
Medical Physiology Online http://www.medicalphysiologyonline.org  

 

1

PREPUBLICATION RECORD [MPO-032-2011] 
Note – This contains the version of the manuscript first submitted for publication, 
editor’s comments, and the author’s response to editor’s comments. The final accepted 
version is the most authenticated and it can be accessed from 
http://medicalphysiologyonline.wordpress.com/2012/01/14/blended-instruction/  

 

UNREFEREED DRAFT 

Type of article: Teaching/Learning Medical Physiology 

Title: Utilizing On-line Lectures and Split Classes are Effective in Delivering 

Blended Instruction to a Large Laboratory-Based Applied Exercise Physiology 

Course 

List of authors: James W. Navalta1, T. Scott Lyons1, Guilherme B. Pereira2, Scott W. 

Arnett1, Mark A. Schafer1, F. Travis Esslinger1 and Gina L. Sobrero1 

Author affiliations: 1Exercise Science Program, Department of Kinesiology, Recreation, 

and Sport, Western Kentucky University, Bowling Green, Kentucky, USA; 

2Physiological Sciences Department, Exercise Physiology Laboratory, Federal University 

of São Carlos, São Paulo, Brazil  

Corresponding author contact information: 

James W. Navalta, Department of Kinesiology, Recreation, and Sport, Western Kentucky 

University, 1906 College Hts Blvd #11089, Bowling Green, KY, 42101-1089  

E-mail: james.navalta@wku.edu 

Conflicts of interest: None  

Guarantor for this manuscript: James W. Navalta 

Abstract  

Background: To align with shifting institutional priorities, and to establish more time in 

the laboratory pursuing scholarly research, numbers of students in classes were doubled 
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but courses were taught less frequently. While having less impact on lecture-based 

courses, this affected laboratory-based classes to a significant extent from a logistical 

standpoint. Therefore, the purpose of this investigation was to assess a large blended 

learning environment course compared to a smaller face-to-face class. 

Hypothesis: It was hypothesized that a large blended learning class in Applied Exercise 

Physiology would be just as effective as a smaller traditional face-to-face course.  

Methods: Data was collected from two Applied Exercise Physiology courses, one 

employing traditional face-to-face instruction, and the other blending on-line lectures 

with split laboratory experiences. Laboratory write-ups, examinations, and a group 

project were converted to standard z-scores and compared between classes. Significance 

was accepted at the P≤0.05 alpha level. 

Results: Classes were statistically similar in terms of write-up assignments (P=0.600), 

examinations (P=0.716), and final group projects (P=0.990). 

Conclusions: Despite students not attending roughly half of the face-to-face classes 

compared to the traditional instructional method, the students in the blended learning 

environment performed just as well on laboratory write-ups, examinations, and the 

Applied Exercise Physiology final project. Based on these findings, blended instruction 

can be an effective mode for disseminating course information in a large laboratory-based 

class. 

 

List of abbreviations used in this manuscript 

EXS – Exercise Science 

N – number of students 
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Introduction: The Exercise Science program in the Kinesiology, Recreation, and Sport 

Department at Western Kentucky University recently underwent a paradigm shift 

regarding course loads and teaching equivalencies. Previous to 2009, class sizes were 

capped at 30 students and courses within the major were taught frequently (usually each 

semester, and during winter or summer sessions at times). As the university wishes to 

shift from a regional comprehensive institution to one with a national/international 

presence, the role of scholarly research has been emphasized. Therefore, to align itself 

with the direction of the university, and to carve out more time in the laboratory pursuing 

scholarly research, the Exercise Science faculty opted to teach courses with double the 

student number (60) but less frequently (only once per year, in a set Fall/Spring rotation). 

The Applied Exercise Physiology class is by nature a laboratory-intensive course. 

