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Abstract 

This study investigates the change in teachers’ design beliefs and their 

development of technological pedagogical content knowledge (TPACK) 

through a courses designed with the scaffolded TPACK lesson design model. 

To achieve these aims, an adapted scale for teachers’ design beliefs and TPACK 

is created and validated. The study reveals significant changes in the teachers’ 

TPACK with large effect size and changes in teachers’ design beliefs with 

medium or small effect size. Further investigation also reveals that the teachers’ 

design beliefs that  is constituted by the factors of Beliefs about New Culture 

of Learning (BNCL), Teachers as Designer (TAD) and their Design 

Dispositions (DD) predict their TPACK both in first and second order structural 

equation models. The findings may suggest that it is advisable to develop 

teachers’ design beliefs as teacher educators attempt to develop preservice 

teachers’ TPACK.  

Keywords: Technological pedagogical content knowledge, design, teachers’ 

beliefs          

  



Introduction 

 

The use of the technological pedagogical content knowledge (TPACK) as a theoretical 

framework to develop teachers for the integration of Information and Communication 

Technologies (ICT) in classroom teaching has transformed how educational technology is 

being taught in teacher education programs. By and large, many teacher education programs 

have refocused their educational technology courses towards learning by design where student 

teachers are tasked to synthesize their technolgical knowledge (TK), pedagogical knowledge 

(PK) and content knowledge (CK); and the interconnected TPACK knowledge sources of 

pedagogical content knwoledge (PCK), technological pedagogical knowledge (TPK) and 

technological content knowledge (TCK) to generate the TPACK for specific content topics 

(see Chai, Tan, Deng & Koh, 2017; Kramarski & Michalsky, 2010;   Niess, 2013; Tee & Lee, 

2011). Emphasis on TK has since been downplayed as it is generally recognized by teacher 

educators that teaching teachers technology skills alone is insufficient to develop their 

capacities for ICT integration. On the other hand, substantial evidence has been accumulated 

to support the thesis that learning by design is a more powerful approach for developing 

teachers’ capacity for ICT integration (ibid; for review, see Chai, Koh & Tsai, 2013; Voogt, 

Fisser, Pareja, Tondeur, & van Braak, 2013).  

Nonetheless, current research employing the TPACK framework has also found that 

teachers’ integration of ICT largely remains at replacing teacher-centric instruction rather than 

transforming teaching and learning practices to support 21st century learning. For instance, 

Pringle, Dawson and Ritzhaupt (2015) adopted the TPACK framework and assessed 525 

science lesson plans designed by teachers after they have attended a year long professional 

development programme by using Sandholtz, Ringstaff and Dwyer’s (1996) five levels of ICT 

integration. Pringle at al.’s (2015) findings indicate that majority of the lessons can be classified 

as at level three (i.e. adaptation) or below that (i.e. entry or adoption). Only very few lessons 

(3.2%) are assessed to be at the appropriation level and no lesson is assessed to be at the 

invention level. Similarly, Yeh, Lin, Hsu, Wu and Huang’s (2015) assessment of Taiwanese 

science teachers’ ICT proficiency level with an adapted TPACK framework that emphasizes 

practical teaching also reveals that the teachers’ proficiency levels are mostly at the simple 

adoption level where ICT is used to support teacher-centric practices. Voogt and McKenney 

(2017) have also raised questions about the adequacy of current teacher education programs in 

preparing teachers to design ICT integrated lessons. These studies therefore indicate that there 

is a need to further develop models of learning by design that could foster teachers’ design 



capacity towards TPACK supporting more innovative levels of lesson transformations. In fact,  

teachers’ design capacity has been identified as a potential third order barrier for ICT 

integration (Koh & Chai, 2016; Tsai & Chai, 2012). This paper therefore aims to synthesize 

current models of learning by design for TPACK into a consoliadted model that is named as 

the Scaffolded TPACK Lesson Design Model (STLDM) (Chai & Koh, 2016). The basis for 

formulating the STLDM is explicated in the following section of literature review while the 

STLDM is represented in the method section. The literature review also includes a section 

about teachers’ beliefs and design-associated variables in relation to current research in 

TPACK. It has been pointed out that TPACK research needs to consider its connection with 

teachers’ beliefs and how teachers’ beliefs infuences teachers’ TPACK (Boschman, McKenney 

& Voogt, 2015; Chai, Koh & Tsai, 2016). Thus, another focus of this paper is to examine the 

influence of teachers’ beliefs on teachers’ TPACK.  

 

Literature Review 

Models of Learning by Design for TPACK Development 

To date, several identifiable models anchored on the learning by design approach to 

develop educators’ TPACK have been reported. Mishra and Koehler (2006) first reported using 

the learning by design approach to engage university professors to work collaboratively with 

masters students of educational technology in the design of web-based lessons. The analysis of 

such collaboration explicated the researchers’ initial understanding of how TPACK emerged 

(Koehler, Mishra & Yahya, 2007) and the outcomes of learning by design were generally 

positive (Mishra & Koehler, 2006). However, the authors did not specify any lesson design 

model to scaffold the design process. It seemed that the collaborative efforts of the university 

professors who are strong in CK, PK and PCK; with the masters students’ expertise in TK and 

perhaps TPK, was sufficient to ensure that usable lessons could be designed.      

