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   Unit 1: Principles and Practices of Computers in Teaching and Learning 

Technology cannot be integrated into classroom programmess overnight. Imagine 

yourself teaching a lesson to a classroom of students. Exactly what would you do to 

convey the necessary information? Would you use technology? If so, what 

technologies and why? If not, why not? If you are like many college students, 

computers, cell phones, and other digital tools are interfaces to your life. You 

communicate there. You think there. You create there. You take care of the day-to-

day events of your life there. You are entertained, informed, stimulated, and soothed. 

Technology provides a window into your world. But have you thought about how you 

will integrate technology into your teaching practice? 

 

Technologies in Teaching and Learning  

Technologies have been part of teaching and learning for centuries. As the types of 

technologies have changed over the years, so, too, has their importance to the 

teaching and learning process. For example, consider two functions of technology, 

communication and information storage, and how they have evolved from pre-

mechanical to mechanical to electronic and then to digital forms. 

 

By improving existing technologies and developing new technologies, information 

and communication technologies have become more accessible to the general public 

while offering increased speed and greater quality at the same time. Can you imagine 

your life without cell phones, the Internet, and other digital tools that help you 

communicate with your friends and family today? If you were a teacher when very 

simple communication and information storage tools were available—in a time we 

refer to as the pre-mechanical era—you would have had to depend on real objects 

and face-to-face communication with your students to describe the past, explain the 

present, and encourage thinking about the future. The accessibility of pre-

mechanical forms of information and communication technologies (such as quill, 

ink, and paper) and their products (such as legal proclamations and religious 

documents) were quite limited—often reserved for wealthy members of society. 

Neither the technologies nor their products were used extensively in educational 

settings. As technologies moved into the mechanical phase through the creation and 

use of the printing press, it became possible to produce greater quantities of the 

products in a form that would have allowed teachers to retrieve and use information 

over an extended period of time. Storing and communicating information became 

much easier —for teachers, students, and the general public. Reliance on face-to-face 

communication lessened as books were printed and became more plentiful and 
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accessible to wider audiences. Books were the new information technologies! As 

information technologies entered the electronic age, accessibility increased even 

further. The widespread use of the phonograph, radio, and television increased 

opportunities for communication. You may not believe it, but when these 

technologies were first introduced, they all were predicted to be valuable teaching 

tools. The development of audio and video recorders meant that information 

captured by these tools could be preserved on tape and then made available to the 

public and, of course, to educators. As technologies entered the digital phase, 

additional communication tools were developed. Word processors, digital cameras, 

e-mail, cell phones, and a continuing array of information and communication tools 

have been, and will continue to be, developed. 

 Also, because of the ease with which digital information can be duplicated and 

transferred to other locations, high-powered storage and retrieval systems and 

software have become common in places you might not consider—like your car, 

television, and refrigerator. These technologies have powerful implications for 

education. For example, you might already access your textbooks through online 

databases or websites, or listen to entire books as audio files on your MP3 player. The 

impact of technological improvements and innovations on education obviously goes 

well beyond the areas of information and communications technologies, now 

commonly referred to as ICT.  

 

Teaching Principles and Practices 

Teaching and learning are highly complex, dependent on numerous contextual 

factors - including the nature of the teacher, students, the subject matter and the 

environment(s) for teaching and learning. Nevertheless, there are some principles 

that seem to apply to many contexts. Accordingly, countries have set 

various standards for good teaching. Among these, it is extremely important that 

teachers consider various principles and theories about learning. Among 

these, constructivist ideas about learning have been very influential. Related to such 

learning principles, educators need to consider which teaching approaches are best 

for various situations. Many of the approaches to be described here can be applied to 

teaching and learning in any subject area but our focus will be on teaching ICT and 

with ICT. Nevertheless, teachers must also be aware of pedagogical content 

knowledge (PCK) - that is, knowledge about general teaching approaches and how 

they should be used for different subjects. Therefore, although the general 

approaches below can be used for many subject areas, ICT teachers should also 

consider approaches that have been tailored for particular subjects such 

as for science and technology education. Finally, it must be stressed that teaching 

and learning are dynamic. Educators need to continually review and evaluate 

teaching and learning and make efforts to improve them.  

 

TPACK Model of Integration 
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The TPACK model is an acronym for Technological Pedagogical Content Knowledge. 

The Technology Integration model was proposed by Punya Mishra and Matthew 

Koehler in 2006 via their text Technological Pedagogical Content Knowledge: A 

Framework for Teacher Knowledge. Their findings build on the Pedagogical Content 

Knowledge (PCK) framework first proposed by Lee Shulman’s 1986 work, Those Who 

Understand: Knowledge Growth in Teaching. Shulman’s initial conception of the 

PCK model focused on the pedagogical context and the content context. The PCK 

model focuses on how the way educators teach and what they teach need to be 

equally represented in order to present an optimal learning experience. The PCK 

model is depicted in Figure 1. 

 

Figure 1. The PCK Model. Adapted from Wells (2017) 

 

Mishra and Koehler (2006) expanded upon this foundational text by adding the 

technological impact associated with a more modern learning environment and 

pedagogical approach (Ling, Chai, & Tay, 2014). The TPACK model highlights areas 

of overlap between the three core components of technological implementation and 

integration into a learning environment. The idealized state is where all three of 

these contexts meet in the combined TPACK competency where technology is 

successfully incorporated into a learning environment as it meets both the 

pedagogical and content-based knowledge in a meaningful and useful way for both 

learners and teachers. Figure 2 illustrates this overlap and the ideal state for 

technological integration. 
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Figure 2. The TPACK Model. Adapted from Mishra & Koehler (2006) 

Background Information 

The TPACK model is expressed through an overlapping Venn diagram where the 

various knowledges cumulate in the optimal experience where pedogeological, 

content, and technological knowledges are balanced in the TPACK structure. Each 

knowledge component has a very important role in the successful integration of 

technology within the classroom. 

