
 

Development and Validation of Technological 
Pedagogical and Content Knowledge – Action 

Research in Teaching Science Instrument 

Arnel A. Lorenzana1,2,* and Lydia S. Roleda2 
1 Science, Technology, and Mathematics Department, Bicol University College of Education, Legazpi City, Philippines 

2 Department of Science Education, De La Salle University, Manila, Philippines 
Email: arnel_a_lorenzana@dlsu.edu.ph (A.A.L.); Lydia.roleda@dlsu.edu.ph (L.S.R) 

*Corresponding author

Abstract—This article describes the development and 
validation of Technological Pedagogical and Content 
Knowledge – Action Research in Teaching Science 
(TPACK-ARTS) Instruments. This instrument measures 
pre-service science teachers’ perception of action research 
and TPACK. The development and validation underwent 
three phases: instrument design, content validation, and 
construct validation. The items in the instrument were 
designed based on literature, and nine experts examined the 
appropriateness of the items in the instrument. The data 
from the expert validation was analyzed using Lawshe’s 
Content Validity Ration (CVR) method. The result suggested 
content validity. Exploratory factor analysis (N = 107) using 
principal component analysis and Varimax with Kaiser 
Normalization rotation generates three factors. 
Confirmatory factor analysis showed that the three-factor 
model satisfies all the eligibility criteria for fit indices, 
showing evidence of construct validity. Furthermore, 
reliability analysis using the composite reliability, average 
variance extracted, standardized factor loadings, 
Cronbach’s alpha, and corrected item-total correlation all 
suggest the high reliability of the instrument. 

Keywords—Technological Pedagogical and Content 
Knowledge (TPACK), action research, instrument 
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I. INTRODUCTION

Developing Pre-service Teachers’ (PSTs) competencies 
to accommodate the current demands in the basic 
educational setting is always a significant and vital issue. 
Fundamental to this concern is how to prepare PSTs to 
have a sound grasp of the subject’s content, pedagogical 
competency, and the use of technology in teaching. 
Central to this is how to develop the interplay of these 
three forms of teachers’ knowledge to teach the subject 
matter with technology successfully. Kafyulilo [1] pointed 
that effective teaching with technology requires that 
teachers understand the content they want to teach, the 
pedagogy concurrent with the subject’s content, and the 

technology that can support students’ learning in a specific 
context. 

The program for Pre-service Science Teachers (PSSTs) 
in the Philippines is the Bachelor in Secondary Education 
major in science. It aims to produce PSSTs who can “(1) 
demonstrate a deep understanding of scientific concepts 
and principles, (2) apply scientific inquiry in teaching and 
learning, and (3) utilize effective science teaching and 
assessment methods” [2]. The program includes a variety 
of courses focusing on content knowledge, pedagogical 
knowledge, and technological knowledge to attain its goal. 
These courses include the Teaching Science and Action 
Research courses, which allow PSSTs to practice and 
investigate their Technological Pedagogical and Content 
(TPACK)-related competencies. Until now, however, 
little is known, especially in the Philippines, about how 
action research develops PSSTs’ TPACK in 
Science-related skills and how they perceive action 
research in relation to TPACK. Examining PSSTs’ 
perception of action research and how it relates to TPACK 
may help them better understand themselves as better 
science teachers in the future. In response, the present 
study developed and validated an instrument that can 
measure the level of pre-service science teachers’ 
perception of their action research and TPACK-related 
skills. 

II. METHODS

The strength of an instrument is in the in-depth study of 
the instrument itself. The reliability and validity of an 
instrument are provided by a step-by-step approach [3]. 
The instrument development and validation in this study 
were undertaken in three phases. First, the Technological 
Pedagogical and Content Knowledge – Action Research in 
Teaching Science (TPACK-ARTS) instrument was 
developed through a review of related literature and 
interviews. Second, Content Validation by a panel of 
experts ensured the appropriateness of each instrument 
item to what it intended to measure. The last phase was 
Construct Validation and Reliability Analysis. This phase 
ensured that the instrument reflected the latent theoretical 
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constructs it designed to measure, thus confirming internal 
reliability of the instrument. 