  The general approach of learning by design without specific scaffolds as delineated 

above may not work for preservice teachers who may not possess sufficient expertise in 

teaching. Researchers working on promoting preservice teachers’ TPACK are more likely to 

suggest generic lesson design models to scaffold the preservice teachers’ design of ICT-based 

lesson. One notable model is by Angeli and Valanides (2009), which was named “Technology 

Mapping”. The model specifies five key processes for preservice teachers to create TPACK or 

specific lesson ideas. The teachers in their study start the design process by identifying difficult 

CK topics that ICT-based representation might help. This first step is akin to activating relevant 

PCK. This is followed by teachers creating the ICT-based representation of the topic, choosing 



suitable teaching strategies and student-centered learning strategies for the newly created 

technological representations; supported by other selected technologies that facilitate students’ 

learning. The subsequent processes involve the use of PK or TPK that the preservice teachers 

either already possessed or were taught during the class. Inspired by the “technology mapping” 

processes, Kramarski and Michalsky (2010) further enhanced the processes with metacognitive 

prompts at the various stages of the processes to facilitate preservice teachers’ TPACK creation. 

As the authors view the design processes as a complex endeavour for the students, 

metacognitive prompts are provided to facilitate better comprehension and regulation of the 

design for the experimental group. To examine the effectiveness of the metacognitive prompts, 

pre-and-post tests on the preservice teachers’ comprehension of TPACK and their lesson 

design with TPACK was implemented. The comprehension test requires the preservice 

teachers to analyse and evaluate a lesson plan with justification. The lesson design test requires 

the preservice teachers to write a lesson plan for a topic. It includes specifying the lesson 

objectives, choosing the content, planning the teaching materials, and structuring the learning 

environment. Rubrics are provided for the evaluators to rate the preservice teachers’ 

performance. These authors report that in comparison with preservice teachers who did not 

make use of the metacognitive prompts, the experimental group who used the prompts 

performed significantly better in the comprehending the task and designing the lesson. 

However, Kramarski and Michalsky’s (2010) design model spelt out 16 prompts that may be 

overwhelming and thus difficult for teachers to internalize. A more parsimonious design model 

maybe helpful.     

Chai, Koh, Ho and Tsai (2012) integrated the design models reviewed above to 

generate a lesson planning guide, which included important prompts articulated by Angeli 

and Valanides (2009) and Kramarski and Michalsky’s (2010). These prompts are integrated 

into the lesson design model of Dick and Carey (1996). Dick and Carey’s model require 

preservice teachers to identify the instructional goals of the curriculum and analyse the 

learners in relation to the goals. This will help teachers to articulate specific lesson objectives 

to guide their subsequent efforts for choosing the instructional activities and instructional 

media as well as formulating assessment. Based on these steps, the preservice teachers 

constructed their lesson plans. The model was not connected to the TPACK model initially. 

Chai et al. (2012) enhanced the model by adding epistemic prompts in the lesson planning 

guides to help the preservice teachers to activate relevant TPACK sources so that good 

practices can be conscientiously included. For example, questions such as “What are the 

associated pedagogical approaches for the identified TK/TCK? Any consideration for 



cyberwellness issues?” are to be asked when the preservice teachers choose their instructional 

media. The research indicates that the lesson planning guide was well received by the 

preservice teachers and it enhanced their perceived efficacy for TPACK significantly (Chai et 

al., 2012). However, content analysis of the preservice teachers’ lesson plans revealed that 

there is room for improvement in teachers’ capacity to deeply embed authentic, self-directed 

and collaborative ICT-based learning experiences into their lesson designs (see Koh, 2013). 

The findings thus point to the need to formulate specific cognitive prompts to these aspects of 

learning that are closely link to 21st century education.          

In summary, the recent lesson design models of TPACK seem to point to the need of a) 

engaging preservice teachers in learning by design; b) scaffolding the teachers to activate, find 

or create relevant TPACK; c) supporting the synthesis of knowledge and creation of the lesson 

design especially for 21st century learning (see also, Koh, Chai, Wong, Hong, 2015). In addition, 

current works on lesson design models seem to be confined to the knowledge perspective and 

they did not seem to include considerations about teachers’ beliefs which many studies show 

that the myraid beliefs that teachers hold shape their pedagogical choice (Kagan, 1992; 

Livingston, & Hutchinson, 2017). 