Students complete six specific laboratory experiences at the beginning of the semester 

including:  

• anaerobic exercise (Wingate anaerobic cycle test, maximal vertical displacement, 

maximal horizontal displacement) 

• submaximal aerobic activity (Åstrand cycle test, Forestry step test, aerobic 

run/walk test) 

• maximal oxygen consumption (Bruce treadmill protocol and open spirometry) 

• lung volume and ventilation (determination of Ventilatory Threshold via modified 

V-slope, ventilatory equivalent, and and excess carbon dioxide methods) 

• range of motion (lower body flexibility via traditional box, YMCA, V-sit, and 

wall sit-and-reach tests) 

• body composition (skinfolds, girth measurements, and Body Mass Index) 



Medical Physiology Online http://www.medicalphysiologyonline.org  

 

4

 

Throughout the semester, laboratories are incorporated to teach components of an 

effective scientific write-up (i.e. Introduction, Methods, Results, and Discussion 

sections). At the end of the semester, students complete a mini-study using the laboratory 

techniques gained through the course, and culminate with a simulated research 

conference in which their work is presented to their peers in both poster and oral format.  

To overcome the logistical complications of having approximately sixty students in the 

laboratory all trying to complete experiences, this past year we utilized on-line video 

lectures to relay information such as laboratory protocols, computations, and to 

demonstrate procedures. Because instruction was delivered through a web-based format, 

it allowed us to effectively split the class, where half of the students attended lab on the 

first day and the remaining students completed the laboratory experience on the second 

day. Thus, we utilized a “blended learning” model with in-class and on-line components 

(1). The purpose of this investigation was to assess a large blended learning environment 

course compared to a smaller face-to-face class in which students received all instruction 

in class and attended laboratory experiences each day. 

 

Methods: Data was collected from two Applied Exercise Physiology courses (EXS 325) 

taught at Western Kentucky University. The first class (N=31 students) was offered 

during 2009 and the traditional method of face-to-face instruction was provided, with 

students responsible for attending class each day. The second class (N=58 students) was 

offered during 2010 utilizing on-line Tegrity lectures for delivering instruction and split 

laboratory experiences  (i.e. 29 students attended lab on Tuesday, and the remaining 29 
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students completed the same laboratory experience on Thursday). Students were expected 

to have watched the on-line video lectures and completed assigned homework available 

through the Blackboard delivery portal prior to their scheduled laboratory day (i.e. on the 

day in which they were not in class). Each individual was assigned into a laboratory 

group (with 5-6 students per group), and six groups attended on their assigned lab day. 

To further alleviate logistical concerns, two graduate assistants were responsible for the 

facilitation of three laboratory groups each and assisted students through a rotation of 

laboratory experiences. For example, a student completing the anaerobic capacity 

laboratory would collect data for the 40-yard dash, then rotate to the vertical jump, and 

finish the rotation with the Wingate anaerobic cycle test (while being instructed to utilize 

downtime between stations to complete power output calculations). 

For comparison, similar assessment elements from each class were evaluated. 

Specifically, four laboratory write-ups (representing an Introduction, Methods, Results, 

and Discussion), two examinations, and the final group project were included in our data 

analysis. As points for graded assignments and exams differed between classes, we chose 

to convert raw scores for each student into a standardized z-score, similar to the 

investigation on blended learning by Ginns (2). The z-score formula is the raw student 

score – mean for the class/ standard deviation. The combination of the four individual 

write-up z-scores was summed so that a single value represented the variable (i.e. a write-

up standard score), the combination of two individual examination z-scores was added to 

denote the score for exams, and these were both added to the z-score representing the 

final project to give an overall class standardized score (write-up + exam + final project = 

overall). 
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Statistical analysis: Differences between classes in the four areas (write-up, exams, final 

project, and overall) were determined using independent samples t-tests assuming equal 

variance. Significance was accepted at the P≤0.05 alpha level. 

 

Results: No differences were observed in any of the areas assessed. Classes were 

statistically similar in terms of write-up assignments (F=0.277, P=0.600), examinations 

(F=0.133, P=0.716), final group projects (F=0.000, P=0.990), and an overall combination 

of these areas (F=0.252, P=0.617). Variance in standard scores for each area are 

displayed in figure 1. 

