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Abstract 

This research looks at a section of Python programming that was offered using Virtual Rotation.  Students 
rotated between synchronous online and in –person learning environments.  Overall performance in the 
class was compared against previous synchronous online and in-person classes.  A X2 analysis found no 
difference in overall performance between the group whereas previous researchers had found positive 
improvements in a Blended learning environment.  A count of early and late submissions for the 
homework was also analyzed using X2. This variable was used as a proxy for student engagement. 
Differences were found between students when they were in their virtual week as opposed to the same 
students when they were in their in-person week.  This lateness of submissions was found when comparing 
homework submission from previous years as well.  Suggestions are made for future research. 

Keywords: Information Technology (IT), Blended Learning, Rotational Model, Cognitive Theory of 
Multimedia Learning 

Introduction 

The global pandemic has impacted all aspects of life including teaching and learning. These changes have 
resulted in vast amounts of instruction moving online (Kahn et al, 2020).   In addition to straight online 
instruction has utilized a more blended approach.  This blended environment involves multiple instructional 
environments and modalities. (Mohammed Abdel-Haq (2021).  As we all struggled to keep teaching during 
the changing times the definitions and boundaries of the environments kept changing.  An interesting aspect 
of this change was not just the speed and scope of the change, but that the driving force did not come from 
any of the constitutes.  Neither student, teachers, administrator, or society was pushing for the utilization 
of these new teaching environments.  (Ben, F. 2020) 

After making the initial change to accommodate the sudden changed environment, researchers are now 
looking to evaluation the different methods and the effectiveness of these methods on different population 
and in different environments. The impact of the new instructional design also impacted student satisfaction 
and engagement. (Caskurlu, et al, 2020) One area that many focused on was the use of a blended teaching 
environment.  There is evidence that the discipline of the student/topics impact both effectiveness and 
student satisfaction. (Vo, Zhu & Diep, 2020) 

Literature Review 

Pervious research has shown gender difference to student satisfaction to online learning. (Rovai & Barnum, 
2007) Some more recent research has shown not only differences in satisfaction but performance in blended 
environments based on gender. (Polhun, et al, 2021) Another researcher found that female students not only 
had a higher overall course grades but earned more extra credits points. (Volchok 2018) Other researchers 
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found no difference in overall performance by gender but did find differences in overall satisfaction with 
the learning environment. Lee & Hung (2015).  Clearly there and many different variables that need to be 
addressed before these new instructional strategies can be employed in the most efficient manner.   
 
Blended Learning and the Rotational Model 
 
A blended learning environment, while not widespread, was being used years before the pandemic arrived.  
(Dakhi, Jama & Irfan,2020) also describe the blended environment as using multiple instructional 
environments. Blended learning is a model of instruction that utilizes multiple learning environments that 
students rotate through depending on the content and learning activities for that session.  A similar definition 
is used by multiple instructors and researchers. (Mohammed Abdel-Haq 2021).  Horn & Staker, H. (2017) 
go further and require the online component to be asynchronous to allow the student more control of the 
learning environment.  They also discuss the rotation model and emphasize the rotation to different 
“stations” or learning environments is due to different learning activities or material for each group, not just 
for convenience or logistical necessity. 
 
Ayob, et al (2020) found improved performance in a blended environment as long as it included more than 
just in person and online instruction.  Other researchers also found improved performance as well as lower 
student dropout rate and higher student satisfaction. (Deperlioglu & Kose 2013).  
 
When looking at improved performance, Luo & Wang (2020) looked beyond the learning environment but 
looked at the level of interaction and level of student preparedness.  They found little difference when using 
a blended environment with “Excellent” and “Moderate” students, but found three groups of students in the 
poor performance category, some with excellent online interaction, some who spent long time periods 
online, but still did poorly and others who just never clicked on the video.  Draus, P. (2020) also found 
distinct groupings of students based on how they interact with the videos in an asynchronous online 
environment with no discernable difference in performance.   
 
It is important to note that blended learning implies more than just the same instruction given in a different 
modality, Cronje (2020) stresses the importance of utilizing instructional design to maximize benefits for 
the different modalities.  Moskal, Dziuban & Hartman (2013) state that for blended learning to be effective 
the entire school environment must support and encourage its effectiveness.  They found lower withdrawal 
rates were part of this holistic approach to blended learning. 
 
