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ABSTRACT:

Proper use of the Blackboard Learning Management System (LMS) motivates students to engage with

their studies but the students within Material Science and Engineering (MSE) often use these LMSs to

copy mathematical derivations, scientific information and submit coursework tasks without spending

much time interacting with the system. Quantitatively, there is a piece of missing information on how

interaction with the Blackboard LMS influences students’ performances. Statistical evaluations were

made by using the average times students spent on Blackboard and their final examination grades for

their three-year Bachelor's degree period. There was a linear positive correlation between the time

students spent on the LMS and their grades. Observations also show that students engage more with

LMS at certain periods within a week. It was recognised that the more students engage with the

Blackboard, the more they construct information for themselves. This result provides a quantitative

analysis that gives evidence of how time spent on LMS supports students’ learning.

KEYWORDS: Blackboard Learning Management System (LMS), Lecture Engagement, Material

Science and Engineering students, Cognitive learning theory

1. Introduction

Learning Management Systems (LMS) are normally
employed in higher education institutions to engage
students [1,2]. The LMSs allow students to visualise
lecture slides, interact with students and lecturers and
submit their work. The influence of the time students
spend online and their performances have not been
evaluated quantitatively in a more relaxed and real-world
approach [3,4]. Investigations on students’ choice of online
tools and the link between their unconscious (i.e. in a real-
world environment) online hours and their final grades
were made.

Previously, some studies discussed the interactions in
terms of the time students spent online and their final
performances were done [5,6]. Studies were made on
asynchronous learning processes via an Educational Data
Mining approach while using data extracted from the
Moodle logs of students [5]. In that study, conclusions
were made that clusters that are Task-oriented are efficient
because they invested a high quantity of time in their tasks
and they become high achievers than the Non-Task-

Oriented Group that spent a small amount of time
working on the practical task. Another investigation [6]
revealed that Consistent use students and Slide intensive use
students clusters who spend more time had better
homework and examination grades than the Less use
students group who spent less time. After analyzing LMS
system logs in 59 computer science students during the
blended learning approach [6], it was also generally
confirmed that those who spent more time had better
grades.

1.1. LMS and their functions

The motivation for students to access a particular LMS
tool varies and links to their learning performances [7]. In
that study, varied reasons for students' satisfaction were
predicted based on their usage frequencies after a model
of the information system was developed to evaluate
students’ satisfaction in terms of the quality, service and,
pedagogical.

Table 1 shows a summary of the most available LMS
tools with their functionality, affordability, suitability and
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limitations [8-13]. From table 1, it can be observed that
Blackboard LMS promotes online discussions, permits the
visualization of other internet platforms (e.g. web pages,
wikis, blogs, email ,etc), and analytical monitoring tools
[12]. The Massive Open Online Course (MOOCs) LMS
supports students’ discussions, allows quizzes, and
uploading of lectures materials [8]. The MOOCs LMS
platforms allow forum use, lecture podcast viewing,
quizzes, material downloads and assignment submissions
[11, 14].

The Canvas LMS also enables students to participate
in discussion forums [15] while the Accord LMS allows
free accessibility and customized multicultural training
for school professionals [13], It was also observed that
Schoology provide teachers and students with the
opportunity to set up groups, courses, administer and
integrate resources, and create statistical data on students’
progression [10].

Most high educational institutions universities use
Blackboard LMS to engage with their students [16-18].
Previous reports on Blackboard suggest that students
improve their performances when they engage more with
the LMS [19-22]. While students engaged well with their
peers, the staff viewed face-to-face interactions as a
valuable learning experience in one of those studies [22].
The Blackboard LMS was also noticed to improve
positively both students and staff interactions in a
computer literacy program [21].

When Blackboard is compared with other LMSs [23-
25], it was observed that Moodle was being preferred
because of the ease of its [23] but Schoology was adjudged
to improve communication skills, collaborations and
connect with stakeholders on the same platform [25].
However, the Blackboard LMS was found to be superior
e-learning LMS for course curriculums and students’
engagement.

1.2. Purpose of the study

This work looks to improve the work done in the past
that looks to find a relationship between the time students
spent online and their performances [5,6,26,27] but with a
real-world teaching environment. The real unconscious
average time that students spent online during their entire
studies were investigated and linked to their final grades.
The approach of this work is to remove any barrier that
inhibits a real teaching environment and statistically
quantified the relationship.

There are two approaches; (1) investigating students’
preferred online engagement, and (2) statistically
evaluating the relationship between students” Blackboard
leearning times and their final grades.

2. Method

The following survey and experimental approach were
adopted;

Pathway 1: The undergraduate MSE students were surveyed and
their responses illustrated under appendix A, section 1. Data collected
for forms of engagements are as shown in tables 1 to 3 (appendix A). A
plot of the responses were also done to vislualize students’s perception..

Table 1. Examples of learning management systems and their
functions

LMS tool Functions Limitation
Create online assessments, facilitate Usability does
discussion and deliver high-quality not just apply
training and learning content. Have a  to business
variety of blended learning capabilities, software or
social engagement features and content entertainment
authoring tools to enhance e-learning websites [17].

Blackboard content and learner engagement. It has

threads to structure online discussions and

allows posting and replies. Currently, it

allows videos, display of web pages,

wikis, blogs, email, and analytics that

monitors students’ activities as well as

surveys [12].
Needs to
initiate a

MOOCs allows videos, discussion platform to

MOOC forums, chat groups, lecture materials, include
s - L .

quizzes, lecture viewing, and coursework — multiple

submissions [8]. pathways that
support user
activities [14].