 

Technological Knowledge 

The Technological Knowledge (TK) is an interesting part of this model because it is 

hard to define due to the constant change of new and emerging technologies. Due to 

the changing dynamics of the technology accessible to learners and teachers, it is 

important that educators have a broad understanding of the available technologies 

and emerging technologies and how they can be productively integrated within their 

curriculum (Mishra & Koehler, 2006). 

 

Pedagogical Knowledge 

Pedagogical Knowledge (PK) refers to the way in which the educator presents 

content to their students in an effective way and addressing challenges or 

misconceptions from the learner. Mishra and Koehler describe the pedagogical 

context as, “knowing what teaching approaches fit the content, and likewise, knowing 

how elements of the content can be arranged for better teaching” (2006, p.1027). 
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Content Knowledge 

Content Knowledge (CK) is exactly what the term suggests which is the actual 

knowledge about a specific field or subject matter (Mishra & Koehler, 2006). 

Educators are expected to be experts in the field of study they teach and the scope of 

complexity of which it is presented to the learner. Educators must have the 

fundamental backgrounds and understandings for their specific field of study 

otherwise there could me a misrepresentation or communication of the facts thereby 

confusing or misleading their students (Ball & McDiarmid, 1990). 

 

The Ideal Overlap 

It is important to remember that although each context knowledge is an important 

part of the TPACK model, it is stressed that each part is reliant on the other. One 

context or competency cannot function efficiently on its own. For example, although 

it is important for an educator to be extremely knowledgeable about the topic they 

are teaching without a pedagogical understanding of how to present or teach the 

material in a meaningful way defeats the purpose of cultivating content-based 

expertise. The overlap between pedagogical, technological, and content based 

knowledges represents an ideal balance within the classroom. 

 

Applications: TPACK in the Classroom 

Implementing meaningful technology within any classroom can be a daunting task. 

Thorough evaluation of a tech-based tool that seamlessly integrates into a 

predetermined curriculum must be justifiable and provide an elevated learning 

experience without feeling cumbersome or irrelevant. 

 

TPACK and 21st Century Skills 

John Dewey famously said, “If we teach today’s students as we taught yesterday’s, we 

rob them of tomorrow.” This sentiment resonates deeply within today’s educational 

climate. Educators must teach in a forward-thinking way. Implementing 21st 

Century Skills into the classroom has become an increasingly important aspect of 

curriculum planning and implementation. Integrating technology and technological 

literacy has become an ever-evolving scope within the modern curriculum and 

learning environment. These skills are more than just introducing students to 

particular technologies and the ability to use them, but rather highlight the 

importance of transferring these skills to relevant real-world applications. 

 

Selecting Technology: In order to integrate technology into the classroom, it is 

important to remember that less can be more. Rather than attempting to incorporate 

a new and innovative technology that claims to tick off all of the items on your tech-

tool wish list, it is advisable to use tried and tested technologies that have proven 
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payoffs. From a teacher’s perspective, using an easy to learn and intuitive technology 

is key to success. Aside from learning and mastering the technology themselves, they 

must consider their students’ diverse needs, accommodations, and affordances. 

Using a tool like TEDED is an efficient way to include multimedia, assessment, and 

customization in order to heighten student engagement. The platform is easily 

accessible and does not include fees thereby being accessible to all educators and 

learners. 

 

Potential Barriers: Although the TPACK model synthesizes three main 

components for the successful integration of technology within the classroom, there 

are innate barriers associated with the model. Three main factors that contribute to 

these barriers include teacher perceptions of technology, school culture or policies, 

and physical access to technology. 

 

Suggested Solutions: An important part of the TPACK model is cultivating a 

positive culture between educators where they can share their experiences with each 

other regarding their trials and errors associated with integrating technology within 

their classrooms. Each educator’s experience, whether deemed to be a success or 

challenge, allows others to learn from the trials and tribulations and find other 

effective ways to integrate tools into their lessons. If their collective experiences are 

shared in an open and accessible forum, mistakes or challenges can be mitigated 

rather than repeated. Creating this open dialogue also allows for educators to share 

tech-tools that are easily accessible and do not include monthly or annual fees to the 

user or institution. These forms of dialogue help limit or remove the barriers 

associated with institutional policies and the need for expensive subscriptions and 

increase the overall accessibility to technology through smart integration of 

collaborative technological tools. 

 

TPACK Toolkit: Successfully Unpacking TPACK 

Considering the possible barriers and limitations associated with implementing new 

technologies within the classroom, it is important to mitigate these possible 

challenges in the planning stages when incorporating a meaningful technology. It is 

crucial to ensure that the tool being utilized does not detract from learning objectives 

due to burdensome features. These features include excessive time needed for the 

educator and students to learn a new technology or platform, excessive fees 

associated with the tool, or issues with compatibility. To decrease the likelihood of 

running into these challenges, it is important to select a tool that is user-friendly and 

easily adapted to classroom materials. 

 

An example of an accessible tool to all classrooms is TEDED. This tool successfully 

balances the various contexts of the TPACK model. The platform integrates and 

balances the technological, content, and pedagogical contexts to ensure a meaningful 
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learning process. TEDED provides specified content on a specific area of interest. 

This content is carefully curated into a concise lesson plan. The content is organized 

in digestible sections and follows the elaboration theory to ensure that student 

interaction with the material fulfills pedagogical principles. Educators can easily 

customize and manipulate the lesson plan to ensure the content fits classroom 

material relevant to students. The overall process strikes the unique balance 

suggested by the TPACK model in order to ensure seamless and meaningful 

integration of technology within a learning environment. 

