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Abstract 

This study attempted to revalidate the Teacher Metacognition Inventory (TMI) originally developed by 

Jiang et al. (2016).  This inventory measures teachers’ metacognitive knowledge about self and pedagogy, 

regulation on planning and monitoring, reflection and experiences.  The original inventory of six 

dimensions and 28 items were further refined into an inventory with seven dimensions and 26 items.  The 

original teacher metacognitive experiences dimension was further spilt into both positive and negative 

experiences to better reflect teachers’ metacognitive experiences.  A total of 436 valid responses were 

collected from primary and secondary school mathematics teachers.  Among the respondents, 271 were 

from primary school, 165 were from secondary school, 334 were female teachers and 102 were male 

teachers.  There were 186 less experienced (<10 years teaching experience) and 250 experienced (>10 years 

teaching experience) teachers.  Results supported a seven-dimension structure, with good reliability and 

validity (i.e., criterion, convergent and discriminant validity).  The instrument is also invariant across 

gender, level (i.e., primary and secondary school teachers) and years of experience.  All findings suggested 

that the TMI was an effective instrument and could be used to assess teacher metacognition in educational 

settings, as suggested by the original developers of the scale.   
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Introduction 

In the field of teaching and learning, many studies have looked at how metacognition can be used 

to improve and enhance students’ learning (Foong & Ee, 2002; Lee, Chang, & Lee, 2001; Liu et al., 2012; 

Paris & Newman, 1990) and how the use of metacognitive strategies can be developed among students 

(Ee & Wong, 2002; Lee, Yeo, & Hong, 2014; Paris, Cross, & Lipson, 1984; Van Kraayenoord & Paris, 

1997).  As such, studies in this field have focused much effort on measuring students’ metacognitive 

knowledge and skills.  Some of the often cited scales that measure the more generic aspects of students’ 

metacognition include the Metacognitive Awareness Inventory (MAI) (Schraw & Dennison, 1994), 

Motivated Strategies for Learning Questionnaire (MSLQ) (Pintrich & De Groot, 1990; Pintrich, Smith, 

Gracia, & McKeachie, 1991) and Learning and Study Strategies Inventory (LASSI) (Weinstein, Palmer, 

& Schulte, 1987). 

In recent years, studies have also been conducted to look into how teacher metacognition can 

promote and facilitate students’ metacognition (Martinez, 2006) and how to incorporate student 

metacognitive strategies into teachers’ practices (Artzt & Armour-Thomas, 1998; Lin, Schwartz, & 

Hatano, 2005; Prytula, 2012).  An underlying argument across the teacher metacognition studies, is that a 

teacher’s awareness and knowledge of metacognitive strategies will affect the teacher’s instruction and 

students’ learning.  For instance, Wilson and Bai (2010) found that teachers who possessed more 

metacognitive knowledge had a better understanding of the concept of metacognition and how to use 

metacognitive strategies in their teaching.  Despite this recognition that teacher metacognition has its 

values, there is still paucity of equivalent instruments developed to measure teachers’ metacognition.  

Currently, only two known instruments have been developed specifically to measure teachers’ 

metacognition – Metacognitive Awareness Inventory for Teachers (MAIT) by Balcikanli (2011) and the 

Teacher Metacognitive Inventory (TMI) by Jiang, Ma, and Gao (2016). 

Noting that the MAIT did not measure one of the components of metacognition (i.e., 

metacognitive experiences), Jiang’s et al. (2016) instrument is a development from the MAIT and aims at 



 

being a more comprehensive measure of teachers’ metacognition.  As the authors of TMI reported good 

criterion-related and discriminant validity for the instrument, it is worth investigating its reliability with a 

different sample.  Thus, this study aims to revalidate the TMI instrument with local primary and 

secondary school mathematics teachers from government-funded schools in Singapore.   

Literature review 

Definition of metacognition 

Metacognition was first defined by John H. John H  Flavell (1979) as “one’s knowledge about 

one’s own cognitive processes or anything related to them” (Cox, 1996, p. 15).  Kuhn and Dean (2004) 

then expanded the concept of metacognition to include “awareness and management of one’s own 

thinking” (p. 270), thus emphasising the role that executive control and regulation play in metacognition.  

The body of research on metacognition has since recognised that metacognition is comprised of both 

knowledge of and regulation of cognition (Cross & Paris, 1988; John H  Flavell, 1979; Paris & Winograd, 

1990; Schraw, Crippen, & Hartley, 2006; Schraw & Moshman, 1995).  More recently, another factor 

known as the metacognitive experiences was resurfaced by Efklides (2006), and it comprises the affective 

factors associated with metacognition. These include feelings of familiarity, feelings of difficulty, 

estimation of time and effort, among others.  Overall, it would seem that metacognition consists of three 

main components – metacognitive knowledge, metacognitive skills and metacognitive experiences. 

