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A B S T R A C T   

Design thinking has exhibited significant strength in instruction optimization. However, relevant 
research has been limited due to the unavailability of measurement for teachers’ design thinking. 
The current study developed and validated the Scale of Design Thinking for Teaching (SDTT). 
Drawing on responses from 1,018 K-12 teachers in Mathematics and English as a foreign lan
guage, we cross-validated the scale’s measurement quality and then examined its predictive 
validity for instruction quality. Results suggested the SDTT had four factors (problematizing, 
ideating, prototyping, and testing) with acceptable reliability, convergent validity, discriminant 
validity, strong measurement invariance across subject and gender groups, and good predictive 
validity for instruction quality. The SDTT can be utilized as a list of concrete and operable 
strategies for teachers to apply in instructional practice and as a diagnostic tool for teacher ed
ucators in teacher training programs. Limitations and suggestions for future research were 
discussed.   

1. Introduction 

Student learning largely hinges on the effectiveness of teachers’ instruction (Motallebzadeh et al., 2018). Design thinking, a 
human-centered problem-solving approach that emerged from the designer profession, has been recognized as an essential process in 
designing these instruction activities (Henriksene et al., 2018; Koh et al., 2015; Madson, 2021). Design thinking empowers teachers to 
enhance instructional effectiveness by taking students’ perspectives, identifying the problem, and evaluating and refining the teaching 
plan (Henriksen et al., 2018). Empirical studies have testified to the beneficial impact of design thinking on teachers’ instruction and 
student learning (Atchia, 2021; Goldman & Kabayadondo, 2017; Wu et al., 2019). 

Various attempts have been made in the education sector to help teachers develop their design thinking (Crites & Rye, 2020; d. 
school, 2018). However, the lack of instruments to measure teachers’ design thinking has limited research and practice in design 
thinking for instruction. To address this gap, the current study aimed to develop and validate an instrument to measure teachers’ 
design thinking. The newly developed measures would facilitate large-scale empirical research that examines the relation between 
design thinking and instructional practice and how this relation can be subject to other variables. Furthermore, this self-report design 
thinking measurement is expected to help pre-and in-service teachers to understand the ingredients of quality instruction. It will also 
likely provide helpful information for supervisors and teacher educators when developing their teacher education curricula. 
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2. Literature review 

2.1. Design thinking 

Design thinking has been regarded as a solution-based skill or approach used by experienced designers to creatively address 
complex problems (Dorst, 2011; Razzouk and Shute, 2012). This approach emphasizes that problem-solving should be anchored in 
understanding and fulfilling human needs (Brown, 2008). Drawing on this understanding, the problem is identified, and a wide range 
of ideas is generated. This is followed by a field test of the preliminary solution built on alternative ideas, possibly leading to several 
iterations of the procedures to determine the optimal solution (d.school, 2018). 

Design thinking has gained increasing popularity in diverse professions, including business management (Sarooghi et al., 2019), 
healthcare (McLaughlin et al., 2019), and social innovation (Goi & Tan, 2021), to list but a few. Importantly, design also lies at the core 
of education, where educators strive for students’ better learning outcomes through pedagogy design (Cross, 2001; Henriksen et al., 
2018). The problems educators confront are similar to those that designers aim to address, that is, wicked problems that are ill-defined 
without one straightforward solution (Buchanan, 1992). The difficulties in teaching practice are complicated due to various issues, 
such as pedagogical goals, students’ cognitive capacity, learning motivation and engagement, teacher-student relationship, and so 
forth. Given this analogy, design thinking has been widely heralded as an essential problem-solving approach for teachers to aid 
pedagogy design and achieve quality teaching (Koh et al., 2015). 

Different design thinking models have been proposed to cater to specific professional fields (Lin et al., 2020). In teacher education, 
the Stanford Design Thinking Model has been widely adopted, which specifies five dimensions, i.e., emphasize, define, ideate, prototype, 
and test (d.school, 2018). While design thinking has been extensively included in teacher training and received considerable attention 
in educational research (Henriksen et al., 2018), large-scale empirical studies are limited due to a lack of valid scale measuring design 
thinking in the teaching context. 

In educational studies, however, scales have been developed to measure the design thinking traits of students, which we find 
informative for developing scales to measure teachers’ design thinking. For example, Blizzard et al. (2015) developed an 18-item 
questionnaire measuring design thinking traits and validated it among 6772 college students studying engineering in the United 
States. Results of EFA (exploratory factor analysis) suggested five factors underlying nine items: collaboration, experimentalism, 
optimism, feedback-seeking, and integrative thinking. Results of linear regression suggested the validity of these factors in predicting 
other constructs, including learning achievement. In the discipline of business, Roth et al (2020) validated a 20-item questionnaire for 
design thinking among 160 business engineering students. Results of MIMIC (multiple-indicator, multiple-cause model) suggested five 
dimensions: user as an information source, user as co-developer, problem framing, prototyping, and iteration. A common feature of 
these scale development studies is their exploratory nature. For this reason and many others (e.g., different purposes and contexts), 
different studies have identified different traits. Although these identified traits appear inclusive, they are atheoretical and risk 
over-representing the design thinking construct. 

More recently, Tsai & Wang (2020) built their work on the Stanford model and developed a scale of 20 candidate items for design 
thinking for studying computer programming. Results of EFA with 350 Taiwanese adolescents retained 18 items and confirmed four 
factors: Ideate, Prototype, Empathize, and Define. However, since it is hardly possible for computer programming learning in sec
ondary education to involve test dimension as explained by the authors, this dimension was omitted in the development process, which 
somehow risks the under-representation issue. 

In short, endeavors in the measurement development of design thinking have evolved from the atheoretical approach to being more 
theory-based. While the Stanford design thinking model seems to provide a useful conceptual framework, to our knowledge, it has 
rarely been used in scale development. Therefore, our study adopted the Stanford design thinking model as the theoretical basis, which 
will be elaborated in the following section. 

2.2. Factors of design thinking 

According to the five-mode Stanford Design Thinking Model, when teachers apply design thinking, they empathize with students, 
define the problem, ideate the solutions, prototype the solutions or schemes, and test the efficiency of these strategies (d.school, 2018). 
For the sake of convenient communication, we convert the verbs of the five modes into their gerunds as empathizing, defining, ideating, 
prototyping, and testing. 

