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Abstract 
In higher education, learning management systems (LMS) are widely accepted and used 
as teaching strategies and tools. However, the question that arises is: Which principles 
are adhered to when LMSs are used to contribute positively to enhanced quality in 
teaching and learning? This paper explores the application of the identified principles 
used to support first-year (foundation) Information and Communication Technologies 
(ICT) students at the Tshwane University of Technology (TUT) when using an LMS. 
 

Introduction 
The students at TUT are primarily from underprivileged rural schools in South Africa 
and its neighbouring countries. Most of these students are underprepared for tertiary 
studies and therefore need extensive academic support (DHET, 2013). This trend is 
even more evident when students enroll for ICT courses that require problem-solving 
and mathematical skills, as the South African education system unfortunately produces 
students with inadequate mathematical knowledge and skills. In a worldwide study 
(Trends in Mathematics and Science Study [TIMSS]) done in 2011, South African 
Grade 9 learners (who wrote the Grade 8 tests) performed second lowest overall of the 
42 countries that participated in the study (Reddy, Prinsloo, Visser, Arends, Winnaar, & 
Rogers, 2012). The substandard quality of schooling in South Africa has a severe 
impact on students’ access to and possible success in further education and training 
(Spaull, 2013). 
 
Prospective ICT students gain access to TUT based on their Grade 12 results, and more 
specifically their mathematics results. There are two routes of entry into ICT at TUT, 
the first of which is when students qualify for the three-year National Diploma in ICT 
with an average of 50% and more for mathematics in Grade 12. The other route is via 
the foundation programme. If students do not have an average of 50% or more for 
mathematics, they may be admitted to the foundation programme if they have an 
average of at least 40% for mathematics. Students are also directed to the foundation 
programme if they have an average of 60% or more for the subject of mathematical 
literacy. The foundation programme lengthens the students’ studies towards the 
National Diploma in ICT by one year in an effort to fill the gaps created by inadequate 
schooling (DHET, 2013). During the one-year foundation programme, students take 
four subjects, two of which are related to academic and language development, while 
the other two are specifically focused on preparation for the ICT subjects of the 
National Diploma curriculum.  
 
An example of a lesson that can be implemented on any LMS platform will be 
presented in this paper. The purpose of the online lesson is not to replace the lecture 
given on the topic; it is rather offered as enrichment and much needed support to 
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students. This is therefore done in a blended learning environment that combines the 
properties of classroom-based teaching and learning with online learning and 
technology. Furthermore, the online subject content is set up based on the constructivist 
principles, which describe learning as active, collaborative, meaningful and reflective, 
while students also construct and control their own learning process (Ally, 2004). 
 

Literature Review 
In this literature review, constructivism, blended learning and LMS will be discussed. 
Constructivism in higher education will be explored and linked to the seven educational 
principles of Chickering and Gamson (1987).  In addition to this, blended learning and 
the use of a learning management system will be discussed.   
 
Constructivist Principles in Higher Education 
Liu and Chen (2010) defined constructivism as a theory that describes how learning and 
thinking with understanding is achieved rather than memorising copious volumes of 
information. A constructivist approach is therefore student-centred and revolves around 
the students’ “individual construction of understanding, using support from [lecturers] 
and peers” (Winstone & Millward, 2012, p. 59). Stein, Edwards, Norman, Roberts, 
Sales, Alec and Chambers (1994) argued that constructivist learning is active learning 
where students actively construct understanding from their prior and current learning 
experiences. Lecturers must facilitate the students’ acquisition of knowledge as well as 
their understanding of the content to improve their future learning experiences (Stein et 
al., 1994). When students are confronted with content based on a known, real-life 
scenario, they are more likely to engage and collaborate actively and to improve their 
leaning experience (Iverson & Colky, 2004). The role of the lecturer is therefore to 
select relevant (scenario-based) content that considers students’ abilities and improves 
students’ “deeper understanding of the content” and learning environment (Iverson & 
Colky, 2004, p. 20; Winstone & Millward, 2012, p. 59). 
 
Higher education requires students to work independently, which means that they are 
expected to take responsibility for their own learning and development (Winstone & 
Millward, 2012). However, the supportive, guiding role of the lecturer is an 
indispensable component of teaching when working with undergraduate, and especially 
foundation (first-year) students. 
 