Features course gamification, peer and

self-assessment, file management, Needs proper

multilingual capabilities and a shared [ )

calendar. Users can create course forums, ~ architecture

Moodle wikis and more. Free license cost. Moodle ~ and )
promotes videos adaptation, chat forums, = manpower in
chat groups, uploading lecture resources, place to
setting of quizzes, lecture viewing, and 1mplem_ent_
coursework submissions [11]. and maintain

a system.
Does not have
Web-based software that offers all of the llnks to 'soc1a1
core LMS functionality including course n_ledla sites
Canvas . like YouTube
and assessment creation, and course
management [15] andvFacebook
: for informal
learning.
A web-based software for schools and Ithasa
businesses that promotes social learning  reporting
Accord and role-based groups to engage with  challenge.
over 200,000 students. More affordable
than Blackboard [13].
The objective of this free platform is to ~ While
create a learning strategy for students and  navigation
to motivate studying online. On this canbe
platform, teachers and students are able to  confusing, it

Schoology develop groups and courses, administer requires

resources, set course materials and  operator to

allow students
to unenroll.

present statistical data for students’
assessments [10]. Other platforms such
YouTube, Google Drive and Turnitin can
be used.

Pathway 2: The number of Blacboard logs from
previous third-year Bachelor students were investigated
and compared with their grades. Tables 4 and 5 (appendix
B) show the average data from sixty-nine (69) students in
a semester-year and the entire three-year period were
obtained from the e-learning person. The students' IDs
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were replaced with numbers to ensure complete
anonymity based on ethical reasons and that allowed the
evaluation between their login times during the entire
study period and their final grades.

In the statistical analysis, averages were made from the
total average login times for each year (table 5, appendix
B), After that, trend analyses were made to bring out a
clear relationship between the students’ login times and
their final grades.

Investigation paths

Path 1: Path 2:
General survey Blackboard lms
analysis

<
<

Students’ form Import students’
of engagements Blackboard log
during their m times over the

entire three
years

studies

g
4

Give Statllst:lcal
explanation to ana_[ysts to ﬁt{d
the data averages anc

trends within
the data

<
4

Find relations
between average
time spent and
final students®
grade

Figure 1: Investigation pathways

In the survey, the type of program, learning style,
method of learning new concepts, engagement form as
well as type of internal and external digital resources (see
Appendix A, section 1) were investigated. Random
responses from eighty-three (83) students that selected
multiple choices were obtained. A student can select all
five (5) options in the learning styles, three (3) for learning
new concepts, four (4) for forms of engagement and two
(2) for internal digital that support learning as shown in
section (appendix A). There would be 415 if all 83 students
in table 1 select all 5 options within the forms of
engagements (appendix A). As a result, table 1 (appendix
A) revealed a total of 212 selections for the forms of
engagement that constitute 46 responses for the lecturer’s
feedback, 45 for Blackboard, 41 for face-to-face lectures, 39
for demonstrations, 36 for coursework, 1 for lecture sheets,
1 for podcast content, 1 for seminars, 1 for academic one-
to-one engagement and 1 for going over contents for the
low-grade students.

2.1. Calculating Simple Moving Average

To visualize the trend of the bivariate data between the
mean time students spent on LMS and their grades, trend
analysis [28,29,30] was performed using a four (4) point
simple moving average (SMA) [31] as follows;

(Sn + Sn+1 + Sn+2 + Sn+3)
4
The terms Sn, Snv1, Sn2, and Smizare four (4) consecutive

numbers from the table. In the trend analysis, the first 4
numbers within the column were averaged which was

SMA =

followed by the next 4 consecutive numbers as shown in
table 6 (appendix B). The procedure was repeated until all
data were used.

2.2. Calculating the Product Moment Correlation Coefficient
(r)

The correlation coefficient called Product Moment
Correlation Coefficient (r) [32, 33, 34] was used to predict
the correlation between the average time spent by the
students and their grades at the end of their three-year
program after the SMA trend analysis. The correlation
coefficient, 7, is given by;

Syy

VSx xSy y

Where
~ (T x)?
Sen= QW5
Cy)?
S50= 0

XXXy

S’”’:ny n

Note that x represents the variables for the total
average obtained from the average times students spent
over the three years, and y, the variables for their final
grades obtained. The r-value can be defined as;

-1<r<1

When r =1, a positive linear correlation is obtained, r =
-1 gives a negative linear correlation, and r = 0 predicts a
no correlation data.

3. Results

In pathway 1, and since the department uses the
Blackboard LMS, the survey done was to find out whether
students use any other online engagements and most of
them confirm the usage of Blackboard. This was followed
by the statistical analysis in pathway 2 to find the
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correlation between the average time spent by students on
Blackboard over the three years and their final grades. The
results obtained have been explained below.

3.1. Survey results

The survey results demonstrate that students rely more
on lecturer feedback, Blackboard, in-person discussions
with the lecturer, graduate teaching assistance (GTA)
demonstrations and coursework as shown in figure 2a. It
can be postulated that the MSE students deal more with
mathematical derivations, theory and science definitions
and they get more information from the Blackboard LMS
which also enables them to have fruitful discussions with
lecturers. Interactions with some of the other students
revealed that they focus more on how to get better grades
rather than engaging in seminars and other meetings.