Empathizing. Through empathizing, teachers gather comprehensive information about what students need and want and how they 
feel during learning (d.school, 2018; IDEO, 2016; Radford University, 2013). This step aligns with needs analysis in task-based lan
guage teaching (TBLT; Ellis, 2017; Long, 2014). According to TBLT, tasks, content, and strategies in the classroom should be designed 
based on learners’ needs, and this can be achieved through interactions with specific learners (Long, 2014). In classroom teaching, 
teachers should try to follow the thread of students’ cognitive process, a teacher quality known as epistemic empathy (Jaber et al., 
2018). Besides, teachers should also notice the contextual issues involved in the learning process related to motivational or affective 
variables (Robertson et al., 2015). To empathize with students, various strategies can be applied by the teacher, such as interviewing 
students for direct responses, observing learners’ behaviors for implicit information, and taking learners’ perspectives by imagination 
(English, 2016). 

Defining. In this mode, teachers explicitly state the most meaningful and actionable problem with the student-related information 
obtained from empathizing. Data resulting from empathizing will be studied and integrated to rule out irrelevant possibilities and 
pinpoint the critical problem. This mode can also find its echoes in other research paradigms related to teaching, namely, the 
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identification of tasks in TBLT, or the selection of specific problems in problem-based learning or inquiry-based learning, in that all of 
them require teachers to locate the pain points and search for the crux of the problematic situation (Hmelo-Silver, 2004; Long, 2014). 
When defining, teachers should hold back their preconceptions to avoid stereotypes likely to undermine the objectivity and 
authenticity of the problem (d.school, 2018; Liedtka, 2015; Long, 2014). When defining the problem, teachers should also consider the 
constraints in classroom teaching, such as top-down teaching guidelines, length of courses, and size of the class (Crites & Rye, 2020). 

Ideating. Ideating refers to the process in which teachers generate a wide range of possible ideas or ways that might contribute to 
problem-solving (Crites & Rye, 2020; d.school, 2018). This mode encourages creativity and open-mindedness in teachers and requires 
them to utilize their divergent thinking to help themselves think wide (d.school, 2018). All teaching methods and strategies teachers 
are acquainted with can be recorded to compile the initial pool of ideas. Instead of individual efforts, teachers can utilize multiple ways 
to generate ideas by collaborating with colleagues or observing good classroom teaching (Wu et al., 2019). 

Prototyping. During prototyping, teachers quickly shape the ideas into a preliminary teaching plan after narrowing down the ideas 
created in the ideating mode. Prototyping is not a perfect final solution but good enough to be put into trials in the Testing mode (d. 
school, 2018). Teachers must use convergent thinking and consider variables in authentic learning situations to create the teaching 
plan. The teaching plan would be a ready-to-test model instead of a perfect one (Crites & Rye, 2020; Nation & Macalister, 2019). 
Teachers may build the model in an outline, a mind map, or tangible objects, which allow them to interact with, deeply understand, 
anticipate the potential drawbacks, and revise it immediately if necessary (d.school, 2018). 

Testing. Testing is teachers’ chance to ‘gather feedback, refine solutions, and continue to learn’ (d.school 2018, p. v) about their 
students. In this mode, teachers conduct a pilot study to test the prototype with target learners in the actual learning environment. 
Based on the solution’s evaluation, teachers decide whether to adopt or redesign it. In the testing mode, teachers evaluate their 
teaching plans with triangulated resources, such as students’ implicit and explicit feedback, performance, and so forth. This evaluation 
process demands teachers’ metacognitive skills to move beyond the role of insiders to reflect on their teaching practice. This reflection 
echoes the notion of “reflective teaching” in education literature (Zeichner & Liston, 2013). To harvest maximum benefit from field 
tests, teachers must foster the willingness to accept failures and learn from trials and errors (Razzouk & Shute, 2012). 

2.3. Design thinking and teaching 

Design thinking has been touted as a structured guideline to help teachers integrate pedagogical knowledge and contextual issues, 
design practical and creative teaching activities and improve their confidence in teaching practice (Henriksen et al., 2018; Khoda
bakhshzadeh et al., 2018). Empirical research has demonstrated the benefits of design thinking to teaching practice in different do
mains, such as teacher education (Henriksen et al., 2018), science, technology, engineering, and mathematics (STEM) education 
(Atchia, 2021; Wu et al., 2019), and language education (Crites & Rye, 2020; Matsui, 2020). 

Through a case study, Atchia (2021) observed that the teacher’s use of design thinking efficiently enhanced students’ engagement 
and development in their biology learning. The researcher found that the teacher revised her teaching and assessment strategies and 
adjusted resources under the design thinking guideline by considering students’ feedback towards teaching. These adjustments 
eventually led to higher student engagement (Atchia, 2021). 

Henriksen et al. (2018) documented a graduate-level teacher education course based on the Stanford model. The results demon
strated that both in-service and pre-service teachers acknowledged that design thinking practices equipped them with strategies to 
solve context-specific problems creatively. These strategies included appreciating empathy, tolerating uncertainty, and seeing teachers 
as designers (Henriksen et al., 2018). 

Tseng et al (2019) examined the role of design thinking in fostering six pre-service teachers’ Technological Pedagogical Content 
Knowledge during their web-conference teaching. Results of quantitative content analysis and qualitative analysis of interviews 
showed the conspicuous deployment of Pedagogical Content Knowledge by the pre-service teachers, suggesting the potential of design 
thinking in facilitating pre-service teachers’ competence in solving contextual problems during online instruction, such as technical 
problems and students’ attention problems. 

In a case study, Crites & Rye (2020) explored the implementation of design thinking in the curriculum design for an English as a 
Foreign Language (EFL) program at a Columbia university. The researchers found that integrating design thinking into the curriculum 
design process improved teachers’ design practices by making the design process more collaborative, creative, and efficient, and these 
advantages carried on to their course instruction. 

The swath of studies in design thinking has shown the potential of design thinking for empowering teaching. However, most studies 
have been constrained to case studies or small-scale qualitative inquiries. A consequence of this constraint is that the results are usually 
idiosyncratic whose generalizability to a larger scale remains an open issue. To advance research and practice studies in teachers’ 
design thinking, the current study aimed to develop and validate a scale measuring designing thinking for teaching. The present study 
attempted to develop the Scale of Design Thinking for Teaching (SDTT), evaluate its measurement quality, and assess the predictive 
validity of the SDTT for instruction quality. 