 

Conclusions and Future Recommendations 

The TPACK model suggests the perfect combination of pedagogical, content, and 

technological competencies in order for educators to provide the most rounded 

educational experience. The model in a lot of ways assumes that providing this level 

of educational experience can be obtained, however, there are various barriers and 

obstacles that inhibit the proper integration of technology within the classroom. 

 

As it stands, teachers are constantly being stretched thin to meet curriculum 

standards, participate in extracurricular activities, overcome institutional barriers, 

and manage large classes to name a few of their daily burdens (Ertmer, 1999). To 

suggest that teachers need to update their technological skills in a culture where new 

technologies are being developed and released is a big ask. For this reason, some 

teachers will continue to have a negative perspective on the need or requirement to 

integrate new technologies into the classroom. Aside from this demand, teachers who 

are innovative and embrace the use of technology are faced with institutional 

constraints including budgetary limitations and a lack of accessibility to technology. 

This disconnect creates frustration as their efforts to embrace 21st Century Skill 

building is railroaded. 

 

It is important to recognize that the TPACK model represents an ideal scenario. In 

order to meet this ideal or come close to achieving this within a classroom, the 

standards for integration have to be attainable. Incorporating technologies that are 

inexpensive or free to the user, as well as ones that are intuitive and easy to learn, are 

the cornerstone of successful integration of tech-tools within the classroom. It is 

important for educators to vet and evaluate technology-based tools before 

implementing them into their classroom to ensure that learning is optimized through 

the use of technology rather than simply acting as a hollow expectation. 

 
Specific Teaching and Learning Approaches 
The strategies outlined below can be used for many teaching and learning situations, 
with appropriate variations for subject matter (e.g., PCK), for student grade level, for 
various language-cultural contexts, etc. Strategies included here are:  

i. Lecturing,  

http://www.htep.ualberta.ca/concepts/pck.htm
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ii. Socratic Instruction,  
iii. Concept Attainment,  
iv. Concept Formation,  
v. Cooperative Group Learning. 

 

1. Lecturing 

In some situations, the teacher may find that it is beneficial to lecture students, often 

aided with media (e.g., chalkboard and/or transparencies and overhead projector 

and/or digital projector connected to a computer, possibly using 'slide-show software 

such as PowerPoint and possibly connected to the Web. Lectures may or may not be 

effective, however depending on how the teacher crafts the instruction. Some, but 

not all, students enjoy being told about ideas, have good listening habits and 

attention span and language comprehension. This is where the use of technology 

comes in handy. There is no gainsaying about the fact that the use of technology in 

teaching and learning has become so prevalent that both teachers and students have 

no excuse whatsoever not to use it. Since the turn of the 21st century, significant 

progress has been made in our understanding of the human brain. Neuroscientists’ 

research helps us now to recognize the role of the right and left hemisphere, how 

males develop more slowly than females in adolescence, the importance of the pre-

frontal cortex, and what causes us to both remember and forget ideas. Some of the 

most profound discoveries inform us of the importance of imagery/pictures and 

videos within our thoughts and actions. These insights we now possess should 

stimulate leaders and educators toward the use of images and metaphors in their 

communication. Pictures always have a lasting memory and therefore in order not to 

make lecturing boring, teachers can download related images which are numerous 

online and add them to their presentations to make them more interesting and 

deepen understanding.  

 
2. Socratic Instruction 
 
It is common to begin the instructional part of a lesson with an interactive 
discussion, in which the teacher asks students a series of questions - often based on 
concrete phenomena and/or a teacher demonstration. These should be used with 
somewhat more student-directed activities, however, to consolidate the ideas. The 
oldest, and still the most powerful, teaching tactic for fostering critical thinking is 
Socratic teaching. In Socratic teaching we focus on giving students questions, not 
answers. We model an inquiring, probing mind by continually probing into the 
subject with questions. Fortunately, the abilities we gain by focusing on the elements 
of reasoning in a disciplined and self-assessing way, and the logical relationships that 
result from such disciplined thought, prepare us for Socratic questioning. In line with 
asking divergent, as well as convergent questions. Teachers also should spread their 
questions along Bloom's Taxonomy of the Cognitive Domain. 
 
A fundamental teacher “skill” (requiring some practice) is that of giving students 
time to think after asking one or more students a question. Different students require 
different amounts of “wait time”. Teachers should acknowledge this, giving 'slower' 
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students more opportunities for engagement in class discussions, although there will 
be a point at which the teacher can wait too long, and 'faster' students lose interest. 
So, this should be done with utmost care. 
During Socratic discussions, as well as during lectures, it often is helpful for 
instructors to use visual aids of various sorts and this is where technology comes in 
handy. To stimulate discussions, students could be made to watch a video of a 
phenomenon or a process where teachers direct them to pay special attention to 
some areas of interest to enable them answer the questions posed to them. 
 

3. Concept Attainment 
 
This is a guided inquiry approach, in which students develop understanding through 
comparison of phenomena that have common characteristics with those that do not. 
A good explanation of this approach is as follows; 

Suppose you are an art teacher. This week, you want to introduce your students to 
Impressionism, the style of painting used by artists like Monet and Renoir. Now, 
you could just give them the name of the style and a definition, then show some 
examples. 

OR!!! 

Using a strategy called Concept Attainment, you could reverse that order. Instead of 
providing any terminology or any kind of definition, you could simply tell students 
that you’re going to study a new style. To learn the style, you’ll show them paintings 
that use that style, and paintings that don’t — Yes and No examples. Their job will be 
to come up with a list of characteristics that they think define the style. You begin 
with this first Yes example: 

 

 Then a No example: 
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Followed by this one, another Yes example: 

 

 

Then another No: 
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As students study the examples, students work to develop a definition, or a list of 

characteristics common to all the Yes examples. Once they have done this, you give 

them more Yes examples to test and refine their list. Ultimately, students arrive at a 

thoughtfully crafted definition of Impressionism — one that will stick with them 

much longer than if you had just given it to them to begin with. 