(a) Feedback from lecturer 21.70%
Blackboard 21.23%
Face-to-face lectures 19.34%
Demonstrations 18.40%
Coursework 16.98%
Sheets from lecturer at start of._] 0.472%
Podcast with much contents 0.47%
Interactrve seminars 0.47%
One-to-one academic engagement || 0.47%
Going over contents - slow learner | 0.47%
(b) » 50.00
2
i 40.00
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o
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Figure 2: Survey results on the forms of engagement (a) and type of
internal digital resources (b) used by the students (see table 1 and 2 in
appendix A)

The survey results confirmed the use of Blackboard
LMS as the most used digital resource used by the
students (figure 2b) but there were also higher ratings for
podcasts that can be accessed through the Blackboard
LMS. In addition, there were other online platforms such
as YouTube, emails, etc. also embedded in Blackboard.
Meaning that the results in figure 2b are more informative
and justifies why the relationship between the average
Blackboard log times and students’ final grades is very
important.

3.2. Students’ log times versus their final grades

The average login times students spent online per day
for the two-semester period have been plotted against

their final exam grades (figure 3). It was clear that there
was a weak positive linear correlation but it was necessary
to work with the exams grade since all students were
examined using the same examinations process. It was
believed that all students use similar exam preparation
times, and exam guidelines but the information
absorption might vary. The main point is that the students
might have different learning styles, absorption rates,
capacity of the working memories and that might
influence their final grades [35,36]. In summary, the data
represent perfectly the students' performances because
they all received the same Blackboard LMS information.
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Figure 3: A plot of the average login hours per day for two semesters
over three year periods versus students’ final grades.

Another intriguing analysis is shown in figure 4. It was
noticed that had more engagement with the Blackboard on
Wednesdays and Fridays over the two semesters and this
suggests that lecturers might use these two days to
effectively communicate with the students. The lecturers
might use those two days to set coursework deadlines. The
remaining days are not suitable for scheduling assignment
deadlines since students do not engage well on those days.

3.50
3.00
2.50
2.00
1.50

T

MON TUE WED THU FRI SAT
Semester days

Average hours/day
/semester year

Figure 4: Average hours per day per semester-year. Data plotted from
table 4 (Appendix A)

3.2.1. Finding the relationship between the average time
students spent online versus their final grades

After statistical analyses of the data by using the four
(4) point moving average described in section 2.1, the full
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results obtained are as shown in table 6 (appendix B). The
four (4) point moving process involves averaging the first
4 numbers in each column before moving to the next four
(4) consecutive numbers until all data is completed.

The results after the statistical analysis of the data gave
a strong positive correlation between the overall average
time students spent online and their final grade (figure 5).
The statistical trend analysis enabled the visualization of
the relationship between this complex bivariate data. The
complexity of the data stems from the fact that the accurate
and effective usage of the Blackboard LMS by the students
cannot be quantified perfectly but the trend analysis gives
a good indication of the relationship between the data. The
r-square value of 0.56 (figure 5) suggests a strong positive
correlation after the statistical trend analysis.

100 T T T T T T
90+ B

o] — e o
w0l o B am
50
40 ]
30 ]

Grades obtained

20 ]

104 B
0 T T T T T T T
5 10 15 20 25 30 35

Average of total average time over 3 years (/)

Figure 5: Statistical data plot after trend analysis of the average of the
total averages time students spent over a three-year period versus their
final grades (data in table 6 - appendix B).

3.2.2 Product Moment Correlation Coefficient (r)

To confirm the strength of the correlation, the treated
data from the 4 points moving average were used to
calculate the correlation coefficient (r). Using the
description under section 2.2, the values in table 7
(appendix B) were generated. The values in table 7,
appendix B) were calculated with;

z x = 1097.74
Z y = 4241.70

Z x? =21044.37

Zyz = 270272.92

z xy = 71252.63

The number of data used, n = 67.
Meaning,

(1097.74)?

Sex = 21044.37 - —

= 3558.80

(4241.70)2

=1735.32
67

S, , =270272.92 —

_XxXy

SxyZny n

1097.74 x 4241.70
67

S,y =71252.63 — = 1755.86

and
1755.86
Tr =
v/3558.80 x 1735.32

r=0.71

The value of r around 0.7 means that the square value
is 0.5 (i.e. 72=0.5) and this confirms that the perfect positive
linear correlation that exists between the bivariate data is
similar to that obtained from the plot in figure 5.

4. Discussions

The observations reveal that students engage more
with the Blackboard LMS on Wednesdays and Fridays
and it was not checked whether this is peculiar to the MSE
program but the result is similar to a different study where
students were found to interact more with the Blackboard
at certain periods [37, 38]. It also provides substantial
information that lecturers must avoid setting deadlines
and actions on the rest of the days sinc students might
stick more to their non-academic activities.

The very good and positive correlation obtained after
the statistical trend analysis gives evidence of the fact that
there were several factors at play and a clear picture could
only be observed after the trend analysis. It was believed
that before the trend analysis (figure 3), factors such as
technology barriers [39], misconceptions because of
internationalization [40]), different learning styles [41-44],
and Blackboard inactivity after login [45] may have
influenced the correlation. Hence, the analysis was
necessary to mitigate those factors and promote a clear
picture of the data.

The positive correlation predicts that the more
engagements students have with the Blackboard LMS, the
more they will improve their grades and the result is
comparable to previous findings. Students who spent
more time improve their grades and became high
achievers [5, 6, 46].