After higher education had come under fire for not focusing on quality teaching, 
Chickering and Gamson (1987) conducted extensive research and identified seven 
principles that are essential to guide good practice in higher (undergraduate) education. 
The following principles should be applied, encouraged and developed in order to 
adhere to good practice in higher education: 

• Contact between students and lecturers 
• Cooperation and collaboration (reciprocity) among students 
• Active learning 
• Prompt feedback by lecturers 
• Time management skills 
• Creating high expectations 
• Respect for diverse talents and learning styles 
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Other authors also highlighted the importance and value of the relationship between 
good practice and constructivist principles. Iverson and Colky (2004) emphasised the 
fact that learning is “collaborative, constructive [active], contextual and metacognitive” 
(pp. 17-18). When quality of teaching and learning are considered to be good practice, 
lecturers should be encouraged to assist students to interact (collaborate) with each 
other when actively making sense of course content (Moreillon, 2015). Yaman (2010) 
argued that students “learn more effectively when they work collaboratively with a 
teacher in a small group” (p. 146).  Duffy and Cunningham (1996) concluded that 
learning takes place when students are actively involved in constructing knowledge, and 
emphasised that the lecturer plays a supportive role in this process. 
 
Blended Learning 
At many universities certain subjects are presented through a blended learning 
approach. This is also the case at TUT. However, the existing literature makes it clear 
that researchers have different opinions about what is meant by the concept of blended 
learning. One opinion is that of Köse (2010) and Osguthorpe and Graham (2003), who 
referred to blended learning as a combination of the benefits of face-to-face methods 
with those of online methods. The elements of blended learning are therefore both 
online and face-to-face learning activities, with both students and lecturers participating. 
In a study that compared the outcomes of 6 000 students in a blended learning 
environment, researchers found that supplementing online learning with face-to-face, 
hands-on activities resulted in a statistically significant improvement in students’ 
understanding of the course content (Chandler, Park, Levin, & Morse, 2013). 
 
Owston, Wideman and Murphy (2008) observed that blended learning provides more 
flexible access to learning because it allows students to work online at their own 
convenience. Kotzer and Elran (2012) stated that an online learning environment 
provides bridging between the classroom, lecturer and student. For the purposes of this 
paper, the definition of Traxler (2010) will be used. His reasoning is that blended 
learning is the integration of appropriate technologies in the curriculum to support and 
deliver successful learning.  To create this online environment, the use of a learning 
management system is the most viable solution. 
 
Learning Management Systems 
During the late 1990s, ICT started to significantly impact and influence education, and 
especially higher education, which was under pressure due to increasing numbers of 
students and limitations to the infrastructure (Dobre, 2015). More recently, another 
development that impacted higher education was the increased use of mobile devices. 
This was confirmed when Apple announced that during the first four years since the 
launch of IPads, more of those devices had been sold than any other product in Apple’s 
history (Dilger, 2014). Based on the development in ICTs and the access mobile devices 
provide, higher education was forced to investigate new ways to manage learning and 
therefore explore the use of learning management systems (Dobre, 2015).   
 
The purpose of a learning management system is to create online material for teaching 
and learning, distribute the material to the users, manage the use of the material and 
finally assess the knowledge the users achieved (Dobre, 2015). Berking and Gallagher 
(2013) claimed that a learning management system is the key to enabling technology to 
provide access to learning content and its administration at any time and from 
anywhere.  
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When online learning is investigated, it is pertinent to compare synchronous and 
asynchronous learning (Hrastinski, 2008). Asynchronous learning is self-paced learning 
independent of space, time, the lecturer or the source of teaching (Hofmann & Eaton, 
2009). The implication is that students and lecturers are neither online simultaneously 
nor in the same physical location (Hrastinski, 2008). Both lecturers and students have 
the freedom to access the learning material at any time and from any location (Roberts, 
2010). Synchronous learning is the exact opposite and allows students and lecturers to 
work together simultaneously in real time and/or at the same physical location (Huang, 
Kuo, Lin, & Cheng, 2008).  
 
Learning management systems are therefore convenient for students, allowing them to 
interact in real time with the lecturer and other students, to express opinions, to make 
suggestions, and to share knowledge and difficulties as a learning community. Coates, 
James and Baldwin (2005) and Doolittle (1999) argued that a learning management 
system provides a convenient way to do multiple assessments and provide immediate 
feedback.   
 