 

Discussion: The purpose of this investigation was to evaluate the impact of a blended 

learning arrangement utilizing on-line lectures to replace in-class instruction, and 

splitting class laboratory sessions in a large laboratory-focused course. Our findings show 

that students performed similarly in terms of laboratory write-ups, examinations, and 

during the completion of group culminating projects. No differences were observed, 

despite students not attending roughly half of the face-to-face classes compared to the 

traditional instructional method. This finding is similar to an investigation performed at 

Central Florida University, where student success rate increased despite face-to-face 

meeting time being reduced by 66% (3).  

 

While so-called “blended learning” has generated much research (1, 2, 4-8), the 

broadness of the term has naturally led to some confusion regarding how this type of 
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instruction is to be carried out. In fact, one author has argued against the term (9), 

proposing that instructors in higher education already employ a blended style of content 

instruction. In the context of the current investigation, blended learning included a 

mixture of on-line lectures focused on instructional content, and face-to-face meetings in 

which hands-on laboratory experiences were completed. Given that the didactical design 

of blended classes must be tailored toward the focus of each specific discipline (6), it is 

difficult to compare results from the scientific literature in this area. Nevertheless, Boyle 

et al. found that a blended learning arrangement increased the pass rates of computer 

programming undergraduate (by 15-23%) and graduate students (12%). In the present 

investigation, while no differences were observed between any of the dependent variables 

measured (laboratory write-ups, examinations, and group projects), the failure rate for the 

blended learning class (3.4%) was lower than the traditional course (6.5%).  

 

While more investigation is necessary, subjective comments from selected students 

indicated that use of on-line modules allowed them to proceed through the material at 

their own pace, as well as the option to view the instruction multiple times if desired. The 

on-line materials were particularly useful to students reviewing for examinations, and as 

a resource leading up to the final group project. Based on the preliminary data provided 

in this study, we propose that web-based only instruction and splitting laboratory time 

between groups in a blended learning environment can be an equally effective mode for 

disseminating course information in a large laboratory-based class compared to 

traditional face-to-face classes with smaller numbers that meet each period.  
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Figure 1: 
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Figure 1. Plots displaying the variance of standardized scores for write-up, exam, final 

project, and combined measures between a large class in which on-line lectures and split 

labs were utilized, and a small class instructed through traditional means. 
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REVIEWERS COMMENTS:  

Comments by Dr Kimberly Henige, Ed.D., CSCS, HFS 

Department of Kinesiology 
California State University, Northridge, CA, USA 
E-mail: kimberly dot henige at csun dot edu 
 
Comments on First Submission:  

§  Valuable study in today’s changing academic environment. More and more institutions 
are being pressured to make similar changes, and therefore research in this area is much 
needed to assess the potential effects on learning. 
 
§ Author needs to confirm that the protocol was approved by their institutional review 
board. 
 
§  Page 3: Author states that “Students complete six specific laboratory experiences at the 
beginning of the semester”. Is this accurate? It’s not clear why they would take place only 
at the beginning. On page 4, it is stated, “Throughout the semester, laboratories are 
incorporated”. This conflicts with the statement on page 3. 
 
§  Page 3: “Astrand cycle test” should be “Astrand-Rhyming cycle test” 
 
§  Page 3: “lower body flexibility via traditional box” should be “lower body flexibility 
via traditional sit-and-reach box” 
 
§  Page 3: Be more specific about the “YMCA” test. What is the full name of the test? 
 
§  Page 5: Author states that “points for graded assignments and exams differed between 
classes”. That is ok, but it is important to establish that a valid and reliable comparison 
can be made between the two semesters. Is the only thing different between the two 
semesters the face-to-face vs. blended? Was the course and evaluation content the same 
both semesters? Were there grading rubrics to allow consistency? How many graders 
were there and were they the same both semesters? 
 
§  Page 7: Author states that “Boyle et al. found that a blended learning arrangement 
increased the pass rates”. What were Boyle’s thoughts on why the pass rates were higher? 
Does this apply to the current study? 
 
