
This study examines the reliability and construct validity of the Technological Pedagogical Content Knowl-
edge (TPACK) framework among a sample of 1,723 Italian future teachers through exploratory factor analysis 
(EFA). The analysis initially suggested seven factors as per the original TPACK model, but further examination 
revealed five coherent factors: two distinct Technological Knowledge (TK) factors, a combined Technological 
Pedagogical and Content Knowledge factor, a merged Pedagogical Content Knowledge factor, and a distinct 
Content Knowledge domain. The goodness-of-fit values for the proposed model by EFA were TLI = 0.916 and 
RMSEA = 0.061 (90% CI [0.059, 0.062]). These findings affirm the construct validity of some of the putative do-
mains of the TPACK model, while also suggesting that certain domains may need revising for more clarity or 
distinction on certain items and domains. This study provides valuable insights for the use of TPACK in an 
Italian and teacher training context. 

Questo studio esamina l'affidabilità e la validità di costrutto del framework Technological Pedagogical Con-
tent Knowledge (TPACK su un campione di 1723 futuri insegnanti italiani tramite un'analisi fattoriale esplo-
rativa (EFA). L'analisi inizialmente suggeriva sette fattori come previsto dal modello originale TPACK, ma un 
esame più approfondito ha rivelato cinque fattori coerenti: due fattori distinti di Conoscenza Tecnologica 
(TK), un fattore combinato di Conoscenza Tecnologica, Pedagogica e dei Contenuti, un fattore unificato di 
Conoscenza Pedagogica dei Contenuti e un dominio distinto di Conoscenza dei Contenuti. I valori di go-
odness-of-fit per il modello proposto dall'EFA erano TLI=0,916 e RMSEA=0,061 (90% CI [0,059, 0,062]). Questi 
risultati confermano la validità costruttiva di alcuni dei domini presunti del modello TPACK, suggerendo allo 
stesso tempo che alcuni domini potrebbero necessitare di revisioni per una maggiore chiarezza o distinzione 
di alcuni elementi e domini. Questo studio fornisce preziose intuizioni per l'uso del TPACK nel contesto ita-
liano e nella formazione degli insegnanti. 
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1. Introduction 
 

Technological Pedagogical Content Knowledge 
(TPACK, Mishra & Koehler, 2006) is a well-established 
framework that has been extensively utilized to un-
derstand and assess teachers’ integration of techno-
logy in their teaching practices. The TPACK framework, 
which combines technological, pedagogical, and con-
tent knowledge, combines skills that are essential for 
preparing teachers to effectively integrate digital tools 
into their pedagogical methodologies and practices. 
Due to its comprehensive nature, the TPACK model 
has been widely explored and validated in a variety of 
different educational contexts. In the present study, 
we present the results of exploratory factor analysis 
(EFA) for assessing the construct validity of the TPACK 
domains in an Italian context with in-training teachers. 
This analysis aims to confirm the scale’s structural in-
tegrity and relevance in capturing the TPACK domains 
within this specific educational context. By doing so, 
the present study contributes to the broader body of 
research on TPACK. The results also offer insights re-
levant to the specific context of teacher training pro-
grammes in Italy, to assist in the promotion of educa-
tors in the digital era feeling confident in integrating 
new technology into their pedagogical practices. The 
insights into in-training teachers’ readiness have direct 
implications for the delivery of these training pro-
grammes, highlighting the importance of ensuring 
that they are not only grounded in theory but also 
practically relevant in equipping teachers for digitally 
enhanced educational contexts.  

The TPACK framework has been established as a 
useful and robust tool for evaluating teachers’ ability 
to integrate technology effectively into their pedago-
gical practices. In the context of rapid digital transfor-
mation, it is imperative that educators can successfully 
use innovative technologies within their teaching to 
create meaningful and engaging learning environ-
ments (Antonietti et al., 2022; Pérez, 2014). The effec-
tive integration of technology not only includes 
enhancing and improving traditional teaching me-
thods but also fostering truly inclusive classrooms that 
cater to diverse learning needs. In the Italian context, 
while efforts have been made to comply with interna-
tional regulations for inclusive education, there have 
been suggestions to refine current school practices in 
consideration of new approaches (Marsili et al., 2021). 
As innovative methods increasingly involve the use of 
assistive technologies, it is crucial to understand how 
teachers can effectively integrate these tools into their 
classrooms to address inclusion in educational set-
tings. The validation of TPACK in this Italian context 
could serve as a model for other countries facing si-
milar challenges, broadening the impact of the pre-
sent study by offering insights into best practices for 
technology integration in education. By examining the 
construct validity of the TPACK framework using a 
large sample of 1723 future teachers, this study provi-
des a comprehensive dataset that allows for a rich ana-
lysis of how well the framework captures the 
competencies required for contemporary teaching.  

