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Abstract
Teacher design work has gained increasing attention by re-conceptualizing teachers as 
designers rather than curriculum deliverers. However, assessing teacher design work can 
be challenging given that there are very few research tools to assess teacher design knowl-
edge (TDK) competencies. To fill that gap, this study proposes a survey that assesses TDK 
competencies in the era of digitally-mediated learning. The validity and reliability studies 
of the scale were carried out with 66 teachers. After the EFA, the TDK survey included 
43 items from 77 items and had three factors. These factors were data literacies practice, 
design practice, and distributed epistemic practice. Despite the limitations of the small 
sample size, the findings revealed that the TDK scale was a valid and reliable instrument 
for measuring TDK competencies. The implications of these findings were discussed.

Keywords  Teacher design knowledge · A survey · Data literacies practice · Design 
practice · Distributed epistemic practice

Introduction

To integrate technology into classroom teaching and learning, the notion of technologi-
cal pedagogical content knowledge (TPACK) has been developed since 2003 (Lunde-
berg et al., 2003; Mishra & Koehler, 2006). The term of design thinking has been often 
employed in teacher education not only to build teacher creativity and empathy but also to 
foster twenty-first century competencies of students as knowledge workers in a knowledge-
intensive society (Koh et al., 2015). However, TPACK and design thinking still need to be 
further understood in the era of digitally-mediated learning generating the large amount of 
multimodal data including both unstructured data and structured data designed in digitally-
mediated learning (Siemens, 2012) incidental to that learning.

Recently, to support a paradigm shift for twenty-first century learning, teacher design 
work has gained increasing attention by re-conceptualizing teachers as designers rather 
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than curriculum deliverers (McKenney et al., 2015). The lack of teacher knowledge, skills, 
abilities, or competencies related to innovative learning environments in teaching have 
been identified as the major barriers to student design work (Kim, 2019). In other words, 
while teacher learning and teacher design work to support student design work in a digi-
tally-mediated learning environment are of growing importance, very few teachers have the 
competencies and the confidence in their abilities to become designers (Kali et al., 2015). 
Further, despite the efforts to conceptualize teaching as a design science (Laurillard, 2012), 
assessing teacher design work can be challenging given that there are very few research 
tools to assess teacher design knowledge (TDK) competencies. To address this issue, this 
study proposes a survey that assesses TDK competencies in the era of digitally-mediated 
learning.

Identification of teacher design knowledge competencies dimensions

Recently a systematic review conducted by Kim (2019) defined teacher design knowledge 
(TDK) competencies for STEM teachers to make TDK visible in the form of TDK com-
petency taxonomies. By reviewing existing teacher design work in technology-enhanced 
learning environments, these TDK competency taxonomies consist of four main catego-
ries: data practice, design practice, knowledge creation practice, and professional teaching 
practice (see Table  1, p. 4). These TDK competencies were used as the identified con-
structs to create the questionnaire item pool for the TDK competencies survey.

Data practice is defined as “documenting, creating, manipulating, and visualizing stu-
dent learning data produced, shared, and improved by the community of learners across 
formal and informal settings” (p. 5) using technologies. In a digitally-mediated learning 
environment, compared to a traditional classroom setting, a large amount of multimodal 
learning artifacts (e.g., digital storytelling, drawings, photos, construction, games, scientific 
models) as epistemic artifacts (i.e., ideas See Bereiter, 2002) at cognitive, metacognitive, 
and socioemotional levels (D’Mello et al., 2014; Mega et al., 2014) is produced, shared, 
and improved individually and collectively. Also, creating data is important because not all 
data already produced, so teachers use technological tools (e.g., simulations, games, virtual 
labs) by collaborating with researchers and practitioners to allow students to generate data 
which are not accessible to our sense. Teachers are expected to manage, organize, examine, 
and analyze multiple sources of these data in meaningful ways to make sense and visualize 
student learning. Thus, teachers need to include these multimodal learning data to make 
instructional decisions and inform teaching practice beyond assessment results as the com-
mon form of data (Mandinach et al., 2015). A total of 19 items were written down in this 
data practice.

