant 
amount from the tutorials. Consistently low questionnaire scores indicated a few tutorials 
required improvement (e.g., the M4 and M5 tutorials, Figure 4), and they were subsequently 
modified. 

Feedback from surveys and end-of-year course evaluations  
Surveys can be used as powerful tools for evaluating new laboratory teaching techniques [2], 
provided that student participation is satisfactory. Considering the fact that the surveys were 
optional and anonymous, the response rates for the surveys in the sophomore- and junior-level 
courses were good at 74% and 94%, respectively. To obtain a higher percentage of surveys in the 
sophomore-level course, in future offerings the students will be asked to fill out the surveys at 
the beginning of class time as was done in the junior-level course. 
The responses indicate that the quality of the tutorials was good. Most students found the 
tutorials to be useful to themselves and likely to be beneficial to future students. The students 
believed that the tutorials helped them complete their labs successfully, and they liked the fact 
that the tutorials could be reviewed as many times as needed. They appreciated being able to 
learn at their own rate, and they liked the ability to go to the tutorials online before asking the 
instructor or teaching assistant for assistance. Perhaps the strongest data indicating the success of 
the tutorials were the scores on the end-of-term evaluations. In both courses, the students rated 
the statement “the instructor showed me how to use lab equipment properly” well above a four 
out of five, which is considered very good in this rating system, even though the instructor solely 
used the tutorials to show them how to use the lab equipment. 
However, several students in the sophomore-level course did not see the relevance of much of 
the information in the tutorials. They suggested a set of fewer, more directed tutorials 
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specifically in training them how to perform the tasks necessary for their particular experiment. 
The tutorials were purposefully designed to be as general as possible be useful for a range of 
experiments and sharable between courses and universities; however, the students’ frustration 
with the breadth of the tutorials is understandable considering that they were asked to watch all 
of the tutorials and to complete two sets of questionnaires before even attempting their limited 
experiment.  

In contrast, in the junior-level course the students had no complaints as to the number or breadth 
of the tutorials and actually appreciated having all of the tutorials at their disposal. In this course 
the tutorials were used as they were designed. The students were not required to view any 
particular tutorials; they were simply told that the tutorials were available online to aid them in 
completing their challenges. They were able to view and review the tutorials at their convenience 
and at their own pace as needed as the experiments progressed. All students reported that they 
found the tutorials somewhat or very useful and, surprisingly, about 2/3 found them as helpful or 
more helpful than on-on-one time with the professor. None found them inconvenient, all found 
them easy or very easy to use, and all of the students found the tutorials as or more helpful than 
written materials.  

Tutorials facilitate challenge-based laboratories 
The bioengineering laboratory provides authentic context for the students and an opportunity to 
observe how the physical worlds compares to the theoretical descriptions taught in the classroom 
[6]. Work in the laboratory setting fosters development of conditionalized knowledge, critical for 
solving real world problems [3]. Furthermore, use of industry-standard test machines and real 
biological specimens rather than straightforward demonstrations and simpler experiments puts 
students in authentic test situations where they encounter real-world problems [1, 7]. For 
example, use of biological test specimens introduces the students to the difficulty in sample 
preparation and gripping and the complexity of dealing with non-linearity, non-homogeneity, 
and variability inherent in biomechanical measurements. The variability of biological specimens 
naturally leads to the necessity of statistical treatment of the data for hypothesis testing which 
was included in both courses described herein.  

When the students work in the laboratory in teams without the instructor present they are more 
apt to learn from their failures and re-engineer solutions for their setbacks [1]. In challenge-based 
instruction, the role of the instructor is that of a moderator or facilitator to guide students towards 
desired outcomes rather than to demonstrate exactly how to do the experiment [3]. In our 
experience, significantly improved quiz scores indicate that students learned the concepts of 
analyzing mechanical data more thoroughly with the addition of a laboratory but not with a 
simple demonstration. This finding supports the importance of hands-on laboratory in student 
learning [1, 6]. Not surprisingly, we found that students were not comfortable with the ambiguity 
associated with complex problems in the laboratory at first. The tutorials provided instructions 
on how to perform an experiment, but did not instruct them what to do. As the term progressed, 
the students became more confident in attacking the open-ended challenges and developing their 
own experimental designs. 

Conclusions 
Our goal was to design streaming video tutorials to train a rapidly growing number of BME 
students without greatly increasing our resource demands. Although many interesting hypotheses 
could have been tested (e.g., comparing the relative effectiveness of streaming video tutorials, 
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live instructor demonstrations, and written instructions), experimental controls for summative 
evaluations were not practical or appropriate at this point. Questionnaires prior to and following 
the controlled viewing of the tutorials demonstrated significant learning from the tutorials; 
however, this method does not appear to be the most effective means for evaluating the 
usefulness of educational tools that are designed to be utilized on an as-needed basis. The major 
strength of our assessment effort was the use of surveys to obtain student feedback on the 
tutorials in two courses with very different structures and objectives. Overall, our results indicate 
that the tutorials were well received by the students, and that the modular tutorials are easily 
reused and shared between courses.  
Creating the tutorials required a high initial input of time and effort by a diverse design team. 
The short-term benefit of the project was manifest in the success of the laboratories in the two 
courses which were accomplished with only a few hours of instructor time for the administration 
of a safety practicum. However, the true savings in effort and resources have yet to be realized. 
We expect that the students who participated in these laboratories will be confident in using the 
testing equipment in future courses and projects, as they will be able to refresh their memory by 
watching the tutorials on an as-needed basis. Furthermore, our study demonstrates that new 
students can be trained to use the equipment independent of specific courses, e.g., for senior 
research projects, without requiring instruction from a professor. In conclusion, a “toolbox” has 
been developed that we anticipate using repeatedly with minimal additional resource allocation; 
the full benefit of our efforts will ultimately depend upon how often and in what contexts these 
tools are used in the future.  
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