Importance of teacher metacognition for students’ learning 

Numerous studies have demonstrated the value of metacognition in improving students’ learning 

processes and outcomes, including helping students to problem solve, engage in self-regulated learning 

and improve reading comprehension (Bjork, Dunlosky, & Kornell, 2013; Safari & Meskini, 2016; Zohar 

& Barzilai, 2013).  According to Veenman, Van Hout-Wolters, and Afflerbach (2006), metacognitive 

skills account for 17 percent of variance in learning, whereas intellectual ability only accounts for 10 

percent of variance in learning. Both factors further account for 20 percent of variance in learning across 



 

different age groups, backgrounds, types of tasks, and domains.  Given the benefits of developing 

students’ metacognition, it follows that teachers should adopt instructional practices that promote 

students’ awareness and use of metacognitive strategies.  Existing studies on metacognitive instruction 

have shown positive findings.  Hattie (2008) found that teaching approaches emphasising metacognitive 

and self-regulated learning are the most effective for enhancing pedagogical practices.  Zohar and Barzilai 

(2013) also found positive effects of metacognitive training and instruction on students’ mathematical 

performances, problem solving and reading.  Adopting a pedagogical approach that incorporates 

metacognition inevitably means that teachers themselves, have to also be cognisant of, on board and adept 

at using metacognitive strategies (Jiang et al., 2016).  However, research on teacher metacognition is 

comparatively scarce, with studies only beginning to conceptualise and contextualise metacognition for 

teachers’ professional development (Prytula, 2012).  Thus, there is a need for research to embark on a 

closer examination of teachers’ metacognitive knowledge, skills and experiences.  

Studies on teacher metacognition and its link to teacher reflection 

Among the studies conducted on teacher metacognition, Artzt and Armour-Thomas (1998) 

developed the Teacher Metacognitive Framework (TMF) that attempts to look at teacher beliefs, 

knowledge and goals in relation to their instructional practices.  However, the TMF is not so much a 

definition of teacher metacognition than an analytical framework to examine teacher metacognition.  

Nonetheless, Artzt and Armour-Thomas (1998) did find that monitoring and regulating instruction during 

the lesson are important for an accurate post-lesson evaluation of student understanding.  Later, Lin et al. 

(2005) argued that teacher metacognition cannot be studied without looking at what they term “reflective 

adaptation or adaptive metacognition” (p. 245).  They argue that rather than simply applying 

metacognitive skills such as monitoring and regulating, the most important element of a teacher’s 

metacognition, is the ability to adapt or react to everyday teaching challenges.  This is because as teaching 

becomes routinised, there is a tendency for teachers to view and react to teaching challenges in the same 

way, according to their existing knowledge, beliefs, goals, and experiences. As such, they miss out on the 



 

nuances and potential areas of needs that different students might face.  As such, it is crucial for teachers 

to develop an awareness to notice the potential areas of needs, amidst their seemingly routine work.  In a 

similar vein, Kuhn and Dean (2004) found that reflection is a key function to developing metacognition, 

as reflection should ideally motivate an individual to find out the ‘whys’ of engaging in certain activities.  

Taken together, it does seem that engaging in reflection could be one way to help teachers to be more 

aware of their own metacognitive knowledge, experiences and skills. 

Measuring teachers’ metacognition and reflection 

Despite the apparent value of the use of metacognitive strategies and reflection among teachers 

and students, Jiang et al. (2016) astutely noted that studies of metacognition have yet to look into ways to 

measure teachers’ levels of metacognition.  While there have been instruments developed to measure 

metacognition, few can be used for adults and according to Jiang et al. (2016), only one instrument has 

been developed specifically to measure teachers’ metacognition, that is, the MAIT by Balcikanli (2011).  

Balcikanli (2011) adapted the Metacognitive Awareness Inventory (MAI) designed by Schraw and 

Dennison (1994) and developed the Metacognitive Awareness Inventory for Teachers (MAIT) with 24 

items/questions to facilitate teachers’ self-awareness of their metacognitive knowledge (i.e., declarative, 

procedural and conditional knowledge) and metacognitive regulation (i.e., planning, monitoring and 

evaluating).  Kallio et al. (2017) further revalidated the MAIT instrument with in-service teachers and 

trimmed the original 24-item MAIT into 18 items.  The original MAIT was used with pre-service 

teachers.  Kallio et al. (2017) findings revealed that metacognition works not only for students but also 

enables teachers to improve their teaching skills. 

 However, the MAIT did not take into account the component of metacognitive experiences in 

their instrument (Jiang et al., 2016).  Furthermore, while the MAIT intended to measure metacognitive 

awareness, it did not specifically measure teacher reflection in its items.  Hence, Jiang et al. (2016) 

developed their own instrument for measuring teacher metacognition, known as the TMI, which aimed to 

measure teacher metacognition more comprehensively, including teacher metacognitive reflection.  



 

Therefore, as part of a larger study on teacher reflection, this study serves as a revalidation of TMI and 

aims specifically to provide further support for the validity of the metacognitive awareness and 

experiences components.   

Methods 

Participants 

A total of 467 mathematics teachers from local primary and secondary schools participated in the 

study.  All participants were given a consent form to indicate their willingness to participate in the study.  

During data cleaning, 31 responses were deleted due to incomplete data.   Finally, 436 responses were 

used in the data analysis.  All participants taught mathematics either as their first or second subject.  There 

were 334 females and 102 males; 271 primary school teachers and 165 secondary school teachers; and 

186 less experienced (<10 years teaching experience) and 250 experienced (>10 years teaching 

experience) teachers.    

Instrument 

The original TMI adopted the three-component model of teacher metacognition by Ben-David 

and Orion (2013) and aimed to measure the components of teacher metacognitive knowledge, skill and 

experiences.  A five-point Likert scale ranging from 1 (“Strongly Disagree”) to 5 (“Strongly Agree”) was 

used.  The authors reported a Cronbach’s alpha of 0.936 for the overall internal consistency of the TMI.  

After conducting item and factor analyses, the final TMI developed by Jiang et al. (2016) measures the 

following six dimensions: Teacher Metacognitive Experiences (TME), Metacognitive Knowledge about 

Pedagogy (MKP), Teacher Metacognitive Reflection (TMR), Metacognitive Knowledge about Self 

(MKS), Teacher Metacognitive Planning (TMP) and Teacher Metacognitive Monitoring (TMM).   