Discussion 
After an extensive review of the work of a number of authors (Ally, 2004; Doolittle, 
1999; Driscoll, 2000; Hein, 1991; Knabe, 2004; Savery & Duffy, 2001), the following 
implications (principles) for online learning (LMS) were chosen to be the foundation of 
this research: 
 
The first principle is that learning should be an active process. For this to occur, 
students need to apply information in practical situations. This will enable them to 
interpret the information and discover its relevance. In doing so, they construct meaning 
from their prior knowledge and experience. This learning should also take place in an 
authentic real-world scenario. Students need to get accustomed to using processes that 
will have to be followed when they are confronted with the actual problem in real life.  
 
It is also important for students to be able to construct their own knowledge. Good 
interactive online instructions can enable knowledge construction. During this process, 
the student contextualises and personalises the information at first hand so that it is not 
filtered by the lecturer. Furthermore, learning should be collaborative and cooperative. 
When students work with other students, it gives them real-life experience of group 
work. In such situations they learn from each other and use one another’s strengths.  
 
Students need to be in control of their own learning processes and accept ownership of 
their learning. When students are shown a clear, guided learning path they can make 
their own decisions about their learning goals. Also, students need to have time to 
reflect on their learning. If they are regularly given questions, they have time to reflect 
and internalise their learning while answering those questions.  
 
The students should be able to relate to the examples cited in the learning material to 
ensure that they find the learning content meaningful and that they can make sense of 
the information and apply it. Students need to interact with information and the 
environment, and with the content, their peers and the lecturers. That enables them to 
test and apply that which they have learned. 
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Students need to be assessed regularly so that adjustments can be made to the course 
based on their understanding. Lastly, it is important to keep in mind that students need 
to learn in relationship with what they already know. Their existing knowledge is 
essential for assimilating the new knowledge and for positioning it in their frame of 
reference. They do not learn in isolation, but need to see that a particular piece of 
information forms part of a bigger picture. 

To summarise, the ten principles are as follows: 
1. Learning should be an active process. 
2. Learning should take place in an authentic real-world environment.  
3. Students should construct their own knowledge.  
4. Learning should be collaborative and cooperative. 
5. Students should control their own learning process and accept ownership of their 

learning. 
6. Students need time to reflect on their learning. 
7. Students should find learning meaningful. 
8. Learning should be interactive and combined with social presence.  
9. Students should be assessed formatively.  
10. Learning is contextual. 

 
The Use of an LMS at TUT: An Example 

TUT uses Blackboard, on which the myTUTor system is based. Unfortunately, the LMS 
(myTUTor) is not used as often and effectively as envisaged and intended. The majority 
of the students do not have off-campus Internet access because of financial constraints, 
and, therefore, it is mostly used for enrichment purposes in asynchronous mode in 
dedicated computer laboratories on campus. 
 
The application of the principles for online learning will now be demonstrated by 
proposing an activity (lesson) that can be implemented on an LMS (for the subject ICT 
Foundation Mathematical Skills, which is offered in the first semester). The problems 
(questions) can be used again in the second semester in the subject ICT Foundation 
Information and Software Development Skills. The activity will then be redesigned to 
incorporate programming principles. When designing content for online learning, it is 
important to realise that it is not always possible to apply all the principles to all 
activities. 
 
The activity presennted was designed to be used in conjunction with classroom teaching 
(see Table 1). Students are encouraged to work throught this activity after having 
attended the first lecture on the topic. 
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Table 1 

Application of Principles for Online Learning 

Topic: Proportionality (direct and inverse proportions) 
 

Principles applied 

Introduction 
Students watch the following video to introduce the topic: 
https://www.youtube.com/watch?v=hHiaCx3AQXU 

Principles 1, 5, 7 
Students access and watch 
the video. 

Direct proportion 
• Watch the following video: 

https://www.youtube.com/watch?v=USmit5zUGas 
• Students study given example: 

Notebooks are sold in packs of 8 for R240.00 per pack, and you 
have bought a pack. Your friend wants to buy 5 of the 8 from 
you. How much must he pay you for 5 books? 