 

4. Concept Formation 
 

 Concept formation is a guided inquiry technique, in which students are asked to 
examine and classify phenomena inductively; that is, from specific instances to 
general principles. Theories of concepts and concept formation are those which try to 
understand and explain the principles and ways concepts are formed and how the 
thinking process as a whole develops. 

Concept formation is one of the basic terms in the theory of cognitive development 
of Jean Piaget. Children loved talking to Jean Piaget, and he learned much by 
listening to them carefully—especially to their explanations, which no one had paid 
attention to before. All his life, Piaget was absorbed with studying the way children 
think, form concepts in their mind, and gain knowledge about the world as they 
grow. His research revealed that children begin by classifying based on concrete, 
physical attributes, later forming abstract concepts, developing hierarchical 
structures, and being able to perform complex transformations. 

The development of language also involves concept formation. While some aspects, 
such as name learning, may be based on the same principles as discrimination 
learning, grammatical structures and their transformations involve complex concept 
formation. 

The sociocultural theory of Lev Vygotsky seeks to explain persons' knowledge and the 
process of concept formation in terms of the guidance, support, and structure 
provided by the elders and the society as a whole, according to its social values and 
societal principles. This approach is particularly significant in studying the 
development and learning of cultural beliefs and other subjective concepts that are 
based more on human interpretation than on purely objective features of the physical 
world. 

Computers have provided scientists with a way to develop and test models that can 
be used to understand human thinking more thoroughly. The calculation of possible 
moves when playing chess is one example. In these applications, a machine is 
essentially performing the process of problem solving used in concept formation. 
Many aspects of human concept formation have not yet been successfully modelled 
by computer, yet there is also no evidence that human concept formation is based on 
any method of handling information that could not be programmed into a machine. 

In medicine, physicians are interested in structural and functional imaging of brain 
(which is done through computers) for diagnostic purposes in order to make the 
treatment more effective. At the same time, researchers obtain new knowledge about 
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the functions of higher mental processes, including the process of concept formation. 
Contemporary neuroscientists use four computerized techniques—microelectrodes, 
macroelectrodes, structural imaging, and functional imaging—to understand and to 
diagnose the principles of brain work. 

5. Cooperative (Group) Learning 
 
This is the general term for a variety of approaches that encourage students to share 
their learning.  
Cooperative Learning, sometimes called small-group learning, is an instructional 
strategy in which small groups of students work together on a common task. The task 
can be as simple as solving a multi-step math problem together, or as complex as 
developing a design for a new kind of school using computing tools. In some cases, 
each group member is individually accountable for part of the task; in other cases, 
group members work together without formal role assignments. 
 
According to David Johnson and Roger Johnson (1999), there are five basic elements 
that allow successful small-group learning: 
 
Positive interdependence: Students feel responsible for their own and the group's 
effort. 
 
Face-to-face interaction: Students encourage and support one another; the 
environment encourages discussion and eye contact. 
 
Individual and group accountability: Each student is responsible for doing their 
part; the group is accountable for meeting its goal. 
 
Group behaviours: Group members gain direct instruction in the interpersonal, 
social, and collaborative skills needed to work with others occurs. 
 
Group processing: Group members analyse their own and the group's ability to work 
together. 
 
Cooperative learning changes students' and teachers' roles in classrooms. The 
ownership of teaching and learning is shared by groups of students, and is no longer 
the sole responsibility of the teacher. The authority of setting goals, assessing 
learning, and facilitating learning is shared by all. Students have more opportunities 
to actively participate in their learning, question and challenge each other, share and 
discuss their ideas, and internalize their learning. Along with improving academic 
learning, cooperative learning helps students engage in thoughtful discourse and 
examine different perspectives, and it has been proven to increase students' self-
esteem, motivation, and empathy. 
 
Some challenges of using cooperative learning include releasing the control of 
learning, managing noise levels, resolving conflicts, and assessing student learning. 
Carefully structured activities can help students learn the skills to work together 
successfully, and structured discussion and reflection on group process can help 
avoid some problems. 
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Why Is Cooperative Learning Important? 
The authors of Classroom Instruction that Works cite research showing that 
organizing students in cooperative learning groups can lead to a gain as high as 28 
percentiles in measured student achievement (Marzano, Pickering, and Pollock 
2001). 
 
Other researchers report that cooperation typically results in higher group and 
individual achievement, healthier relationships with peers, more metacognition, and 
greater psychological health and self-esteem (Johnson and Johnson 1989). 
 
When implemented well, cooperative learning encourages achievement, student 
discussion, active learning, student confidence, and motivation. The skills students 
develop while collaborating with others are different from the skills students develop 
while working independently. As more businesses organize employees into teams 
and task forces, the skills necessary to be a "team player" (e.g., verbalizing and 
justifying ideas, handling conflicts, collaborating, building consensus, and 
disagreeing politely) are becoming more valuable and useful. Using cooperative 
groups to accomplish academic tasks not only provides opportunities for students to 
develop interpersonal skills but also gives them authentic experiences that will help 
them be successful in their future careers. When students work with computers in 
groups, they cluster and interact with each other for advice and mutual help. And 
given the option to work individually or in a group, the students generally wish to 
work together in computer-based and non-computer-based activities. Reflecting on 
this phenomenon, the computer fosters this positive social behaviour due to the fact 
that it has a display monitor just like a television on set that is looked upon as 
something communal. Therefore, researchers agree that the computer is fairly 
natural learning vehicle for cooperative (at times called promotive) learning. 

 

 

The importance of images and video use in Teaching and Learning 

 

Given below are some of the reasons why images and videos should accompany all 

the practices highlighted above should a teacher decide to use them: 

i. The majority of people are visual learners. 