A. Instrument Design 

This stage consisted of three steps process that include 
determining the content domain, item generation, and 
instrument construction [4]. Shrotryia and Dhanda [5] 
mentioned that the content domain of the construct is 
determined by literature review, content analysis, and 
interviews. This step ensure that the attributes and 
agreed-upon definition of the construct are obtained and 
separated from others. A literature review was conducted 
to determine the content domain for TPACK-ARTS. The 
items generated were based on the reviewed literature and 
interviews. The items were initially identified along with 
three domains or constructs: Technological Pedagogical 
and Content Knowledge in Teaching Science 
(TPACK-TS), Action Research (AR), and Technological 
Pedagogical and Content Knowledge – Action Research in 
Teaching Science (TPACK-ARTS). A total of thirty-three 
items were initially constructed along with the three 
domains, TPACK-ST (9 items), AR (14 items), and 
TPACK-ARTS (10 items). The Likert method of ratings 
was chosen as an item response format with four options: 
SD – Strongly Disagree, D – Disagree, A – Agree, and SA 
– Strongly Agree. 

B. Content Validation 

This stage involves confirming the items by a specific 
number of experts to ensure the content validity of the 
assessment instrument. Content validity is vital to support 
the validity of an assessment tool such as questionnaires, 
especially for research purposes [6]. Content validity 
specifies if the items in the instrument sample the 
complete range of the attribute under study [7]. Experts 
were selected based on expert knowledge, specific training, 
or professional experience on the subject matter [5]. In this 
study, the initial draft of the instrument was given to a 
group of nine experts on science education, action research, 
educational foundation, and teacher education. These 
experts evaluated the selected items to determine whether 
it is “Essential”, “Useful but not essential”, or “Not 
necessary” in each of the three dimensions. Experts also 
provided suggestions for improving the statements and the 
instrument.  

The content validity of each item was estimated using 
Lawshe’s Content Validity Ratio (CVR) [8, 9]. The CVR 
is a proper statistical technique to determine the validity of 
individual instrument items, as rated by a panel of content 
experts [10]. Equation 1 shows how CVR is calculated. 
For a panel of nine experts, a CVR of 0.778 or higher 
could be considered evidence of content validity [5, 6, 9, 
11, 12]. The Kappa coefficient was also estimated to 
ensure the agreement was not due to chance. Kappa 
coefficients higher than 0.74 have an excellent interrater 
agreement [4, 5, 13]. The content validity of the whole 
instrument was calculated using the Content Validity 
Index (CVI), which is simply the mean of the CVR values 
for all items meeting the CVR threshold of 0.78 and 
retained for the final instrument [10]. 

2

2

e
N

n
CVR

N


                                 (1) 

where: ne is the number of experts identifying an item as 
essential, N is the total number of experts  

C. Construct Validation 

The instrument was given to 107 Pre-Service Science 
Teachers (PSSTs)  from Teacher Education Institutions 
(TEI) in Bicol Region, Philippines. PPSTs comprised 36 
males and 71 females from the first to third-year level. 
Exploratory Factor Analysis (EFA), Confirmatory Factor 
Analysis (CFA), and reliability analysis were conducted 
from the collected data from PSSTs. Exploratory factor 
analysis is a procedure that assists researchers in 
identifying or understanding “latent” constructs 
underlying variables of interest [14, 15]. According to 
Hair et al. [16], the statistical objective of EFA is to 
identify a set of latent constructs from several individual 
items. The purpose of EFA was to investigate the factors 
underlying the TPACK-ARTS in this study. 
Kaiser-Meyer-Olkin (KMO) Measure of Sampling 
Adequacy and Bartlett’s Test of Sphericity (BTS) were 
used to test if EFA can be performed on the selected 
sample. If the KMO value is more than 0.5 [17], more than 
0.6 and higher [14, 18] are suggested for pushing forth 
with factor analysis. A statistically significant (p < 0.001) 
result of BTS suggests having a sufficient correlation to 
carry out factor analysis [14].  