𝟖  𝐛𝐨𝐨𝐤𝐬   → 𝟐𝟒𝟎.𝟎𝟎 
𝟓  𝐛𝐨𝐨𝐤𝐬   → 𝐱 

𝐩𝐫𝐨𝐩𝐨𝐫𝐭𝐢𝐨𝐧:  
𝟖
𝟓
=
𝟐𝟒𝟎
𝐱

 

𝐜𝐫𝐨𝐬𝐬 −𝐦𝐮𝐥𝐭𝐢𝐩𝐥𝐲:  𝟖𝐱 = 𝟓  ×𝟐𝟒𝟎.𝟎𝟎 
𝟖𝐱 = 𝟏𝟐𝟎𝟎 

𝐱 = 𝟏𝟓𝟎 = 𝐑𝟏𝟓𝟎.𝟎𝟎 
• Students solve the following problem: 

You have your grandmother’s recipe to bake bread. The recipe 
makes 6 loaves, but you expect guests and you have to bake 15 
loaves. The original recipe uses 2.4 kg of flour. How much flour 
do you need for 15 loaves? 

 
Principles 1 - 7 
 
Students: 

• Access and watch 
the video. 

• Work through 
example (familiar 
scenario). 

• Do an exercise, 
either on their own 
or while 
collaborating with 
fellow students 
(familiar scenario). 

 

Inverse proportion  
• Inverse proportion is when an increase in one quantity causes a 

decrease in another. 
• Watch the following video: 

https://www.youtube.com/watch?v=nsdo6-VgYhU 
• Students study given example: 

In a bakery where pies are made, each employee can make 40 
pies per hour.  How long will it take 6 people to make 40 pies? 
Hint: The number of pies is constant. 

𝟏  𝐩𝐞𝐫𝐬𝐨𝐧 → 𝟏  𝐡𝐨𝐮𝐫 
𝟏𝟎  𝐩𝐞𝐨𝐩𝐥𝐞 → 𝐱  𝐡𝐨𝐮𝐫𝐬 

𝐢𝐧𝐯𝐞𝐫𝐬𝐞  𝐩𝐫𝐨𝐩𝐨𝐫𝐭𝐢𝐨𝐧:    
𝟏
𝟏𝟎

=   
𝐱
𝟏

 
 

𝐜𝐫𝐨𝐬𝐬 −𝐦𝐮𝐥𝐭𝐢𝐩𝐥𝐲:  𝟏 = 𝟏𝟎𝐱 

∴ 𝐱 =
𝟏
𝟏𝟎

  𝐡𝐨𝐮𝐫 

∴ 𝐱 =   
𝟏
𝟏𝟎

×
𝟔𝟎
𝟏
= 𝟔  𝐦𝐢𝐧𝐮𝐭𝐞𝐬 

• Students solve the following problem: 
A chicken farmer has enough feed to last his 3 600 chickens for 
10 days. If an additional 900 chickens are brought in, how long 
will the original stock of feed last? 

 
Principles 1 - 8 
 
Students: 

• Access and watch 
the video. 

• Work through 
example (familiar 
scenario). 

• Do an exercise, 
either on their own 
or while 
collaborating with 
fellow students 
(familiar scenario). 

 
 
 

Re-enforcement:  
Watch more videos: 
https://www.youtube.com/watch?v=DfxaLiFLeuM 
https://www.youtube.com/watch?v=8Ett7p36kbA 
https://www.youtube.com/watch?v=b30px8W9JUM 

 
Principles 1, 3, 5, 6 
Students access and watch 
the videos. 

Self-assessment 
Students do multiple-choice questions. See Table 2. 
Feedback is given when incorrect answers are given  (Table 3). 

 
Principles 1- 7, 9 
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Topic: Proportionality (direct and inverse proportions) 
 

Principles applied 

Formative assessment 
• Please note that the questions below have also been printed and 

handed out during lecture time.  
• Students are encouraged to use the discussion board to 

collaborate with other groups in order to solve the problems. 
• A class test will be written (date and time will be published) and 

questions similar to these questions and all the above examples 
will be included in the test. 

 
Questions: 

1. A train crash requires 24 workers to do 30 hours of work each to 
clear and repair the line. If emergency conditions require the job 
to be done in 18 hours, how many workers would be needed to 
finish in time? 

2. Altogether 35 000 people can be seated in a stadium if 70 cm is 
allowed per person. If only 65 cm is allowed per person, what 
difference will it make to the seating capacity? 

 
Principles 1 - 10 

 
In Table 2 an example of a multiple-choice assessment is given. Students can work 
through it repeatedly. The feedback for incorrect answers appears in Table 3. 

Table 2  

Self-Assessment: Do the Following Multiple-Choice Questions 
1. A baker uses 1 800 grams of flour to make 3 loaves of bread. How much flour will he use to make 

24 loaves? 
A 75 g B 14 400 g C 225 g 

2. One person can put 200 E-toll accounts into envelopes in 1 hour. How long would it take 15 people 
to put 200 accounts into envelopes? 