While documenting, creating, analyzing, and visualizing student learning data, teach-
ers are expected to continually develop and improve their understanding of the nature and 
process of the design of learning environments. By drawing upon a Learning-by-Design 
model for a pedagogy of multiliteracies initiated by Cope and Kalantzis (2009), design 
is viewed as a meaning-making activity that enables transformation of resources of the 
already designed world of representation (so-called “Available Designs”). In the act of 
Designing of meaning making, the teacher appropriates, revoices, and transforms Avail-
able Designs and “enacts a new design” (p. 177). In particular, in order to synthesize 
emerging design knowledge about the use of digital technologies in designing learning 
environments, it is recommended for teachers to improve educational practices through 
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design-enactment-refinement iterations (Wang & Hannafin, 2005) and create contextually-
sensitive design principles. Thus, in design practice, it is essential for teachers to conduct 
rigorous and reflective inquiry to (a) appropriate known design principles through learning, 
(b) apply known and hypothetical design principles to address complex problems in real 
contexts in collaboration with practitioners and researchers, (c) test and define (improvise) 
new design principles to design innovative learning environments (in new designs), and (d) 
redefine design principles in multiple iterations (Kim, 2019, p. 8). A total of 17 items were 
written down in this design practice.

In line with the design practice, the teacher as “the meaning-maker-as-designer” (Cope 
& Kalantzis, 2009, p. 177) is expected to teach the students of generation ‘P’ (participa-
tory, Jenkins, 2006 as cited in Cope & Kalantzis, 2016c) as active knowledge-makers 
rather than passive recipients in the knowledge society where knowledge is no longer 
viewed as an individual static entity (Valsiner & Veer, 2000; Van Aalst, 2009). Teachers 
need to focus more on supporting students in participating in various phases of the design 
as a form of action in knowledge creation practice where students become as epistemic 
agents by generating and identifying promising ideas and continually improving the ideas 
through sustained collaborative inquiry (Bereiter, 2010) and collective cognition (Chan, 
2013). In this knowledge creation practice, there are four knowledge practice taxonomies 
in alignment with the above-mentioned data practice and design practice: (a) epistemic 
agency for an idea-centered discourse, (b) distributed social interactions for collective 
knowledge advancement, (c) collaborative formative assessment for knowledge creation, 
and (d) expansive learning for knowledge transformation. A total of 18 items were written 
down in this knowledge creation practice.

Although in the creative economy and knowledge society, the concept and practice of 
‘teacher professionalism’ has gained increasing attention, there remains an uncertainty 
of what comprises “professional” teaching. The concept of teacher professionalism may 
evoke many images and have multiple definitions depending on the educational context, 
but in alignment with the above-mentioned data practice, design practice, and knowledge 
practice, four taxonomies were defined in teacher professionalism (Kim, 2019): (a) Adapta-
bility, (b) Teacher Collaboration, (c) Design Thinking, and (d) Teacher Leadership (p. 17). 
A total of 23 items were written down in this professional teaching practice.

Research method

The purpose in developing these TDK competencies was to define and determine a teach-
er’s knowledge, skills, and attitudes of TDK according to a literature review of teacher 
design work in diverse settings (see Kim, 2019). Since the TDK competencies were devel-
oped based on the views and experiences of teachers who were teaching in diverse sub-
jects and settings, the item pool to develop the scale was created by using all of the TDK 
competencies. A total of 16 competencies were listed within 4 competency domains (data, 
design, knowledge creation, professional teaching) (see Table 1 above). In order to deter-
mine the content validity of the scale form prepared, the expert teachers were asked for 
their views prior to the implementation process. For this purpose, the TDK competencies 
scale form was presented to a total of 3 experts (two expert teachers, one curriculum devel-
oper). Based on the feedback from those experts, items were revised, simplified and broken 
down into specific items.
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As a result of this step, the scale form included a total of 77 items in 4 dimensions with 
4 sub-dimensions for each dimension. There were 19 items in the dimension of data prac-
tice (see Table 2), 17 items in the dimension of design practice (see Table 3), 18 items in the 
dimension of knowledge creation practice (see Table 4), and 23 items in the dimension of pro-
fessional teaching practice (see Table 5). For each item, five-point Likert type scale (“strongly 
agree”, “somewhat agree”, “neither agree nor disagree”, “somewhat disagree”, and “strongly 
disagree”) was used. The final version of the questionnaire was tested on online through Qual-
trics Survey Software with 69 teacher participants in Canada and Singapore where teacher 
design work has been emphasized. Of the 69 students who completed the survey, 27 (39.1%) 
were teachers who have 5–10 years of teaching experiences (Table 6), 25 (36.2%) were teach-
ers who had more than 10 years of teaching experience, and 17 (24.6%) were teachers who 
have less than 5 years of teaching experience. Half of the teachers (37) had a master’s degree, 
and 37 (53.6%) of teachers taught in K-12 settings. After applying the survey form, the Kol-
mogrov Smirnow test was applied to a group of 66 participants after data cleaning to investi-
gate whether the scores obtained via the survey had a normal distribution or not. The distribu-
tion of residuals satisfied the assumption (Kolmogorov–Smirnov D = 0.102, p = 0.085).