The result also relates to the constructivism learning
theory [47] that suggests that learning must be an active
process where students construct their learning and that
can be said to have happened when they engage more
with the Blackboard LMS [48].
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4.1. Effects of reading from the computer screen on the results

Excessive participation in online learning and
discussions may occasionally inhibit students’ learning
since that might affect their concentration and divert them
from the main issues during learning [49]. To aid effective
online discussions and reduce students’ search times
online, content quality must be the top priority. As
suggested by the cognitive learning theory, part of the
reasons why students do not store information correctly is
their ineffectiveness to process the acquired information
via a computer screen [50]. The usage of Tablets may also
pose a technological hindrance during information
capturing since special skills will be required to enhance
performance [51].

In the human eye, the process is such that, the retina
(composed of millions of light receptors known as rods
and cones that detect visible light) conveys reading
information to the brain and the brain translates the
information as visual objects. The act of gazing and
movement of the eye in front of computer screens can
predict user intentions [52]. Previous investigations
suggest that gazing prompts attention and directs
cognitive processes within the brain [52]. This is because
our attentional
automatically prioritizes salient visual events [53].

orienting  system quickly and

Furthermore, screen characters, colour,
background, and the dynamic aspects of the screens affect
readability [54]. Kim and Albers [55] noted that user
varied

contrast,

motivation in searching for information,
information, and user’s knowledge of the types of
information are key factors for consideration. Moreover,
reading is normally done for quality but not on the reading

speed [56].
4.2. Influence of the cognitive processes on the results

Sticking with the cognitive learning theory that
postulated that learning is the development of knowledge
and conceptual development which includes the storing of
knowledge in the brain and the process of that knowledge
[57, 58, 59]. In another study, Piaget was also quoted to
have described learning to be the formation of new
schemas (i.e. a pattern of thought) and the building on
previous schemas [50]. It was also disclosed that Piaget
proposed learning to be an organization of schemas and
adaptation of schemas and that new information is created
by absorbing and readjusting previous schemas [60]. In
addition to the above, when the cognitive load is less it
becomes easier and more processable than a high
cognitive load because some of the working memories of
users cannot process a very heavy load [35, 36].

4.3. Influence of the Blackboard screen design on the results

Designing a good Blackboard LMS screen can improve
spontaneous information processing and reduce the

cognitive load during learning [61]. There is a high
cognitive load requirement when reading from the screen
than for print because there is an additional screen
navigation skills requirement [62-66]. Hence, poorly
designed computer screens hinder communication [67].

4.4. Influence education level and computer usage

The education level of any student might influence
their computer skills to scan through the screens and
absorb information and this will have the same limitations
of the required information landing on the retina before
transporting it for conversion into the desired results [52,
68]. After that, the brain prioritizes salient visual events
[53]. The mood of the user might also influence the
required skills to scan the computer screens efficiently [69]
and this has been noticed that positive moods predispose
people towards using computers, while negative moods
contribute to computer avoidance [70, 71].

5. The implication of this study

The students preferring the Blackboard LMS was
because it was the only one adopted by our institution
even though other students occasionally use other forms
of engagement, they did not alter their preferences.

Some students spend much time during information
absorption and this can be explained by the cognitive
learning theory such that effective learning can be
if previously-stored
processed further to create new knowledge and enhance
conceptual development [57, 58, 59]. The explanation
suggests that spending more time on the Blackboard LMS

achieved information can be

helps to process stored knowledge and the creation of new
information. Piaget's work also confirms this notion that
learning is the formation of new schemas (i.e. a pattern of
thought) and building upon previous schemas during
learning [50]. It can be summarized under this section that
students who spend much time on the Blackboard LMS
have much time to absorb information irrespective of the
working memory capacity and they can readjust previous
schemas [60].

The screen design also plays a role in knowledge
absorption and an excellent screen design promotes
spontaneous processing of information and improves
students’ learning rate [61]. Normally, students who
engage with the screen readings need to deal with a
greater cognitive load than print reading since they
required additional time and skills to have an effective
scanning of the information [62, 63].

From another angle, the level of education might also
affect their information scanning abilities because some
inexperienced students may not be used to this process of
fishing out information from the screen. Having positive
moods enhances computer engagement [70,71] which was
also confirmed by a previous study observing that the
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computer skills were greatly affected by the mood of the
users [69]. Consequently, this might influence the time
students spent online even though it can not be justified
what students do online when they log in. Furthermore,
this work will have extensive studies on what students do
when they log onto Blackboard LMS including any
upgrade on the Blackboard software within the three
years. It is noted that there might be a frequent update of
the Blackboard LMS that would have affected every
student during the investigations.

6. Conclusion

To conclude, the work demonstrates that students
engage more on Wednesdays, Thursdays and Fridays and
their engagement with the Blackboard was found to
correlate positively with their final grades after trend
analysis was performed on the data. It was noticed that the
trend analysis supported the visualization of the pictorial
correlation by minimising the complexity of the data. This
result suggests that spending much time on the
Blackboard LMS might help the creation of new
knowledge in the schema and allows further process
within the memory that may support the development of
new information.
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Appendix A
1. Example of survey questions and responses

What is your preferred form of engagement in a course? *

*You can select more than one option if applicable

Blackboard
Face-to-face lectures
Demonstrations

Coursework
Feedback from lecturer

Other:

What does "good engagement” in a course mean to you? *

Make sure the understanding of the knowledge.