§  Page 7: In the current study, they found a lower fail rate. Are there stats to support this 
statement? 
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Comments by Dr K A Narayan, MD; Department of Medical Education, AIMST 

University, Bedong, Kedah, Malaysia. E-mail: narayan dot ka at gmail dot com 
 

Comment #1: Title could be modified to make it neutral:  Effectiveness of Blended 
Instruction utilizing On-Line Lectures and Split Classes in delivering an Applied 
Exercise Physiology Course” 
 
Comment #2: The number of classes (didactic) and the laboratory experience for the 
group could be mentioned. Was the laboratory experience similar to the new format? 
 
Comment #3: “Tegrity lectures” - Needs brief explanation. This is a commercial 
application. 
 
“No differences were observed, despite students not attending roughly half of the face-to-
face classes compared to the traditional instructional method” 
Comment #4: Kindly clarify. From the methodology it appears that there was no face to 
face instruction and that all the instruction was through Tegrity lectures or Blackboard 
Portal for the new pattern.  
 

“While more investigation is necessary, subjective comments from selected students 

indicated that use of on-line modules allowed them to proceed through the material at 

their own pace, as well as the option to view the instruction multiple times if desired.” 

Comment #5: Since the purpose of the change was to reduce faculty time especially on 

didactic components, comments of the faculty or of the authors could be added. 

 

Authors’ Response to Reviewers Comments:  
 
Response to Comments by Dr Kim Henige:  

 
Author needs to confirm that the protocol was approved by their institutional 

review board. 

We have received IRB approval and included the approval number in the Methodology. 
 
Page 3: Author states that “Students complete six specific laboratory experiences at 

the beginning of the semester”. Is this accurate? It’s not clear why they would take 

place only at the beginning. On page 4, it is stated, “Throughout the semester, 

laboratories are incorporated”. This conflicts with the statement on page 3. 

Yes, this is accurate and we do not feel that it conflicts with the statement on page 4. The 
laboratory experiences are completed during the beginning 2/3 of the semester so that 
students can become familiar with laboratory techniques to have the tools to complete 
their own mini-studies leading up to the simulated conference (which takes place at the 
end of the semester). We have changed the wording on page 3 to reflect the “beginning 
two-thirds of the semester.” Thus laboratory experiences are completed at the beginning 
portion of the semester and incorporated throughout the semester.  
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Page 3: “Astrand cycle test” should be “Astrand-Rhyming cycle test” 

This particular laboratory experience was taken from the Exercise Physiology Laboratory 
Manual from Beam and Adams (and we have added this reference to the manuscript). 
The cycle test is referred to throughout the chapter as the Astrand Cycle Test. We are 
aware that Astrand and Rhyming did team up to produce a submaximal cycle test that 
estimates maximal oxygen consumption through the assistance of the Astrand-Rhyming 
nomogram. We surmise that as students are required to calculate the estimated VO2max 
(rather than use the Astrand-Rhyming nomogram), that this is why Beam and Adams 
consistently refer to it as the Astrand Cycle Test. 
 
Page 3: “lower body flexibility via traditional box” should be “lower body flexibility 

via traditional sit-and-reach box” 

This has been incorporated. 
 
Page 3: Be more specific about the “YMCA” test. What is the full name of the test? 

We have expanded to include the full name, YMCA sit-and-reach test. In addition, we 
have lengthened the V-sit to the V-sit sit-and-reach test, which is the full name of this 
flexibility assessment. 

Page 5: Author states that “points for graded assignments and exams differed 

between classes”. That is ok, but it is important to establish that a valid and reliable 

comparison can be made between the two semesters. Is the only thing different 

between the two semesters the face-to-face vs. blended? Was the course and 

evaluation content the same both semesters? Were there grading rubrics to allow 

consistency? How many graders were there and were they the same both semesters? 

Thank you for this suggestion. As we did not utilize assignment points (that were in fact 
different between the two classes) in the analysis of this manuscript, we have deleted this 
from the paper. Thus the only component that was different between the two classes were 
the points for examinations (as the instructor does not use the same exam from year to 
year). Yes, the content was the same both semesters, the grading rubrics were the same, 
and the same instructor graded the laboratory write-ups, evaluated the group projects, and 
the exams. 