This survey instrument could be used as self-reflective tools to investigate more in-depth 

metacognitive practices of teachers.  It helps to further unpack teacher metacognition into more 



 

operational and behavioural terms.  It could also be used as a reflective or discussion tool for teacher 

professional learning communities so to better understand their metacognitive awareness (Prytula, 2012). 

All participants who completed the TMI also completed the revised Teacher Sense of Efficacy 

Scale (TSES) (Nie, Lau, & Liau, 2012), which was originally developed by Tschannen-Moran and Hoy 

(2001).  This was for the purpose of criterion validity.  In the revised version, TSES measures three 

dimensions of teacher efficacy. The three dimensions are efficacy for instruction, efficacy for motivation, 

and efficacy for classroom management.  

Procedure 

As the original TMI was in Chinese and was published by the original authors in English, the 

research team decided to contact the authors for the original TMI (Y. Jiang, personal communication, 

September 18, 2018).  The published survey items in English were then compared with the original 

Chinese version.  Two bilingual (proficient in both English and Chinese) research team members 

(including a former high school Chinese language teacher) each translated the original items separately. A 

third bilingual research team member then made the final decision on the wording of each of the items. 

The final decision was made by collating both members’ translations, with reference to both the original 

Chinese TMI and the TMI items reported in the published journal article (Jiang et al., 2016).   The final 

revised TMI scale used in this study is in English and was included as a sub-scale of a larger survey on 

teacher reflection.  Table 1 contains the revised TMI by our team or researchers.  The survey was 

administered to all teachers either with the researchers present, or at their own time when the research 

team was unable to schedule a session with the teachers.  

  



 

 

Table 1.  The Teacher Metacognitive Inventory (TMI) - Revised 

Items Constructs  

I am worried when my students feel bored in my class. TME1 

I am worried when I am unable to control the pace of my lesson well. TME2 

I feel anxious when I encounter problems in my teaching. TME3 

I feel relaxed when I complete my teaching tasks. TME4 

I feel happy when I created a good lesson plan. TME5 

I know demonstration can make abstract concepts more concrete in learning. MKP1 

I believe questioning techniques can stimulate students' thinking. MKP2 

I understand that small group discussion is not suitable when lesson time is tight. MKP3 

I believe interacting with students helps them to be more attentive in class. MKP4 

I assess the appropriateness of the learning objectives after I taught the class. TMR1 

I reflect on the lesson design of the lesson after each lesson. TMR2 

I reflect on how well I meet the lesson objectives after each lesson. TMR3 

I think about whether there are alternative teaching strategies after teaching a class. TMR4 

I reflect on the effectiveness of the lesson after a class. TMR5 

I reflect on my teaching after the lesson. TMR6 

I evaluate the extent to which I have achieve the lesson objectives after a class. TMR7 

I have a good grasp of the concept, principles, and methods of the subject(s) I teach. MKS1 

I am able to prepare myself before the start of a class. MKS2 

I know what are the strengths in my teaching. MKS3 

I am aware of my shortcomings in teaching. MKS4 

I predict and plan for possible classroom scenarios. TMP1 

I set clear learning goals before each class. TMP2 

I prepare and plan my lesson before teaching a class. TMP3 

I pay attention to the state of my emotions when I teach. TMM1 

When teaching, I frequently check whether the progress of the lesson is as planned. TMM2 

When teaching, I often ask myself "how well do I teach?" TMM3 

I constantly assess the feasibility of the teaching strategies I use when in class. TMM4 

I constantly check students' understanding of the lesson. TMM5 

                                                                                                       Adapted from Jiang et al. (2016)  

Data analysis 

In order to determine the factor structure of TMI as proposed by Jiang et al. (2016), we first 

carried out confirmatory factor analysis (CFA) as the TMI is a validated instrument. Next, criterion-

related, convergent, and discriminant validity tests were conducted to assess the validity of the final CFA 

model. Finally, measurement invariance tests were conducted using multigroup CFA, to determine if the 

final CFA model indeed represents the same dimensions across different groups of participants.  

Confirmatory factor analysis (CFA) 



 

CFA was used to examine the factorial structure of the 28-item scale and AMOS 25.0 was used 

for this analysis.  The proposed model was built according to the 28-item TMI as proposed by Jiang et al. 

(2016) and model fit was assessed by a number of indices.   

The following commonly cited indices were used to evaluate the model fit.  As 𝜒2 has been found 

to be too sensitive to sample size and complexity of the model, the ratio of 𝜒2 to its degree of freedom 

was used (i.e., CMIN/df). Ratios of 3.0 and below are deemed to be an acceptable fit between the 

hypothesised model and sample data and ratios of 2.0 and below are deemed a good fit (Carmines & 

Mclver, 1981).  In addition, two incremental fit indices were used – the Comparative Fit Index (CFI) and 

Tucker Lewis Index (TLI).  CFI and TLI above 0.900 are deemed to be acceptable and values above 

0.950 are deemed to be a well-fitting model (Hu & Bentler, 1999).  It is also common practice to consider 

both the Root Mean Square Error of Approximation (RMSEA) and Standard Root Mean Square Residual 

(SRMR) indices; values less than 0.080 for both RMSEA and SRMR indicate acceptable fit and values 

less than 0.050 indicate good fit (Hu & Bentler, 1999; Schweizer, 2010).   