What Digital Resources provided by the University do you use to support
your face-to-face learning. Please give a brief description of how you use
them. *

Lecture notes, worksheets. Do the revision and practice after the lessons.

What is your preferred method for learning new concepts? *
*¥ou can select more than one optien if applicable

Workshops

Exams
Lectures
Practicals

Coursework

What year of study are you on? *
*Please select one option

@ Year 1
Year 2

Year 3

What type of learning style do you prefer? *

*You can select more than one option if applicable

Listening
Visual
Writing
Reading

Hands-on or practicals

What Digital Resources external to the University do you use to support
your face-to-face learning. Please give a brief description of how you use
them. *

E.g. A dictaphone for audio recordings

None
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Table 1. Examples of learning management systems and their seminars = 1, one-to-one engagement with an academic = 1 and going
functions. over contents because of being slow learner = 1.
. Number of Table 2. Responses according to the internal digital resources used
Respond topics responses within the University.

Blackboard 7
Blackboard;Coursework 5 Respond topics Number of
Blackboard;Coursework;Feedback from lecturer 1 responses
Blackboard;Demonstrations 3 Blackboard 30
Blackboard;Demonstrations;Coursework 2 Blackboard, podcasts 16
Blackboard;Demonstrations;Coursework;Feedback 1 Blacl?board, podcasts, e-books 1
from lecturer Emails 1
Blackboard;Demonstrations;Coursework;Feedback None 5
from lecturer;As a slow learner I need to go over 1 Online library 1
the content several times before I can consolidate Online library, podcasts 2
everything Podcast 25
Blackboard;Demonstrations;Feedback from 1 Dislike resources 1
lecturer Tutorials 1
Blackboard;Face-to-face lectures 3 Total 83
Blackboard;Face-to-face lectures;Coursework 1
Blackboard;Face-to-face 5 Note. In all there were 101 selected options since some students selected
lectures;Coursework;Feedback from lecturer multiple choices per question. Hence, the total selected options were
Blackboard;Face-to-face 5 Blackboard = 47, podcast = 42, none = 5, online library = 3, tutorials = 1,
lectures;Demonstrations;Coursework dislike resources = 1, e-books = 1 and emails = 1.
Blackboard;Face-to-face
lectures;Demonstrations;Coursework;Feedback 4 Table 3. Responses according to the type of external digital resources
from lecturer used.
Blackboard;Face-to-f.ace 1 ] Number of
lectures;Demonstrations;Feedback from lecturer Respond topics responses
Blackboard;Face-to-face lectures;Feedback from 5 Books and TED talks 1
lecturer Wolfram alpha and quora 1
Blackboard;Feedback from lecturer 1
Blackboard;Podcast with much contents 1 Mooc !
Coursework;Feedback from lecturer 2 KéhOOt - !

- ScienceDirect 1
Demonstrations 2 -

- Books and external videos 1
Demonstrations;Coursework 2 -
Demonstrations;Coursework;Feedback from Web of science 1
lecturer 4 Linkedin learning 1
Demonstrations;Feedback from lecturer 4 WGSN 1
Face-to-face lectures 2 Internet 2
Face-to-face lectures;Coursework 1 W.ikip.efli? 3
Face-to-face lectures;Coursework;Feedback from 1 Scientific journals 8
lecturer Google 11
Face-to-face lectures;Demonstrations 2 Youtube 13
Face-to-face lectures;Demonstrations;Coursework 2 None 17
Face-to-face Total 63
lectures;Demonstrations;Coursework;Feedback 4
from lecturer Note. In all, there were 63 selected options from the students. Those who
Face-to-face lectures;Demonstrations;Feedback do not use external digital resources left the questions open.
from lecturer 3
Face-to-face lectures;Demonstrations;Some form
of 1 to 1 engagement with academic would be 1
good
Face-to-face lectures;Feedback from lecturer 4
Feedback from lecturer;Interactive seminars 1
Feedback from lecturer 3
Sheets to fill-in in the lecture that are given out at 1
the start of the lecture
Total 83

Note. In all there were 212 selected options since some students selected
multiple choices per question as shown above. Hence, the total selected
items were feedback from lecturer = 46, Blackboard = 45, face-to-face
lectures = 41, demonstrations = 39, coursework = 36, sheets from lecturer
at start of lecture = 1, podcast with much contents = 1, interactive
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26.95% 20 ] 030 | 034 | 110 | 015 | 319 | 000 [ 0.04

None
Youtube

20.63%

Google 17.46% 21 0.16 0.00 1.59 1.33 1.51 0.02 1.05
Scientific journals 12.70%
Wikipedia 4.76% 22 3.12 0.00 0.37 0.01 1.09 0.01 0.00
Internet 3.17%
WGSN

1.59% 23 1.74 1.96 444 0.05 5.76 0.00 0.25

Linkedin learning 1.59%

1.59%
1.59%
1.59%

Web of science 24 [ 007 | 036 0.39 0.13 426 | 289 | 007

Books and external videos

ScienceDirect
Kahoot
Mooc

500 25 | 789 | 213 | 029 | 431 117 | 017 | 003

1.59%

1.59% 26 0.34 2.54 3.75 1.71 6.42
1.59%

Wilfram alpha and quora
Books and TED talks

Figure 1: A plot of responses according to external devices used 27 0.01 0.27 0.01 040 444 084 0.01

28 0.13 0.01 0.00 4.61 2.28 0.13 0.03

Appendix B 29 | 0.08 366 | 072 | 0.66
2. Blackboard analysis

30 0.32 0.01 3.27 1.31 7.27 0.35 0.53
2.1. Year one semester data

31 0.17 0.00 0.01 0.20 2.53 1.88 0.00

Raw data from the server for students which show the average amount 32 044 0.00 0.00 6.78 1.38 0.02 0.02

of hours spent on Blackboard for each weekday is as shown below (i.e.

