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Abstract
Asynchronous online delivering methods have been found to promote
excellent engagement among students but the impact in the teaching of
polymer science courses have not been investigated. This work discussed and
reflected critically on the ways of improving polymer science lecture contents
in asynchronous videos that can enhance and motivate students’ learning. Six
polymer science topic combinations in the forms of structure –
characterisation, structure- processing, structure – properties, characterization
– processing, properties – characterization and properties – processing were
established. Lecture slides based on these combinations were created and 106
students were tasked to read and rate them on computer screens. First, second
and third-year undergraduate material science and engineering students rated
the combinations based on stimulation, motivation and effectiveness. Results
show that there was no strong preferred choice(s) from the first years but the
second year students appeared to favour the structure-property combination
while third-year students preferred the structural-property-processing lecture
contents. Using the cognitive learning theory and the redundant effect, the
third-year students were described to have processed the information received
and classified some redundant while the first-year students might have
accumulated all information into their limited working memory without
redundancy since they lack prior knowledge of the polymer science topics.
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These reasons coupled with basic students’ computer skills were attributed to
influence their judgements during the rating.
Keywords: Student Engagement; Asynchronous; Polymer Science; Cognitive
Learning; Redundancy Effect
Introduction
Presently, teaching and learning are being done remotely because of
the COVID pandemic. The major issue for polymer science lecturers is how
to present the polymer science contents that motivates and engages students.
This is a very difficult task since most of the polymer topics such as the
structures, characterization, physics and processing need to be addressed when
preparing the asynchronous video contents. The focus of the work is a critical
discussion and reflection on the ways of improving the polymer science
lecture contents in asynchronous recorded videos that can enhance the
motivation and self-study efficacies among material science students. Even
though a combination of asynchronous and synchronous teaching methods
was found to be effective for content delivery and active learning within an
organic chemistry class (Sunasee, 2020), there are many challenges associated
with asynchronous teaching and learning methods (Aloni & Harrington, 2018;
de Lima et al., 2019; Raes et al., 2020; Zydney et al., 2020; Gal & IsraelFishelson, 2020; Öztürk, 2021). Previous findings revealed lecture content
issues that are associated with instructional strategies, considerations and
integration of multimedia in online content development which affects
students’ expectations, readiness, identity, and participation (Kebritchi et al.,
2017).
Online learning has emerged in recent times because of the global
pandemic and most institutions have adopted the blended learning approaches
(Stein & Graham, 2020; Walmsley-Smith, et al, 2019). Within the blended
learning approach, instructions done remotely are mostly performed by
synchronous (Butz et al., 2015; Blau et al., 2017; Raes et al., 2020; Zydney et
al., 2020) and asynchronous (Brady & Pradhan, 2020; Rovai, 2000) teaching
methods. The synchronous teaching method deals with an interaction between
the instructors and students that occurs at the same time but online
(Rasmussen, 2003) whereas asynchronous methods rely on recorded lecture
videos and electronic readable materials organized for students to use at their
own will, pace and time remotely (Evans, et al., 2020).
Most of the studies surrounding asynchronous instruction methods
have been focused on online discussion forums and their effectiveness in
improving students’ learning efficacies (Biesenbach-Lucas, 2003; Jorgensen,
2003; Green et al., 2014; Pinto-Llorente, et al., 2017; Koszalka et al., 2020).
Recently, asynchronous online discussions were found to promote excellent
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engagement in discussions of content-related materials and results showed
evidence of deep learning among students (Koszalka et al., 2020). In that
study, Koszalka and colleagues (2020) investigated students’ participation,
interaction, and levels of learning in the asynchronous online discussions and
students were tasked to evaluate and synthesize information during the
collaboration that builds knowledge. In the past, studies have also indicated
that asynchronous online discussion forums within a blended learning model
can be an effective tool for improving students’ learning outcomes and also
offered benefits of greater social interaction among peers (Biesenbach-Lucas,
2003; Green et al., 2014).
As stated earlier, despite the benefits of using asynchronous teaching
methods, there are issues and challenges associated with the implementation.
Recent studies revealed some technological and pedagogical issues associated
with the creation of quality learning materials within the asynchronous
methods (Raes et al., 2020; Zydney et al., 2020). Technologically, even though
asynchronous tools are perceived as instructional resources that allow easy
access to materials of the subject according to their necessities beyond the