3. Methods 

3.1. Scale construction 

Scale construction involved two steps. First, the authors reviewed the literature pertinent to design thinking extensively. Items were 
then generated by referring to existing design thinking questionnaires, which resulted in a pool of more than 30 candidate items. 
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Second, the researchers divided these items into five dimensions based on the Stanford model and translated them into Chinese with 
the help of a professor of EFL education and translation using the back-forward approach (Grisay, 2003, 2006). Afterward, a panel of 
seven members was formed, which comprised one professor of educational assessment and higher-order thinking (the first author), one 
professor in EFL education and translation, three lectures in foreign languages education (two in English and one in French), and two 
graduate students studying higher-order thinking in language education assessment (including the second author). The panel reviewed 
the items regarding their wording, clarity, content coverage, relevance to teaching practice, and order that might constrain teacher 
participants’ responses. During this course, the survey items were online for the panel members to try out. After more than ten rounds 
of trying out and revising, the panel agreed on a pool of 29 items. 

3.2. Instruments 

SDTT. This 29-item scale contained five subscales: empathizing, defining, ideating, prototyping, and testing. The questionnaire 
asked teacher participants to rate the frequency of the behavior depicted by each item on a six-point Likert scale (1= “Never,” 2= “Very 
Rarely,” 3= “Rarely,” 4= “Occasionally,” 5= “Frequently,” 6= “Always”). Since neutral responses might be interpreted as neutral, 
undecided, or avoiding responding, the neutral point was not adopted as it would bear the risk of ambiguity in data analysis (Krosnick 
et al., 2002). The instruction for responding was: “Please read each of the statements below carefully and recall your teaching practice, 
and then indicate the extent to which each statement reflects your teaching practice.” A sample item is “(I try to) encourage students to 
talk about how they feel during conversations” (tapping into emphasizing). Please refer to Appendix A for details of the scale. 

IQS (Instruction Quality Scale). The IQS was adapted from the OECD Teaching and Learning International Survey (TALIS) (Ainley & 
Carstens, 2018; OECD, 2018). TALIS defined instruction quality as a multidimensional construct that comprises five dimensions: 
classroom management, clarity of instruction, cognitive activation, feedback to students, and assessment strategies. We used a 
shortened TALIS teaching quality scale to reduce response workload by choosing one item from each of the five dimensions. The use of 
shortened questionnaires to reduce respondents’ workload and enhance data response quality is not rare to find (Bento et al., 2019; 
Kim et al., 2018; OECD, 2019). For instance, OECD (2019) even used a single item to measure fluid intelligence, and the measure has 
been proved to be quite effective in capturing the primary feature of fluid intelligence (Bernardo et al., 2021). 

In our study, the 5-item IQS asked teacher participants to evaluate their teaching practice and rate on a 6-point Likert scale (from 1 
= “Strongly Disagree” to 6 = “Strongly Agree”). Item 1 measured classroom management (“I calm students who are disruptive,” M =
5.52, SD=0.71), Item 2 addressed instruction clarity (“I set a goal at the beginning of instruction,” M = 5.52, SD=0.66), and Item 3 was 
about cognitive activation (“ I give tasks that require students to think critically,” M = 5.03, SD=0.91), Item 4 tapped into feedback (“I 
provide written feedback on student work in addition to a mark ” M = 5.27, SD=0.78), and Item 5 dealt with assessment (“I use a 
variety of assessment strategies,” M = 5.20, SD=0.84). The internal consistency of the IQS was α=0.81, indicating good reliability. The 
measurement quality of the scale was also corroborated through CFA (see later text). 

3.3. Data collection 

The researchers collected data from 127 schools in a city in South China. Before data collection, consent was obtained from the 
education authority of the town, local schools, and participating teachers. The study recruited 1018 in-service teachers teaching EFL or 
Mathematics at the compulsory education level. Compulsory education in China includes primary (Grades 1–6) and junior middle 
(Grades 7–9) school levels that every child should complete as stipulated by China’s Compulsory Education Law (National People’s 
Congress, 2006). Among the participants, 65.2% were teaching at the primary school level (429 mathematics teachers and 235 EFL 
teachers), and 34.8% were teaching at the junior middle school level (181 mathematics teachers and 173 EFL teachers). 

About 79.3% of the teachers were female, and their ages ranged from 20 to 59 (M = 34.80, SD = 9.39). Regarding their educational 
background, 76.9% were with a bachelor’s degree, 9.5% with a master’s degree, 13.5% with an associate degree, and 0.1% with a 
doctoral degree. Their years of teaching varied from 1 to 40 years (M = 11.56, SD = 10.11). 

The SDTT and IQS used for data collection were delivered via the online platform Wenjuanxing (https://www.wjx.cn). The 
questionnaire included a cover letter informing the participants of the purpose of the study, volunteering participation, contents of the 
questionnaire, participating confidentiality ensuring, and the time needed to finish the questionnaire. Teachers who accomplished this 
survey were therefore recognized as giving consent to data collection. 

3.4. Data analysis 

Primary data analysis involved three steps: 1) cross-validation, 2) assessment of reliability assessment, convergent validity, 
discriminant validity, and measurement invariance, and 3) predictive validity. 

All main analyses were run on Mplus version 8.5 (Muthén & Muthén, 1998–2020). When conducting EFA, CFA, and MIMIC an
alyses (Kline, 2015), we used the estimator of maximum likelihood with robust standard errors (MLR) due to its robustness to 
non-normal data (Satorra & Bentler, 2001) with the Geomin rotation method (Muthén & Muthén, 1998–2017). Model-data fit was 
assessed using multiple criteria: comparative fit index (CFI) and Tucker-Lewis index (TLI), root mean square error of approximation 
(RMSEA), and standardized root mean square residual (SRMR). Models with CFI and TLI values of 0.95 or above and with RMSEA and 
SRMR values of 0.05 or less are considered to have a good fit, whereas models with CFI and TLI values above 0.90 and RMSEA and 
SRMR values smaller than 0.08 are considered to have an acceptable fit (Mueller et al., 2019). 
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3.4.1. Step1: cross-validation 
To conduct cross-validation, we first randomly split the data into two halves. Afterward, we conducted EFA with Subsample 1 and 

confirmatory factor analysis (CFA) with Subsample 2. The EFA was conducted to examine the dimensionality, and factorial structure of 
the SDTT, and the CFA was to evaluate the stability of the factorial structure established through EFA with a different dataset. Factors 
with an eigenvalue above one (Brown, 2015) and model fit indices reported by Mplus were consulted when deciding the number of 
factors to be extracted (Aichholzer, 2014). It is recommended that factor retention decisions be made based on multiple criteria 
(Hayton et al., 2016). Therefore, we also conducted parallel analysis (PA), very simple structure (VSS) criterion, and Velicer’s min
imum average partial (MAP) to assist factor retention decision. 