Monday — Mon, Tuesday — Tue, Wednesday — Wed, Thursday — 33 176 212 2.24 0-54 0.03 073 325

Thu, Friday — Fri, Saturday — Sat and Sunday — Sun) during the two- 34 011 0.00 230 144 439
semester periods for the 2017-2018 year only.

35 0.09 0.01 0.00 1.80 10.73 0.50 0.01

Table 4. Average hours per day per semester-year for each student 36 0.19 0.01 0.01 0.78 3.24 0.01 0.01
no. | MON TUE WED THU FRI SAT | SUN 37 1.50 291 4.52 0.62 0.42 0.89 3.28
1 0.04 0.06 1.42 5.38 4.74 2.18 6.49 38 0.00 0.94
2 0.85 2.18 0.36 3.16 3.25 0.05 0.29 39 241 1.37 0.07 3.42
3 0.22 0.83 0.01 1.45 1.48 0.00 40 0.18 0.09 0.25 0.00 4.90
4 0.02 0.00 3.83 0.81 1.14 3.53 0.36 41 0.22 191 21.33 2.71 0.83 3.21 1.52
5 0.38 0.34 30.93 0.94 0.60 0.02 0.27 42 6.20 5.38 411 2.80 0.22 0.09 0.45
6 0.02 2.40 1.39 0.20 221 2.25 0.61 43 3.14 0.06 0.26 1.40 13.46 0.00
7 0.09 0.01 0.08 191 2.56 2.07 1.11 44 3.30 2.79 2.66 5.79 1.78 0.29 3.10
8 0.06 1.71 0.12 0.03 4.69 0.57 0.01 45 0.00 0.00 0.01 0.01 2.34 0.02
9 0.15 0.64 0.02 0.87 3.39 0.02 2.26 46 7.43 5.68 4.20 4.85 2.01 3.88 5.07
10 0.15 0.00 0.29 0.05 4.58 47 1.09 1.91 0.05 211 0.06 3.45 0.26
11 3.84 4.15 7.74 0.12 4.50 0.20 291 48 0.60 0.08 3.00 0.53 2.86 0.01
12 0.38 0.35 1.84 0.68 7.73 0.04 0.15 49 6.09 0.20 0.28 0.65 2.85 0.12 0.14
13 0.25 0.01 3.22 3.55 2.18 0.79 0.00 50 4.72 0.26 11.89 6.15 5.01 0.79 0.82
14 1.93 2.33 0.06 0.03 1.62 0.05 0.05 51 0.13 0.33 2.87 8.48 1.94 0.13 1.97
15 0.12 0.21 0.06 9.69 0.17 52 1.67 3.45 0.14 0.49 4.30 0.26 3.80
16 1.03 0.32 0.84 6.06 4.94 0.74 0.03 53 0.07 0.03 1.02 1.56 0.51 0.20 2.78
17 0.05 0.00 113 0.50 2.92 0.00 0.00 54 0.28
18 1.57 0.02 0.31 1.36 8.90 0.74 2.10 55 1.49
19 1.26 0.07 0.08 1.27 4.29 0.01 0.03 56 171 0.86 1.40 0.29 0.76 0.17 0.01
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57 0.09 0.24 0.21 1.76 0.62 0.01 0.01 14 13.15 4.53 15.84 11.17 68.40
58 0.05 0.70 0.02 0.23 0.71 0.02 15 18.32 16.48 2491 19.90 68.10
59 0.09 0.40 4.57 4.72 521 0.01 3.15 16 21.34 14.44 33.32 23.04 68.00
60 0.00 17 11.99 50.96 9.58 24.18 67.60
61 1.97 1.56 2.04 1.01 2.61 0.79 0.70 18 36.50 30.31 45.80 37.54 67.50
62 0.67 1.34 10.67 0.73 0.90 0.64 0.07 19 0.00 18.76 9.15 9.31 67.30
63 0.93 0.20 8.35 0.68 1.21 0.04 0.69 20 13.16 39.66 15.96 22.93 66.70
64 0.00 0.08 2.83 3.62 2.94 0.05 0.24 21 11.24 29.10 11.27 17.20 64.90
65 1.98 0.01 1.08 1.57 0.08 0.07 22 0.00 3.88 22.33 8.74 64.40
66 4.08 7.18 3.88 6.19 3.80 0.01 0.04 23 21.78 10.72 15.67 16.05 63.70
67 0.17 11.41 1.85 2.81 6.36 0.00 1.25 24 11.43 10.07 14.59 12.03 63.60
68 0.15 3.38 3.32 5.90 4.54 0.03 2.31 25 16.09 26.08 33.22 25.13 63.30
69 4.67 0.12 0.33 1.68 212 0.01 1.33 26 27.10 14.55 21.19 20.95 61.50

27 12.77 23.02 8.12 14.63 61.00

Note. The student at number 60 did an average login of about 0.001667
hours on Wednesday’s but no login at the remaining days. It resulted to 28 16.30 14.03 10.92 13.75 60.00
0 when moved to 2 decimal places.