classroom (Pinto-Llorente, et al., 2017), it was observed that the implemented
ICT tools do not automatically facilitate students’ adoption of active learning
strategies in online discussions and that care must be taken to fully understand
the students’ total engagement and contributions with such tools (Wang,
2010). In an attempt to document and understand task related postings in
asynchronous computer conferencing that foster knowledge construction,
Hong and Lee (2008) noted that students were active in knowledge
construction but limited to seeking and giving opinions among peers and
knowledge telling. It was proposed that the e-learning facilitator could model
some dynamics of sharing information and transforming the knowledge
acquired.
Examples of the pedagogical issues surrounding asynchronous online
discussions are the challenges of not focusing discussions on the lecture
contents but unrelated topics. Another issue is the surface discussions that
occur among students without deep level thinking that can move them beyond
fact recollection from the textbook (Aloni & Harrington, 2018; de Lima et al.,
2019). These may affect asynchronous online discussions and may not
contribute to students’ learning but simply keep students busy in their online
course. Other studies have also shown that when students are confused and do
not know the purpose and the value of the asynchronous online discussions,
they get demotivated and do not want to participate (Balaji & Chakrabarti,
2010; Kim, 2013; Lee, 2013; Yeh & Van Buskirk, 2005). Similarly, de Lima
and colleagues (2019) in a quest to identify the benefits and difficulties of
using online discussion forums from the instructors' point of view, noted that
when there are challenges or difficulties with the structure of the online
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forums, they hinder students’ motivations. However, when the asynchronous
learning structures and content are properly managed, they can offer greater
benefits to the students (Jorgensen, 2003).
The teaching of polymer science
Polymer science is a relevant subject of science taught in many
material science and engineering programs (Billmeyer, 1984; Gowariker et al.,
1986; Sperling, 2005). At most higher education institutions, students are
normally introduced to polymers in the early part of their undergraduate
programs and can specialize towards the end of their studies. Billmeyer (1984)
introduced all areas of polymer science in detail and divided polymer science
into six chapters covering an introduction, synthesis, characterization,
structure and properties, properties of commercial polymers, and polymer
processing (Billmeyer, 1984). Moreover, it was noted that a modern and
engaging polymer science curriculum must be constructed for all students with
different conceptual knowledge by combining traditional elements of polymer
science and contemporary polymer sciences to promote a lively and diverse
teaching practice (Stenzel &Barner-Kowollik, 2006). By combining different
aspects of polymer science, students’ engagement and interest can be
maximized.
Furthermore, the polymer science curriculum must be built on solid
principles. An understanding of macromolecules must be established by
relating the physical and mechanical properties of polymeric materials to a
molecular structure that give students a strong polymeric foundation
(Jefferson & Phillips, 1999). As one of the challenges in polymer science is
the lack of bridging the microstructural characteristic of polymers with their
material characteristics, it is prudent to combine various principles that are
appreciable by students (Doi, 2003). It is therefore essential to find possible
lecture combinations that can build a strong foundation for the polymer
scientist.
Reading information from the computer screen
Excessive participation in asynchronous online discussions may
occasionally inhibit students’ learning by drawing time away from other
important course works and instructors must monitor online discussions they
initiate to ensure better use of student’s time (Wolff & Dosdall, 2010). To aid
effective online discussions and reduce student’s information search times on
screens, there must be implemented strategies that ensure excellent content
quality. Based on cognitive theories, part of the reason for lack of retention is
hypothesized to be the user's inability to form a mental picture of the
information presented via a computer screen (Chalmers, 2003) although
tablets may pose technological hindrance during information capturing
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because tablets might require the use of additional mental resources that hinder
performances (Debue et al., 2020).
Figure 1 shows a schematic diagram of the way the eye visualize
information on the screen. When focused light is projected onto the retina,
nerve signals are sent through the back of the eye to the optic nerve by the
retina (Larissa, 2019). The retina is made up of millions of light receptors
known as rods and cones that detect visible light and convey information to
the brain. The brain interprets the information as visual images. Gazing and
eye movement in front of the computer can predict user intentions (Biedert et
al., 2010). It was noted that gazing normally prompts the user’s attention and
can be related to the user’s reading behaviour while gazing coupled with the
user’s eye movements can inform cognitive processes within the brain
(Biedert et al., 2010). This is because our attentional orienting system quickly
and automatically prioritizes salient visual events (Carrasco & Hanning,
2020).