Exploratory factor analysis with the principal 
component method with Varimax with Kaiser 
Normalization as a rotation method was utilized to identify 
or examine the factor structure of the questionnaire. Scree 
test and Kaiser’s (Eigenvalue) Criterion were used to 
determine the number of factors to be extracted. An 
eigenvalue greater than one is considered in determining 
the number of factors, while the factor load should be 0.40 
or higher [19]. Parallel analysis was also done to 
determine the number of factors using the Parallel 
Analysis Engine available from 
https://analytics.gonzaga.edu/parallelengine/. Items with 
cross-loadings were omitted [3]. EFA was carried out 
using SPSS.  

CFA was carried out using AMOS 21 on a second 
sample (n = 239) to examine the factor structure of 
TPACK-ARTS on findings from EFA. This method is 
used to see if the quality of the items developed can 
measure what it intends to measure [20, 21]. Furthermore, 
it is both a qualitative and statistical process that examines 
the reliability of the individual indicators (item reliability), 
construct reliability, quantitative measures of convergent 
and discriminant validity, and Goodness of Fit [16].  

The data obtained from CFA were evaluated according 
to different fit indexes. According to Tabachnick and 
Fidell [22], the Comparative Fit Index (CFI) and Root 
Mean Square Error of Approximation (RMSEA) are 
perhaps the most frequently reported indices. They also 
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mentioned that if the results of the fit indices are 
inconsistent, the model should be re-examined and 
consider reporting multiple indices if the inconsistency is 
not resolved.  

Hair et al. [21] recommended that the eligibility criteria 
for fit indices be used to evaluate the model’s validity in 
this study. They mentioned that multiple indexes should 
assess a model’s goodness of fit. It should include the 
chi-squared and associated degree of freedom, one 
absolute fit index (i.e., Goodness of Fit Index (GFI), 
RMSEA, or Standard Root Mean Residual (SRMR), one 
incremental fit index (i.e., CFI or Tucker Lewis Index 
(TLI)), One goodness-of-fit index (GFI, CFI, TLI), one 
badness-of-fit index (RMSEA, SRMR). However, the 
chi-squared goodness of fit index test or resulting p-value 
is less meaningful, particularly as sample sizes become 
large or the number of observed variables becomes large. 
Therefore, in this study, only CFI, RMSEA, and SRMR 
were used to assess the goodness of fit indices of the 
instrument. 

The Comparative Fit Index (CFI) is an increment fit 
index that is an improved version of the normed fit index. 
CFI supplements the chi-squared and df. The larger the 
CFI, the better the fit [22]. Root Mean Square Error 
Approximation (RMSEA) is a measure that attempts to 
correct for the tendency of the chi-squared goodness of fit 
test statistic to reject models with large samples or a large 
number of observed variables. Lastly, Standardized Root 
Mean Square (SRMR) helps compare fit across models. 
The smaller the value of RMSEA and SRMR, the better 
the fit.  

Reliability analysis was also conducted to estimate the 
construct validity for each factor generated using 
Composite Reliability (CR), Average Variance Extracted 
(AVE), Cronbach’s alpha, corrected item-total correlation, 
and standardized factor loadings. Reliability is a measure 
of the degree to which a set of indicators of a latent 
construct is internally consistent based on how highly 
interrelated the indicators are to each other [21]. 

According to Syahfitri et al. [20], the composite 
(construct) reliability method is a guide to seeing 
reliability analysis. CR can be conceptualized as how well 
the indicators represent the latent variable [23]. Composite 
reliability higher than 0.7 is needed in a more advanced 
validation phase [18]. On the other hand, AVE that is 0.5 
or higher [18, 21] confirms convergent validity. 
Cronbach’s alpha also measures internal consistency; a 
value of more than 0.7 is considered acceptable [24]. The 
corrected item-total correlation shows how each item 
correlates with the overall questionnaire. It expresses the 
coherence between an item and other items in a test [25]. A 
correlation less than r = 0.30 indicates that the item may 
not belong on a scale [26]. Another statistic that ensures 
reliability therefore reflecting construct validity, is the 
standardized factor loading. Individual weights should be 
greater than 0.5. 