 

Teachers’ TPACK and Teachers’ Beliefs 

 

 It has been pointed out that teachers’ beliefs are multidimensional and the 

interconnections among the different kinds of beliefs may be idiosyncratic (Pajares,1992). It is 

therefore important for research about teachers’ beliefs to specify the aspects of beliefs that are 

contextually relevant. For example, if a researcher is concerned about how teachers understand 

the nature of knowledge and how this shapes their pedagogical practices, it is then necessary 

to examine the teachers’ epistemic beliefs and their pedagogical practices. In such context, 

examining teachers’ beliefs about school leadership would be less relevant. For the purpose of 

ICT integration, the general influence of teachers’ beliefs is well documented (see for example, 

Deng, Chai, Tsai & Lee, 2014; Ertmer, Ottenbreit-Leftwich, & Tondeur, 2014; Sang, Valcke, 

van Braak, and Tondeur 2010). Generally, constructivit-oriented epistemic and pedagogical 

beliefs are associated with teachers use of ICT. In the context of TPACK, Chai, Koh and Tsai 

(2016) and Voogt et al. (2013) have pointed out that TPACK research needs to be connected 

to the research of teachers’ beliefs. However, research that relate TPACK and teachers’ beliefs 

is only beginning to emerge. Earlier research by Chai, Chin, Koh and Tan (2013) established 

weak correlations between teachers’ constructivist beliefs and teachers’ TPACK. More recent 



research indicates that teachers’ view about their design disposition (DD) predict their TPACK 

(Koh, Chai, Hong & Tsai, 2015). Design disposition refers to teachers’ orientation towards 

design situation. In essence, DD surveys how teacher’s see themselves with respect to 

ambiguous problem situation that call for design effort.       

Chai et al. (2017) expanded the research to study teachers’ TPACK with teachers’ 

beliefs of new culture of learning (see Thomas & Brown, 2011) and their design dispositions. 

The teachers’ beliefs of new culture of learning (BNCL) survey examines teachers’ beliefs 

about the importance of students’ self-managed multimodal remeshing and remixing of digital 

resources as a means of active and constructive learning. Such beliefs can serve as the ideal 

technology-based learning practices that the teachers wish students to cultivate for the 

contemporary society. Chai et al.’s (2017) findings indicate that teachers’ TPACK and these 

beliefs are correlated and learning to design 21st century oriented lesson packages can change 

the teachers’ TPACK and their beliefs significantly. The regression analysis in the study also 

indicates that predictors of teachers’ TPACK include teachers’ beliefs of new culture of 

learning and their design dispositions but only after they have participated in substantial lesson 

design activities. The teachers’ beliefs of new culture of learning and their design dispositions 

can be viewed as part of their design beliefs. However, the design beliefs may have new 

dimensions.  

Amidst the current rhetoric that teachers need to be designers for 21st century 

technology-enhanced learning (Tsai & Chai, 2012), it seems that research about whether 

teachers believe that they should be designers has not been addressed. Teachers’ beliefs about 

their roles as designers is associated with teacher identity (Tracey & Hutchinson, 2016). 

Kalantzis and Cope (2010) argue that in the age where new media is being created every now 

and then, teachers should expand their role from being merely curriculum implementers to that 

of designers of new learning experiences. The authors articulated many challenges that today’s 

teachers need to face, including becoming knowledge creators who design multimodal learning 

tasks, facilitators of concurrent and diverse activities among learners; and also evaluators who 

assess and improve their learning environments and designs. These tasks require that teachers 

be provided with substantial professional development to grow the necessary expertise. 

Expanding the roles of teachers, who are already at times overwhelming, could raise resistance 

among teachers and their beliefs need to be better understood. This study therefore constructed 

a new scale for teachers as designer (TAD) to examine teachers’ views about themselves as 

designers. In this study, TAD is treated as another dimension that needs to be considered among 

preservice teachers alongside with their TPACK. 



As argued above, teachers’ beliefs are multifaceted. This study posited three associated 

factors as teachers’ design beliefs that comprises the teachers’ DD, TAD, and BNCL. Chai et 

al.’s (2017) multiple linear regression analysis attest that teachers’ design beliefs and beliefs 

about new culture of learning (BNCL) predict their TPACK. Besides this study, extant studies 

on the inter-relationships among teachers’ design beliefs and teachers’ TPACK are limited. 

Methodologically, it is desirable for researchers to adopt statistical analyses that are more 

rigorous than regression analysis such as structural equation modelling that can examine 

predictive relationships among multiple variables simultaneously and addresses issues related 

to multicollinearity.  This can provide stronger evidences of the predictive relationships 

between teachers’ beliefs and their TPACK. Another methodological improvement that can be 

considered is second order factor analysis. Teachers’ TPACK is multifaceted and it can also be 

further factorized (Chai et al., 2016). For example, for technological knowledge alone, 

researchers may survey general TK, web-based TK (for example, Lee & Tsai, 2010), and game-

based TK. Conducting second order factor analysis could help verify if teachers’ beliefs and 

teachers’ TPACK are distinctive at the second order. This can lay groundwork for future 

research to deal with the complex matter of knowledge and beliefs at deeper levels when more 

associated variables are included. 