Figure 1. An image capturing from a computer screen

Furthermore, factors that affect readability on computer screens are the
features of the characters, the formatted screens, the contrast and colour of the
characters, the background, and the dynamic aspects of the screens (Mills &
Weldon, 1987). In a study to find possible web design issues, information
search times from the web using desktop monitor (full-sized) and a palm
handheld interface (small-screen) were recorded but the data spread was found
to be too high (Kim & Albers, 2001). Kim and Albers (2001) concluded that
designing information differently will not help beyond a certain point for some
people but rather user motivation for finding the information, different types
of information, and user knowledge of the types of information are key factors
for consideration. Moreover, reading to comprehend and learn are done
without the concern for reading speed but on content quality (Dillon, 1992).
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Cognitive processes
In the cognitive learning theory, learning is described as the creation
of knowledge and conceptual development and can include the storing of
knowledge in the brain and how it is used (Satzinger, 1998; Bartlett & Bartlett,
1995; Bernstein, 2018). Piaget was described to propose that learning is the
result of forming new schemas (i.e. a pattern of thought) and building upon
previous schemas (Chalmers, 2003). Piaget proposed that during learning,
there is an organization of schemas and adaptation of schemas. Information
retention is better when learners create the knowledge themselves by
absorbing and readjusting previous schemas (McNamara, 1995). Moreover,
the cognitive load theory suggests that the less cognitive load a learner carries,
the easier learning should be because high cognitive load brings limitations
within the working memory that might have an adverse effect on learning
(Sweller & Chandler, 1994; Yeung, 1999).
Computer screen design
A good screen design enables spontaneous processing of information,
reduces cognitive load and improve students’ learning activities (Nichols,
2016). The cognitive load demanded by on-screen reading is greater than that
for print because readers have to engage with additional navigational activity
such as scrolling (DeStefano & LeFevre, 2007; Lauterman & Ackerman,
2014; Mangen, 2008; Mangen et al., 2013; Margolin et al., 2013; Wästlund,
Norlander, & Archer, 2008; Wästlund et al., 2005). Hence, poorly designed
computer screens hinder communication (Heines, 1984).
Education level and computer usage
The novice learner because of the education level might lack the basic
computer skills to scan through the screen and this may impact their ability to
absorb information. As discussed earlier (figure 1), if the required information
lands on the retina, they are transported to the brain by the optical nerve
(Larissa, 2019) and the brain interprets the information and supports the
cognitive learning process (Biedert et al., 2010) before prioritizing the salient
visual events (Carrasco & Hanning, 2020). It is worth mentioning that the
required computer skill can also affect the mood of scanning computer screens
efficiently (Rozell & Gardner, 2000). In the past, researchers have concluded
that positive moods predispose people towards using computers, while
negative moods contribute to computer avoidance (Dambrot et al., 1988,
Mitra, 1998).
Purpose of this study
This work investigates the effects of varying lecture contents, within the
polymer science courses, that are displayed in asynchronous videos on
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students’ motivation and stimulation. It is worth mentioning that a study was
performed on the utilization of an eye-tracking technique to examine the
relationships between students’ visual behaviours and their cognitive
structures, as well as their information processing modes (Wang et al., 2020).
In that study, Wang and the colleagues (Wang et al., 2020) suggested that
instructors must provide more varied and integrated information for students’
reading tasks to enhance and enrich students’ cognitive structures. Employing
the recommendation from Wang and colleagues (Wang et al., 2020), this work
focused on varying the polymer science lecture contents that can motivate and
enhance students learning without focusing on the eye-tracking studies.

Figure 2. Overview of topic combinations used in testing student’s satisfaction when
viewing polymer science content online