While the TPACK framework has been validated in 
various contexts, the diversity of findings highlights 
the need for further research in different educational 
settings. This study contributes to the discourse on 

the adaptability and validity of the TPACK framework, 
enhancing understanding within the specific context 
of Italy. The large sample size and the focus on future 
teachers offer a particular perspective that adds depth 
to the ongoing research on TPACK, also by allowing 
for further comparison against other countries and 
cultural contexts. The results not only address a gap 
in the literature by validating the TPACK framework 
within an Italian context but also have significant im-
plications for policy making, teacher training pro-
grammes, and global discourse. By investigating how 
the TPACK model remains a relevant and effective tool 
for educators, this study contributes to the ongoing 
development and refinement of the framework, 
which in turn offers useful insights and support in the 
context of broader goals of preparing and training tea-
chers to excel within the digital era. 

 
 

2. Theoretical framework 
 

2.1 TPACK 
 

The TPACK framework (shown in Figure 1), derived 
from the notion of Pedagogical Content Knowledge 
(PCK) (Shulman, 1986), was developed following five 
years of experimental research by Keating and Evans 
(2001), Koehler and Mishra (2005; 2006). Today, it is re-
cognized as the foundational knowledge base for tea-
chers integrating technologies into education and 
professional development at all levels, including hi-
gher education (La Marca et al., 2018; Li et al., 2024). 
The components of this theoretical framework accu-
rately depict the interconnection of the three princi-
pal domains of knowledge that teachers should 
possess: Content Knowledge (CK), Pedagogical Kno-
wledge (PK), and Technological Knowledge (TK) 
(Thompson & Mishra, 2007). The instrument consists 
of 49 items. The three main domains (TK, PK, CK) inte-
ract and form four complex components (PCK, TCK, 
TPK, TPACK): 

 
CK – Content Knowledge is the knowledge of tea-•
ching subjects; 
PK – Pedagogical Knowledge is the knowledge of •
teaching and learning methods and processes; 
TK – Technological Knowledge is the knowledge of •
technologies; 
PCK – Pedagogical Content Knowledge, as theori-•
zed by Shulman (1986), is the knowledge of appro-
priate teaching methodologies and strategies for 
the subjects; 
TCK – Technological Content Knowledge is the un-•
derstanding of which specific technologies are 
best suited for teaching a particular subject; 
TPK – Technological Pedagogical Knowledge is the •
understanding of how the use of certain techno-
logies impacts teaching and learning processes; 
TPACK – Technological Pedagogical and Content •
Knowledge is the specialized form of teacher kno-
wledge that comprehends the complex interac-
tions between the three main forms of knowledge: 
technological, pedagogical, and content, and is 
able to master them in the specific contexts of 
their profession. 
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The seven scales allow for self-assessment of one’s 
competencies concerning the TPACK model, provi-
ding responses on a Likert scale. 

 

 
Figure 1. TPACK model (reproduced by permission  

of the publisher, © tpack.org, 2012). 
 
 

2.2 Prior explorations of TPACK domain construct vali-
dity 

 
The domains of the TPACK model have been subject 
to assessment of their construct validity in a variety of 
different contexts. It is asserted that no one TPACK 
scale can be applied to all contexts, thus diverse ex-
plorations in different settings are needed (Koh et al., 
2010). Previous works addressing the construct vali-
dity of TPACK domains have produced varying results. 
Önal (2016) conducted validity testing with 316 pre-
service mathematics teachers in Turkey and identified 
9 factors. In contrast, Rauf et al. (2021) revealed 6 fac-
tors from a sample of 100 ESL teachers. Luik et al. 
(2018) found 3 factors—Technology, Pedagogy, and 
Content Knowledge—among 413 pre-service teachers 
in Estonia, diverging from the 7 factors initially propo-
sed by Schmidt et al. (2009). Bostancio lu and Handley 
(2018) also identified 6 factors, while Shinas et al. 
(2013) identified 8 factors in a sample of 365 pre-ser-
vice teachers. Lavidas et al. (2020) assessed 147 pre-
school teachers in Greece and found 6 domains. 