Page 7: Author states that “Boyle et al. found that a blended learning arrangement 

increased the pass rates”. What were Boyle’s thoughts on why the pass rates were 

higher? Does this apply to the current study? 

We agree that the application of these findings to the present investigation would be 
beneficial from the standpoint of explaining increased student success in a blended class. 
Unfortunately, Boyle et al. do not attempt to directly explain the increase in observed 
pass rates in their discussion. Certain aspects, such as improved tutorial support and 
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smoother transition from face-to-face into the blended format, are mentioned but not in 
the context of improved pass rates.  

Page 7: In the current study, they found a lower fail rate. Are there stats to support 

this statement? 

We did not attempt to run statistical analysis between the fail rate percentages that were 
reported in the current study, as this would be difficult with only two data points. While 
an assessment of fail rates between methods of instruction was not the main focus of the 
research, we anecdotally included this information in an attempt to compare with what 
has been reported in the previous literature. We have revised the sentence to simply 
report the percentages.  

Authors Response to Comments by Dr K A Narayan:  

 

Title could be modified to make it neutral:  Effectiveness of Blended Instruction 

utilizing On-Line Lectures and Split Classes in delivering in an Applied Exercise 

Physiology Course” 

Thank you for this recommendation. We have changed the name of the title as suggested. 
 

The number of classes (didactic) and the laboratory experience for the group could 

be mentioned. Was the laboratory experience similar to the new format? 
We have included number of meeting times with each method of instruction, as well as a 
break-down of the number of contact minutes received face-to-face during the semester. 
In addition, the total number of hands-on laboratory experience is the same (480 minutes) 
regardless of the method of delivery. 
 

Needs brief explanation. This is a commercial application (Tegrity). 

Thank you, as suggested we have incorporated a brief explanation of Tegrity. In addition, 
we have provided manufacturer information for both Tegrity as well as Blackboard. 
 

Kindly clarify. From the methodology it appears that there was no face to face 

instruction and that all the instruction was through Tegrity lectures or Blackboard 

Portal for the new pattern.  

This was a “blended” course which means that there were elements of both face-to-face 
as well as on-line components. All instruction for the six laboratory components were 
delivered through the on-line Tegrity lectures. However, while the class remained split 
(into Tuesday and Thursday sections), on days not slotted for a laboratory experience, 
face-to-face instruction occurred. We have amended the statement of purpose in the 
Introduction to reflect this. In addition, this also becomes apparent looking at the contact 
minutes added above (traditional = 2240, 480 laboratory; blended = 1120, 480 
laboratory). 
 

Since the purpose of the change was to reduce faculty time especially on didactic 

components, comments of the faculty or of the authors could be added. 
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Thank you for this suggestion. We have included these benefits to faculty in the 
concluding paragraph. 
 
Reviewers Comments on Revised Version R1: 
Dr Kim Henige: It might be helpful for the author to include a table to illustrate exactly 
what the students did each day (see the attachment for an example). Also, I'm confused 
about the "480 minutes of hands-on learning dedicated to laboratory experiences". Is this 
part of the total contact minutes (2240 or 1120)? Is this just for the six labs during the 
first 2/3 of the semester? If so, how many minutes were spent on the mini-study and 
simulated research conference?   
 
Authors’ Response to the above comment: 

We appreciate this suggestion greatly. We have included table 1 that briefly describes 
what content was covered from week to week, the weekly amount of time spent face-to-
face, as well as the running accumulated time spent in the classroom throughout the 
semester. In addition, we have indicated the laboratory sessions and recalculated this time 
to 560 min rather than 480 as reported before (students actually spend two weeks on the 
VO2max laboratory because we feel that it is important for each undergraduate student to 
have completed one before they graduate from our program, and we had not accounted 
for this before). In addition, there are several weeks that the blended group meets together 
each day (such as during the first two weeks of classes, and during the simulated 
conference) so the face-to-face time was adjusted from 1120 to 1360 min.  