Table
Table 1. Summary of responses from all student groups
Year
Stimulation Effective
Clear
group
learning
1
22
35
31
Structure
Property
2
16
17
19
3
12
15
16
1
27
29
37
Structure
Characterization
2
14
9
17
3
8
9
14
1
27
26
31
Structure
Processing
2
14
13
21
3
11
13
16
1
25
26
27
Characterization
- Processing
2
13
12
18
3
8
7
11
1
25
28
34
Property
Characterization
2
13
13
18
3
8
7
12
1
23
26
31
Property
Processing
2
14
13
17
3
13
10
10
Combinations
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Understanding
28
18
13
25
12
10
28
17
7
21
14
8
27
14
13
30
18
12
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Methodology
In the polymer science lecture programs, the four key topics are the
structure, property, characterization and processing. Two topic pairings from
these essential polymer topics were created to motivate and stimulate students’
remote screen reading. Lecture slides were created using combinations such
as structure – characterisation (appendix A, figure 4), structure- processing
(appendix A, fig. 1), structure – properties (appendix A, fig. 5),
characterization – processing (appendix A, fig. 6), properties –
characterization (appendix A, fig. 3) and properties – processing (appendix A,
fig. 2) as depicted in figure 2. In the combinations, randomly selected images
or information from one topic were compared with those from the other topic
and were designed on the same screen page (see appendix). Two screen pages,
filled with different information or images, were developed for each
combination to allow consistency. The established lecture slides were placed
on several computer screens to demonstrate asynchronous learning activity
and undergraduate first, second and third-year students were tasked to review
the established contents and give their feedback. Students spent 10 minutes on
each combination and provided feedbacks on paper copies provided (see
example copies in the appendix). The paper copies were provided for
collecting students’ feedback only. A total of hundred and six (106) student
feedbacks were collected comprising forty-nine (49) first-year, thirty (30)
second-year and twenty-seven (27) third-year students. Students were given
the choice to agree, disagree or remain neutral and ratings were obtained based
on the number of agreement received for each combination. Ethical approval
for this research was granted before getting the responses from the students.
Results
Table 1 shows the overall feedback received and the information
represents the number of responses from students who agree that the
combinations stimulate interest, provide effective learning, show a clear
structure and promote good understanding.
Interest stimulation
From the responses (figure 3), it was clear that there were no
significant differences in the agreement with all the combinations from the
first-year students even though the structure-property combination appears to
dip slightly. Similarly, the second-year students gave the same response of
liking all combinations but appeared to favour the structure-property
combinations. However, year three students rated the structure-property and
property-processing higher than the rest. For year three students, the structureprocessing also appeared to overlap the structure-property responses and that
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demonstrates that the year three students favour the structural contents of the
polymer science to stimulate their interest.

Figure 3. Students’ feedback on combinations that stimulates their interest expressed in
percentages

Effective learning
It was interesting to see the structure-property combination rated
higher by the first-year students but they gave an equal rating to the rest (figure
4). It can be interpreted as recognizing and learning something new. The
second-year students also rated the structure-property higher but gave a very
low rating for the structure-characterization combination while the rest
received the same rating. The third-year students, on the other hand, gave
higher ratings for structure-property and the structure processing combinations
but rated the rest lower. The results on the effective learning can be compared
to that on the stimulation such that the year three students can be associated
with the structural-property-processing contents of the polymer science to
motivate, stimulate and enhance their learning.

Figure 4. Students’ feedback on effective learning expressed in percentages
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Students’ understanding
From figure 5, responses from first-year students indicated similar
ratings for all combinations although the characterization-processing showed
a lower rating. The second-year students rated the structure-property,
structure-processing and property-processing higher than the rest. At this
point, the second-year students can also be declared to favour the structureproperty combination to stimulate, motivate and enhance their learning. It is
also fascinating to see the structure-property, property-characterization and
property-processing combinations to be rated higher by the third year students
because that confirms the assertion made in the previous section that the third
years favour the structural-property-processing contents to motivate, stimulate
and promote effective learning.

Figure 5. Students’ feedback on the understanding obtained from the combinations
expressed in percentages

Discussions
It was observed that the students have different motivations,
stimulations and content understandings when reading polymer science
information from the computer screens in asynchronous methods. From table
1, it was fascinating to see the third-year students rating the structure-property
and the structure-processing combinations higher than the rest. Looking at
figure 6, it can be summarized that the first-year students showed no distinct
preference for their choices but the second year students appeared to favour
the structure-property combination while third-year students preferred the
structural-property-processing lecture contents. For the first-year students,
most of them might be new to the polymer topics and will appreciate any
combination because they might be curious to learn something new. For the
second year students, while some students might still be eager to learn
something new, others might have wanted to know detailed structure-property
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contents after receiving an introduction lecture during their first years. For the
third year students, it was normal to see their zeal for the structural-propertyprocessing lecture contents simply because they might be thinking of their
future careers and how they might link polymer structures with the property
as well as the processing.