The Mardia (1970) coefficient, which is a standard measure of multivariate normality, was first 

consulted. The coefficient, 420.747, was lower than the recommended threshold of 840 (i.e., 28×30 = 

840) and based on the recommended value of p*(p+2), where p is the number of observed indicators, the 

requirement is satisfied hence the data for this study was deemed to be adequate for confirmatory factor 

analysis. 

The initial testing of the factorial structure of the six dimensions and 28-item scale did not reveal 

a good model fit with 𝜒2/df (335) = 3.350; CFI = 0.858; TLI = 0.840; RMSEA = 0.073 and SRMR = 

0.088.  The modification indices and standardised regression weights were consulted and items with 

standardised regression weights less than 0.400 were removed.  These items were TME4 (0.352), TME5 

(0.235) and MKP3 (0.036).  The six-dimension, 25-item scale was further tested and revealed a better 

model fit with 𝜒2/df (260) = 2.681; CFI = 0.915; TLI = 0.902; RMSEA = 0.062 and SRMR = 0.049.  

After the deletion of the three items, there were still two items with standardised regression weight that 



 

was less than 0.50 and they were TMR1 (0.426) and MKP4 (0.494) (see Table 2 for the regression 

weights).  Two other models were subsequently tested with TMR1 deleted first followed by MKP4.  The 

24-item and 23-item scales were tested respectively with the following indices - 𝜒2/df (237) = 2.554; CFI 

= 0.926; TLI = 0.914; RMSEA = 0.060; SRMR = 0.047 and 𝜒2/df (215) = 2.678; CFI = 0.926; TLI = 

0.913; RMSEA = 0.062; SRMR = 0.046.  The 24-item scale revealed the best model fit as compared to 

the rest.  The model fit indices are shown in Table 3. 

Table 2. Respective standardised regression weights of the six- and seven-dimension models  
No. Six dimensions Questions Estimates Seven dimensions Estimates 

1 Teacher metacognitive 

experiences 

tme1 0.611 Teacher metacognitive 

experiences – Negative  

0.586 

2 tme2 0.865 0.938 

3 tme3 0.724 0.692 

4 tme4 0.352 Teacher metacognitive 

experiences – Positive  

0.636 

5 tme5 0.235 0.820 

6 Metacognitive knowledge 

about pedagogy 

mkp1 0.784 Metacognitive knowledge 

about pedagogy 

0.836 

7 mkp2 0.726 0.694 

8 mkp3 0.036 0.062 

9 mkp4 0.496 0.462 

10 Teacher metacognitive 

reflection 

tmr1 0.426 Teacher metacognitive 

reflection 

0.426 

11 tmr2 0.718 0.718 

12 tmr3 0.855 0.855 

13 tmr4 0.698 0.698 

14 tmr5 0.841 0.841 

15 tmr6 0.844 0.843 

16 tmr7 0.831 0.831 

17 Metacognitive knowledge 

about self 

mks1 0.674 Metacognitive knowledge 

about self 

0.676 

18 mks2 0.675 0.677 

19 mks3 0.737 0.734 

20 mks4 0.706 0.705 

21 Teacher metacognitive 

planning 

tmp1 0.608 Teacher metacognitive 

planning 

0.607 

22 tmp2 0.732 0.732 

23 tmp3 0.691 0.691 

24 Teacher metacognitive 

monitoring 

tmm1 0.642 Teacher metacognitive 

monitoring 

0.643 

25 tmm2 0.591 0.594 

26 tmm3 0.650 0.650 

27 tmm4 0.822 0.819 

28 tmm5 0.651 0.652 

 

 

 

 

 

 

 

 

 



 

 

Table 3. Confirmatory factor analysis of alternative models for the six-dimension model 

Model 𝜒2 𝜒2/df CFI TLI RMSEA SRMR 

28-item 1122.160 3.350 0.858 0.840 0.073 0.088 

25-item 697.029 2.681 0.915 0.902 0.062 0.049 

24-item 605.341 2.554 0.926 0.914 0.060 0.047 

23-item 575.699 2.678 0.926 0.913 0.062 0.046 
25-item – with TME4, TME5 and MKP3 removed 

24-item – with TME4, TME5, MKP3 and TMR1 removed 

23-item – with TME4, TME5, MKP3, TMR1 and MKP4 removed 

 

 Although the six-dimension and 24-item model seems to be a statistically viable model, a good 

model needs to be theoretically sound as well.  As teacher metacognitive experiences can be positive and 

negative, the original dimension was spilt into two – positive and negative experiences.  The original six-

dimension, 28-item were then revised into seven dimensions with 28 items. 

The seven-dimension model was further tested for its factorial structure.  The initial seven-

dimension, 28-item model revealed a better fit as compared to the six-dimension, 28-item model with 

𝜒2/df (329) = 2.607; CFI = 0.904; TLI = 0.890; RMSEA = 0.061 and SRMR = 0.053.  The modification 

indices and loadings to the dimensions were examined.  Items with weak loadings of less than 0.450 were 

removed one at a time, with items having the weakest loadings removed first (see Table 2 for the 

standardised regression loadings).  The 27-item model (with MKP3 removed) revealed fit indices of 𝜒2/df 

(303) = 2.628; CFI = 0.910; TLI = 0.896; RMSEA = 0.061 and SRMR = 0.051.  The 26-item (with MKP3 

and TMR1 removed) revealed a model with better fit indices of 𝜒2/df (278) = 2.521; CFI = 0.921; TLI = 

0.908; RMSEA = 0.059 and SRMR = 0.050.  One more item (MKP4) was removed and further tested; the 

25-item model revealed the following fit indices.  𝜒2/df (254) = 2.608; CFI = 0.922; TLI = 0.908; 

RMSEA = 0.061 and SRMR = 0.048.  As the fit indices of the 26- and 25-items model were similar, the 

26-item model was accepted based on the parsimonious principle.  In this case, it means to propose a 

model that is closest to the original model without excessive and unnecessary removal of items.  In this 

study, only items with weak loadings were removed (i.e., MKP3 and TMR1).  The model fit indices are 

shown in Table 4 (i.e., the confirmatory factor analysis of alternative models for the seven-dimension 

model). 