Virtual Rotation 
 
Virtual Rotation is an instructional Strategy where a single classroom sized group of students is split into 2 
or 3 groups.  The groups then rotate one in the classroom and one or two attending synchronously online. 
(Robert Morris University, 2021,4,12) This was implemented due to the pandemic and is designed to allow 
for social distancing without reducing class size.  This method would not be considered blended for most 
researchers as it only used in person and online and rotates simply by time and not by content using multiple 
instructional environments. (Polhun, et al, 2021)   
 
Cognitive Load Theory 
 
Sweller (1988,2005) developed the Cognitive Load Theory from the principles of the human cognitive 
model of information processing. The theory proposes that there are three different loads that the people 
need to process when learning new information. First there is the Intrinsic load, which is how many 
connections the new material must be made to existing knowledge to be useful. Germane load is second 
and relates to the amount of effort needed to make those connections at the desired criterion level. The last 
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load is the Extraneous load.  This load is defined as how much cognitive effort is required to obtain the 
Germane load from the information received. This theory was then refined into the Cognitive Theory of 
Multimedia Learning. 
 
Cognitive Theory of Multimedia Learning 
 
The Cognitive Theory of Multimedia Learning was developed by Mayer (2002) and states that two channels 
of input, audio and visual combined can increase cognitive throughput.  There is a limiting factor in that if 
either channel is overloaded the negative aspects impact both channel throughput. Some design 
considerations that utilize this theory were highlighted by Brame (2015,2016) include 1) Signaling or 
cueing such as using highlighting, pointers and adding text which will reduce extraneous load 2) 
Segmenting or chunking of info which reduces overall intrinsic load and 3) Weeding or removing 
distracting detail which reduces extraneous load and 4) Matching modality – use the audio or visual mode 
that is most effective at reducing cognitive load. 
Gates (1995)  
 
Student Engagement and Teaching Presence 
 
Teaching presence is always a key design feature for the online environment.  A meta-analysis by Caskurlu 
et al. (2020) found that increased teacher presence resulted in increased student satisfaction, but only a 
moderate impact on student outcomes. Draus & Curren (2014) found that the inclusion of online videos 
didn’t improve performance but did increase student satisfaction.   Park and Kim (2020) linked student 
satisfaction to both actions that lead to students increasing the “Task Value” but also to their “Learning 
Flow” which is their willingness to engage in actions to complete the objectives.  The worry in a Virtual 
Rotation environment is that the level of “Learning flow” is diminished as measured by the time to complete 
a homework assignment. 
 
The goal of this research is to determine the impact of the virtual rotation model on student engagement 
and performance in learning a programming language and to look at the results utilizing the Cognitive 
Theory of Multimedia learning in the evaluation.  Tadlaoui & Chekour (2021) have already set the 
groundwork by demonstrating positive results in teaching Python programming using a blended method. 
 

Methodology 
 
An introductory Python programming course that has been taught both on ground and online was scheduled 
to include Virtual Rotation.  The researcher was interested in how the level of student performance and the 
level of student engagement might be impacted by this new instructional format. 
 
Two research questions were developed. 
 
RQ1: What was the impact of Virtual Rotation on student engagement in an introductory Python 
programming class? 
 
RQ2: What was the impact of Virtual Rotation on student performance in an introductory Python 
programming class? 
 
Student engagement was measured for each homework assignment if the assignment was turned in ‘early’ 
or “on time/late’.  When the course is taught on ground most students turn in their homework the same 
night it is passed out or 1 day later.  The course meets for a 4-hour time period with the last 90 minutes 
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spent in the lab working on the assignment.  Even in the Virtual Rotation, students were expected to be 
working on their assignment while the instructor was present to provide assistance.  In the online course 
section, students usually turn in their assignments within a day or two of starting work on the material.  
Each week the material is opened on Friday and the homework is due the following Saturday.  For this 
research ‘Early” was considered by Monday at Midnight for the asynchronous online sections. 
 