3.4.2. Step 2: assessment of reliability, convergent validity, discriminant validity, and measurement invariance 
Reliability refers to the internal consistency of the items in measuring the construct underlying a scale. The reliability level for each 

subscale was evaluated by Cronbach’s alpha (α), McDonald’s omega (ω), and Coefficient H. Values of Cronbach’s alpha and McDo
nald’s omega above 0.70 indicate acceptable reliability (Cortina, 1993; Dunn et al., 2014), while Coefficient H was calculated to show 
the maximal reliability (Hancock & Mueller, 2001; McNeish, 2018). 

Convergent validity refers to the extent to which the items within a scale measure the same construct (Cunningham et al., 2001). 
The evaluation of convergent validity was based on two statistics: average variance explained (AVE) and composite reliability (CR). 
Good convergent validity is determined if AVE is above 0.5 or a CR value is above 0.7 (Fornell & Larcker, 1981; Hair et al., 2019). 

Discriminant validity demonstrates the extent to which a construct distinguishes itself from others. We adopted a fourfold approach 
to examine discriminant validity (Walker et al., 2015). First, the AVE value of each factor was compared with the squared correlations 
(r2) between the factor and other factors. An AVE value larger than the squared correlations would suggest adequate discriminant 
validity between the factors (Fornell & Larcker, 1981). Factors that failed to satisfy this criterion were considered problematic for 
further inspection. 

Second, a competing model with the correlation of problematic factors fixed to one was constructed and compared with the original 
correlated-factor model using the chi-square difference test. A significant difference between the two models would suggest sufficient 
discriminant validity (Kenny, 2016). For model comparison, as the Satorra–Bentler chi-square provided by Mplus with the MLR 
estimator is not suggested to be directly used for the chi-square difference test (Satorra & Bentler, 2010), the chi-square difference test 
was computed using the Satorra–Bentler chi-square, scaling correction factor, and degree of freedom as suggested by Satorra & Bentler 
(2010). 

Third, another competing model with problematic factors combined into one factor was compared with the original correlated- 
factor model. As the two models were non-nested, the comparison was made based on the model fit indices of each model instead 
of comparing their chi-square difference (Kenny, 2016). A better fit of the original correlated-factor model would suggest sufficient 
discriminant validity. 

Fourth, the discriminant validity of the scale was also examined by inspecting the confidence interval around the correlation 
between the problematic factors (correlation estimates and standard error). If the range does not cover the value of one, the two factors 
are considered distinct, and sufficient discriminant validity is determined (Anderson & Gerbing, 1988). 

Furthermore, we also tested whether the factorial structure holds across different subgroups of the same population (Van de Schoot 
et al., 2012). In our case, we conducted two-group CFA using the whole sample to evaluate the measurement invariance of the SDTT 
across subject and gender groups. To deal with the significant gender distribution imbalance (females = 79.3%, quite a normal gender 
distribution of K-12 teachers in China), we followed the method suggested by Yoon & Lai (2018). When assessing MI, we tested the 
following models in a hierarchical order: a configural model (unconstrained model), a weak invariance model (factor loadings con
strained equal), and a strong invariance model (item intercepts constrained equal) (Widaman & Reise, 1997). An invariance level was 
determined if the more complex model had a change in CFI smaller than 0.01 (Cheung & Rensvold, 2002) and a change in RMSEA 
smaller than 0.015 (Chen, 2007). 

3.4.3. Step 3: predictive validity 
Drawing on the resultant SDTT cross-validated by the steps above, we examined the predictive validity of teachers’ design thinking 

for instruction quality using the whole sample. First, a bivariate correlation analysis was conducted among design thinking subscales 
(represented by their means) and instruction quality to provide the basis for the following analyses. Second, CFA was performed with 
the whole sample to ensure the measurement quality of the shortened IQS. Third, MIMIC was conducted to examine the predictive 
validity of design thinking for instruction quality. 

4. Results 

4.1. Demographic information 

Table 1 shows the demographic information of teachers in the two split samples. As shown, the two randomly split subsamples had 
similar means in age and years of teaching experience. The two random subsamples also had similar ratios in teachers of Mathematics 
and English. Regarding teaching levels, Subsample 2 had a slightly larger percentage of primary school teachers (68.0%) than Sub
sample 1 (62.5%). Regarding teacher education backgrounds, Subsample 2 had a slightly larger ratio of teachers with a Bachelor’s 
degree (78.6%). To summarize, the distributions of demographic factors across the two subsamples were similar in most variables. 
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4.2. Cross-validation 

The cross-validation was done in two steps: EFA with the first subsample and CFA with the second subsample. When conducting 
EFA on Mplus, a researcher must set the minimum and the maximum number of factors to be extracted. In line with the literature and 
our original design, we set the minimum number of factors as one and the maximum number as five. Table 2 shows the model fit 
indices for the first round EFA models containing one to five factors, respectively. As shown, the model fit improved as the number of 
extracted factors increased, and the fit indices reached an acceptable level until the five factors were extracted. Moreover, four of the 
five factors had eigenvalues larger than 1: 14.30, 1.82, 1.35, 1.15, and 0.93, respectively. In addition, the results of PA, VSS, and MAP 
suggested retaining two factors, one factor, and four factors, respectively. The one-factor structure could be understood as all items 
reflecting the same construct, while the two-factor structure had severe cross-loadings that were difficult to interpret theoretically. 
Furthermore, according to the model fit indices from EFA, both one-factor and two-factor structure were far from the acceptable level. 
Considering quantitative criteria, interpretability, and theoretical expectations, we finally decided to retain four factors. 

We then inspected inappropriate items with weak factor loadings (items with loadings smaller than 0.30 on any factor) and strong 
cross-loadings (similar loadings) on at least two factors and conceptual relevance between factors and their loaded items. We excluded 
one inappropriate item at a time until each item was loaded on the relevant factor and no severe cross-loadings were displayed. 