 

Table 4. Confirmatory factor analysis of alternative models for the seven-dimension model 

Model 𝜒2 𝜒2/df CFI TLI RMSEA SRMR 

28-item 857.704 2.607 0.904 0.890 0.061 0.053 

27-item 796.166 2.628 0.910 0.896 0.061 0.051 

26-item 700.890 2.521 0.921 0.908 0.059 0.050 

25-item 662.366 2.608 0.922 0.908 0.061 0.048 
27 item – with MKP3 removed 

26 item – with MKP3 and TMR1 removed 

25 item – with MKP3, TMR1 and MKP4 removed 

 

Criterion-related validity 

Pearson correlation coefficients between the scores of the dimensions of the TMI and TSES were 

calculated (see Table 5).  The dimensions of TMI and TSES appeared to be relatively well and 

significantly correlated (with correlations ranging from 0.385 to 0.592), except for both positive and 

negative metacognitive experiences (with correlations ranging from 0.275 to 0.346 and -0.125 to -0.074 

respectively). There was an inverse correlation between the TSES dimensions and negative metacognitive 

experiences.    

Convergent validity analysis  

The convergent validity of the 7-dimension, 26-item was tested.  Correlations between the 

dimensions and overall TMI, as well as the inter-correlation of the dimensions were calculated (see Table 

5).  The correlation coefficients, estimating relationships between all seven components of the TMI, were 

computed in the correlation matrix.  Correlation coefficients between the six dimensions (other than 

TME-ve) were statistically significant, ranging from 0.437 to 0.929.  The TME-ve dimension was either not 

or weakly correlated to the other dimensions. In addition, the correlation coefficients between the seven 

dimensions and overall TMI score ranged from 0.334 to 0.926 and were all statistically significant.   

This suggests that there is covariation between the dimensions and that the six dimensions, other 

than TME-ve, measure the TMI.  It is logical and reasonable to expect TME-ve not to correlate or correlates 

weakly with other dimensions. The above correlational analysis showed strong relations between the 

dimensions and the overall TMI, suggesting that all dimensions contribute well to the TMI and matched 



 

the integrated dimension consistently.  In essence, the results of the correlation analysis demonstrated 

relatively good convergent validity of the TMI. 

Table 5. Correlation coefficient between the TMI and TSES dimensions  
 CM MOT INS TSES TME+ve TME-ve MKP TMR MKS TMP TMM TMI 

CM 1 0.737** 0.686** 0.882** 0.275** -0.074 0.388** 0.406** 0.485** 0.508** 0.487** 0.453** 

MOT  1 0.826** 0.949** 0.284** -0.106* 0.385** 0.468** 0.529** 0.554** 0.550** 0.489** 

INS   1 0.905** 0.346** -0.125** 0.456** 0.491** 0.591** 0.592** 0.575** 0.534** 

TSES     1 0.326** -0.110* 0.443** 0.496** 0.581** 0.600** 0.586** 0.535** 

TME+ve      1 0.286** 0.862** 0.437** 0.545** 0.540** 0.480** 0.745** 

TME-ve        1 0.257** 0.073 0.030 0.075 0.041 0.334** 

MKP         1 0.599** 0.725** 0.727** 0.615** 0.867** 

TMR           1 0.746** 0.851** 0.814** 0.847** 

MKS             1 0.902** 0.742** 0.854** 

TMP                1 0.929** 0.926** 

TMM                  1 0.858** 

TMI                   1 

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed) 

 Legend 

Teacher sense of efficacy scale (TSES) Classroom management (CM) 

Motivation (MOT) 

Instruction (INS) 

Teacher metacognition inventory (TMI) Teacher metacognitive experiences Positive (TME+ve) 

Teacher metacognitive experiences negative (TME-ve) 

Metacognitive knowledge about pedagogy (MKP) 

Teacher metacognitive reflection (TMR) 

Metacognitive knowledge about self (MKS) 

Teacher metacognitive planning (TMP) 

Teacher metacognitive monitoring (TMM) 

 

Discriminant validity 

Jiang et al. (2016) cited Stewart, Cooper, and Moulding (2007) stating that teachers with more 

teaching experiences would be more metacognitive than those who had less teaching experiences.  In their 

study, the authors compared experienced teachers who were doing their master’s degree and 

undergraduate trainee teachers.  Our data also showed that teachers with less years of experience scoring 



 

lower in five of the seven dimensions (i.e., TME+ve, TMR, MKS, TMP, TMM) and also the total TMI 

score; teachers with lesser years of experience scored higher in negative metacognitive experiences (i.e., 

TME-ve).  Significant differences were found in MKS and TME-ve, marginal statistical differences were 

found in TMP and TMM.  Teachers with lesser years of teaching experience score slightly higher in their 

metacognitive knowledge about pedagogy.  However, this difference was not statistically significant. 

