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Abstract

Technology, with its rapid growth and vast impacts on all areas of human life, has increased well-being
and facilitated daily tasks in our private life as well as in business and marketing, medical and healthcare
services, and education. The global Covid-19 pandemic has shown the importance of Internet and
technology to keep businesses running and reduce the problems emerging from social distancing and even
saving lives through healthcare systems; likewise, educational systems speeded their technological
facilities to run and develop normal educational activities. Although many studies had already
acknowledged the necessity of using technology in education, the lack of facilities and knowledge of
using technology in educational systems was reported in the beginning of the pandemic. The pandemic
pushed educational systems to integrate technology into pedagogy by facilitating information transfer and
communication. However, the challenge of enhancing the quality of information is still prevalent. This
paper focuses on a bilateral necessity of integration of pedagogy and technology: while the potential of
technology in educational systems is widely acknowledged, the practical usage of learning theories and
pedagogical principles in designing digital services is far from a completed mission. Many
user-experience (UX) studies determine technological, behavioral, social, and motivational factors to
promote user-centric design to enhance the quality of content, while limited attention is given to
pedagogical factors. We introduce integration of pedagogy into technology as a new paradigm in
user-centric design, not only in the educational system but also in a general context. Mishra and Koehler
(2006) introduced integration of technology into pedagogy (TP) through the Technological Pedagogical
Content (TPACK) framework as required knowledge for teachers. This paper employs the TP concept in
a broader context of Technological Pedagogical Content Design (TPCD), which utilizes the pedagogical
element in the user-experience based practice to develop a user-centric design approach.
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1. Introduction

Rapidly developing technology, adoption to ever broader areas, and increasing usage has had
impressive effects on our lives and increased the quality of our lifestyle as well as on the areas of business
and marketing (Grewal, 2020), medical and health care industry (Hussien et al., 2021; Nomani
& Hussain, 2020) and education (Cloete, 2017; Budhwar, 2017). The global Covid-19 pandemic has
demonstrated the importance of Internet and technology to save lives and reduce the problems that were
emerging from social distancing. (Ting et al., 2020; Singh et al., 2020). Similarly, educational systems
speeded their technological facilities to return to normal activities. Technology-supported education with
different aspects and affordances have concerned online education, e-learning, blended learning,
web-based education, virtual education, or IT-supported teaching. Further, Internet and different tools and
software are facilitating teaching and learning in pandemic conditions (Ionescu et al., 2020; Hoq, 2020,
Kinnunen & Georgescu, 2020). Using different apps and online meetings improve digital literacy,
enhance the use of soft copy of materials, encourage students to be self-learners, improve collaboration,
and give attention toward using electronic facilities for education (Jena, 2020). In addition, Learning
Management System (LMS) that was already available received more attention during the lockdown
period; however, at starting a pandemic, the lack of facilities and knowledge of using technology in
educational systems was reported in many countries. Onyema et al. (2020), after collecting data from 200
respondents including policymakers, parents, teachers, and students in different countries, found how the
pandemic had pushed educators and students to rely on technology to continue education, while problems
arose from poor infrastructures of network, power, inaccessibility issues, or poor digital skills ed. The
pandemic pushes educational systems to facilitate information transfer and communication, however, the
still prevailing challenge of enhancing the quality of information cannot be over-emphasized.
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2. The current phase of the bidirectional integration

2.1. Integrating technology into pedagogy

Integrating technology into pedagogy is a suggested approach to enhance the quality of using
technology for teaching and learning. Technology integration is promising in increasing the
meaningfulness of the use of a device or a tool (Hyndman, 2018) for students’ engagement as the best
teaching practice (Hechter et al., 2012). The concept of technology integration has drawn educators’
attention by Morton's (1996)’s claim that using technology does not mean just using a computer as an
add-on or a tool for teaching and learning. Accordingly, many researchers followed by developing the
concept of technology integration defined as integrating technology affordances into teaching (in the
classroom or educational environments) for educational purposes and extended it through theories,
frameworks, and models. In the last two decades, many scholars have presented different approaches for
integrating technology into teaching. Some of recent technology integration models include Substitution,
Augmentation, Modification and Redefinition (SAMR), Level of Teaching Innovation (LOTI),
Technology Integration Matrix (TIM), Triple E framework (Extend, Enhance and Engage), and
Technological Pedagogical Content Knowledge (TPACK) (Arora & Chander, 2020). Each model has
shown its potential in under specific conditions. With a critical and analytical view, Shirley (2018) listed
the issues and barriers of integrating technology into teaching, concluding that technology cannot replace
a teacher; however, pandemic restrictions have increased the necessity of technology integration more
than ever, and the knowledge about technology integration has become critical in education.