In the end, 17 items were retained, and a four-factor structure was determined: problematizing that combined empathizing and 
defining (6 items), ideating (4 items), prototyping (3 items), and testing (4 items). The eigenvalues for the four factors were 8.77, 1.14, 
1.06, and 1.01, respectively, all above the rule-of-thumb value of 1. Besides, this model reached a good fit: CFI = 0.981, TLI = 0.965, 
RMSEA (90% CI) = 0.041 (0.030, 0.052), and SRMR = 0.022. The factor loadings of the final EFA solution are shown in Table 3. 

The four-factor structure obtained from EFA was further cross-validated using Subsample 2. The model fit the data well: CFI =
0.961, TLI = 0.954, RMSEA (90% CI) = 0.048 (0.040, 0.056), and SRMR = 0.042. Fig. 1 presents the standardized estimates of the 
structural model. The correlations between the factors ranged from r = 0.68 (between problematizing and prototyping) to r = 0.79 
(between problematizing and testing). Within each factor, the loadings were all 0.56 and above, indicating sufficient factor loadings of 
items with each factor. 

4.3. Reliability, convergent validity, discriminant validity, and measurement invariance 

Table 4 shows the statistics for the reliability, convergent validity, and discriminant validity calculated based on the CFA results 
with Subsample 2. As shown, Cronbach’s alphas for each factor (from 0.86 to 0.88) and omega (from 0.82 to 0.88) are all larger than 
the cut-off value of 0.70, while Coefficient H ranged from 0.86 to 0.94, suggesting good reliability for each subscale. 

Convergent validity was assessed based on the CR and AVE values. The CR values ranged from 0.84 to 0.88, all above the rec
ommended threshold of 0.70 for good convergent validity (Hair et al., 2019). The AVE values of four factors were all greater than 0.50 
(from 0.66 to 0.77) except for problematizing (AVE = 0.47), which roughly met the criteria of good convergent validity. As AVE is a 
relatively conservative criterion, it has been recommended that CR alone could be used for deciding convergent validity when an AVE 
falls below 0.50 (Fornell & Larcker, 1981). To summarize, the SDTT showed adequate convergent validity. 

The assessment of discriminant validity consisted of four types of analyses. First, the AVE value of a factor was compared with the 
squared correlation between the factor and another corresponding factor. As shown in the right block of Table 4, the squared cor
relations between two pairs of factors exceeded the AVE value of the related factor (AVE = 0.47): the squared correlation between 
problematizing and ideating (r = 0.57) and that between problematizing and testing (r = 0.62). The results indicated the two pairs of 
factors (i.e., problematizing and ideating, problematizing and testing) might need further examination to determine the discriminant 
validity of the scale. 

Second, the original four-correlated-factor model was compared with two competing models, and the fit statistics are shown in the 
discriminant validity block in Table 2. The first competing model forced the correlation between problematizing and ideating to one 
(Model 1.1), and the second competing model fixed the correlation between problematizing and testing to one (Model 1.2). The fit 

Table 1 
Demographic information.  

Variable Subsample 1 Subsample 2 

Gender 77.6% female 80.9% female 
Age M = 35.07 (SD = 9.67) M = 34.53 (SD = 9.10) 
Years of teaching experience M = 11.72 (SD = 10.35) M = 11.40 (SD = 9.88) 
Subjects   

English 201 (39.5%) 302 (40.7%) 
Mathematics 308 (60.5%) 207 (59.3%) 

Teaching level   
Primary school 318 (62.5%) 346 (68.0%) 
Junior middle school 191 (37.5%) 163 (32.0%) 

Education background   
Associate degree 74 (14.5%) 63 (12.4%) 
Bachelor’s degree 383 (75.2%) 400 (78.6%) 
Master’s degree and above 52 (10.2%) 46 (9.0%) 

Notes. M = mean, SD = standard deviation. 
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statistics for Model 1.1 were CFI = 0.913, TLI = 0.896, RMSEA (90% CI) = 0.072 (0.065, 0.080), SRMR = 0.047, and those for Model 
1.2 were CFI = 0.916, TLI = 0.900, RMSEA (90% CI) = 0.071 (0.064, 0.079), SRMR = 0.051, both worse than the fit statistics of the 
original four-correlated-factor model: CFI = 0.961, TLI = 0.954, RMSEA (90% CI) = 0.048 (0.040, 0.054), SRMR = 0.042. 

We made a further comparison between the original model, Model 1.1, and Model 1.2. The chi-square test showed that the two 
competing models differed significantly from the original model (p < .001). These results supported discriminant validity between 
problematizing and ideating and between problematizing and testing. 

Third, we compared the original model with two other competing models, one congregating problematizing and ideating into one 
factor (Model 1.3) and the other combining problematizing and testing (Model 1.4). As a result, both competing models showed poor fit. 
The fit statistics for Model 1.3 were: CFI = 0.912, TLI = 0.897, RMSEA (90% CI) = 0.072 (0.065, 0.079), SRMR = 0.047, and those for 
Model 1.4 were: CFI = 0.915, TLI = 0.901, RMSEA (90% CI) = 0.071 (0.063, 0.078), SRMR = 0.052. Again, discriminant validity was 
corroborated between the two pairs of factors under inspection. 

Finally, we inspected the range of confidence interval of the correlation between the two pairs of factors in question. Discriminant 
validity would be established if the coverage did not cover the value of one (Anderson & Gerbing, 1988). The lower and upper limits of 
the confidence interval were calculated by adding to or subtracting from the correlation estimate two standard errors. For problem
atizing and ideating, the correlation estimate was 0.75, and the standard error was 0.05, the confidence interval thus ranging from 0.65 
to 0.85. For problematizing and testing, the correlation estimate was 0.68, and the standard error was 0.04, the confidence interval thus 
ranging from 0.60 to 0.76. That both confidence intervals excluded the value of one suggested the two pairs of factors should not 

Table 2 
Model fit indices.  