29 22.67 20.51 17.98 20.39 57.20
2.2. Three-year period semester data 0 377 68l 3833 297 5650
The averages for each full years were added and averaged to give the 31 10,02 1558 1207 1262 55.60
full program averaged times of each student. ’ ’ ’ ’ ’

32 10.48 13.80 21.38 15.22 54.80
Table 5. The average of the total average times students spent on 33 39.29 17.62 15.06 23.99 54.70

Blackboard over the three years versus their final grades.
34 15.13 13.38 13.04 13.85 54.30

Total Total Total Average

a
0 average | averag | oftotal | Grades 35 26.80 6.85 16.76 16.80 54.00
Studen average .. . .
. N time in e time average obtaine
tID time in . A, 36 9.95 7.79 9.08 8.94 52.20
year 2 inyear | timesin3 d

year 1 (h) " " "
(h) 3(h) | years(h) 37 8.73 3403 | 1198 18.25 48.30
1 0.00 3807 | 3241 23.49 78.90 pTy 042 563 By 759 2750
4 0.00 23171 5393 2570 7210 41 24.25 2348 | 5277 33.50 74.70
5 14.44 4070 | 2594 27.03 7210 e 24.02 1632 | 3615 25.50 81.00
6 20.34 24.93 19.73 21.67 71.60 43 20.75 0.19 43.40 2145 67.20
7 7:90 3318 | 1168 17.59 71.20 44 0.00 1656 | 2059 12.38 56.30
8 28.48 15.29 12.87 18.88 71.00 45 0.00 6.98 15.42 747 50.10
9 5.76 33071 790 15.58 70.60 46 0.00 1561 | 41.40 19.00 63.00
10 13.90 0.42 14.10 947 7020 47 0.00 1219 | 2131 11.17 63.80
11 17.03 25.33 24.57 22.31 69.60 48 0.00 775 9.05 5.60 54.40
12 19.81 39.66 25.78 28.42 69.00 49 0.00 1853 2241 13.65 51.40
13 2471 1030 | 2696 20.66 68.60 = 0.00 o7 | aam0 719 =00
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51 0.00 2.96 32.58 11.85 57.30 11 8.74 64.40 8.11 53.55
52 0.00 19.65 23.79 14.48 69.30 12 8.94 52.20 8.59 57.65
53 0.00 13.03 8.05 7.03 66.30 13 9.23 63.90 9.05 61.95
54 0.00 3.88 15.44 6.44 66.70 14 9.31 67.30 9.24 63.40
55 0.00 28.85 15.95 14.93 72.60 15 9.47 70.20 9.41 65.10
56 0.00 52.23 7.88 20.03 67.40 16 9.65 59.00 9.90 60.93
57 0.00 14.65 6.30 6.98 71.20 17 11.16 47.20 10.36 60.05
58 0.00 0.03 5.95 1.99 24.10 18 11.17 63.80 10.79 59.60
59 0.00 10.46 18.49 9.65 59.00 19 11.17 68.40 11.26 62.28
60 0.00 13.04 21.57 11.54 69.70 20 11.54 69.70 11.43 56.00
61 0.00 21.10 18.77 13.29 55.20 21 11.83 22.10 11.60 54.38
62 0.00 9.11 18.57 9.23 63.90 22 11.85 57.30 11.81 53.18
63 0.00 9.97 10.75 6.90 63.60 23 12.03 63.60 11.98 53.93
64 0.00 10.21 6.49 5.57 68.80 24 12.22 72.70 12.12 62.48
65 0.00 14.65 6.52 7.06 47.30 25 12.38 56.30 12.31 62.05
66 31.36 0.00 38.79 23.38 75.30 26 12.62 55.60 12.63 59.95
67 33.13 13.07 22.55 22.92 76.30 27 13.29 55.20 12.92 61.13
68 2242 38.60 21.45 27.49 64.80 28 13.40 77.40 13.24 59.90
69 20.79 18.62 15.67 18.36 70.90 29 13.65 51.40 13.52 61.00
30 13.75 60.00 13.66 60.78
2.3. Three years semester data
31 13.85 54.30 13.93 58.75
Table 6. Evaluation using the Simple Moving Average method. This was
done using data from appendix B, table 5. 32 14.48 69.30 1418 61.15
Original Data 4 Point Moving average 3 14.63 61.00 14.47 64.30
Average 4 Point _ 34 14.93 72.60 14.82 64.43
 total A 4 Point
T
Student ot tota Grades ve -age Average of 35 15.22 54.80 15.09 64.75
average . of Time
ID K A obtained Degree
time in 3 spent . 36 15.58 70.60 15.45 65.43
obtained
years (h) (h)
37 16.05 63.70 15.91 60.78
1 1.99 24.10
38 16.80 54.00 16.41 60.98
2 5.57 68.80
39 17.19 55.60 16.81 59.55
3 5.60 54.40 4.90 53.50
40 17.20 64.90 17.20 61.43
4 6.44 66.70 6.13 63.38
41 17.59 71.20 17.56 60.00
5 6.90 63.60 6.48 63.98
42 18.25 48.30 17.85 63.83
6 6.98 71.20 6.84 66.95
43 18.36 70.90 18.27 65.35
7 7.03 66.30 6.99 62.10
44 18.88 71.00 18.62 63.30
8 7.06 47.30 7.09 58.08
45 19.00 63.00 19.04 68.25
9 7.29 47.50 721 52.80
46 19.90 68.10 19.45 67.38
10 7.47 50.10 7.64 52.33
47 20.03 67.40 19.83 63.93
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48 | 2039 57.20 2024 [ 6533 8.11 5355 | 6573 | 2867.60 | 434.16
49 20.66 68.60 20,51 63.68 8.59 5765 | 7382 | 332352 | 49532
50 20.95 61.50 20.86 63.63 9.05 6195 | 8193 | 3837.80 | 560.76
51 21.45 67.20 21.18 67.23 9.24 6340 | 8530 | 401956 | 58556
52 21.67 71.60 21.59 67.48 9.41 6510 | 88.62 | 423801 | 612.84
53 2231 69.60 22.09 71.18 9.90 6093 | 9797 | 371186 | 603.05
54 22.92 76.30 22.46 71.05 1036 | 6005 | 10740 | 360600 | 622.33
55 22.93 66.70 2278 67.28 1079 | 59.60 | 11640 | 355216 | 643.02
56 2297 56.50 22.96 66.88 1126 | 6228 | 12680 | 3878.18 | 701.25
57 23.04 68.00 23.08 66.63 1143 | 5600 | 13058 | 313600 | 639.93
58 23.38 75.30 23.22 69.68 1160 | 5438 | 13449 | 2956.64 | 630.59
59 23.49 78.90 23.48 69.23 11.81 53.18 | 13948 | 282758 | 628.02
60 23.99 54.70 23.76 69.13 1198 | 5393 | 14355 | 290791 | 646.10
61 24.18 67.60 2420 66.13 1212 | 6248 | 14688 | 390313 | 757.17
62 2513 63.30 24.70 66.65 12.31 6205 | 15163 | 385020 | 764.08
63 25.50 81.00 25.13 71.00 1263 | 59.95 | 15949 | 359400 | 757.11
64 25.70 72.10 25.84 72.13 1292 | 6113 | 167.00 | 373627 | 789.92
65 27.03 72.10 2643 72.50 1324 | 5990 | 17526 | 358801 | 792.98
66 27.49 64.80 27.16 69.50 1352 | 61.00 | 18278 | 372100 | 824.70
67 28.42 69.00 29.11 70.15 13.66 | 6078 | 18658 | 3693.60 | 830.16
68 33.50 74.70 31.74 69.00 1393 | 5875 | 19406 | 345156 | 81843
69 37.54 67.50 33.15 70.40 1418 | 6115 | 20101 | 3739.32 | 866.97