2.2. Integrating pedagogy into technology

When the concept of technology integration is under discussion, mostly only the integration of
technology into teaching is considered, e.g. within the framework of Technological Pedagogical Content
Knowledge (TPACK), one of the most popular models for integrating technology into teaching.
Technological Pedagogical Content (TPC) is an intersection of technology, pedagogy and content that
provides special knowledge of technology to make difficult concepts easier to learn. This knowledge
requires a deep understanding of the representation of concepts using technological and pedagogical
techniques (Mishra & Koehler, 2006). TPACK is widely known by scholars and administrators and it is
discussed in numerous studies (Hosseini 2015a, 2015b, 2016; Sintawati & Abdurrahman, 2020; Wijaya,
2020). Nevertheless, utilizing the TPACK framework for integrating pedagogy into technology, in order
to design digital services, is a new paradigm. Human-computer Interaction (HCI) with respect to
behavioral science and User Experience (UX) methods has already attempted to enhance the quality of
digital services and products (Hassenzahl, 2013; Mtebe, 2019; Semeradova & Weinlich, 2020). While
HCIT researchers utilize technological, behavioral, social, and motivational factors to promote user-centric
design to enhance the quality of content, less attention is paid to pedagogical factors in designing. It
seems evident that pedagogical principles get a place only when the purpose relates to designing an
educational environment. Hence, this study attempts to introduce the potential of integrating pedagogy
into technology also in a broader context of non-educational areas such as online digital design of,
e.g. websites of corporations or government organizations.

3. Method

Our aim is to draw attention to a bilateral necessity of integration of pedagogy and technology
and propose the practical model and provide instructions on how to use pedagogical principles not only in
the educational environment but also in a broader context of the modern digital society. Therefore, to
elaborate the new paradigm, we undertake a design research study in line with the definition: “Design
research involves an investigation of strategies, procedures, methods, routes, tactics, schemes, and modes
through which people work creatively. Design involves the testing of ideas, materials, and technologies. It
involves innovative conceptual development, product evolution, and market modification. It also involves
research into cultural, social, economic, aesthetic and ethical issues” (Roggema, 2017. p. 2).

We introduce integration of pedagogy into technology as a new paradigm of a user-centric
design in a general context. Accordingly, we construct and introduce the Technological Pedagogical
Content Design (TPCD) model as a practical design extension of Technological Pedagogical Content
Knowledge (TPCK) with more focus on integrating pedagogy into technology than integrating
technology into teaching and learning. The purpose is to take up the challenge presented by Don Norman
as quoted by Hassenzahl (2013): “Design has moved from its origins of making things look attractive
(styling) to making things that fulfill true needs in an effective understandable way (design_studies and
interactive design) to the enabling of experiences (experience design). Each step is more difficult than the
one before each requires and builds upon what was learned before”.
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4. Integrating pedagogy into technology as a design model (TPCD)

Mishra and Koehler (2006) were the first to introduce integration of technology to pedagogy
(TP) through the Technological Pedagogical Content (TPACK) framework as the required knowledge for
teachers. This paper employs the TP concept in a broader context to create the new model of
Technological Pedagogical Content Design (TPCD). It utilizes the pedagogical element in the
user-experience practice to develop a user-centric design approach. TPCD is a model to integrate
pedagogy to the technology in designing digital services (e.g. websites). Based on TPCD, users are
self-learners, who are after some information transferred and learned through digital services. TPCD is a
potential model not only to define the criteria for evaluating a design but also to offer systematic
instructions to design. TPC is the core of design and defined as the integration of the three fundamental
facts: (a) technology that includes different available technology to create and design; (b) pedagogy,
which is mostly related to learning theories and knowledge about learners (users); and (c) content that
defines the construct of each subject that can be linear on nonlinear. There are three sub-integrations of
TPC including Pedagogical Content (PC), Technological Content (TC), and Technological Pedagogy
(TP) as described in Figure 1.