Model S-Bχ2 df RMSEA (90% CI) SRMR TLI CFI 
First-round EFA (n1= 509) 

1-factor 1890.375* 377 .089 (0.085, 0.093) .064 .764 .781 
2-factor 1527.725* 349 .081 (0.077, 0.086) .049 .801 .829 
3-factor 1190.689* 322 .073 (0.068, 0.077) .041 .841 .874 
4-factor 834.387* 296 .060 (0.055, 0.065) .033 .893 .922 
5-factor 486.037* 271 .039 (0.034, 0.045) .022 .953 .969 
Final round EFA (n1= 509) 
1-factor 795.190* 119 .106 (0.099, 0.113) .062 .771 .800 
2-factor 556.781* 103 .093 (0.086, 0.101) .052 .823 .866 
3-factor 311.013* 88 .071 (0.062, 0.079) .040 .898 .934 
4-factor 137.434* 74 .041 (0.030, 0.052) .022 .965 .981 
CFA (n2= 509) 
4-factor 247.049* 113 .048 (0.040, 0.056) .042 .954 .961 
Discriminant validity (n2= 509) 
Model 1.1 416.874* 114 .072 (0.065, 0.080) .047 .896 .913 
Model 1.2 406.351* 114 .071 (0.064, 0.079) .051 .900 .916 
Model 1.3 420.582* 116 .072 (0.065, 0.079) .047 .897 .912 
Model 1.4 411.093* 116 .071 (0.063, 0.078) .052 .901 .915  

* p < .001; S-B χ2 = Satorra–Bentler chi-square; df = degrees of freedom; RMSEA=root mean square error of approximation; SRMR=standardized 
root mean square residual; TLI=Tucker–Lewis index; CFI=comparative fit index. 

Table 3 
Factor loadings (n1 = 509).  

Item F1 F2 F3 F4 

02 try to know about the students’ learning needs. .410    
03 encourage students to talk about how they feel during conversations. .547    
05 observe students to understand them better. .567    
06 try to understand students in multiple ways. .582    
08 specify the difficulties in classroom instruction. .655    
10 constantly summarize the characteristics of quality teaching. .599    
14 generate new teaching ideas by brainstorming.  .316   
15 explore new ideas by reflecting on my teaching practice.  .679   
16 learn about teaching approaches from experienced colleagues.  .947   
17 get new teaching ideas by observing other teachers’ classes.  .799   
20 go over a teaching idea with examples.   .492  
21 generate flow charts or outlines to visualize the instruction procedure.   .946  
22 draft a teaching plan to better understand a teaching approach.   .820  
25 test the teaching plan in an actual classroom setting.    .752 
26 pay attention to students’ responses when I test a teaching plan.    .576 
27 modify a teaching plan according to students’ feedback.    .876 
28 reflect on teaching practice to improve the teaching plan.    .627 

Note. Factors 1–4 = problematizing, ideating, prototyping, and testing; Factor loadings lower than 0.30 were not displayed; All loadings are sig
nificant at p < .05. 
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belong to the same factor and further confirmed our assumption of discriminant validity. 
MI of the four-factorial structure was assessed with the whole sample across subject (Mathematics and English) and gender. Table 5 

shows the model-data fit results of the MI assessment. The analyses were done by placing a series of model constraints: configure 
invariance (Model 2.1 for subject groups and Model 3.1 for gender groups), weak invariance (Model 2.2 for subject groups and Model 
3.2 for gender groups), and strong invariance (Model 2.3 for subject groups and Model 3.3 for gender groups) (Widaman & Reise, 
1997). The model fits of all tested models were all at the acceptable level. From the simple model to the complex model, the changes in 
CFI values were smaller than the cut-off value of 0.01 (Cheung & Rensvold, 2002) and the changes in RMSEA values were smaller than 
0.015 (Chen, 2007), suggesting strong measurement invariance of the SDTT across subject and gender groups. 

4.4. Predictive validity 

The resultant 17-item SDTT and the whole sample data were utilized in this step. First, as shown in Table 6, the bivariate correlation 
results indicated that all design thinking dimensions were positively correlated with instruction quality. The correlations ranged from 
0.63 (with problematizing) to 0.63 (with testing), all with p < .01. 

Second, a first-round CFA with the 5-item IQS produced a poor fit: CFI = 0.919, TLI = 0.838, RMSEA (90% CI) = 0.098 (0.076, 
0.123), SRMR = 0.046. The modification indices suggested the associations between Item 1 and Item 2. After inspecting these items, 

problematizing

DT02 DT03 DT05 DT06 DT08 DT10 DT14 DT15 DT16 DT17 DT20 DT21 DT22 DT25 DT26 DT27 DT28

TestingIdeating Prototyping

.79

.68 .74

.75 .72 .77

.65 .67 .79 .59 .56 .81 .78 .81 .83 .84 .66 .93 .90 .77 .81 .90 .74

.58 .55 .37 .65 .69 .34 .39 .35 .32 .29 .56 .13 .19 .40 .34 .18 .45

Fig. 1. Correlated four-factor model with standardized estimates (n2 = 509). 
All factor loadings are significant at p < .001. 

Table 4 
Statistics for reliability, convergent and discriminant validity (n2 = 509).     

Squared correlation (r2) 
Factor α ω H CR AVE Problematizing Ideating Prototyping Testing 

Problematizing .88 .82 .86 .84 .47 – .57 .46 .62 
Ideating .83 .88 .89 .88 .71  – .52 .55 
Prototyping .81 .86 .94 .88 .71   – .60 
Testing .89 .88 .90 .88 .66    – 

Note. α = Cronbach’s alpha; ω = omega; H = Coefficient H; CR = composite reliability; AVE = average variance explained. 

Table 5 
Model fit indices (N = 1018).  

Model S-B χ2 df SRMR RMSEA (90% CI) Δ RMSEA TLI CFI ΔCFI 

Model 2.1 612.964* 226 .039 .058 (0.053, 0.064) – .932 .944 – 
Model 2.2 634.373* 239 .054 .057 (0.052, 0.062) .001 .934 .942 .002 
Model 2.3 668.674* 252 .058 .057 (0.052, 0.062) 0 .934 .939 .003 
Model 3.1 422.199* 226 .045 .064 – .927 .939 – 
Model 3.2 434.041* 239 .066 .062 .002 .931 .940 .001 
Model 3.3 460.990* 252 .072 .062 0 .930 .935 .005  

* p < .001; S-B χ2 = Satorra–Bentler chi-square; df = degrees of freedom; RMSEA = root mean square error of approximation; SRMR = standardized 
root mean square residual; TLI = Tucker–Lewis index; CFI = comparative fit index. 
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we found that both Item 1 and Item 2 were closely related to the classroom setting. Therefore, we modified the model by allowing the 
covariances between these items and this final model produced a good fit: CFI = 0.999, TLI = 0.997, RMSEA (90% CI) = 0.013 (0.000, 
0.051), and SRMR = 0.012. Results of CFA with the 17-item SDTT indicated an acceptable fit: CFI = 0.942, TLI = 0.930, RMSEA (90% 
CI) = 0.058 (0.053, 0.063), and SRMR = 0.037. 