 

 Given the above review, this study has formulated four research questions as stated 

below: 

 

1. Is the adapted teachers’ design beliefs and TPACK survey a reliable and valid 

instrument?  

2. Does the Scaffolded TPACK Lesson Design Model (STLDM) promote the preservice 

teachers’ TPACK efficacy and changes the teachers’ design beliefs? 

3. Can the structural equation model of teachers’ design beliefs and their web-based 

technological knowledge (WTK), technological pedagogical knowledge (TPK), 

technological content knowledge (TCK) predict their TPACK? How do the structural 

equation models of the pre-and-post survey change after the preservice teachers 

experience STLDM?  

4. At second order confirmatory factor analysis, are the teachers’ design beliefs and their 

TPACK distinctive? Do teachers’ design beliefs predict their TPACK for both pre-and-

post survey?  

 



The first research question was formulated to check the validity and reliability of the 

surveys so as to ensure that the findings are robust. As we have created a new sub-scale (TAD), 

and research associated with TPACK research and teachers’ beliefs are frequently contested 

because of measurement issues (see Brantley-Dias & Ertmer, 2013; Pajares, 1992), it is deemed 

necessary to address the instrument question independently as a research question. Research 

question 2 address the effectiveness of the STLDM in enhancing the preservice teachers’ 

efficacy for TPACK construction. Research questions 3 and 4 attempt to further examine the 

intricacies of the effects of the STLDM through the comparison of the first and second order 

pre-and-post survey structural equation models that depicts the relationship between teachers’ 

design beliefs and their TPACK. As argued, while current research alluded to the importance 

of connecting the TPACK with teacher beliefs, there are few rigorous studies that have 

attempted to examine the relationships and how they change with intervention.        

 

Methods 

 

This section delineates the STDLM and the course structure before explaining the research 

procedures.  

 

The Scaffolded TPACK Lesson Design Model (STLDM) and the Course Design 

 

The STLDM is grounded in the learning by design approach for the development of teachers’ 

TPACK and implicitly, teachers’ design beliefs. It synthesizes important epistemic prompts to 

activate relevant knowledge and epistemic resources to help teachers in framing the design and 

facilitating their design decision making (Angeli & Valanides, 2009; Mishra & Koehler, 2006; 

Koh, Chai, Wong & Hong, 2015; Kramarski & Michalsky, 2010). It is represented in Figure 1 

showing that it consists of a two-stage design process where the first stage focuses on the 

formulation of the learning objectives which is akin to setting the design goals and the second 

stage focuses on selecting the pedagogical means to achieve the design goals. Each textbox 

represents a necessary step in lesson design as suggested by Dick and Carey (1996) while each 

textbox marked by dotted lines represents the activation of relevant aspects of TPACK that 

need to be considered to aid the preservice teachers in making design decisions.  

 



 
Figure 1: The Scaffolded TPACK Lesson Design Model (STLDM) (Adapted from Chai & Koh, 2016) 

 

 The STLDM was implemented through a 12-week mandatory educational technology 

course for all Singaporean preservice teachers that comprises of three blocks. The first four-

week block introduces preservice teachers to the educational policies for using ICT in 

Singapore, the relevant pedagogical aims of 21st century such as collaborative learning and 

self-directed learning; cyberwellness considerations and lesson design skills. Subsequently, the 

preservice teachers do a group lesson design for cyberwellness topics to apply what they have 

learnt and to practice their design skills for two weeks. The last six weeks engage the preservice 

teachers in exploring different Web 2.0 technologies to discover the pedagogical affordances 

of the technologies and build their TPK. The preservice teachers are challenged to 



contextualize their TPK for the subject matter and topics they will be teaching using the 

technological tools, thereby building their TPACK. For example, the preservice teachers may 

be tasked to explore Socrative (https://www.socrative.com/) to discover how such ICT tool 

could be used for assessment purposes. Pre-service teachers then build some online assessment 

packages to could be used by students. Relevant pedagogical heuristics are then discussed to 

alert the preservice teachers about good assessment practices and inappropriate uses. These 

exploratory and knowledge building weeks culminate to the design of an ICT-integrated lesson 

package for a topic of their choice that the preservice teachers have to complete individually. 

It is part of building the preservice teachers’ TPK through experiential learning.  

The STLDM was introduced to the preservice teachers as a general guide to lesson 

design in the fourth week of the course. Voogt and Mckenney (2017) believe that the TPACK 

framework may be used implicitly to unpack teachers’ instructional design rather than teaching 

the TPACK framework explicitly. This study however sees that teaching the framework 

explicitly would benefit the preservice teachers since it guides the activation of relevant 

TPACK knowledge as psychological tools to facilitate design. For example, the PCK prompt 

requires the preservice teachers to analyze learners concerning their learning difficulties and 

possible misconceptions when they formulate the lesson objectives. The tutors guide the 

preservice teachers using the STLDM after the fourth week. All tutors have attended 

professional development activities that explain how the course materials are to be used and 

the theoretical framework that undergird the design of the course curriculum.        