Findings

A construct validity was carried out for the structure of the TDK survey form using the explor-
atory factor analysis to examine a certain number of interrelated variables (Fields, 2013) and 
identify the relationships between variables explained by conceptually-meaningful factors. 
The principal components analysis was applied as an exploratory factor analysis and a factor 
extraction technique. In order to reset the correlations between factors and to help interpret the 
factors, Varimax vertical axis rotation was used. The number of factors, the lower limit of the 
item eigenvalue was taken as 1.00 to determine the number of factors. Moreover, the factor 
load lower limit of each item was taken as 0.40 (DeVellis, 2012; Netemeyer et al., 2003). The 
KMO sample competency was measured in order to test the validity of the size of the sample 
statistically, and the KMO value was calculated as 0.678 which is interpreted as normal. Since 
Bartlett’s Test of Sphericity test were examined (chi- square = 2186.074; df = 903; p < 0.000), 
it is seen that the data are appropriate for the factor analysis. In other words, the sample size 
and the correlation matrix is said to be appropriate for factor analysis (Tabachnick & Fidell, 
2013).

In the present study, items were removed from the survey during the factor analysis applied 
in since those items failed to meet the requirement for the value of 0.40. As a result, it was 
found out that the revised survey form including 43 items had a three-factor structure, that the 
total variance explained was 48.148%, and that the factor load values ranged between 0.440 
and 0.812.

The Cronbach’s alpha coefficient for the whole scale was found to be 0.935, whereas the 
values of Cronbach’s alpha coefficient for individual factors of the scale ranged between 0.945 
(factor 1, 20 items), 0.862 (factor 2, 13 items), and 0.858 (factor 3, 10 items).
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Table 2   Survey items for data practice

1.1 Documenting multimodal student learning data
1.1.1 Using technology, I collect information that shows 

my students’ learning over time and as they pro-
gress

1.1.2 Using technology, I gather multimodal data that 
shows student learning (for example, not just one 
format such as texts, but also pictures, videos, 
sounds, gestures, etc.)

1.1.3 Using technology, I gather information which will 
show me how my students explain things, organ-
ize or summarize ideas, and/or analyze the situation 
they have at hand

1.1.4 Using technology, I gather information from my stu-
dents’ interactions and conversations which show 
whether they played a role in the learning of their 
peers or not. (e.g. a student may say I showed Ali 
how to do something, etc.)

1.1.5 Using technology, I take note of how my students feel 
during social interactions (e.g. Do they trust group 
members?; Do they get anxious when talking to 
others?, etc.)

1.1.6 Using technology, I gather information which shows 
how my students plan their own learn-
ing, check their own progress, and/or evaluate what 
they have learned

1.2 Creating student-generated learning data
1.2.1 Using technology, my students express themselves 

in various formats (text, video, audio, spatial, 
movement, etc.)

1.2.2 Using technology, I modify the curriculum or the 
software I use (either by myself or with help), to 
allow my students to better express their ideas in 
different formats

1.2.3 Using technology, I place students in different situ-
ations to make them think about what they are 
learning from different angles and viewpoints. (e.g. 
being an observer, being a researcher, etc.)

1.2.4 When designing classroom activities, I think about 
whether the elements I choose align well with 
each other or not (e.g. content, students, activity, 
environment, technology, etc.)

1.3 Manipulating and analyzing student learning data
1.3.1 Using technology, I organize and/or filter the infor-

mation I gather about my students’ learning (e.g. 
sort information by time, filter information to find 
similar content, remove incomplete information, 
etc.)

1.3.2 Using technology, I analyze and/or organize infor-
mation about my students’ individual learning 
processes

1.3.3 Using technology, I analyze and/or organize infor-
mation about my students’ individual learning 
outcomes
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Discussion on findings and implications

Despite the limitations of the small sample size, the findings revealed that the TDK com-
petencies survey was a valid and reliable instrument for measuring TDK competencies. 
The validity and reliability studies of the scale were carried out with 66 teachers after data 
cleaning. After the EFA, the TDK competencies survey included 43 items from 77 items 
and had three factors. These factors were Data Literacies Practice (20 items), Design 
Practice (13 items), and Distributed Epistemic Practice (10 items) in terms of the 3Ds (see 
Table 7).