Third, the MIMIC model included four design thinking factors as the exogenous variables and the instruction quality factor as the 
endogenous variable, with age, gender, subject, school level, education background, and year of teaching experience as covariates to 
control for possible confounding effects. The model showed an acceptable fit: CFI = 0.927, TLI = 0.911, RMSEA (90% CI) = 0.049 
(0.046, 0.052), and SRMR = 0.039. 

Fig. 2 displays the main paths with standardized estimates of the MIMIC model, and more specific information on path coefficients 
is shown in Supplementary Table 1. As shown, instruction quality was significantly predicted by problematizing (β = 0.38, p < .001) and 
testing (β = 0.34, p < .001). The effect of prototyping on instruction quality was positive but non-significant (β = 0.22, p = .055). The 
effect of ideating on instruction quality was null. Moreover, all four design thinking factors were positively related to each other, with 
rs ranging from 0.73 (between problematizing and prototyping) to 0.89 (between ideating and prototyping). 

5. Discussion 

This study aimed to develop and validate the SDTT to measure teachers’ design thinking. The original pool of candidate items 
contained 29 items falling into five dimensions corresponding to the five-mode Stanford model: empathizing, defining, ideating, pro
totyping, and testing. Through cross-validating the scale with 1018 in-service teachers from 127 schools, the validated SDTT retained 17 
items which fell into four subscales: problematizing (combining emphasizing and defining), ideating, prototyping, and testing. The scale 
showed good measurement validity, reliability, convergent validity, discriminant validity, and consequential validity. MIMIC results 
demonstrated that SDTT displayed good validity in predicting instruction quality mainly through problematizing and testing factors. 

Among the four SDTT factors validated in our study, ideating, prototyping, and testing corresponded to the same labels in the Stanford 
model. The problematizing factor was the congregation of empathizing and defining. Our confirmation of the ideating, prototyping, and 
testing suggested that these factors also underlie design thinking in the teaching context, as indicated in previous literature (e.g., 
Atchia, 2021; Henriksen et al., 2018; Scheer et al., 2012). Ideating focuses on the creativity to generate teaching ideas through 
brainstorming, self-reflection, collaboration with colleagues, or vicarious experience of quality teaching. Prototyping emphasizes the 
action of teaching plan-making; during this course, teachers present the teaching process in a more visualized way, recognize the 
purposes of plan-making by grasping a deeper understanding of teaching methods, predicting potential problems in actual classroom 
teaching, and making revisions to address the problems. Testing is associated with the tryout of teaching plans in the classroom, during 
which teachers pay attention to evaluate the teaching plan based on self-reflection and students’ responses to aid further improvement. 

The problematizing factor demonstrated teachers’ efforts in specifying the objectives or problems they must address. The combi
nation of empathizing and defining has been suggested in the design thinking literature. According to Norman (2013), the 
Double-Diamond Design Process Model introduced by the British Design Council in 2005 divided design thinking into four processes: 
discover, define, develop, and deliver. In this model, discover and define are labeled as “finding the right problem” (p. 220). Brown (2008) 
posited design thinking embraced three spaces, i.e., inspiration, ideation, and implementation. Among them, the inspiration space consists 
of discovering peoples’ needs and constructing the mental constraints that illustrate the starting point, criteria for evaluating progress, 
and objectives (Brown & Wyatt, 2010). In this sense, the inspiration space signifies a composite of empathizing and defining. 

We contend that at least three reasons should have led to the aggregation of empathizing and defining in our study. First, to un
derstand the problem, teachers could intentionally approach students and uptake students’ perspectives through observation or 
communication. In this sense, empathizing with students and defining problems will likely be undertaken concurrently. The second 
reason should relate to the high uniformity of the K-12 education system, where teachers must strictly conform to the pedagogical 
standards and teaching objectives stipulated by the school, local, or even national curriculum. Take China as an example. The nine- 
year compulsory education curriculum standards specify not only the pedagogical principles and goals for the teachers but also 
detailed descriptions of expected learning outcomes and directions for evaluating these learning outcomes (e.g., Chinese Ministry of 
Education, 2022a, 2022b). Such top-down compulsory requirements on teachers and students should have led to the aggregation of 
empathizing and defining. Furthermore, there is a consensus that design thinkers are more open-minded and more tolerant of ambiguity 
(Blizzard et al., 2015; Brown, 2008; Owen, 2007). Most problems that teachers strive to solve are caused by various sources, such as 
teaching content, students’ attainment levels, school atmosphere, communication with parents, and so forth (Norton & Hathaway, 
2015). Teachers with design thinking embrace uncertainty and possibilities that arise in the empathizing and defining situations 
(Henriksen et al., 2018). This should have contributed to the highly intertwined performance of empathizing and defining. 

Table 6 
Correlations (N = 1018).  

Variables Problematizing Ideating Prototyping Testing 

Instruction quality .63 .59 .57 .63 
Problematizing – .69 .61 .67 
Ideating – – .73 .69 
Prototyping – – – .70 

Note. All correlations are significant at p < .01. 
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As for the predictive validity, results showed that out of the four design thinking factors, problematizing and testing directly predicted 
instruction quality positively, while the other two factors did not show direct and significant effects on instruction quality. 

The positive effect of problematizing on instruction quality is in line with previous studies. Our results suggested that teachers of 
higher problematizing emphasize giving feedback activating students’ higher-order thinking, and evaluating learning outcomes using 
different strategies. Note that an essential component of problematizing is teacher empathy, a positive teacher attribute that helps 
teachers to empower students to reduce learning obstacles and facilitate the learning process (Meyers et al., 2019). A teacher with high 
empathy privileges students’ subjective feelings and is attentive to what students need in learning (Hen & Sharabi-Nov, 2014). An 
empirical study has documented that teacher empathy was positively associated with effective problem-solving skills and competence 
to handle students’ problem behaviors (Wink et al., 2021). Further, problematizing reflects teachers’ constant clarification of 
instructional difficulties and characteristics of quality teaching. Teachers constantly reviewing and articulating the essentials of 
teaching are more likely to present enhanced clarity of instruction. 