According to Mind Tools, 65% of the human population are visual learners. That is 

two out of every three people you will communicate with today. This is huge. An even 

greater percentage thinks using pictures. If I was to say the word “elephant” to my 

pupils in a class, most would picture a big grey animal, not the letters “E-L-E-P-H-A-

N-T.” Approximately nine out of ten brains work this way. This is a simple reminder 

that students/pupils think using images. So if our message is to penetrate with a 

deeper understanding, this is how we must communicate during lectures. Teaching 

this way is organic. Aristotle said it best: “The soul does not think without a picture.” 
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ii. Pictures stick 

Research reports that visual aids in the classroom improve learning by 400%. We 

like to see a picture, not just hear a word. We remember pictures long after words 

have left us. We retain the stories in speeches more than the words. We remember 

scenarios, faces, colours, why? They paint a picture in a crowded world of content. 

Post-modern society is a world saturated with data. People process approximately 

1,000 messages a day, digitally and personally. The only hope we have of our 

message sticking is to insure it contains pictures thus teachers are very much 

encouraged to use them. 

 

iii. Metaphors can provide a language for people 

When an image represents a truth or a principle, it can furnish an organisation for 

understanding a topic or even how to approach a project, or a situation. The pictures 

make concepts memorable and employable. When someone views the image, they 

rapidly associate it with the principle. This enables imagery to play a primary role in 

creating culture in an organization because every culture speaks a language. A set of 

images can quite literally represent an entire value system or set of behaviours an 

organization desires team members to embrace. 

iv. Pictures can accelerate understanding 

When an instructor uses an image to represent a timeless principle, comprehension 

deepens and accelerates. There is significant impact on the learner when a visual aid 

is connected to a verbal explanation. It actually speeds up the learning process. The 

brain processes visual information 60,000 times faster than text. People 

comprehend (in their head) faster when they form a picture in their heart. The entire 

brain is engaged. This means images can accelerate both learning important concepts 

and applying them to life. 

 

Effective educational videos for teaching and learning 

Video has become an important part of education. It is integrated as part of 

traditional courses, serves as a cornerstone of many blended courses especially 

during the Covid-19 lockdown, and is often the main information delivery 

mechanism in MOOC (Massive Open Online Courses). Several meta-analyses have 

shown that technology can enhance learning and multiple studies have shown that 

video, specifically, can be a highly effective educational tool for instruction. In order 

for video to serve as a productive part of a learning experience, however, it is 

important for the instructor to consider three elements for video design and 

implementation: 

1. cognitive load 
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2. non-cognitive elements that impact engagement 

3. features that promote active learning 

  

 

 

Cognitive Load 

One of the primary considerations when constructing educational materials for 

teaching, including video, is cognitive load. Cognitive Load Theory, initially 

articulated by Sweller and colleagues (1988, 1989, 1994), suggests that memory has 

several components (see the figure below). Sensory memory is brief, collecting 

information from the environment. 
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 Information from sensory memory may be selected for temporary storage and 

processing in working memory which has very low capacity. This processing is a 

prerequisite for encoding into long-term memory, which has virtually unlimited 

capacity. Because working memory is very limited, the learner must be selective 

about what information from sensory memory to pay attention to during the learning 

process, an observation that has important implications for creating and using 

educational materials. 

Based on this model of memory, Cognitive Load Theory suggests that any learning 

experience has three components. The first of these is intrinsic load, which is 

inherent to the subject under study and is determined in part by the degrees of 

connectivity within the subject. The common example given to illustrate a subject 

with low intrinsic load is a word pair (e.g., blue), whereas grammar is a subject with a 

high intrinsic load due to its many levels of connectivity and conditional 

relationships. The second component of any learning experience is germane 

load, which is the level of cognitive activity necessary to reach the desired learning 

outcome – for example to make the comparisons, do the analysis, clarify the steps 

necessary to master the lesson. The ultimate goal of these activities is for the learner 

to incorporate the subject under study into a schema of richly connected ideas. The 

third component of a learning experience is extraneous load, which is cognitive 

effort that does not help the learner toward the desired learning outcome. It is often 

characterized as load that arises from a poorly designed lesson (e.g., confusing 

instructions, extra information). These definitions have implications for design of 

educational materials and experiences. Specifically, instructors should seek to 

minimize extraneous cognitive load and should consider the intrinsic cognitive load 

of the subject when constructing learning experiences, carefully structuring them 

when the material has high intrinsic load. Because working memory has a limited 

capacity, and information must be processed by working memory to be encoded in 

long term memory, it is important to prompt working memory to accept, process, 

and send to long-term memory only, the most crucial information. 

 

Recommendations for using videos in teaching and learning 

 

Several recommendations about educational videos have been made. Based on the 

premise that effective learning experiences minimize extraneous cognitive load, 

optimize germane cognitive load, and manage intrinsic cognitive lead, four effective 

practices emerge: 

 

a. Signalling 

b. Segmenting 

c. Weeding 

d. Matching modality 

 

Signalling: This is also known as cueing, is the use of on-screen text or symbols to 

highlight important information. For example, signalling may be provided by the 
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appearance of two or three key, a change in colour or contrast, or a symbol that 

draws attention to a region of a screen (e.g. bulleting). By highlighting the key 

information, it helps direct learner attention, thus targeting particular elements of 

the video for processing in the working memory. This can reduce extraneous load by 

helping novice learners with the task of determining which elements within a 

complex tool are important, and it can also increase germane load by emphasizing 

the organization of and connections within the information. This approach improves 

students’ ability to retain and transfer new knowledge from animations, and that 

these effects extend to video. 