Statistically speaking, teachers with less than 10 years (<10) of teaching experience was 

compared with those who had more than 10 years of experience.  The more experienced teachers scored 

(M = 3.887, SD = 0.365) significantly higher in MKS than less experienced teachers (M = 3.797, SD = 

0.374), t (434) = - 2.514, p = 0.012.  The less experienced teachers scored (M = 2.302, SD = 0.462) 

significantly higher in their negative metacognitive experiences as compared to the more experienced 

teachers (M = 2.186, SD = 0.507) with t (434) = 2.434, p = 0.015.   

In addition, the difference between experienced and less experienced teachers were marginally 

significant for TMM and TMP, with experienced teachers having higher mean scores, with the following 

details. More experienced teachers’ TMM score (M = 4.558, SD = 0.488) and TMP score (M = 4.966, SD 

= 0.478) as compared to less experienced teachers’ TMM (M = 4.476, SD = 0.453) and TMP (M = 4.883, 

SD = 0.442), with the following t-statistics – t (434) = - 1.791, p = 0.074 for TMM and t (434) = - 1.853, 

p = 0.065 for TMP.  Tables 6 and 7 show the details of the descriptive statistics as well as the t-tests 

statistics between experienced (> 10 years) and less experienced teachers (< 10 years).   

These findings were in congruence with earlier findings cited by Jiang et al (2016), where 

teachers with more years of teaching experience being more metacognitive than those with less years of 

teaching experience.   

  



 

Table 6. Descriptive statistics between experienced (>10 yrs.) and less experienced (<10 yrs.) teachers  

 Years of experience N Mean SD SE Mean 

TME+ve 
< 10 186 3.993 0.414 0.030 

> 10 250 3.995 0.374 0.024 

TME-ve 
< 10 186 2.302 0.462 0.034 

> 10 250 2.186 0.507 0.032 

MKP 
< 10 186 5.268 0.443 0.033 

> 10 250 5.238 0.446 0.028 

TMR 
< 10 186 4.795 0.533 0.039 

> 10 250 4.857 0.579 0.037 

MKS 
< 10 186 3.797 0.374 0.027 

> 10 250 3.887 0.365 0.023 

TMP 
< 10 186 4.883 0.442 0.032 

> 10 250 4.966 0.478 0.030 

TMM 
< 10 186 4.476 0.453 0.033 

> 10 250 4.558 0.488 0.031 

TMI 
< 10 186 29.513 2.306 0.169 

> 10 250 29.686 2.587 0.164 

 

 

Table 7. t-test statistics of TMI dimensions between experienced and less experienced teachers 

 
t df 

Sig.  

(2-tailed) 

Mean 

Difference 

SE  

Difference 

95% CI 

      Lower          Upper 

TME+ve -0.059 434 0.953 -0.002 0.038 -0.077 0.072 

TME-ve 2.434 434 0.015* 0.115 0.047 0.022 0.208 

MKP 0.717 434 0.474 0.031 0.043 -0.054 0.116 

TMR -1.148 434 0.252 -0.062 0.054 -0.169 0.044 

MKS -2.514 434 0.012* -0.090 0.035 -0.160 -0.020 

TMP -1.853 434 0.065^ -0.083 0.045 -0.171 0.005 

TMM -1.791 434 0.074^ -0.082 0.046 -0.172 0.008 

TMI -0.725 434 0.469 -0.174 0.239 -0.644 0.297 

 

Reliability analysis 

 Cronbach’s alpha coefficient was calculated to evaluate the internal consistency.  The analysis 

showed good internal consistency of the TMI with 𝛼 = 0.903.  Cronbach’s alpha coefficient for the seven 

sub-scales were: TME+ve = 0.685, TME-ve = 0.767, MKP = 0.682, TMR = 0.909, MKS = 0.787, TMP = 

0.698 and TMM = 0.798.  The average correlation of the TMI was 0.297 (SD = 0.167) and the average 

corrected item-total correlation of the TMI was 0.517 (SD = 0.141).  The value of Cronbach’s alpha if 

item deleted ranged from 0.895 to 0.911, showed that the internal consistency would not increase 



 

significantly when any item of the TMI was removed.  The above results suggested the TMI had good 

reliability.   

Measurement invariance 

Analysis of measurement invariance of the TMI across gender (i.e., male and female), level (i.e., 

primary and secondary) and teaching experience (i.e., less than and more than 10 years of teaching 

experience) was conducted using multigroup confirmatory factor analysis with the 7-dimension, 26-item 

TMI as the baseline model.  A hierarchy of increasing restrictive models were specified and tested 

(Bollen, 1989; Byrne).  As the chi-square difference test is conventionally used to compare between 

nested models, this test is very sensitive to sample size and the change in chi-square is nearly always large 

and statistically significant for large sample size (Bentler & Bonett, 1980).  Hence, changes in CFI, 

RMSEA and SRMR (i.e., ΔCFI, ΔRMSEA and ΔSRMR), which are less sensitive to sample size and 

model complexity, were also considered in addition to the chi-square difference test. The following 

criteria were used to determine model fit:  ΔCFI ≤ –0.01, ΔRMSEA ≤ 0.015 and ΔSRMR ≤ 0.03 for tests 

of metric invariance; ΔCFI ≤ –0.01, ΔRMSEA ≤ 0.015 and ΔSRMR ≤ 0.01 for tests of scalar invariance.   