Looking towards validation studies with larger 
sample sizes, Koh et al. (2010) identified 5 factors. 
Some studies have demonstrated support for the 7-
factor model of TPACK (Chai et al., 2011; Lin et al., 2013; 
Pamuk et al., 2015; Prasojo et al., 2020). It is important 
to note that these studies did vary in the number of 
items from the TPACK model they used within their 
exploration of domains, which could have impacted 
the number of factors identified. Regarding Italian 
contexts, there are several reasons that the construct 
validation of TPACK domains is important, inclusive of 
the unique cultural context of the educational system 
which may impact how technology knowledge is in-
tegrated into teacher-training curriculums. Under-
standing the applicability and validity of TPACK within 
an Italian context is particularly important, given the 

aforementioned variations demonstrated across dif-
ferent cultural settings. Moreover, assessing these do-
mains within a sample of future teachers of whom are 
amid training represents a crucially important demo-
graphic of teachers who, whilst learning new skills 
and proficiencies, can help us to understand the pre-
paredness of future teachers to meet the evolving de-
mands of the digital era. Whilst validation of the scale 
has been conducted in an Italian context of pre-ser-
vice teachers (Magnanini et al., 2023), this study utili-
zed a relatively smaller sample size of 284 pre-service 
support teachers, we contribute to the body of rese-
arch on TPACK construct validity with a large sample 
size of 1723 in-training teachers. Whilst some studies 
demonstrate that the putative domains of TPACK are 
well-distinguished, other contexts suggest revisions 
may be necessary, thus an examination of these do-
mains within an Italian context is necessary. 

 
 

3. Methodology 
 

3.1 Sample 
 

The questionnaire was administered to future tea-
chers enrolled at the University of Palermo, with a 
total sample size of 1723 subjects. Of the sample 
85.43% identified as female, and 14.45% as male, sub-
jects were between the ages of 22 and 63 years 
(M = 40.0, SD = 8.87).  

 
 

3.2 Instrument description 
 

The questionnaire was composed of the translated 
and adapted instrument that was developed and vali-
dated by Schmidt et al. (2009), inclusive of the 7 diffe-
rent sections of the TPACK model (Technological 
Knowledge, Content Knowledge, Pedagogical Kno-
wledge, Technological Pedagogical Knowledge, Te-
chnological Content Knowledge, Pedagogical Content 
Knowledge, and Technological Pedagogical Content 
Knowledge) (Mishra & Koehler, 2006; 2009), the que-
stionnaire consisted of a total of 49 items (demonstra-
ted in Table 2), based on a 5-point Likert scale.  

 
 

3.3 Data collection and statistical methods 
 

The study used a convenience, non-random sampling 
technique in which responses were collected online, 
via Google Forms, over a period of approximately 2 
months between May 2024 to June 2024. Participation 
was voluntary and consent was gained to process the 
results.  

Data analysis was conducted using the following 
statistical methods: 

 
1. Cronbach’s alpha was used to assess the internal 

consistency of the scales. 
2. Exploratory factor analysis (EFA) was conducted on 

all 49 items, to assess the construct validity and un-
derlying factor structure of the TPACK compo-
nents when administered in the context of Italian 
future teachers, and to explore whether the total 

!
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49 items continued to belong to the 7 putative fac-
tors (TK, CK, PK, TPK, TCK, PCK, TPCK). 
 
 

3.4 Data preparation 
 

Once data was collected, the raw data underwent data 
preparation in Jamovi 2.2.5 software, including han-
dling of missing values, data cleaning processes and 
assumption checks for EFA. 