Factor 1: data literacies practice by integrating instruction and assessment

The data literacies practice factor consists of 20 items as one of the most important factors 
of the TDK competencies survey (Table 8). This factor refers to teachers’ competencies in 
becoming data-literate teachers who document (ethically access), interpret, visualize, and 
act on multimodal learning data to empower students.

Echoing Mandinach and Gummer’s (2016) definition of data literacy for teachers, 
Factor 1 suggests introducing data practice in teacher learning to enhance teacher design 
knowledge in the transformation of data into instructional decisions (Table 9). Compared 
to traditional assessments, innovative assessments integrate “assessment and instruction 
into a seamless, unified activity at promoting learner development through appropriate 
forms of mediation that are sensitive to the individual’s (or in some cases a group’s) cur-
rent abilities” (Lantolf & Poehner, 2004, p. 50). In other words, the boundaries between 
instruction and assessment are blurred as assessment as data-driven decision making in 
data practice allows teachers to use data effectively to inform their instruction which will 

Table 2   (continued)

1.3.4 Using technology, I analyze and/or organize infor-
mation about my students’ group level learning 
processes

1.3.5 Using technology, I analyze and/or organize infor-
mation about my students’ group level learning 
outcomes

1.4 Visualizing student learning
1.4.1 With the help of technology, my students can 

see their own learning journey in a visualized and 
understandable format

1.4.2 With the help of technology, my students can 
see their group or class’s learning journey in a 
visualized and understandable format

1.4.3 With the help of technology, other stakeholders (par-
ents, community members, policy-makers, etc.) 
can see students’ learning journey in a visualized 
and understandable format

1.4.4 With the help of technology, other stakeholders (par-
ents, community members, policy-makers, etc.) 
can see the classroom’s learning journey in a 
visualized and understandable format
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Table 3   Survey items for design practice

2.1 Appropriating design principles through learning
2.1.1 Before designing my own curriculum, I search for 

examples and ideas from any other avail-
able sources

When we say curriculum elements, we mean the 
teacher, students, subject, time, place, aim, activity, 
and results

2.1.2 Before designing my own curriculum, I (individually 
or with help from others) think about how other 
peoples’ curriculum elements can be adapted to my 
own work

2.1.3 If I choose to use elements from other people’s cur-
ricula, I think about what their intentions were for 
using those elements

2.1.4 Once I choose the curriculum elements I want to use, 
I think about whether they will help me reach my 
intended outcomes

2.2 Applying design principles by teacher-researcher partnerships
2.2.1 I regularly collaborate with others (teachers or 

researchers) to discuss ways to address the 
issues and problems I face while implementing my 
work

2.2.2 Using the curriculum elements I have learned and 
reflected on, I design and implement my own cur-
riculum

2.2.3 Researchers, practitioners, and/or more experienced 
teachers help me apply my existing knowl-
edge about curriculum design into my work

2.2.4 I involve my students in deciding the ways they are 
going to use the available resources to learn

2.3 Improvising new design principles in new designs
2.3.1 I know how to best combine curriculum elements
2.3.2 I have had before, or have now, a long-term partner-

ship with experts in the field of design-based 
research or work

2.3.3 As my experience increases over time, it is easier 
for me to make instantaneous changes and deci-
sions when needed

2.3.4 I sometimes (not always) improvise and come up with 
ideas on the spot

2.4 Redefining design principles in multiple iterations
2.4.1 After I’ve created my curriculum, I revise it over time 

as I implement it or parts of it in different contexts
2.4.2 I regularly get help from others to improve my work 

even when I am not facing any issues or problems
2.4.3 I believe my work can be improved
2.4.4 I believe the way I design and carry out my work can 

be useful for others
2.4.5 As my work improves over time, some of my sur-

roundings also improve or adapt (e.g. school 
administration, school culture, staff, etc.)