Referring to Table 8, the configural invariance model (M1) across gender (i.e., male and female 

teachers) proved an acceptable fit with χ2(556) = 1157.444, CFI = .891, RMSEA = 0.050 and SRMR = 

0.080.  Next, the metric invariance model (M2) was tested.  The chi-square difference test, M1 versus 

M2, Δ χ2 of 33.762 with Δdf = 19 was statistically significant.  As the ΔCFI, ΔRMSEA and ΔSRMR were 

within the recommended ranges, metric invariance across gender was supported.  After metric invariance 

was established, the scalar invariance model was tested.  The chi-square difference test, M2 versus M3, Δ 

χ2 of 67.130 with Δdf = 26 was statistically significant.  Also considering the ΔCFI, ΔRMSEA and 

ΔSRMR, the evidence supported scalar invariance.   

Next, the configural invariance model (M1) across levels (i.e., primary and secondary) proved an 

acceptable fit with χ2(556) = 1089.536, CFI = 0.903, RMSEA = 0.047 and SRMR = 0.063.  The metric 



 

invariance model (M2) was tested.  The chi-square difference test, M1 versus M2, Δ χ2 of 27.959 with Δdf 

= 19 was statistically insignificant.  As the ΔCFI, ΔRMSEA and ΔSRMR were within the recommended 

ranges, metric invariance across level (i.e., primary and secondary teachers) was supported.  After metric 

invariance was established, the scalar invariance model was tested.  The chi-square difference test, M2 

versus M3, Δ χ2 of 64.076 with Δdf = 26 was statistically significant.  After considering the ΔCFI, 

ΔRMSEA and ΔSRMR, the evidence supported scalar invariance. 

Lastly, the configural invariance model (M1) across experience (i.e., teachers with less than and 

more than 10 years of experience) provided an acceptable fix with χ2(556) = 1179.621, CFI = 0.891, 

RMSEA = 0.051 and SRMR = 0.070.  The metric invariance model (M2) was tested.  The chi-square 

difference test, M1 versus M2, Δ χ2 of 21.790 with Δdf = 19 was statistically insignificant. As the ΔCFI, 

ΔRMSEA and ΔSRMR were within the recommended ranges, metric invariance across experience (i.e., 

teachers with <10 and >10 years of teaching experience) was supported.  After metric invariance was 

established, the scalar invariance model was tested.  The chi-square difference test, M2 versus M3, Δ χ2 of 

41.012 with Δdf = 26 was statistically significant.  After considering the ΔCFI, ΔRMSEA and ΔSRMR, 

the evidence supported scalar invariance (see Table 8 for details on the measurement invariance tests 

across gender, level and experience groups). 



 

 

Table 8. Measurement invariance tests across gender, level, and experience groups 

Model χ2 df ΔModel Δχ2 Δdf CFI RMSEA SRMR ΔCFI ΔRMSEA ΔSRMR 

Gender Invariance            

M1: Configural Invariance 1157.444 556    0.891 0.050 0.080    

M2: Metric Invariance 1191.206 575 M2-M1 33.762* 19 0.888 0.050 0.080 -0.003 0.000 0.000 

M3: Scalar Invariance 1258.336 601 M3-M2 67.130* 26 0.881 0.050 0.085 -0.007 0.000 0.005 

Level Invariance            

M1: Configural Invariance 1089.536 556    0.903 0.047 0.063    

M2: Metric Invariance 1117.496 575 M2-M1 27.959 19 0.901 0.047 0.064 -0.002 0.000 0.001 

M3: Scalar Invariance 1181.571 601 M3-M2 64.076* 26 0.894 0.047 0.063 -0.007 0.000 -0.001 

Experience Invariance            

M1: Configural Invariance 1179.621 556    0.891 0.051 0.070    

M2: Metric Invariance 1201.411 575 M2-M1 21.790 19 0.890 0.050 0.071 -0.001 -0.001 0.001 

M3: Scalar Invariance 1242.423 601 M3-M2 41.012* 26 0.887 0.050 0.071 -0.003 0.000 0.000 

Asterisk (*) indicates statistically significant Δχ



 

 

General discussion 

Teacher professional development is an important element in teachers’ day-to-day work so as to 

keep themselves up-to-date with the developments of learning theories, skills and teaching methods.  

There are different means of professional development – from the attendance at conferences, seminars, 

symposiums and courses to on-the-job training and professional discussions with peers.  In addition, 

teachers can also engage in reflecting on their own practices, that is, to think through their actions, 

thoughts, justifications and practices at an individual basis or through formal or informal conversations 

with peers.  This reflective process could be done before, during or after their practice.  In essence, 

reflection is another means to refine teaching practice and also another form of teacher professional 

development.  Studies have reported the potentials of reflection as a means for professional development 

(Larrivee, 2008; Tan, 2008).  Reflective thoughts of teachers on their practices are likely to be 

metacognitive in nature, involving an interplay of knowledge, regulation and experiences.   

The focus of metacognition studies has been predominantly on and with students or the learners; 

there has been relatively limited studies with the teachers or instructors (Balcikanli, 2011).  Nevertheless, 

studies into metacognition have suggested that teachers’ metacognition can support students’ learning and 

teachers’ self-awareness and reflection are necessary prerequisites for facilitating students’ metacognitive 

thinking (Balcikanli, 2011; Jiang et al., 2016; Safari & Meskini, 2016).  It would be logical and 

reasonable to assume that if teachers were to facilitate or teach students to think in a metacognitive 

matter, they should be metacognitive themselves (i.e., to be aware of their own metacognition).  Hence, it 

would be necessary for teachers to be aware of their own level of metacognitive awareness if they were to 

facilitate their students’ metacognitive awareness (Wilson & Bai, 2010).   