Segmenting: Is the chunking of information to allow learners to engage with small 

pieces of new information as well as to give them control over the flow of new 

information. As such, it manages intrinsic load and can also increase germane load 

by emphasizing the structure of the information. Segmenting can be accomplished 

both by making shorter videos and by including “click forward” pauses within a 

video, such as using YouTube Annotate or HapYak to provide students with a 

question and prompting them to click forward after completion. Both types of 

segmenting have been shown to be important for student engagement with videos. 

 

Weeding: Is the elimination of interesting but extraneous information from the 

video, that is, information that does not contribute to the learning goal. For example, 

music, complex backgrounds, or extra features within an animation require the 

learner to judge whether he should be paying attention to them, which increases 

extraneous load and can reduce learning. Importantly, information that increases 

extraneous load changes as the learner moves from novice toward expert status. That 

is, information that may be extraneous for a novice learner may actually be helpful 

for a more expert-like learner, while information that is essential for a novice may 

serve as an already-known distraction for an expert. Thus, it is important that the 

instructor consider her learners when weeding educational videos, including 

information that is necessary for their processing but eliminating information that 

they do not need to reach the learning goal and that may overload their working 

memory. This treatment can improve retention and transfer of new information from 

video. 

 

Matching modality: Is the process of using both the audio/verbal channel and the 

visual/pictorial channel to convey new information, fitting the particular type of 

information to the most appropriate channel. For example, showing an animation of 

a process on screen while narrating it uses both channels to explain the process, thus 

giving the learner dual and complementary streams of information to highlight 

features that should be processed in working memory. In contrast, showing the 

animation while also showing printed text uses only the visual channel and thus 

overloads this channel and impedes learning. In another example, using a “talking 

head” video to explain a complex process makes productive use only of the verbal 

channel because watching the speaker does not convey additional information. Using 

both channels to convey appropriate and complementary information has been 
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shown to increase students’ retention and ability to transfer information and to 

increase student engagement with videos. The table below gives a brief summary of 

how and why to use these practices. 

 
 

 

Student Engagement 

One of the most important aspects of creating educational videos is to include 

elements that help promote student engagement. If students do not watch the videos, 

they cannot learn from them.  Lessons on promoting student engagement derive 

from earlier research on multimedia instruction as well as more recent work on 

videos used within MOOCs. 

 

1. Keep it short.  

The length of time students watch streaming videos should be short.  The median 

engagement time for videos less than six minutes long is close to 100% – that is, 

students tend to watch the whole video. As videos lengthen, student engagement 

drops off, such that the median engagement time with 9-12-minute videos is ~50% 

and the median engagement time with 12-40-minute videos is ~20%. Making videos 

longer than 6-9 minutes is therefore likely to be wasted effort. so teachers are advised 

to use videos that are short for instruction. 
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2. Use a conversational style 

Called the personalization principle by Richard Meyer, the use of conversational 

rather than formal language during multimedia instruction has been shown to 

have a large effect on students’ learning, perhaps because a conversational style 

encourages students to develop sense of social partnership with the narrator that 

leads to greater engagement and effort (Meyer, 2008). 

 

3. Speak relatively quickly and with enthusiasm 

 Examining student engagement with MOOC videos, it has been observed that 

student engagement is dependent on the narrator’s speaking rate, with student 

engagement increasing as speaking rate increases. It can be tempting for video 

narrators to speak slowly to help ensure that students grasp important ideas, but 

including in-video questions, “chapters”, and speed control can give students control 

over this feature—and increasing narrator speed appears to promote student interest. 

 

4. Make sure the material feels like it is for these students in this class 

 One of the benefits for instructors in creating educational videos is the ability to 

reuse them for other classes and other academic school years. When reusing videos, 
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it is important to package them with text outside the video to contextualize them for 

the particular class for which they are being used. Further, it is important to create 

them for the type of environment in which they will be used.  

 

5. Match modality 

While this consideration is important for managing cognitive load, it is also relevant 

to promoting student engagement. When telling a story, it can be very effective to 

show the storyteller’s face or to show an animation of the story. When solving a 

problem, videos are particularly helpful, showing students step-by-step with 

narration how to work through the problem. When teaching about an invisible 

phenomenon, it can be helpful to provide an illustration. In each case, providing 

visual elements that add to the lesson can not only promote student understanding 

but also engagement with the lesson – for example, showing a video of how insects 

pollinate flowers in a plant reproduction class. 

 

What research has to say on students’ active learning using video 

To help students get the most out of an educational video, it is important to provide 

tools to help them process the information and to monitor their own understanding. 

There are multiple ways to do this effectively. 

• Use guiding questions: Lawson and colleagues examined the impact of 

guiding questions on students’ learning from a video about social psychology 

in an introductory psychology class (2006). Building on work from Kreiner 

(1997), they had students in some sections of the course watch the video with 

no special instructions, while students in other sections of the course were 

provided with eight guiding questions to consider while watching. The 

students who answered the guiding questions while watching the video scored 

significantly higher on a later test. What does this mean to you? 

 

• Use interactive features that give students control: Zhang and 

colleagues compared the impact of interactive and non-interactive video on 

students learning in a computer science course (2006). Students who were 
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able to control movement through the video, selecting important sections to 

review and moving backwards when desired, demonstrated better 

achievement of learning outcomes and greater satisfaction. One simple way to 

achieve this level of interactivity is by using YouTube Annotate, HapYak, or 

another tool to introduce labelled “chapters” into a video. This not only has 

the benefit of giving students control, but also can demonstrate the 

organization, increasing the germane load of the lesson. 

• Integrate questions into the video: Tools like HapYak can allow 

instructors to incorporate questions directly into video and to give feedback 

based on student response. Vural compared the effect of video with embedded 

questions to interactive video without embedded questions in pre-service 

teachers, finding that the embedded questions improved the students’ 

performance on subsequent quizzes (2013). 