14.47 64.30 209.49 4134.49 930.67

2.4. Three years semester data
14.82 64.43 219.55 4150.58 954.59

Using data from table 6 in the Simple Moving Average method, x
becomes the variables for the total average of the average times students
spent over three-year period and y as the variables for the grades
obtained. The results from the calculations are as shown below.

15.09 64.75 227.75 4192.56 977.16

15.45 65.43 238.59 4280.43 1010.58

Table 7. Parameters needed to calculate r. 1591 60.78 25326 3693.60 967.19

16.41 60.98 269.15 3717.95 1000.34

Item x y x? y? xy

16.81 59.55 282.65 3546.20 1001.16
4.90 53.50 24.01 2862.25 262.16

17.20 61.43 295.69 3773.03 1056.24
6.13 63.38 37.55 4016.39 388.36

17.56 60.00 308.23 3600.00 1053.39
6.48 63.98 42.02 4092.80 414.68

17.85 63.83 318.61 4073.63 1139.25
6.84 66.95 46.77 4482.30 457.87

18.27 65.35 333.74 4270.62 1193.86
6.99 62.10 48.90 3856.41 434.25

18.62 63.30 346.80 4006.89 1178.81
7.09 58.08 50.26 3372.71 411.71

19.04 68.25 362.37 4658.06 1299.20
7.21 52.80 51.99 2787.84 380.71

19.45 67.38 378.48 4539.39 1310.76
7.64 52.33 58.33 2737.91 399.63

19.83 63.93 393.30 4086.41 1267.74
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20.24 65.33 409.84 4267.36 1322.48
20.51 63.68 420.50 4054.51 1305.73
20.86 63.63 435.11 4048.14 1327.18
21.18 67.23 448.59 4519.20 1423.82
21.59 67.48 466.31 4552.88 | 1457.07
22.09 71.18 487.85 5065.88 | 1572.06
22.46 71.05 504.31 5048.10 | 1595.56
22.78 67.28 519.04 452593 | 1532.69
22.96 66.88 527.31 447227 | 1535.67
23.08 66.63 532.63 4438.89 1537.63
23.22 69.68 539.20 4854.61 1617.90
23.48 69.23 551.09 479210 | 1625.08
23.76 69.13 564.57 477827 | 1642.46
24.20 66.13 585.52 4372.52 1600.06
24.70 66.65 610.01 444222 1646.15
25.13 71.00 631.30 5041.00 | 1783.93
25.84 72.13 667.59 5202.02 1863.56
26.43 72.50 698.41 5256.25 1915.99
27.16 69.50 737.53 4830.25 1887.44
29.11 70.15 847.25 4921.02 2041.90
31.74 69.00 1007.13 4761.00 2189.73
33.15 70.40 1098.98 | 4956.16 | 2333.82
Sum | 1097.74 | 4241.70 | 21044.37 | 270272.92 | 71252.63
2.5 Abbreviations

Abbreviation Explanation

LMS Learning Management System

MOOC’s Massive Open Online’s Course

Modular Object-Oriented
MOODLE Dynamic Learning
Environment
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