 

Instrument 

 

The survey employed for this study was created from several sources. First, the survey items 

for the WTK (3 items), TCK (4 items), TPK (5 items) and TPACK (6 items) were adopted 

from a previously verified TPACK surveys (Chai, Ng, Li, Hong & Koh, 2013; Chai et al., 

2017). Similarly, items for two of the factors teachers’ design beliefs were adopted from the 

same source (i.e. BNCL and DD; Chai et al., 2017). BNCL (7 items) refers to the beliefs that 

teachers have about using new media to learn in participatory culture. DD (6 items) refers to 

the teachers’ capacity to deal with uncertainties that are inherent to design situations. TAD (5 

items) examines the teachers’ view about themselves as designers. The TAD scale was self-

constructed and it was subjected to expert review by three professors in educational technology. 

All survey items were rated with 7-point Likert scale (1 for strongly disagree to 7 strongly 



agree). Table 1 in the Findings section shows the items for the TPACK with teachers’ design 

beliefs survey.   

 

Participants, Data Collection and Data Analysis 

 

After approval by the university’s ethics board, the survey was conducted through an in-house 

online survey platform. The preservice teachers were invited to participate in class during the 

first and last sessions of the course. The teachers were briefed about the purpose of the survey 

and informed that their participation were voluntary. Generally, most participants completed 

the survey in 15 minutes. The response rate was 48.4% from the 2015 intake of postgraduate 

preservice teachers after matching the pre-and-post survey. There were 90 male teachers and 

195 female teachers. Their mean age was 26.6 years (SD=4.70) 

 

The data were first analysed to validate the instrument and to determine the reliabilities. 

Exploratory factor analysis (EFA, principal component analysis) was performed on the pre-

course survey. The resulted factor structure from EFA was used to build the model for 

confirmatory factor analysis (CFA) using the post course data. Alpha reliabilities were then 

generated for the pre-and-post course data. Paired sample t-tests determine the teachers’ 

changes in beliefs during the course. A simple structural equation model supported by previous 

research (Chai et al., 2017) that treats all factors as possible predictors of the teachers’ TPACK 

was constructed and the hypotheses were tested. Subsequently, a second order factor model 

that hypothesizes teachers’ design beliefs and teachers’ TPACK as two distinct second order 

factors was tested as the teachers’ beliefs and their self-assessment of TPACK efficacies are 

considered as theoretically distinct. The former refers to how the teachers perceive design tasks 

and the design situations that relate to them whereas the latter refers to how the teachers 

perceive their TPACK efficacies. Finally, a structural equation model that hypothesize teachers’ 

design beliefs as predictors for teachers’ TPACK was tested. All structural equation models 

were tested with both the pre-and-post course survey data to detect changes to the models as a 

result of the preservice teachers going through the STLDM.   

Findings 

Research question 1 - Is the adapted teachers’ design beliefs and TPACK survey a reliable 

and valid instrument?  

 



Table 1 below shows the results of EFA and reliabilities of the factors using the 

precourse survey. Principal component analysis with varimax rotation extracted 7 factors as 

the survey wad designed. Items with factor loading less than 0.5 were removed. The overall 

alpha reliabilities was .95. Two items from BNCL and one item from TAD was removed due 

to insufficient factor loadings.  

 

Web-based Technological Knowledge (Web-TK) (α=0.90)  Factor 

Loadings 

1. I am able to use communication tools (e.g. MSN Messenger, Skype, online 

chat etc). 

 
.89 

2. I am able to use social media (e.g. Blog, Facebook, Twitter).  .87 

3.  I am able to use web-based collaboration tools (e.g. Wiki, Google Doc).  .81 

Technological Pedagogical Knowledge (TPK) (α=0.93)    

1. I am able to use technology to help my students to reflect on their learning 

strategies. 

 
.87 

2. I am able to guide my students to construct representations of knowledge 

using technology. 

 
.81 

3. I am able to facilitate students to engage in collaborative knowledge 

construction with technology. 

 
.80 

4. I am able to use technology to help my students design solutions for real 

world problems. 

 
.79 

5. I am able to use technology to guide my students to manage their own 

learning. 

 
.78 

Technological Content Knowledge (TCK) (α=0.92)   

1. I know about the technologies that I have to use for the research of my content 

area. 

 
.80 

2. I can use specialized software created for my content area to perform subject 

matter inquiry. 

 
.79 

3. I can use the software that are created specifically for my content area. (E.g. 

e-dictionary/corpus for langauge; Geomeric sketchpad for Maths; Data 

loggers for Science) 

 

.74 

4. I can use appropriate technologies (e.g. multimedia resources, simulation) to 

represent my content area. 