To look for differences between the in-class group and the Virtual group, a X2 test was used. The same test 
was used to look for difference in overall performance between the Virtual Rotation section and both the 
online and in person sections from previous years. 
 

Results 
 

20 students registered for the Python class and were randomly assigned to two Virtual Rotation groups.  
Each week one group would meet in the classroom while that other group attended the class virtually using 
a synchronous modality.  Full two-way communication between the virtual students and the instructor and 
class was maintained throughout the class.  Since this was partially a lab session, virtual students would 
share their screen with the instructor when they needed help. 
 
In addition to the students in the Virtual Rotation class, data from 83 students from past in person classes 
and 45 students from past online classes was gathered for comparison. 
 
RQ1: What was the impact of Virtual Rotation on student engagement in an introductory Python 
programming class? 
 
A X2 was used to compare submissions between students in the virtual environment and those in the in-
person environment.  Since students switched each week, the results should balance out for any confounding 
variables for each student.  Data was gathered for the 4 homework assignments.  The results, as shown in 
Table 1, indicate a significant difference (X2 (1, N = 79) = 11.933, p = .000551) between the virtual group 
and the in-person group.  The in-person group turning in their assignments early and the virtual students 
turning them in on the due date or late. 
 

Table 1 Counts of Overall Homework submissions 
 In Class Synchronous 

Online/VR 
Early 
submission 

22 9 

Late submission 15 33 
 
Each individual homework assignment was also tested.  The results are listed in Tables 2-5 below.  
Homework’s 1,2 and 4 showed no significance differences in the X2 results with Homework #3 having 
significant (X2 (1, N = 20) = 3.90, p =.048) differences between the students who were in person and the 
students who were virtual and attending class synchronously online. 
 

Table 2 Counts of Homework 1 submissions 
 In Class Synchronous 

Online/VR 
Early 
submission 

4 1 

Late submission 6 9 



Issues in Information Systems 
Volume 22, Issue 2, pp. 276-284, 2021  

 
 

280 
 

 
Homework #1 was a simple Python program demonstrating looping and lists.  Results (Table 2 ) indicated 
no difference between in person and VR groups in the timeliness of their submission. (X2 (1, N = 20) = 2.4, 
p = .12) 
 

Table 3 Counts of Homework 2submissions 
 In Class Synchronous 

Online/VR 
Early 
submission 

8 4 

Late submission 2 6 
 
Homework #2 was a simple Python program demonstrating three different graphs using matplotlib.  Results 
(Table 3) indicated no difference between in person and VR groups in the timeliness of their submission. 
(X2 (1, N = 20) = 3.33, p = .067) 
 

Table 4 Counts of Homework 3 submissions 
 In Class Synchronous 

Online/VR 
Early 
submission 

5 2 

Late submission 3 9 
 
Homework #3 was a simple program demonstrating user interaction, random numbers and multiple list 
manipulation.  Results (Table 4) indicated that there were significance differences between in person and 
VR groups in the timeliness of their submission. (X2 (1, N = 19) = 3.90, p =.048) 
 

Table 5 Counts of Homework 4 submissions 
 In Class Synchronous 

Online/VR 
Early 
submission 

5 2 

Late submission 4 9 
 
Homework #4 was a more complex Python program asking students to read in a large CSV file, group some 
rows and calculate values to plot using matplotlib.  Results (Table 5) indicated no difference between in 
person and VR groups in the timeliness of their submission. (X2 (1, N = 20) = 3.09, p =.08) 
 
Comparing the results to previous terms sections, both asynchronous online and in person, yielded 
interesting results.  Table 6 shows the submission information for the three teaching environments.  A X2 
test (X2 (2, N = 591) = 18.491, p =.000097) showed that the Synchronous Online/VR group was significantly 
different than the other two groups.  Further analysis showed no differences between the asynchronous 
online and on ground groups.   
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Table 6 Submission Timeliness for Different teaching Modalities 
 In Class Asynchronous 

Online 
Synchronous 
Online/VR 

Early 
submission 

196 122 31 

Late 
submission 

136 58 48 

 
 
It should be noted that all three groups were given access to the asynchronous online material as part of 
their course.  This means that the VR modality actual impacted students negatively in terms of their turning 
in their assignments early. 
 