III. FINDINGS AND DISCUSSION 

A. Content Validity 

A review of related literature informed the initial phase 
of developing and validating the TPACK-ARTS 
questionnaire (see [3, 27–42]). The questionnaire (33 
items) was initially designed to have three factors or 
constructs. These are the Technological Pedagogical and 
Content Knowledge in Teaching Science (TPACK-ST), 
Action Research (AR) in an educational setting, and 
Technological Pedagogical and Content Knowledge – 
Action Research in Teaching Science (TPACK-ARTS) 
which described the relationship between AR and 
TPACK.  

The findings in the CVR analysis showed that not all 
panels of nine experts agreed on all items in the three 
factors or constructs. An item considered valid should 
have at least eight out of nine experts agreeing that the 
item is essential. If an item did not reach this threshold, it 
was removed from the initially validated instrument [10]. 
As shown in Table I, six items (in *) did not reach the 
minimum standard; thus, were removed from the initial 
draft of the instrument. Only items with CVR equal to 0.78 
or higher were retained. Items with a kappa coefficient less 
than 0.74 were removed to ensure interrater agreement. 
Incidentally, items with low kappa coefficients were also 
the six items with low CVR coefficients. Removing items 
this way followed Polit et al. [11] when they stated that 
considering adjusted kappa equal to or higher than 0.74 
and CVR equal to or greater than 0.78 would be excellent. 

The mean of all CVR per construct or factor was also 
calculated. Table I shows that TPACK, AR, and 
TPACK-ARTS got a CVI of 0.94, 0.84, and 0.88, 
respectively. The CVI obtained for the whole was equal to 
0.88. These values are beyond the minimum standards, 
suggesting that the full scale has content validity. 

B. Exploratory Factor Analysis of the Instrument 

The purpose of exploratory factor analysis was to 
determine factors underlying TPACK-ARTS in this study. 
Principal Component Analysis was used to determine the 
data’s suitability for factor analysis. The Kaiser-Meyer 
Olkin measure of sampling adequacy and Bartlett’s Test of 
Sphericity have evaluated whether the sample was large 
enough. A KMO value of 0.6 and higher is suggested for 
pushing forth with the factor analysis [14, 22]. The KMO 
value of the initial analysis was 0.884, considered very 
good [22] and meritorious [21]. Bartlett’s Test of 
Sphericity was significant; indicating that the sample and 
correlation matrix were appropriate for the factor analysis. 
The initial solution yielded four factors with an eigenvalue 
greater than 1. These factors altogether explained 65.358% 
of the variance result. It is suggested that the proportion of 
the total variance explained by retained factors should be 
at least 50% [15, 18]. Furthermore, other studies [3, 17, 28, 
35] reported greater than 50% total variance explained. 
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TABLE I. CVR, CVI, AND KAPPA STATISTICS OF THE INSTRUMENT 

Code Ne CVR Pc Kappa 
Technological Pedagogical and Content (Science) Knowledge (TPACK) 

TPACK_1 
I can design lessons that appropriately combine technology and teaching 
strategies on particular science concepts.  

9 1.00 0.002 1.00 

TPACK_2 
I can teach lessons that appropriately integrate technologies and teaching 
strategies on particular science concepts. 

9 1.00 0.002 1.00 

TPACK_3 
I can use technology to teach science effectively using various teaching 
strategies. 

9 1.00 0.002 1.00 

TPACK_4 
I can select appropriate technologies that can simplify science concepts to 
enhance how I teach and what the students learn. 

9 1.00 0.002 1.00 

TPACK_5 
I can design engaging learning activities that appropriately combine 
technologies and teaching strategies on particular science concepts.  

9 1.00 0.002 1.00 

TPACK_6 
I can design individual or collaborative performance tasks that use technology to 
show, apply, and/or solve science-related problems.  

9 1.00 0.002 1.00 

TPACK_7 
I know how to use appropriate technologies as a tool for sharing ideas and 
thinking together in the teaching-learning process in a science class.*** 

8 0.78 0.018 0.77 

TPACK_8 
I can evaluate the student’s performance and understanding of science using 
appropriate technologies and assessment strategies.  