Figure 6. Responses from all year group showing students’ satisfaction of the combinations
visualized on the screen expressed in percentages

This work has critically discussed and reflected on the strategies of
improving polymer science lecture contents in asynchronous recorded videos
that enhance and motivate students’ learning since online learning has
emerged in this global pandemic era. Even though asynchronous methods
were found to promote excellent engagement and deep learning among
students (Koszalka et al., 2020), the impact on the teaching of polymer
sciences has not been studied.
In this study, during the readings from the computer screens, there
must have been a cognitive organization to recognize something new, classify
information and store them in the brain before learning takes place. The clarity
of the images on the screens might have reduced their cognitive load and might
have influenced their knowledge acquisition for those combinations. The
relationship between the image clarity and perceived cognitive load that
influences stimulation and motivation can be extended to the second years
who also appeared to slight rate the structure-property images as being clear.
The first-year students, however, appeared to rate the structurecharacterization and property-characterization higher in terms of clarity and
that shows a slight difference from their previous responses. Some of them
might have favoured those combinations based on their abilities to absorb the
new information from the screens.
On another angle, most third-year students have had thorough
introductory polymer science lectures on polymer materials, molecular
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engineering, manufacturing of monomers, polymerization, physical properties
of polymers, etc. (OpenLearn, 2020). Their experiences on the subject must
have influenced their decision during the exercise because of the redundancy
effect where redundant information is eliminated to enhance learning (Yeung,
1999; Jin, 2012). The cognitive load theory explains that working memory has
a limited capacity to handle more information at a time (Sweller & Chandler,
1994; Yeung, 1999). It means that freeing some information using the
redundancy effect improves the cognitive process for effective learning. The
third-year students might have incorporated all new information from all
combinations into their schemas, processed them and classified some
redundant. They could then process and rely on the structure-propertyprocessing to enhance their learning. They may have compared the new
information with their previous schemas before their decisions were made. On
the other hand, most of the first-year students, new to most of the polymer
science contents, might have accumulated all information and might have
processed all of them without making some redundant before their
judgements. Hence, the lack of significant differences in their responses. Also,
it is worth noting that indistinct information for new students who require
additional explanatory material may be comprehensible on the part of the
third-year students because of their experience (Yeung et al. 1997). The mixed
responses from the second-year students can be attributed to emotions between
the first and the third years such that while some of their students might
prioritized information, others might absorb it all because they lack prior
knowledge.
Basic computer skills required when scanning through the computer
screen was described to influence the students’ decisions. The third-year
students who have had several years of experience using the computer or
laptop to obtain information or submit course works might have the skills to
do careful analysis and selections of salient information than the first-year
students who are new to university teaching. The third-year students’ retinas’
(figure 1) might have been trained to scan and accumulate salient information.
The information acquisition, processing and decision-making behaviour of the
second-year students were described to be between the first and the third years.
The first-year students who are new to the university teaching, without much
computer screen reading skills to capture important information, might favour
most of the combinations without careful judgements.
Implications are that the first-year students might have to process more
information for a long period and that might affect their learning and decisions.
The learning behaviour of most second-year students as seen from the results
can be described as being between the first year and the second-year students.
Therefore, it was not surprising to see the second-year students showing a
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preference for the structure-property combination as compared to the
structure, property and processing associated with the third years.
This study is important because it demonstrates that polymer science
asynchronous videos can be designed to engage and motivate students’ for
effective learning. It shows that technology has great potential for stimulating
learning and for dealing with pedagogical challenges (Raes et al., 2020) as
well as enforcing the need to train instructors, responsible for online content
developments at higher education institutions, in providing clear and concise
online information.
Conclusion
Based on the students’ agreements to each combination, results within
the modelled design demonstrate that first-year students show no strong
preferences in any asynchronous polymer science teaching resources. While
the second-year students favoured the structure-property combination, thirdyear students preferred the structural-property-processing lecture slide of the
polymer sciences. The results from this study contribute to the improvements
of polymer science online teaching and learning in material science, polymer
chemistry or engineering programmes and look forward to the investigations
on the gender differences and information types that can influence the results.
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APPENDIX A
Example questionnaires
1. Structure – Processing

2. Property – Processing
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3. Property – Characterization

4. Structure – Characterization
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5. Structure – Property

6. Characterization – Processing
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