Like problematizing, testing also showed a significant positive effect on instruction quality. This significant effect of testing on in
struction quality can be attributed to three reasons. First, testing is directly related to teaching practice among the four factors. It 
manifests the direct implementation of teaching plans and involves actual instruction. Second, testing requires teachers to monitor the 
process of delivering the teaching plan and evaluate the efficiency and effectiveness of instruction. In this sense, testing involves 
metacognitive teaching, a key component of effective instruction extensively documented in relevant research (Jiang et al., 2016). 
Third, as instruction quality in the present study was reported by teachers, it can be interpreted as an indicator of self-belief about their 
instruction competence, namely, self-efficacy, self-concept, or self-confidence. For instance, Voogt et al. (2011) reviewed nine studies 
on teacher learning and concluded that implementing testing improved teachers’ self-confidence in teaching. Teachers’ engagement in 
testing the teaching plans could help them recognize how to improve and optimize their teaching process. Besides, positive responses 
from students are likely to elevate teachers’ self-belief, and negative feedback from students can be helpful for teachers to undertake 
further refinement in their instruction. 

The two factors ideating and prototyping failed to predict instruction quality significantly. However, this should not be interpreted as 
they did not influence instruction quality. Recall that in our earlier correlation analysis, all four factors were significantly related to 
instruction quality. The most important reason for the non-significant relations of ideating and prototyping to instruction quality should 
be that these factors indirectly exerted their influence through problematizing and testing. These inferences can be seen from the sig
nificant associations between the design thinking factors. 

One possibility is that testing might mediate the relation between prototyping and instruction quality. This is because when teachers 
prototype, they usually generate and organize new ideas into a workable teaching plan, try to visualize it with flow charts, or illustrate 
the plan in concrete terms with examples. With more time and effort devoted to prototyping, teachers might become more inclined to 
test the teaching plan. In this way, testing is likely to pass over the effect of prototyping on instruction quality. 

Besides, ideating might indirectly influence instruction quality through prototyping or testing. First, it is natural for teachers to follow 
the workflow where ideas are used to design a teaching plan, which is subsequently tested in the classroom. It is reasonable to surmise 
that the indirect effect of ideating on instruction quality be transferred through prototyping or testing. Second, design thinking has been 
characterized as a nonlinear process during which design thinkers do not strictly follow a specific sequence but constantly move back 
and forth or even skip over one or more steps (Leifer & Steinert, 2011). For instance, when a new teaching idea arises, teachers may 
directly test this idea in classroom instruction. In this way, testing may serve as the mediator to pass the effect of ideating on instruction 
quality. 

problematizing

Ideating

Prototyping

Testing

Instruction  

Quality

.38***

.34***

.73***

.80***

.76***

.82***

.89***

.82***

Fig. 2. MIMIC model results with standardized estimates (N = 1018). 
*p < .05; **p < .01; ***p < .001; Dashed lines indicate non-significant paths. 
For the sake of clarity, covariates are omitted. Standardized estimates for the covariates are displayed in Supplementary Table 1. 
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6. Conclusion 

The current study aimed to develop and validate the SDTT to measure design thinking for teachers. The factorial structure of the 
SDTT was cross-validated based on the five-mode Stanford Design Thinking Model, and the scale’s reliability, convergent validity, and 
discriminant validity were established. Results demonstrated that the SDTT was a reliable scale consisting of four dimensions: prob
lematizing, ideating, prototyping, and testing, with strong measurement invariance across subject (Mathematics and English) and gender 
groups. In terms of predictive validity, instruction quality was significantly predicted by problematizing and testing factors. Overall, we 
concluded that the SDTT confirmed the Stanford Design Thinking Model and that design thinking was a good predictor of teachers’ 
instruction quality. 

7. Limitations and implications 

The current project had several limitations. First, the target population was mathematics and EFL teachers at all grades in the K-12 
education system. However, due to resource constraints, we were only able to recruit mathematics and EFL teachers teaching at the 
primary school (K-6) and junior middle school (K-9) levels, leaving teachers at the senior middle school level (K-10 to K-12) unat
tended. Future studies are encouraged to include teachers from the entire span of the K-12 education system. Second, instruction 
quality was measured using a self-reported instrument, and this subjective measure of teaching efficiency is at risk of bias due to social 
desirability. Future studies may consider using external measurements such as student ratings, supervisor ratings of instruction quality, 
or students’ English achievement scores. The last limitation to mention regards the cross-sectional nature of the current project. This 
static exploration leaves uncertainty regarding the temporal stability of the SDTT, but also the assumed indirect effects of ideating and 
prototyping on instruction quality. Future studies should consider a longitudinal design to explore the possible indirect effects of 
prototyping and ideating on instruction quality. 

Nonetheless, our project can advance research and practice of design thinking for EFL and Mathematics teaching in at least two 
ways. The most salient contribution resides in that our study provided a reliable and valid instrument for measuring designing thinking 
for teaching in Mathematics and EFL and teaching in other relevant domains. The notion of design thinking and its importance to 
instruction quality has long been embraced in the relevant literature. However, the field still lacks a reliable and valid instrument to 
measure teachers’ design thinking. Due to this absence, existing studies are usually conducted on small scales and with a small number 
of teachers. Therefore, the findings of these studies inevitably bear idiosyncrasies that are hard to generalize to a larger population. Our 
development of the SDTT is timely and should be able to address the vacancy of a reliable and valid measure for teachers’ design 
thinking. This availability would facilitate design thinking researchers to obtain large-scale quantitative data more conveniently and 
more efficiently. Drawing on this measure, future researchers could conveniently examine the relation of design thinking to 
instructional quality, identify what factors can enhance design thinking, and explore the conditions in which design thinking functions 
most efficiently in enhancing instructional quality. All these studies could generate information that would help improve teacher 
training effectiveness. Pedagogically, the SDTT items can be regarded as concrete and operable strategies for teachers to apply in 
classroom teaching. For instance, teachers can use the scale items to examine their students’ needs, identify the problems of in
struction, develop creative teaching plans, deliver their instruction according to their plans, and iteratively evaluates the whole process 
of designing their instruction activities. Besides, the scale can also be used by teacher educators to diagnose the weaknesses and 
strengths of pre-or in-service teachers in teacher training programs. 
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