8 0.78 0.018 0.77 

TPACK_9 
I can teach a particular science topic using different strategies and 
technologies.* 

7 0.56 0.281 0.38 

CVI 0.94 
Action Research (AR) 
AR_1 As a teacher, I know how to investigate my teaching practice. 9 1.00 0.002 1.00 

AR_2 
I reflect on my teaching practice and use it to plan a possible strategy to address 
concerns.**  

8 0.78 0.018 0.77 

AR_3 I can assume the roles of both the teacher and researcher at the same time.** 8 0.78 0.018 0.77 

AR_4 
I can identify issues (such as problems, obstacles, etc.) in my teaching 
practice.** 

9 1.00 0.002 1.00 

AR_5 
I can make action plans based on the root causes of the problem of my teaching 
practice. 

9 1.00 0.002 1.00 

AR_6 I can carry out my action plans to address issues in my teaching practice.*** 8 0.78 0.018 0.77 
AR_7 I know how to gather relevant data to analyze the effectiveness of my plan. 8 0.78 0.018 0.77 
AR_8 I am aware of the possible bias/es I may have in analyzing qualitative data. 8 0.78 0.018 0.77 
AR_9 I know how to analyze data using statistical tools and make a generalization.  8 0.78 0.018 0.77 

AR_10 
I can systematically resolve teaching-related problems by applying the results of 
my action plan.  

8 0.78 0.018 0.77 

AR_11 I can set goals to improve my teaching skills.* 6 0.33 5.906 1.14 
AR_12 I can carry out my plans to improve my teaching skills.*    7 0.56 0.281 0.38 
AR_13 I know how to apply what I have learned to change my teaching practice.* 7 0.56 0.281 0.38 
CVI 0.84 
Technological Pedagogical Content Knowledge - Action Research in Teaching Science (TPACK-ARTS) 

TPACK ARTS_1 
I can improve my technological pedagogical content knowledge by doing action 
research.*** 

9 1.00 0.002 1.00 

TPACK ARTS_2 
I am aware that the goal of action research is to improve myself as a holistic 
science teacher.*** 

9 1.00 0.002 1.00 

TPACK ARTS_3 
I can improve the lessons by combining technologies, teaching strategies, and 
science concepts appropriately through action research.*** 

9 1.00 0.002 1.00 

TPACK ARTS_4 
I can improve my teaching strategies by reflecting on action research findings on 
different topics.    

8 0.78 0.018 0.77 

TPACK ARTS_5 
I can design better assessment practices using technology through action 
research. 

8 0.78 0.018 0.77 

TPACK ARTS_6 
I can improve my teaching practices through reflection on every part of the 
action research activity.  

9 1.00 0.002 1.00 

TPACK ARTS_7 
I can apply the findings of action research to different scenarios of the 
teaching-learning process. 

8 0.78 0.018 0.77 

TPACK ARTS_8 I can better understand myself as a teacher through action research. 8 0.78 0.018 0.77 
TPACK ARTS_9 I am open to changes as long as they can improve my teaching practice.***  8 0.78 0.018 0.77 
TPACK ARTS_10 I feel I can better understand my students through action research.* 7 0.56 0.281 0.38 
TPACK ARTS_11 I can improve students’ engagement through action research.* 7 0.56 0.281 0.38 
CVI 0.88 
SCALE CVR 0.88 

Note: Items with asterisks were removed during the validation procedure: *experts validation, **EFA, ***CFA analysis. 

The scree plot in Fig. 1 shows that four factors were in 
sharp descent and then started to level off. It was shown 
that the largest eigenvalue was 11.670, followed by 2.763. 
The two remaining factors had an eigenvalue that was only 
more than one. This result required further analysis on 
whether to include other factors.  

Exploratory Factor Analysis (EFA) was conducted 
using principal component analysis and Varimax with 
Kaiser Normalization rotation with four factors to be 
extracted. However, there was cross-loading among items. 
Therefore, an alternative approach was conducted using 
parallel analysis utilizing [43]. By comparison (see Table 
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II), three factors were more significant than the mean 
eigenvalue indicating three factors to be extracted. This 
outcome is understandable because theoretically, only 
three factors were suggested. 

 

Fig. 1. Scree plot. 