2181Factors to assess teacher design knowledge competencies: data…

1 3

Table 4   Survey items for knowledge creation practice

3.1 Epistemic agency for an idea-centered discourse
3.1.1 I engage my students by making connections with 

their personal ideas and experiences
3.1.2 My students’ have access to each other’s ideas
3.1.3 My students and I compare and com-

bine their ideas with their peers’ information and 
thoughts

3.1.4 I create hands-on learning environments which are 
linked to what my students are learning

3.1.5 My students plan and monitor their own learn-
ing individually and collectively

3.2 Distributed social interactions for collective knowledge advancements
3.2.1 I have students learn and share knowledge in groups
3.2.2 When my students are working in groups, they share 

knowledge between their groups
3.2.3 My students can and do change groups during col-

laborative work if their goals or situations change
3.2.4 The ways (with who, how, etc.) we collaborate inside 

or outside the classroom is flexible and changes 
based on the situation or opportunity at hand

3.3 Collaborative formative assessment for knowledge creation
3.3.1 Collaboratively, my students and I continu-

ously reflect on their learning progress (e.g. what 
they have learned, what they need to learn, and how 
they are going to learn it)

3.3.2 Based on my understanding of my students’ strengths 
and needs, I provide feedback to them

3.3.3 Based on my understanding of my students’ strengths 
and needs, I redesign my future curriculum

3.3.4 Collaboratively, my students and I use technology to 
better understand and assess the information we 
have about their learning

3.4 Expansive learning for knowledge transformation
3.4.1 As I gradually learn how my students think and act in 

different situations. Then, I use that knowledge 
to help them learn new things

3.4.2 I redesign my future work based on the new ideas my 
students come up with and the new things they 
learn

3.4.3 My students and I collaboratively design the class-
room’s future activities to make sure something 
new or different will be learned

3.4.4 When I face a problem, I look to see if I can find 
conflicting motives in the situation and use those 
motives to create solutions

3.4.5 I use what I learn to try to explain things in new 
ways and explore new applications
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in turn encourage students to generate their own multimodal learning data (Table 10). In 
particular, the data literacies factor aligns with Cope and Kalantzis’ (2016b) claim that data 
practice mediated by digital technology empowers both teachers and students to ethically 
access, create, interpret, visualize and act on on-going, real-time big data “as the product 
of which is a collectively created artifact or solution that cannot be ascribed to individual 
cognition” (p. 14) to make decisions and evaluate various forms of social interactions.

Table 5   Professional teaching practice survey items

4.1 Adaptability
4.1.1 When things affecting my work suddenly change, I try to change too, or adapt to 

the new situation
4.1.2 I am both efficient and innovative
4.1.3 I sometimes don’t know how to solve the new problems I face
4.1.4 If something comes up which I don’t know or am not skilled at, I don’t try to 

avoid it
4.1.5 I question and monitor my own learning and/or performance (either on my own 

or with the help of others)
4.1.6 I know my reasons for the actions I take and the decisions I make
4.2 Teacher collaboration
4.2.1 There are people I have been in contact with for a long time who specifically 

helped me with my professional development
4.2.2 I regularly collaborate with others to analyze my own work and/or create new 

knowledge or value
4.2.3 I use knowledge which is created and shared across the entire educational 

system I am a part of
4.2.4 I collaborate with both teachers and researchers
4.2.5 When collaborating, I both obtain and share knowledge to eventually build 

knowledge collaboratively
4.3 Design thinking
4.3.1 I try to feel how my students feel
4.3.2 When there is an issue, I try to define it so I know exactly what the problem I’m 

facing is
4.3.3 To solve a problem I am faced with, I try to come up with multiple solutions
4.3.4 When I come up with a solution for a problem, I create a prototype of my solu-

tion (if possible)
4.3.5 If for a problem, I come up with a solution and make a prototype of my solution, 

I test the prototype to make sure it’s good
4.3.6 I use design thinking (i.e. empathize with those who face a problem, define the 

problem, come up with possible solutions, create a prototype, and test it)
4.4 Teacher leadership
4.4.1 I believe I am a teacher leader
4.4.2 My coordinating and/or management skills are at a high level
4.4.3 I am involved in the professional development of other in-service and/or pre-

service teachers
4.4.4 I dedicate time and energy to educational initiatives and programs related to out-

side the scope of my own classroom (e.g. school level, district, national, etc.)
4.4.5 I believe I contribute to the profession of teachers
4.4.6 I pursue professional growth and development (e.g. take courses, read books and 

articles, etc.)
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Table 8   Survey themes and items in data literacies practice

Survey Themes Survey Items

Document (Ethically Accessing) 1.1.5 Using technology, I take note of how my students feel during 
social interactions (e.g. do they trust group members, do they get 
anxious when talking to others, etc.)