This research study attempts to revalidate a recently developed teacher metacognition survey 

questionnaire by Jiang et al. (2016), which was originally written in Chinese.  The survey questionnaire 



 

was further translated into English, refined and administered to primary and secondary school 

mathematics teachers in Singapore.  This instrument (i.e., the TMI) could be used as a self-reflective tool 

to look into metacognition of teachers.  It unpacks teacher metacognition into more operational and 

behavioural terms; and it also serves as a means for teachers to better their understanding of 

metacognition and its sub-components (i.e., knowledge, regulation and experiences).   

The focus of earlier research studies has been in metacognitive knowledge and regulation.  In 

recent years, more has been done on metacognitive experiences (Efklides, 2001, 2006); the TMI includes 

the experiences component.  The original six-dimension model as proposed by Jiang et al. (2016) was 

further modified into a seven-dimension model with 26 items, with the metacognitive experiences 

dimension further differentiated into positive and negative experiences.  Although the dimension on 

negative experiences was either not or weakly correlated with the other six dimensions of the TMI, this 

finding was theoretically and statistically logical and reasonable – as in a negative dimension having a 

negative relationship with the rest of the dimensions.  Statistically, the proposed seven-dimension model 

showed adequate to good fit, with very reasonable fit indices.  In addition, the validity analysis provided 

good evidence of the validity of the instrument.  Further tests showed that the instrument was invariant 

across gender, level (primary or secondary) and years of teaching experience (those with more than 10 

years of teaching experience and less than 10 years of teaching experience).  

In Jiang’s et al. (2016) conceptualisation of TMI, TME was purposefully included as a construct 

as they recognised its importance to the overall concept of metacognition. However, as the investigation 

of metacognitive experiences (ME) is less common (Flavell, 1979; Flavell, Miller & Miller, 2002), not 

many studies have operationalised metacognitive experiences. According to Efklides (2001), 

metacognitive experiences is comprised of feelings, judgements or estimates, and online task-specificity. 

The items in TME seem to have focused on the feelings component of ME, specifically, the positive and 

negative affect of when a teacher engages in a teaching task. Although Jiang et al. (2016) study, did not 

intentionally differentiate between the positive and negative feelings, the CFA results from this study 



 

shows that differentiating between the two resulted in a better model fit. This suggests that within the 

construct of feelings, there might be further differentiating factors (Efklides, 2006). In fact, Efklides and 

Vlachopoulos (2012) suggests that positive and negative affect could correspond with feelings of fluency 

or a lack of fluency when an individual engages with a task, and they each may have different 

implications on the overall ME. This is conceptually parallel with the other constructs of TMI, as the TMI 

conceptualised metacognitive knowledge according to the base constructs of MKS and MKP, and 

metacognitive regulation according to the base constructs of TMR, TMM, and TMP. Likewise, 

metacognitive experiences may need to be further operationalised into base constructs such as positive 

and negative affect. Overall, this study’s findings demonstrate that the construct of TME needs further 

differentiation and future studies could look into further operationalising TME based on current 

conceptualisations of ME. 

One interesting point to highlight was the difference in metacognitive experiences between the 

experienced and less experienced teachers.  The t-tests showed no significant difference between the 

experienced and less experienced teachers on positive TME. However, the less experienced teachers 

scored significantly higher on negative TME. This has potential implications on whether and how less 

experienced teachers continue to engage in metacognitive practices. (Efklides, 2006) suggests that 

negative affect (in relation to a task), could result in subsequent disengagement with the task over time, if 

a negative self-regulatory loop ensues. This could happen if a teacher continually receives negative 

emotional feedback from engaging in a task and eventually decides to stop engaging in the task to stop 

experiencing those negative emotions.  Furthermore, in this study, negative TME showed small but 

significantly negative correlations to teacher self-efficacy. This also supports the view that negative TME 

could adversely affect a teacher’s self-concept and beliefs of whether metacognitive tasks are worth 

engaging in.  Thus, negative TME could be a potential risk factor for less experienced teachers who may 

give up on engaging in metacognitive tasks early on in their careers. As such, future research could look 



 

into TME as a potential predictor of teachers’ continued engagement in metacognitive practices or 

teaching itself.   

Limitations 

Survey questionnaires are cheap and quick but easily corrupted with biased and unreliable 

responses from participants.  In the field of metacognition, self-reported survey questionnaires are also 

often critiqued on their validity (Harrison & Vallin, 2018).  Many surveys and questionnaires faced 

similar criticism.  Despite these criticisms, self-report questionnaires and surveys remain widely used for 

practical reasons such as ease of administration in terms of time and logistical requirements for both 

researchers/administrators and participants/students.  Berger and Karabenick (2016) propose for further 

improvements to these instruments rather than arguing against their use. 

 

Conclusion  

 In essence, this is an attempt to improve the theoretical and statistical rigour of the instrument.  

Although there are known shortcomings of survey questionnaire instruments due to its self-report nature, 

this is an instrument that allows teachers and the teaching community to reflect on their metacognition or 

thinking about their own thinking with regards to their teaching and instruction.  It is a known fact that it 

is not easy to measure cognition and metacognition.  This instrument could facilitate teachers in their 

awareness at the individual, departmental, school, district or national level.  We also believe that this 

instrument is generic enough for teachers teaching different content subjects, although this remains as 

work to be done.  Future research studies could look into further refinements of the seven dimensions, 

paying attention to all three subcomponents of metacognition, that is, knowledge, regulation and 

experiences.  In addition, more research could be done how teachers’ experiences (for both positive and 

negative), epistemological beliefs and motivation affect their metacognition, metacognitive practices and 

reflection.    
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