 
3.4.1. Data cleaning 
Data from 144 participants was either incomplete 

or they had not consented to the use of their respon-
ses in the dissemination of results. This data was ex-
cluded, leaving 1723 responses for analysis. Proposed 
standards for a minimum number of participants va-
ries, however, it is generally acknowledged that a mi-
nimum of 100 samples are needed, of which this 
study exceeds. Comrey and Lee (1992) assert that a 
study with 100 samples is weak, 200 is fair, 300 is good, 
500 is very good, and 1000 samples or more is excel-
lent, thus rendering our sample as considered excel-
lent. 

 
3.4.2. Assumption checks for exploratory factor 

analysis  
Before conducting EFA, several assumptions were 

checked. These assessments ensured that the data 
met the necessary assumptions for conducting EFA. 
The strength of the methodology supports the validity 
and reliability of the following EFA results. 

 
Ordinal data treatment: Given the Likert scale re-•
sponses, data were treated as ordinal. 
Linearity: A Spearman’s rho correlation matrix in-•
dicated intercorrelations among all items. It is sug-
gested to ensure correlation coefficients are over 
0.30 (Tabachnick and Fidell, 2001 cited in Taherdo-
ost et al., 2022). As the majority of correlation co-
efficients were above 0.3, with a large portion also 

above 0.5, no items were excluded (Hair et al., 1995; 
2006).  
Absence of perfect multicollinearity: Correlation •
coefficients did not approach ±1, thus meeting this 
assumption and ensuring no perfect multicollinea-
rity. 
Factorability of the correlation matrix: Bartlett’s Test •
of Sphericity yielded a significant result ( ²(1176) = 
89.844, p < .001), confirming that correlations bet-
ween items were sufficient for factor analysis. The 
Kaiser-Meyer-Olkin (KMO) measure of sampling 
adequacy was high (KMO = 0.984), indicating that 
the data were suitable for EFA. 
 
 

4. Results 
 

4.1 Internal consistency and reliability testing 
 

To understand the reliability of the items within the 
TPACK survey, internal consistency using Cronbach’s 
alpha was tested. The combined TPACK scale demon-
strated high internal consistency with a Cronbach’s 
alpha of 0.982. Table 1 demonstrates the mean Cron-
bach’s alpha values of each subscale, alongside de-
scriptive statistics of mean and standard deviation. 
The Cronbach’s alpha values indicate that the subsca-
les all have high internal consistency, with alpha va-
lues ranging from 0.923 to 0.967. Whilst generally 
values above 0.70 are considered acceptable, and va-
lues around 0.90 are considered very good (Tavakol & 
Dennick, 2011), some researchers have suggested that 
values closer to 1.0 could be too high and indicate 
some redundancy of the items within the scale (Strei-
ner, 2003). Thus, some of our Cronbach’s alpha results 
are suggestive of such redundancy, which we explo-
red further with exploratory factor analysis. Table 2 
demonstrates the individual item-rest correlation for 
each of the 49 items used in the questionnaire, which 
ranges between 0.584 and 0.813, above the generally 
accepted minimum of 0.40. 
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Table 1. Figure 2. Descriptive statistics of TPACK subscales. 

 

Dimension No. Of Items Mean Standard Deviation Cronbach’s alpha

TK 22 3.72 0.696 0.967

CK 6 3.94 0.679 0.923

PK 6 3.93 0.688 0.952

PCK 3 3.87 0.738 0.942

TCK 3 3.87 0.772 0.931

TPK 5 3.98 0.708 0.932

TPCK 4 3.84 0.744 0.934

Item+ Domain Item-rest correlation

Technological Knowledge 
I know how to solve technical problems with the computer.

 
TK1

 
0.584

I easily learn aspects related to new technologies. TK2 0.719

I keep up with new and important technologies. TK3 0.734

I often “tinker” with technology. TK4 0.670

I know many different technologies. TK5 0.744

I possess the technical skills I need to use technology. TK6 0.757
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Table 2. Individual Item-rest correlations for TPACK items. 