TABLE II. PARALLEL ANALYSIS 

Component 
or Factor 

Mean Eigenvalue  
(Patil et al. [43]) 

Derived 
Eigenvalue  

1 2.071 10.665 
2 1.886 2.655 
3 1.753 1.875 
4 1.651 1.018 

TABLE III. FACTOR LOADINGS  

Component 
Code 1 2 3 
TPACK_1  0.612  
TPACK_2  0.721  
TPACK_3  0.663  
TPACK_4  0.717  
TPACK_5  0.763  
TPACK_6  0.752  
TPACK_7  0.716  
TPACK_8  0.75  
AR_1   0.578 
AR_5   0.771 
AR_6   0.775 
AR_7   0.753 
AR_8   0.656 
AR_9   0.594 
AR_10   0.74 
TPACK_ARTS_1 0.726   
TPACK_ARTS _2 0.76   
TPACK_ARTS _3 0.74   
TPACK_ARTS _4 0.89   
TPACK_ARTS _5 0.803   
TPACK_ARTS _6 0.718   
TPACK_ARTS _7 0.712   
TPACK_ARTS _8 0.767   
TPACK_ARTS _9 0.526   
Extraction Method: Principal Component Analysis. Rotation 
Method: Varimax with Kaiser Normalization 
a. Rotation converged in 6 iterations. 

 
Another run was performed, with only three factors to 

be extracted. Hair et al. [21] suggested that problematic 
and potential cross-loadings should be deleted. Three 
items with cross-loading were removed, and EFA was run 
for the third time. Table III shows three factors generated 
by the instrument. These factors explained 63.312% of the 

total variance. Factor loadings ranged from 0.526 to 0.89, 
which were considered significant, given that the sample 
size was 239. Factor loadings of 0.40 and higher were 
considered significant for interpretative purposes [21]. 

The distribution of the items among each component is 
grouped according to the proposed groupings. This result 
could be because a panel of experts already validated the 
items based on a review of related literature. The name of 
the factors was still the same as before. 

C. Confirmatory Factor Analysis 

Construct validity of the measurement instrument was 
estimated using confirmatory factor analysis. Construct 
validity is how a set of measured items accurately reflects 
the latent theoretical constructs designed to measure. Thus, 
construct validity deals with the accuracy of measurement. 
CFA aims to reveal the latent construct of the items in an 
instrument [44]. The three-factor model obtained through 
EFA was then analyzed through CFA using AMOS 21 
application. In the first attempt, the fit indices of the model 
indicated the model did not fit well with CFI = 0.922 and 
RMSEA = 0.074. The modification indices were then 
checked. The residual of some items was correlated to 
each other; items with high standard residual covariances 
were deleted [21]. Several items were deleted in this 
process: TPACK_7, AR_1, AR_6, TPACK-ARTS_1-3, 
and 9. The path diagram of the three-factor model with the 
standardized coefficients between items and factors is 
shown in Fig. 2. Further assessment of the factor loading 
of each item (0.75–0.89) showed that no item is below the 
minimum (0.50).  

 
Fig. 2. Path diagram of the instrument. 

The model fit measures were used to assess the model’s 
overall goodness of fit (χ2 and df, CFI, RMSEA, and 
SRMR), and all values are within their respective 
acceptance level [3, 15, 21, 22, 35, 45, 46]. The 
three-factor model (TPACK, AR, TPACK-ARTS) yielded 
a good fit (Table IV) for the data: χ2 = 209.883 (df = 116,  
p = 0.000), Comparative Fit Index (CFI) = 0.97, Root 
Mean Square Residual (RMSEA) = 0.058, and 
Standardized Root Mean Square (SRMR) = 0.039. 
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TABLE IV. FIT INDICES OF THE FINAL CONSTRUCTION OF THE 
TPACK-ARTS INSTRUMENT 

Goodness of 
Fit index 

Recommended Value  
(Hair et al. [21]) 

TPACK-ARTS 
Instrument 

X^2 
Significant p-values, even with 

a good fit 
Significant 

CFI 0.97 or better 0.97 

SRMR 
0.08 or less with a CFI of 0.95 

or higher) 
0.039 

RMSEA 
Values < 0.08 with CFI of 0.97 

or higher 
0.058 

Note: Recommended value for N < 250 and 12 < m < 30, where N is 
the number of observations and m is the number of observed 
variables. 