 
.71 



Technological Pedagogical Content Knowledge (TPACK) (α=0.95)    

1. I can design ICT-based activities to address students' misconception about 

the content knowledge. 

 
.85 

2. I can create self-directed learning activities of the content knowledge with 

appropriate ICT tools (e.g. Blog, Webquest)  

 
.84 

3. I can design inquiry activities to guide students to make sense of the content 

knowledge with appropriate ICT tools (e.g. simulations, web-based 

materials). 

 

..81 

4. I can structure activities to help students to construct different representations 

of the content knowledge using appropriate ICT tools (e.g. Webspiration, 

Mindmaps, Wiki). 

 

..81 

5. I can use technology to support students' self-reflection about their learning 

straegies for the content area. 

 
.77 

6. I can formulate in-depth discussion topics about the content knowledge and 

facilitate students' online collaboration with appropriate tools. (e.g. Google 

Sites, CoveritLive) 

 

.65 

Design Disposition (DD) (α=0.91)    

1. I am comfortable to deviate from established practices.   .84 

2. I am comfortable to explore conflicting ideas.  .83 

3. I am comfortable with occasional failures from trying out new approaches for 

teaching. 

 
.80 

4. I am constantly seeking to turn constraints into opportunities.  .77 

5. I am comfortable with the presence of uncertainty.  .74 

6. I am open to new ideas about how things can be done.  .67 

Teacher as designer (TAD) (α=0.90)   

1. Teachers should be empowered to design lessons.  .88 

2. Teachers are responsible for the quality of the lesson design.  .87 

3. It is essential for today's teachers to master the skills of designing lessons.  .84 

4. Working like designer is part of the teacher's duty.  .65 

Beliefs about New Culture of Learning (BNCL) (α=0.93)   

1. Today's learners should be able to remix relevant resources to publish their 

ideas. 

 
.85 

2. Remeshing digital resources responsibly is a good way to learn.  .85 



3. Producing creative digital works is a meaningful task   .83 

4. It is important for todays' students to be able to participate in online learning 

communities.  

 
.79 

5. Managing personal online learning resources is a desirable skill.   .77 

 

Confirmatory factor analysis was performed on the data collected as post course 

evaluation. The fit indexes obtained indicate good model fit (χ2=1047.43, DF=474, χ2/df = 

2.21, p < .0001, TLI = .93, CFI = .94, RMSEA=0.065) (Hair, Black, Babin, Anderson, & 

Tatham, 2010). Based on the findings above, the adapted teachers’ design beliefs (including 

DD, BNCL and TAD) and TPACK survey can be accepted as a valid and reliable instrument.  

 

Research question 2 - Does the Scaffolded TPACK Lesson Design Model (STLDM) promote 

the preservice teachers’ TPACK efficacy and changes the teachers’ design beliefs? 

  

To undertsand if the STDLM model was effective raising the preservice teachers’ 

efficacy in lesson design and enhancing their beliefs, paired-sample t-tests were conducted 

between the pre-and-post course survey. All of the seven dimensions were changed 

significantly as documented in Table 2. Changes in beliefs were achieved to medium effect 

size and changes in technology-related factors were at large effect sizes except for WTK, which 

the preservice teachers were confident of at the beginning of the course.   

Table 2 – Descriptive data and results of paired-sample t-test N=285 

Measured 

factors 

Pre-study survey Post-study survey t-test Cohen’s 

d M SD M SD 

BNCL  5.54 0.88 6.11 0.65 10.47*** 0.64 

TAD 5.90 0.87 6.23 0.72 6.06*** 0.38 

DD 5.10 0.96 5.69 0.82 11.21*** 0.67 

WTK 5.93 1.01 6.35 0.69 6.84*** 0.42 

TCK 4.33 1.23 5.69 0.90 18.72*** 1.15 

TPK 4.76 1.03 5.89 0.74 16.73*** 1.01 

TPACK 4.08 1.26 5.86 0.74 22.80*** 1.41 

***p<0.001 

 



Research question 3 - Can the structural equation model of teachers’ design beliefs and their 

web-based technological knowledge (WTK), technological pedagogical knowledge (TPK), 

technological content knowledge (TCK) predict their TPACK? How do the structural equation 

models of the pre-and-post survey change after the preservice teachers experience STLDM?  