• Make video part of a larger homework assignment: Faizan Zubair and 

Mary Keithly are each part of the BOLD Fellows program at Vanderbilt 

University, in which graduate students develop online learning materials for 

incorporation into a faculty mentor’s course. Faizan developed videos that 

were embedded in a larger homework assignment in Paul Laibinis’ Chemical 

Engineering class, and found that students valued the videos and that the 

videos improved students’ understanding of difficult concepts when compared 

to a semester when the videos were not used in conjunction with the 

homework. Mary worked with Kathy Friedman to develop videos and follow-

up questions to serve as pre-class preparation in a genetics class. Although 

there was no apparent change to learning outcomes in the class, students 

valued the videos and post-video questions as learning tools and thought that 

they were effective for promoting student understanding. 

The important thing to keep in mind is that watching a video can be a passive 

experience, much as reading can be. To make the most of our educational videos, we 

need to help students do the processing and self-evaluation that will lead to the 

learning we want to see. The particular way you do this should be guided by goals of 

the course and the norms of your discipline. 
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Summary 

Videos can be an effective tool in your teaching tool kit. When incorporating videos 

into a lesson, it’s important to keep in mind the three key components of cognitive 

load, elements that impact engagement, and elements that promote active learning. 

Luckily, consideration of these elements converges on a few recommendations: 

• Keep videos brief and targeted on learning goals. 

• Use audio and visual elements to convey appropriate parts of an explanation; 

make them complementary rather than redundant. 

• Use signalling to highlight important ideas or concepts. 

• Use a conversational, enthusiastic style to enhance engagement. 

• Embed videos in a context of active learning by using guiding questions, 

interactive elements, or associated homework assignments. 

 

What are the main purposes of learning in the technologies?  

Learning in the technologies enables children and young people to be informed, 

skilled, thoughtful, adaptable and enterprising citizens, and to:  

• develop understanding of the role and impact of technologies in changing and 

influencing societies  

• contribute to building a better world by taking responsible ethical actions to 

improve their lives, the lives of others and the environment  

• gain the skills and confidence to embrace and use technologies now and in the 

future, at home, at work and in the wider community  

• become informed consumers and producers who have an appreciation of the merits 

and impacts of products and services  
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• be capable of making reasoned choices relating to the environment, to sustainable 

development and to ethical, economic and cultural issues  

• broaden their understanding of the role that information and communications 

technology (ICT) has in Scotland and in the global community  

• broaden their understanding of the applications and concepts behind technological 

thinking, including the nature of engineering and the links between the technologies 

and the sciences  

• experience work-related learning, establish firm foundations for lifelong learning 

and, for some, for specialised study and a diverse range of careers. Technologies: 

principles and practice  

How are the technologies experiences and outcomes organised?  

The technologies framework has been organised to offer opportunities for 

personalisation and choice using diverse contexts for learning. The technologies 

framework has six organisers, namely:  

• technological developments in society  

• ICT to enhance learning  

• business  

• computing science  

• food and textiles  

• craft, design, engineering and graphics.  

The final four organisers are contexts for developing technological skills and 

knowledge. These organisers recognise the special contribution made by each context 

for learning, whilst enabling teachers to plan opportunities to reflect individual and 

local needs. The important purposes of the technologies depend upon effective 

interdisciplinary working through connections across and between subject 
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boundaries. It is important that teachers do not feel constrained by the organisers 

but view them as opportunities for children and young people to experience the 

differing contexts for learning. In secondary schools, teachers of business education, 

computing, home economics and technical education will recognise how they can 

make their specialist contributions within the framework. Schools and teachers will 

plan different combinations of the experiences and outcomes to provide programmes 

that meet young people’s needs and provide a sound basis for more advanced study 

within an area of specialism. As in other curriculum areas, the fourth level 

experiences and outcomes provide possibilities for choice: it is not intended that any 

individual young person’s programme of learning would include all of the fourth 

level outcomes. Teachers in their planning will use the framework to ensure that 

children and young people develop their understanding of important themes such as 

the impact of technology, informed attitudes to technology, sustainability, and social, 

economic and ethical issues. These will underpin and continually reinforce learning 

within the technologies. The framework contains some statements which span two 

levels. These provide space for teachers to plan for progression over an extended 

period of time, enabling children and young people to explore contexts in increasing 

depth and develop their creativity through independent learning. The framework 

allows opportunity for personalisation and choice, depth and relevance. The level of 

achievement at the fourth level has been designed to approximate to that associated 

with SCQF level 4. The technologies framework offers children and young people 

opportunities to develop a set of skills that can be utilised in Skills for Work 

programmes.  

What skills are developed in the technologies?  

The technologies provide frequent opportunities for active learning in creative and 

work-related contexts. Learning in the technologies thus provides opportunities to 

continually develop, use and extend skills that are essential components for life, work 

and learning, now and in the future, including planning and organisational skills. 

Learning in the technologies therefore makes a strong contribution to achieving the 

aim clearly articulated in Skills for Scotland: a Lifelong Learning Strategy of 

‘…ensuring that Curriculum for Excellence provides vocational learning and the 

employability skills needed for the world of work and is the foundation for skills 
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development throughout life’. Well-designed practical activities in the technologies 

offer children and young people opportunities to develop:  

• curiosity and problem-solving skills, a capacity to work with others and take 

initiative  

• planning and organisational skills in a range of contexts  

• creativity and innovation, for example though ICT and computer aided design and 

manufacturing approaches  

• skills in using tools, equipment, software and materials  

• skills in collaborating, leading and interacting with others Technologies: principles 

and practice 2  

• critical thinking through exploration and discovery within a range of learning 

contexts  

• discussion and debate  

• searching and retrieving information to inform thinking within diverse learning 

contexts  

• making connections between specialist skills developed within learning and skills 

for work  

• evaluating products, systems and services  

• presentation skills.  