A 4 minutes B 10 minutes C 30 minutes 
3. Sindane has to travel 420 km. How much time will he save if he drives at a speed of 130 km/h rather 

than the legal speed limit of 120 km/h? 
A 10  

minutes 
B 16.2 minutes C 10.2 minutes 

4. A motor boat has enough fuel to operate its three pumps for 120 hours. If one pump is shut down, 
how long would the fuel last to operate the remaining pumps? 

A 360 hours B 90 hours C 180 hours 
 
Table 3  

Feedback for Incorrect Answers 
Question 1 

1800  𝑔   →   3  𝑙𝑜𝑎𝑣𝑒𝑠 
𝑥  𝑔   →   24  𝑙𝑜𝑎𝑣𝑒𝑠 

1800
𝑥

=
3
24

 

𝑐𝑟𝑜𝑠𝑠 −𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑦: 24  ×1800 = 3𝑥 
∴ 3𝑥   = 43200 

∴ 𝑥 = 14400  𝑔𝑟𝑎𝑚𝑠 

Question 2 
1  𝑝𝑒𝑟𝑠𝑜𝑛   →   1  ℎ𝑜𝑢𝑟 
15  𝑝𝑒𝑜𝑝𝑙𝑒 →   𝑥  ℎ𝑜𝑢𝑟𝑠   

𝐼𝑛𝑣𝑒𝑟𝑠𝑒  𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛:  
1
15

=
𝑥
1

 

𝑐𝑟𝑜𝑠𝑠 −𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑦: 1  ×1 = 15𝑥 
∴ 15𝑥   = 1 

∴ 𝑥   =
1
15

 

∴ 𝑥 =
1
15
×60 = 4  𝑚𝑖𝑛𝑢𝑡𝑒𝑠 
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Question 3 
420  𝑘𝑚 →   130  𝑘𝑚/ℎ 

𝑡𝑖𝑚𝑒 =   
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝑠𝑝𝑒𝑒𝑑

=   
420
130

= 3.23  ℎ𝑜𝑢𝑟𝑠 

420  𝑘𝑚 →   120  𝑘𝑚/ℎ 

𝑡𝑖𝑚𝑒 =   
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝑠𝑝𝑒𝑒𝑑

=   
420
120

= 3.5  ℎ𝑜𝑢𝑟𝑠 

𝑡𝑖𝑚𝑒  𝑠𝑎𝑣𝑒𝑑 = 3.5 − 3.23 = 0.27  ℎ𝑜𝑢𝑟𝑠 
𝑡𝑖𝑚𝑒  𝑠𝑎𝑣𝑒𝑑 = 0.27×60 = 16.2  𝑚𝑖𝑛𝑢𝑡𝑒𝑠 

Question 4 
3  𝑝𝑢𝑚𝑝𝑠   →   120  ℎ𝑜𝑢𝑟𝑠 
2  𝑝𝑢𝑚𝑝𝑠 →   𝑥  ℎ𝑜𝑢𝑟𝑠   

𝐼𝑛𝑣𝑒𝑟𝑠𝑒  𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛:  
3
2
=

𝑥
120

 

𝑐𝑟𝑜𝑠𝑠 −𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑦: 3  ×120 = 2𝑥 
∴ 2𝑥   = 360 

∴ 𝑥   = 180  ℎ𝑜𝑢𝑟𝑠 
 

 
 

Conclusion 
As mentioned above, higher education in South Africa faces a critical challenge since 
students are underprepared for tertiary studies and consequently need extensive 
academic support. This is especially true for students that enter studies in ICT-related 
programmes. Research has indicated a relationship between good practice and 
constructivism, especially where learning takes place when students are actively 
involved in constructing knowledge while the lecturer plays a supportive role in this 
process. This paper explores the application of constructivism and identified 
educational principles used to support first-year (foundation) ICT students at the 
Tshwane University of Technology while utilising an LMS. This is illustrated in an 
online learning model that is set up in an LMS and can be used across subjects. Because 
the popularity of smartphones and tablets has increased, it would be of great value if 
students would be able to use Wi-Fi on campus in the future to access the mobile 
version of the LMS from any location on campus.  
 
These principles may be useful as guidelines for other lecturers in the ICT faculty or 
other institutions who also want to implement a learning management system for their 
subjects.   
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