 To contribute further to current understanding about teachers’ beliefs and teachers’ 

TPACK, structural equation modelling was performed for both the pre-and-post survey. The 

fit indexes obtained for both the pre-and-post course surveys indicate good model fit (pre-

course: χ2=1035.32, DF=474, χ2/df = 2.18, p < .0001, TLI = .93, CFI = .94, RMSEA=0.065; 

post course: χ2=1047.43, DF=474, χ2/df = 2.21, p < .0001, TLI = .93, CFI = .94, 

RMSEA=0.065) (see Hair et al., 2010).  Tables 3 and 4 document the outcomes of analyses for 

the pre-and-post course survey respectively. In the pre-course model, other than WTK and DD, 

the rest of the factors predict the preservice teachers TPACK significantly. The predictors of 

TPACK remain the same as for the post-course survey. However, a distinctive change between 

the pre-and-post course models is obvious. In the pre-course survey, TAD predicts the TPACK 

negatively (p<0.05), indicating the more the preservice teachers believe in TAD, the more they 

feel that they are incompetent to construct TPACK. This situation changes to TAD positively 

predicting TPACK for the post-course survey. This is likely due to the improvement of the 

preservice teachers’ efficacy for TPACK after they gain design expertise. Thus, the structural 

equation models of the pre-and-post course surveys attest to the interrelationships between the 

various factors changes as the teachers gain TPACK through learning by design with the 

STLDM.       

 

Table 3 Structural equational model for the pre-course survey 

 
Standardized 

Estimate 

Standard  

Error 

Critical  

Ratio 
Probability 

WTKTPACK  .02 .05 .37 .71 

TPKTPACK .36 .06 6.48 *** 

TCKTPACK .50 .05 8.28 *** 

TADTPACK -.13 .07 -2.45 .01 

DDTPACK .03 .06 .47 .64 

BNCLTPACK .13 .07 2.49 .01 

***p<0.001 

 



Table 4 Structural equational model for the post-course survey 

 
Standardized 

Estimate 

Standard  

Error 

Critical  

Ratio 
Probability 

WTKTPACK  -.08 .05 -1.78 .08 

TPKTPACK .43 .06 7.21 *** 

TCKTPACK .24 .04 4.80 *** 

TADTPACK .19 .05 3.68 *** 

DDTPACK .06 .04 1.08 .28 

BNCLTPACK .19 .08 2.99 .003 

***p<0.001 

 

Research question 4: At second order confirmatory factor analysis, are the teachers’ design 

beliefs and their TPACK distinctive? Do teachers’ design beliefs predict their TPACK for both 

pre-and-post survey? 

 

To further unpack the relationships between the teachers’ TPACK and their design 

beliefs, second order CFA was conducted. To avoid confusion, the second order factors were 

re-labelled as Teacher Design Beliefs (TDB) and Teachers’ TPACK Efficacy (TTE). The 

results confirm that the TDB and the TTE are two distinctive second order factors (pre-course: 

χ2=1285.99, DF=655, χ2/df = 1.96, p < .0001, TLI = .91, CFI = .92, RMSEA=0.069; post 

course: χ2=1328.93, DF=655, χ2/df = 2.03, p < .0001, TLI = .94, CFI = .94, RMSEA=0.060) 

(see Hair et al., 2010).  In addition, the second order SEMs indicate that the TDB predicts the 

teachers’ TTE with acceptable model fit for both occasions (pre-course: χ2=1142.88, DF=485, 

χ2/df = 2.36, p < .0001, TLI = .91, CFI = .92, RMSEA=0.069; post course: χ2=966.66, DF=485, 

χ2/df = 1.99, p < .0001, TLI = .94, CFI = .95, RMSEA=0.059) (see Hair et al., 2010). Table 5 

provides the necessary information. The change between the pre-and-post course is the gain in 

standardized estimate, indicating a stronger predictive power of teachers’ design beliefs post 

course.   

 

Table 5: Second Order SEM Teachers’ design beliefs and TPACK  



 
Standardized 

Estimate 
Standard Error Critical Ration Probability 

Pre-course  

TDB TTE  
0.61 .14 7.24 *** 

Post-course  

TDB  TTE  
0.95 .10 12.49 *** 

***p<0.001 

 

Discussion and Conclusion 

The findings of this study include 1) the survey of teachers’ design beliefs and 

TPACK is likely to be valid and reliable; 2) the STDLM is likely to have contributed to the 

teachers’ changes 3) generally, four out of six of the factors of beliefs and TPACK predict the 

teachers’ final TPACK and 4) teachers’ design beliefs and their TPACK at second order 

factor analysis are distinctive and their design beliefs predict their TPACK. These findings 

are discussed below.  

 Measurement of teachers’ TPACK has suffered from cross loading of the overlapping 

constructs and researchers have doubted if such measurement is possible (for example, 

Brantley-Dias & Ertmer, 2013; see also Chai et al., 2016). However, researchers have 

articulated the importance of teachers’ beliefs and advocated the unpacking of these 

interrelationships (Voogt et al., 2013). Current studies are limited mostly to regression 

analyses (e.g. Chai et al., 2017) with exception of Koh et al. (2015). This study contributes 

first to research by validating a survey that concurrently assessing the teachers’ TPACK and 

their design beliefs. In particular, the newly created scale of TAD assesses teachers’ views 

about their role as designers. Current literature has generally recognized the importance of 

enhancing teachers’ design capacity (Angeli & Valanides, 2009; Tsai & Chai, 2012; Voogt & 

Mckenney, 2017). Researchers have also advocated that TPACK should be studied with 

teachers’ beliefs (Voogt et al., 2013). However, little has been done in this aspect to date 

(Chai et al., 2016). It is also not clear which aspects of teachers’ beliefs should be considered. 