1.1.2 Using technology, I gather multimodal data that shows student 
learning (for example, not just one format such as texts, but also 
pictures, videos, sounds, gestures, etc.)

1.1.4 Using technology, I gather information from my students’ 
interactions and conversations which show whether they played a 
role in the learning of their peers or not. (e.g. a student may say I 
showed Ali how to do something, etc.)

1.1.6 Using technology, I gather information which shows how my 
students plan their own learning, check their own progress, and/or 
evaluate what they have learned

1.1.3 Using technology, I gather information which will show me 
how my students explain things, organize or summarize ideas, 
and/or analyze the situation they have at hand

1.1.1 Using technology, I collect information that shows my stu-
dents’ learning over time and as they progress

Noticing/Interpreting (Sense-Making) 1.3.5 Using technology, I analyze and/or organize information 
about my students’ group level learning outcomes.

1.3.3 Using technology, I analyze and/or organize information 
about my students’ individual learning outcomes

1.3.2 Using technology, I analyze and/or organize information 
about my students’ individual learning processes

1.3.1 Using technology, I organize and/or filter the information I 
gather about my students’ learning (e.g. sort information by time, 
filter information to find similar content, remove incomplete 
information, etc.)

1.3.4 Using technology, I analyze and/or organize information 
about my students’ group level learning processes

Visualizing (Communicating) 1.4.2 With the help of technology, my students can see their group 
or class’s learning journey in a visualized and understandable 
format

1.4.3 With the help of technology, other stakeholders (parents, com-
munity members, policy-makers, etc.) can see students’ learning 
journey in a visualized and understandable format

1.4.1 With the help of technology, my students can see their own 
learning journey in a visualized and understandable format

1.4.4 With the help of technology, other stakeholders (parents, com-
munity members, policy-makers, etc.) can see the classroom’s 
learning journey in a visualized and understandable format
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Data literacies practice as the first TDK competency domain refers to teachers’ mean-
ing-making practice. The process involves: Documenting, Noticing/Interpreting, Visual-
izing, and Acting on students’ multimodal meaning-making as data. First, teachers need 
to observe and listen to student learning (e.g., social, emotional, cognitive, metacogni-
tive aspects) through multimodality (e.g., drawing, reading, writing, speaking, art, music, 

Table 8   (continued)

Survey Themes Survey Items

Acting on 1.2.2 Using technology, I modify the curriculum or the software I 
use (either by myself or with help), to allow my students to better 
express their ideas in different formats

2.4.5 As my work improves over time, some of my surroundings 
also improve or adapt (e.g. school administration, school culture, 
staff, etc.)

3.3.1 Collaboratively, my students and I continuously reflect on 
their learning progress (e.g. what they have learned, what they 
need to learn, and how they are going to learn it)

3.1.5 My students plan and monitor their own learning individually 
and collectively

Table 9   Survey themes and items in design practice

Survey Themes Survey Items

Appropriating 2.1.4 Once I choose the curriculum elements I want to use, I think about whether they will 
help me reach my intended outcomes

2.1.3 If I choose to use elements from other people’s curricula, I think about what their 
intentions were for using those elements

2.1.2 Before designing my own curriculum, I (individually or with help from others) think 
about how other peoples’ curriculum elements can be adapted to my own work

4.3.1 I try to feel how my students feel
2.1.1 Before designing my own curriculum, I search for examples and ideas from any 

other available sources
Applying 3.4.1 As I gradually learn how my students think and act in different situations. Then, I 

use that knowledge to help them learn new things
1.2.4 When designing classroom activities, I think about whether the elements I choose 

align well with each other or not
2.3.3 As my experience increases over time, it is easier for me to make instantaneous 

changes and decisions when needed
Improvising 4.1.5 I question and monitor my own learning and/or performance (either on my own or 

with the help of others)
4.3.2 When there is an issue, I try to define it so I know exactly what the problem I’m 

facing is
3.4.5 I use what I learn to try to explain things in new ways and explore new applications

Redefining 2.4.3 I believe my work can be improved
4.1.1 When things affecting my work suddenly change, I try to change too, or adapt to the 

new situation
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movement) using a variety of documentation formats with the use of technology. Second, 
this documentation can help teachers notice and interpret a multiplicity of students’ inter-
ests, ideas, and authentic problems in students’ multimodal meaning-making by designing 
playful and collaborative activities. Teachers’ meaningful noticing can give teachers expe-
rience in engaging in a variety of learning communities to generate a big idea by consoli-
dating, maintaining, and improving students’ interests and ideas.