What learning and teaching approaches are useful in the technologies?  

The experiences and outcomes are intended to tap into children’s and young people’s 

natural inventiveness and their desire to create and work in practical ways. They act 

as a motivation for progressively developing skills, knowledge, understanding and 

attitudes, and so maximise achievement. Effective learning and teaching will draw 
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upon a wide variety of approaches to enrich the experience of children and young 

people, particularly through collaborative and independent learning. The experiences 

and outcomes are well suited for learning beyond school: in colleges, in the voluntary 

sector and in partnership with businesses, where children and young people may 

experience learning activities that are relevant to employment or future vocational 

learning. Proficiency in ICT is an ideal vehicle for shared learning between and 

amongst children, young people and teachers. Many teachers may need to build their 

own knowledge and confidence, often learning with and from children and young 

people, in this area of continually evolving developments.  

What does ICT mean within this framework?  

ICT refers to forms of technology that are used to transmit, store, create, display, 

share or exchange information by electronic means. This broad definition of ICT 

currently includes such technologies as media, telecommunications, and computer 

hardware and software; it also includes equipment and services associated with these 

technologies, such as videoconferencing, email and blogs.  

How can ICT enhance learning and teaching?  

In the words of the HMIE publication Improving Scottish Education: ICT in 

Learning and Teaching (2007), ‘… staff in pre-school centres and in primary schools 

recognised that learners developed awareness of the world in which they live more 

effectively when this included engagement with the world through ICT.’ Being skilled 

in using ICT is essential if children and young people are to be effective contributors 

able to communicate and interact on a global scale. Across the curriculum, skills in 

ICT will be developed in the context of the learning and teaching as appropriate to 

the child or young person’s maturity. All teachers, in all sectors, in all departments 

and in all settings, have opportunities to apply, reinforce and extend ICT skills within 

and across curriculum areas to equip children and young people with the learning 

and employability skills required for the 21st century. Several curriculum areas 

including the technologies provide opportunities for children and young people to 

consider security aspects associated with ICT, for example keeping personal data 

secure, and the important consequences of these for individuals. It is important for 
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children and young people to recognise security risks when handling information 

across the curriculum, and act accordingly.  

What is the difference between computing and ICT?  

ICT, as defined here, brings together different forms of technologies and applies 

them to communication and learning, whereas computing, as an area of specialised 

study, provides deeper theoretical and practical understanding of how hardware and 

software can be developed and applied in a range of contexts. This area of specialist 

study has particular relevance in preparing children and young people for the 

challenges of rapidly changing digital technologies. It will enable learners to prepare 

for more advanced specialised study and careers within computing science. 

Technologies: principles and practice 3  

What are broad features of assessment in technologies?  

Assessment in the technologies will focus on practical, problem-solving and 

collaborative activities which enable children and young people to show that they 

know, understand and can use technological skills and concepts across all the 

contexts for learning in the technologies. Teachers can gather evidence as part of 

children and young people’s day-to-day learning, and specific assessment tasks will 

also contribute to assessing progress. From the early years through to the senior 

stages, children and young people can demonstrate progress in their skills in making 

models and preparing food, in planning and carrying out practical investigations and 

solving problems, in discussing and debating ideas with peers and adults, and in 

recording and presenting their thinking in different ways, including using ICT. 

Approaches to assessment should identify the extent to which children and young 

people can apply these skills and use them creatively in their learning and their daily 

lives and in preparing for the world of work. For example:  

• How well do they contribute ideas and suggestions and develop team working 

skills?  

• How well do they collaborate and independently participate in learning activities 

which lead to products with real uses?  
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Children and young people can show progress by responding enthusiastically to more 

demanding and challenging concepts in technologies, showing increasing depth of 

understanding in their explanations, and applying knowledge and skills in more 

demanding or unfamiliar contexts. They can also demonstrate progress through their 

increasing independence and confidence when carrying out tasks and their 

increasing resilience in facing challenges. Progress includes increasingly well-

structured explanations and well-argued opinions and conclusions, including 

developing informed views on environmental, ethical and economic issues. 

Assessment should also link with other areas of the curriculum, both within and 

outside the classroom, and in the context of the world of work.  

How can I make connections within and beyond the technologies?  

Technologies are connected strongly with all other areas of the curriculum, through 

extending and applying the specialist knowledge and understanding developed in the 

sciences, through the creative use of technology in the expressive arts, through 

interdisciplinary learning, for example linking mathematics, science and 

technologies in an engineering context, and through the use of technologies to 

enhance learning. In order to foster deeper, more enjoyable and active learning, the 

technologies experiences and outcomes enable clear links to be made with all other 

curriculum areas. For example, design, creative thinking and aesthetics are central to 

both the technologies and the expressive arts and can provide a platform for 

planning exciting interdisciplinary working as well as presenting rich contexts for 

reinforcing the four capacities. Such connections mutually enhance the application 

and interpretation of designing, offering learners opportunities to become 

independent in designing solutions to meet real-life needs and challenges, and adept 

at solving problems of increasing scale and complexity. They extend the creative 

process, building on the interests of children and young people to provide enjoyable 

learning opportunities and enhance self-esteem, for example the relationship and 

interaction of engineering with technologies and with science. In a wider context, the 

experiences and outcomes have the capacity to link with fundamental concepts, 

including those of engineering, mathematics and science. Through planning and self-

evaluation, establishments and departments will need to ensure an appropriate 

balance of learning and teaching approaches, progression in skills, and effective use 
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of interdisciplinary work to deepen and extend learning and reinforce themes. In 

planning, it is important to recognise that experiences and outcomes should not be 

considered as requiring particular amounts of time. Many are very open, allowing the 

opportunity for exploration and depth.  