This study has arguably generated a new quantitative survey of teachers’ design beliefs in 

conjunction with their TPACK.   

As shown in Table 2, the preservice teachers in Singapore seem to accept teachers’ role 

as designers readily (pre-course survey, M=5.90; post-course survey M=6.23). This may be 

due to Singapore’s educational policy articulated in the fourth Masterplan for ICT (see 



Ministry of Education, 2015). It has specifically stated that teachers’ role as designers for 

learning environment and experiences acts as an enabler for the actualization of the 

Masterplan. In addition, Singapore has continuously engaged in developing its teachers to 

design ICT-based teaching and learning activities since Masterplan 1. Whether or not 

preservice teachers from elsewhere view their role as designer need to be ascertained through 

future research. In addition, whether or not practicing teachers hold the same view should 

also be considered for future research. Comparison studies between preservice teachers, 

practicing teachers and perhaps teacher educators are likely to contribute further in this area 

of research. Voogt and Mckenney (2017) has pointed out that current teacher education 

practice may be lacking in engaging teachers as designers, let alone changing teachers’ 

design beliefs.  

While there are existing design model to enhance teachers’ TPACK (Angeli & 

Valanides, 2009; Chai et al., 2012; Kramarskil & Michalsky, 2010), design models, like 

design itself, are open ended and can be conceived in many ways. The current study built 

upon past efforts in facilitating teachers’ TPACK design by the formulation of the STLDM. It 

is anchored on learning by design and further enhanced through knowledge prompts that help 

to activate relevant aspects of teachers’ existing TPACK (Koh et al., 2015). The pre-and-post 

survey shows that the model is effective in raising the preservice teachers’ TPACK efficacy 

and also help to foster their beliefs change that are said to be essential for teacher education 

(Kagan, 1992). The model could be adapted and further improved by other teacher education 

institutions. As teachers’ change in beliefs in this study was only of medium effect size, 

future research and design effort can focus on means of helping the preservice teachers’ to 

consider their beliefs explicitly. This may be conducive in fostering stronger changes in the 

teachers’ TPACK.  

 The structural equation models were conducted to test the relationships of the 

teachers’ beliefs and their TPACK, including the more elementary form of TPACK. The 

teachers’ WTK and DD do not predict their TPACK. Instead TAD, BNCL, TPK, TCK are 

the significant predictors when the data were analysed through structural equation modeling. 

Previous studies (Koh et al., 2015; Chai et al., 2017) indicate that DD is a significant 

predictor of TPACK. This study seem to indicate that under more rigorous statistical analysis 

plus the inclusion of new scale (i.e. TAD), DD may be less significant. Teachers’ 

technological knowledge has generally predicted their TPACK in past structural equation 

modeling research (Koh, Chai & Tsai, 2013). This study however reports that WTK did not 

significantly predict the teachers’ TPACK. The consistent predictors of TPACK across a 



number studies are TPK and TCK (for review, see Chai et al., 2016). The findings indicate 

the importance of these factors which teacher educators should help preservice teachers to 

develop. In other words, preservice teachers may not need TK as much as they need TPK and 

TCK.    

Nonetheless, the second order CFA conducted to further investigate the relationship 

indicate that the three factors of teachers’ design beliefs and the four factors of TPACK in 

this study function as higher level factors. As teachers beliefs are multifaceted and can be 

conceptualized based on many angles (for example, ontological, epistemic and pedagogical), 

the study hopes to provide some grounds for future research in the study of teachers’ TPACK 

and teachers’ beliefs, which could involve more factors. In addition, the structural equation 

modeling conducted at the second order indicates that the teachers’ design beliefs are 

predictor of teachers’ TPACK. This is generally congruent with literature about how 

teachers’ beliefs shape their practice (Kagan, 1992; Ertmer et al., 2014; Sang et al., 2010). 

This may suggest that it is advisable and likely to be fruitful to address issues pertaining to 

teachers’ beliefs when they are engaged in design technology-based lessons. One possible 

way is to include relevant belief prompts to the lesson design process to help the teachers to 

consider whether it is their beliefs or their knowledge that is shaping their lesson design 

especially after each stage of design as illustrated by the STLDM.         

The main limitation to the current study is that it relies solely on the teachers’ self-

reported surveys. While self-reporting has been used to study many programs, it will be ideal 

to assess the teachers’ lesson plans to understand the preservice teachers’ lesson design 

performances. However, it is difficult to create time for the preservice teachers to sit through 

tests on their lesson design performances to establish the pre-and-post course effectiveness for 

this study. In addition, all lessons designed in the context of this course are joint outcome of 

the tutors and preservice teachers’ co-construction. It seems necessary to conduct lesson design 

tests as Kramarski and Michalsky (2010) have conducted for future research.   
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