Third, teachers should be able to visualize not only the student-generated learning data 
(e.g., questions, emerging big ideas, improvable ideas) but also learning processes, prod-
ucts, contexts, and interactions with the environment and materials – resulting in com-
municating shared language and understanding with groups/individual students and other 
stakeholders. Finally, teachers are also engaged in acting on students’ multimodal mean-
ing-making to increase student agency and advance community knowledge. The important 
point is that they also need to become data-informed citizen scientists in teaching activi-
ties including assessment through the conceptualization of contexts, products, process, and 
interactions with the environment and materials with the use of technology.

Factor 2: design practice through teaching‑by‑designing

The design practice factor consists of 13 items on the TDK competencies survey. As lead-
ing scholars in educational data sciences, Cope and Kalantzis (2016a) viewed data as evi-
dence of (social) “cognition in the documented social provenance of information” as “the 
collaborative construction of knowledge artifacts and the quality of reasoning behind a 
conclusion” instead of assessing “individual cognition in the form of memory and correct 
application of theorems” (p. 8). They indicated the similarity between the data used for 
pedagogy and the data used by researchers in the educational data sciences (p. 9) to inte-
grate instruction and assessment in the era of big data for co-designing innovative learning 

Table 10   Survey themes and items in distributed epistemic practice

Survey Themes Survey Items

Adaptability 2.3.1 I know how to best combine curriculum elements
Design thinking 4.3.3 To solve a problem I am faced with, I try to come up with multiple solutions

4.3.4 When I come up with a solution for a problem, I create a prototype of my solu-
tion (if possible)

4.3.5 If for a problem, I come up with a solution and make a prototype of my solution, 
I test the prototype to make sure it’s good

4.3.6 I use design thinking (i.e. empathize with those who face a problem, define the 
problem, come up with possible solutions, create a prototype, and test it)

Collaboration 2.2.4 I involve my students in deciding the ways they are going to use the available 
resources to learn

3.4.3 My students and I collaboratively design the classroom’s future activities to 
make sure something new or different will be learned

3.4.2 I redesign my future work based on the new ideas my students come up with and 
the new things they learn

3.3.2 Based on my understanding of my students’ strengths and needs, I provide 
feedback to them

Teacher Leadership 3.4.4 When I face a problem, I look to see if I can find conflicting motives in the situa-
tion and use those motives to create solutions
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environments with students, researchers, and practitioners. In other words, in authentic 
learning settings, teachers need to conceptualize contextually-sensitive design principles 
through continuous reflective inquiry of designing, enacting, analyzing, and redesigning 
innovative learning environments as described above.

As knowledge workers and designers through knowledge creation, teachers appropriate 
known design principles through learning, apply known and hypothetical design princi-
ples to address complex problems in real contexts in collaboration with practitioners and 
researchers, test and define (improvise) new design principles to design innovative learning 
environments (in new designs), and (d) redefine design principles in multiple iterations. 
These TDK competencies suggest teaching as knowledge creation through teaching-by-
designing rather than delivering pre-determined contents, so schools are expected to sup-
port and empower teachers to develop capabilities and disposition in advancing existing 
knowledge (e.g., design principles).

Thus, in the TDK survey, design practice can be defined as teachers’ meta-data lit-
eracies practice that allows teachers and students to reconstruct and (re)design available 
designs for meaning for purposes of data literacies practice. There are the four activities 
that comprise the design practice process. First, teachers need to engage in appropriating 
and adapting available design principles that can be reworked as available designs to imple-
ment a technology-enhanced curriculum and support students’ multimodal meaning-mak-
ing in data literacies practice. Second, through teacher-researcher partnerships, it is also 
essential to build teacher capacity to apply available design principles guided and designed 
by researchers and other practitioners. Teachers should be able to redefine and apply at 
least some of available design principles to design and implement a technology-enhanced 
curriculum where data literacies practice is fostered with the help of technology. Third, it 
is required that teachers engage in design practice independently, and eventually improvise 
new design principles through knowledge networks to advance pedagogical understanding 
and curriculum making. Finally, teachers can redefine design principles in multiple itera-
tions in diverse contexts by ongoing interaction and knowledge co-construction between 
teachers and researchers/practitioners. This design practice also requires a certain type of 
visualization of the redesigned design principles as traces of meaning-making that trans-
form teachers into leaders who facilitate further development of more promising design 
principles and encourage other teachers to better engage in data literacies practice.