RQ2: What was the impact of Virtual Rotation on student performance in an introductory Python 
programming class? 
 
Since all students in the Virtual Rotation class received both in person and synchronous online instruction 
a comparison of final grade within that class cannot be completed.  Final grades for all previous sections, 
both in person and asynchronous online were tabulated.  There has been a negative impact on student 
engagement as a result of Virtual Rotation, but a look at overall performance showed students performed 
similarly across all three modalities, as can be seen in Table 7 below. 
 

Table 7 Submission Timeliness for Different teaching Modalities 
Grade In 

Person 
Asynchronous 

Online 
Synchronous 
Online/VR 

A 65 
(78%) 

33 (73%) 12 (60%) 

B 13 
(16%) 

7 (16%) 6 (30%) 

C 2 (2%) 2 (4%) 0 
D 1 (1%) 2 (4%) 0 
F 2 (2) 1 (2%) 2 (10%) 

 
To complete a X2 test without having empty cells, the last three rows of Table 1 were collapsed together.  
The results indicated there were no significant differences between the final course grades and the method 
of instruction.  There were two degrees of freedom with a sample size of 148.  The Chi-square statistic 
value was 3.80 with a significance of .433. 
 
As part of the course evaluation, students in the Virtual Rotation class (N=20) were asked if they prefer to 
have the instruction in person.  Only 11 students responded to that question.  They had a 5-point Likert-
type scale (Strongly Disagree, Disagree, Neither Agree, Strongly Agree) to pick from for their answer.  
Only 1 person selected “Disagree” implying that they did not want in person instruction.  6 students selected 
“Agree” or “Strongly” agree with the remaining 4 selecting “Neither.”  Clearly the students in the class 
who chose to respond preferred in class instruction.  This might have impacted the results for this course.  
The Virtual Rotation course was the only option that semester and students did not have the option of online 
or in person.   
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Discussion 
 
Data from 4 homework assignments from a Virtual Rotation course was compared week to week for student 
engagement using early submission as a proxy for engagement.  The first research question, “What was the 
impact of Virtual Rotation on student engagement in an introductory Python programming class?” showed 
that overall students turned in their assignments early for the weeks they were in the on-ground course 
significantly more often.  Of the four homework’s measured, only one showed an individual difference.  
This could be due to the very small size of the sample. 
 
Data from the past 3 years was used to compare final grades for the students to answer research question 2. 
“What was the impact of Virtual Rotation on student performance in an introductory Python programming 
class?”  There were no differences in the distribution of final grades between any of the three teaching 
methods, in person, asynchronous online and synchronous Virtual Rotation. 
 
These results support that the benefits of blended learning do not follow in a Virtual Rotation environment 
and that the inclusion of synchronous videos as well as the synchronous videos in the online environment 
may have overloaded the processing channels as defined by the Cognitive Theory of Multimedia Learning.  
It appears that the need for the student to pay attention to the videos and the example programs on the same 
input modality (The computer screen) leads to cognitive overload. 
 
Virtual Rotation is a system of switching between in class and synchronous online instruction for each class 
session. While it is similar to the rotational model of blended learning, it does not meet all of the criteria.  
The results did not show the generally positive results from utilizing the rotational model in blended 
learning but did not have any negative impact of overall performance. 
 
The students who were online did turn in their assignments later than those students who were on ground 
and looking at previous data, turned in their assignments later than those students in a total on ground class 
and a total asynchronous online class. This suggests a lack of engagement in the course.  The cognitive 
theory of multimedia learning suggests a possible reason for this in that the availability of the asynchronous 
video, even though it was not part of the class experience may have contributed to an overload of the 
information processing channels and lead to the delay in turning in the assignments. 
 
Due to the small sample size for the Virtual Rotation class, further data needs to be gathered.  Additionally, 
due to the lack of options, students could not choose their preferred teaching method when registering for 
the course.  Hopefully this variable can be taken into account in future research.  Finally removing the 
option to view the asynchronous video material from the Virtual Rotation sections might improve 
performance.  This option should also be explored. 
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