Figure 1. Technological Pedagogical Content Design (TPCD).

The TPCD utilizes a user-experience method for collecting data from users. The literature has
shown the potential of user-experience methods as behavioral science to design technology (Hassenzahl,
2013; Mtebe, 2019; Semeradova & Weinlich, 2020). However, considering the pedagogical aspect of
users (e.g. their learning style) is suggested to lead to a new practical paradigm. Designing the content
based on increasing attractiveness is assumed an important criterion for a successful design and regarding
some method (e.g. teaching method) for organizing the outline of the content may increase the easiness of
use and findability of content for users (PC).

Using technology tools and environments for delivering content (TC) is usually a familiar skill
for designers but looking at the users as learners to integrate pedagogy into technological content (TPC or
PTC) is a new challenging task to increase the user satisfaction. Another application example of a
non-educational environment is organizing peer-learning or collaborative-learning options as a part of
designing a game to increase the satisfaction of gamers. Further, considering the diversity of learning
styles for selecting materials or predicting the paths of a user to read or learn information from a website
may increase the findability and usability of information on the pages of a website.

This paper describes the integration of pedagogy into technology design without a direct
educational purpose. At the level of design, components of TPC are clarified. Each level includes
syllables of concepts, which helps the designer ensure the integration. To fulfil each task, selected key
questions are suggested in Table 1. These questions can be obtained through exaction methods. It is
notable that concepts and questions may vary based on the design case of a digital service (e.g. website).
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Table 1. The systematic instruction to design based on TPCD.

Level Concepts Key questions / issues Execution methods
Pedagogical Aim of the digital Why is this service required? Interviews with digital
Analysis service What the digital service aims to offer? service creators

Users (the target group) | What are the demographic characteristics? Surveys and interviews from
What are expectations and needs of users? users
What is the cultural diversity of users? (user experience research)
Overlapping the aim of | How the aim is customized and compromised? | Discussion
digital service and
users
Pedagogical Content sequence What is the consequence of content (linear or | Preparing content outlines’
Content Learning styles non-linear)? sequences
Learning theories How a user gets content easier or faster?
Teaching and learning What is the conceptual map of the content? Alternative methods and
methods What are activities to transfer the content materials to gain a particular
(constructivism or direct education)? goal
Technological | Diverse materials What are the available features of technology Video, texts, animate, chart,
Content Features of technology | to present a particular content? image, meme, etc. relates to

for a particular content

How technology helps users to move through
the content?

a content
Customizing content using
technology

Pedagogical

Peer learning or

What activity users do to reach the goal

Using principles

Technology collaborative tools (reading, listening, game, etc.)? (e.g. Gestalt in designing)
Learning tools In which ways technology helps users Formats based on users’
Learning theories in understand and reach their purposed learning style
visualization or destination easier, faster and more effectively? | Aural, visual, verbal, logical
textualization and ...learning
Technological | Scaffolding the design How easily users move on, get to destination, alignment of elements and its
Pedagogical and receive satisfaction? consistency
Content

Reviewing/ Testing/
Evaluating/ Updating

Findability, desirability, usability,
accessibility etc. for diverse users

UX research and
UX design

5. Conclusions

Technology has revolutionized life in modern digital societies as part of all aspects of human
life. The constant development of technologies makes their optimal usage a challenging task. This
challenge is taken by design science. Its role has been evolving from user-friendly design towards
user-centric design. Conclusively, this paper suggested using pedagogy to design technology in
non-educational domains (such as games and websites, for instance) to enhance the quality of digital
services in a society. Interdisciplinary knowledge is required to understand the diversity of users and
designing team members in different application areas. The rapid development and increasing use of
technology have forced the design process to become more dynamic and complex. However, this should
not discourage the researchers, companies, and designers to define the instructions to guide building
digital services. This paper introduced the general model for integrating pedagogy into technology as a
new paradigm and suggested practical instructions for designing technology based on pedagogical
integration (Table 1). TPCD is still taking its first steps to become an established model; the authors have
implemented it to redesign a soon-published English-language part of a business association website
(Suomen Yrittdjdt) in Finland (Hosseini et al., unpublished).
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