D. Reliability of the Instrument 

To ensure that the instrument is reliable, the internal 
consistency of the total scale and the three factors were 
estimated using Cronbach’s Alpha (CA), composite rating 
(Construct Reliability) (CR), and Average Variance 
Extracted (AVE). Standardized factor LOADING (FL) 
and Corrected Item-Total Correlation (CITC) were also 
used to estimate how much each item correlated with the 
overall questionnaire. Table V describes the reliability 
estimates of the total scale, factors, and items. The 
Cronbach’s alpha of the TPACK was 0.943, AR was 0.876, 
and TPACK-ARTS was 0.922. Also, it was found that 
Cronbach’s alpha of the total scale was 0.943. The result 
was beyond the accepted value [18, 24, 47], showing that 
the scale had evidence of internal consistency. Composite 
Reliability for the three factors ranged from 0.879 to 0.922, 
which indicated that each construct in the three-factor 
model is reliable [21, 45]). The average variance extracted 
for each factor (0.536–0.771) was also within the normal 
range [21]. CITC ranged from 0.611 to 0.726. This meant 
the item belonged to the scale [17, 19]. All factor loading 
estimates were more significant than 0.70, suggesting 
convergence or internal consistency. All indices indicated 
that the instrument has internal consistency and construct 
validity. 

TABLE V. MEAN, SD, AND RELIABILITY OF THE INSTRUMENT 

Goodness of Fit 
index 

Recommended Value 
(Hair et al. [21]) 

TPACK-ARTS 
Instrument 

X^2 
Significant p-values, even 

with a good fit 
Significant 

CFI 0.97 or better 0.97 

SRMR 
0.08 or less with a CFI of 

0.95 or higher) 
0.039 

RMSEA 
Values < 0.08 with CFI of 

0.97 or higher 
0.058 

Note: Recommended value for N < 250 and 12 < m < 30, where N is the 
number of observations and m is the number of observed variables. 

IV. CONCLUSION 

This study developed and validated a measurement 
instrument for assessing pre-service science teachers’ 
perception of Technological Pedagogical Content 
Knowledge – Action Research in Teaching Science 
(TPACK-ARTS). The instrument’s initial form, which is 
based on literature and interviews, consisted of 33 items. 
These items were distributed on predetermined factors 

(TPACK, AR, and TPACK-ARTS). Initial validation of 
the items using Lawshe’s content validity ratio  
(CVR = 0.78–1.00), content validity index (CVI = 0.88), 
and kappa statistic (Kappa = 0.77–1.00) showed that the 
instrument had acceptable content validity. Six items were 
deleted from the instrument at this stage. Exploratory 
Factor Analysis (EFA) was conducted using principal 
component analysis and Varimax with Kaiser 
normalization rotation to determine if the items load 
correctly with the predetermined factors. Three factors 
were generated, which explained 63.312% of the total 
variance. Three items were removed due to cross-loading, 
but other items remained in the predetermined factors: 
TPACK, AR, and TPACK-ARTS. After EFA, 
Confirmatory Factor Analysis (CFA) was performed, to 
test the model obtained from EFA. Results showed that the 
three-factor model was compatible with the data in terms 
of the fit indices: χ2 = 209.883 (df = 116, p = 0.000),  
CFI = 0.97, RMSEA = 0.058, and SRMR = 0.039. Seven 
items were removed in this stage. The composite 
reliability (CR = 0.879 to 0.922), average variance 
extracted (AVE = 0.536–0.771), standardized factor 
loadings (FL > 0.70), Cronbach’s alpha (α = 0.943 (scale)), 
α = 0.876–0.943 (factors), and corrected item-total 
correlation (CITC = 0.611–0.726) all suggest 
high-reliability of the instrument. The development and 
validation procedure discussed above showed that the 
Technological Pedagogical and Content Knowledge – 
Action Research in Teaching Science instruments have 
good psychometric properties. It can be used to measure 
pre-service science teachers’ perception of action research, 
technological and pedagogical content knowledge, and its 
interaction with each other.  
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