Factor 3: distributed epistemic practice for knowledge creation

The distributed epistemic practice factor consists of 10 items on the TDK competencies 
survey. This factor highlights teachers’ competencies in integrating curriculum elements 
in terms of Schwab’s (1978) commonplaces (e.g., teacher, student, subject matter, milieu) 
and design thinking to enrich the collaborative process with students in terms of design-
erly ways of knowing (Cross, 1982). To continuously design and define innovative learning 
environments mediated by digital technology, teachers should be engaged in distributed 
epistemic practice that advances knowledge progressively as teachers empathize with stu-
dents, identify problems, come up with possible solutions, create a prototype, and test it. 
As teachers engage in a community of learners as knowledge creators, they should assume 
agency in using and creating epistemic artifacts (e.g., design principles) to improve their 
ideas while taking up responsibility to advance the community’s knowledge in addition to 
individual teacher learning, acknowledging the rights of every student to contribute ideas, 
embracing diversity in views as strength of the community, and leveraging distributed 
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expertise in a collaborative inquiry leading to the collective advancement of knowledge for 
all educational stakeholders.

Therefore, distributed epistemic practice in the TDK survey involves teachers’ meta-
design practice by engaging teachers in the practice of leadership to support not only stu-
dents’ multimodal meaning-making in data literacies practice but also design practice by 
demonstrating adaptability expertise, collaborating with stakeholders, and applying design 
thinking to co-creation of knowledge. There are the four activities in the distributed epis-
temic practice process. First, teachers should be able to respond to curriculum and policy 
changes and adapt available design principles to document the diverse and changing stu-
dent learning through multimodality using a variety of documentation formats by seeking 
out, appropriating, and adapting available design principles. These available design prin-
ciples can be reworked as available designs to implement a technology-enhanced curricu-
lum to support data literacies practice and design practice. This adaptability is important 
to cope with unexpected and emerging needs of student learning in the implementation 
of a technology-enhanced curriculum. Second, teachers can participate in collaborative 
inquiries into their own teaching practices and continually integrate new knowledge into 
data literacies practice and design practice. These collaborative engagement activities are 
important to notice a multiplicity of students’ interests, ideas, and authentic problems and 
advance the community’s knowledge by applying available design principles.

Third, it is required for teachers to incorporate design thinking into emerging changes in 
teaching, curriculum, or policy changes to communicate learning processes, products, con-
texts, and interactions with the environment and materials with groups/individual students 
and other stakeholders by improvising new design principles through knowledge networks. 
Finally, teachers need to engage in the practice of leadership to support students’ multi-
modal meaning-making by visualizing the redesigned design principles in multiple itera-
tions in diverse contexts to advance data literacies practice and design practice.

Conclusion

The current work developed the survey instrument to assess teacher design knowledge 
(TDK) competencies drawing upon a previous publication on a competency taxonomy 
for TDK (Kim, 2019) in technology-enhanced learning environments. This TDK survey 
included 43 items categorized into three factors including data literacies practice, design 
practice, and distributed epistemic practice. The first TDK competency domain, data litera-
cies practice refers to teachers’ meaning-making practice by documenting, noticing/ inter-
preting, visualizing, and acting on students’ multimodal meaning-making as data through 
multimodality using a variety of documentation formats with the use of technology. Design 
practice, the second TDK competency domain, is defined as teachers’ meta-data literacies 
practice that allows teachers and students to reconstruct and (re)design available designs 
for meaning for purposes of data literacies practice. This design practice engages teachers 
in appropriating available design principles for students’ multimodal meaning-making in 
data literacies practice, applying them through teacher-researcher partnerships, improvising 
new design principles through knowledge networks to advance pedagogical understand-
ing and curriculum making, and redefining these design principles in multiple iterations 
through expansive learning. The third TDK competency domain, distributed epistemic 
practice, refers to teachers’ meta-design practice that engages teachers in the practice of 
leadership to support not only students’ multimodal meaning-making in data literacies 
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practice but also design practice by demonstrating adaptability expertise, collaborating 
with stakeholders, and applying design thinking to co-creation of knowledge. To further 
develop and validate the instrument, the author is also in the process of conducting system-
atic but flexible design-based research with teachers who engage in the work of design by 
extending their pedagogical repertories to facilitate both collective and personal knowledge 
construction.
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