 

I have had sufficient opportunities to work with different technologies. TK7 0.718

I know basic hardware (e.g., CD-Rom, motherboard, RAM) and their functions. TK8 0.671

I know basic software (e.g., Windows, Media Player) and their functions. TK9 0.742

I follow the advancements of recent computer technologies. TK10 0.739

I use word processing programs (e.g., MS Word). TK11 0.726

I use spreadsheet programs (e.g., MS Excel). TK12 0.627

I communicate via the Internet (e.g., Email, Messenger, Twitter). TK13 0.699

I use image editing programs (e.g., Paint). TK14 0.723

I use presentation programs (e.g., MS Powerpoint). TK15 0.751

I am able to save data on digital media (e.g., CD, DVD, Dropbox, Drive...). TK16 0.737

I use specific software related to certain disciplines. TK17 0.740

I use the printer. TK18 0.676

I use the projector. TK19 0.636

I use the scanner. TK20 0.659

I use the digital camera. TK21 0.681

I use the Interactive Whiteboard (LIM). TK22 0.656

Content Knowledge 
I have sufficient knowledge regarding student inclusion.

 
CK1

 
0.723

I am capable of thinking inclusively. CK2 0.702

I follow recent developments and applications in my preferred discipline. CK3 0.757

I recognize the experts in my teaching discipline. CK4 0.719

I keep up with updates in resources (e.g., books, journals) in my teaching area. CK5 0.706

I attend conferences and activities in my teaching area. CK6 0.623

Pedagogical Knowledge 
I know how to assess student performance in a classroom.

 
PK1

 
0.745

I can adapt my teaching based on what students currently understand or do not understand. PK2 0.763

I can adjust my teaching style to different students. PK3 0.766

I can assess student learning in multiple ways. PK4 0.753

I can use a wide range of teaching methods in the classroom. PK5 0.764

I am familiar with the most common student understandings and misconceptions. PK6 0.708

Pedagogical Content Knowledge

I know how to choose the most effective teaching methods related to my teaching disciplines. PCK1 0.770

I can develop appropriate assessment tools for my teaching disciplines. PCK2 0.777

I can prepare lessons for students with various learning styles. PCK3 0.772

Technological Content Knowledge

I know the technologies that I can use to understand and implement student inclusion. TCK1 0.813

I design lessons that require the use of educational technologies. TCK2 0.801

I develop classroom activities and projects that involve the use of educational technologies. TCK3 0.798 

Technological Pedagogical Knowledge 
I can choose technologies that support and enhance student learning during a lesson.

 
TPK1

 
0.803

My teacher training has enabled me to reflect more deeply on how technology can influence the 
teaching approaches to be used in the classroom. TPK2 0.704

I critically reflect on the use of technology in the classroom. TPK3 0.715

I choose technologies that are most appropriate to my teaching style. TPK4 0.736

I evaluate the appropriateness of a new technology for teaching and learning. TPK5 0.774

Technological Pedagogical Content Knowledge

I adequately integrate learning content, technologies, and teaching approaches. TPCK1 0.799

I select technologies that make the teaching of certain learning content more effective. TPCK2 0.798

I can select technologies to use in my classroom that enhance what I teach, how I teach, and what 
students learn. TPCK3 0.798

I can be a point of reference to help other teachers coordinate the use of disciplinary content, tech-
nologies, and teaching approaches at my school and/or within my territorial area. TPCK4 0.752



4.2 Exploratory factor analysis  
 

To explore the construct validity and underlying factor 
structure of the TPACK and relationships between the 
putative domains, an exploratory factor analysis (EFA) 
was conducted on the data collected from the 1723 
participants. We used exploratory factor analysis (EFA) 
as opposed to confirmatory factor analysis (CFA) as 
suggested by Shinas et al. (2013), evidence from em-
pirical studies suggests CFA as a ‘less desirable techni-
que’ than EFA for indicating the number of factors or 
domains (Shinas et al., 2013). Before conducting the 
EFA, the Kaiser-Meyer-Olkin (KMO) measure verified 
the sampling adequacy for the analysis, (KMO = 0.984), 
a value asserted by Kaiser (1974) to be considered me-
ritorious. Bartlett’s test of sphericity also indicated that 
correlations between items were sufficiently large for 
EFA ( ²(1176) = 89.844, p < .001).  

The principal axis factoring extraction method was 
used in combination with an Oblimin rotation. The 
principal axis extraction method was used as it is sug-
gested by researchers to give the best results if data 
are non-normally distributed (Taherdoost, 2014) as 
well as for the determination of underlying factors re-
lated to a set of items (Burton & Mazerolle, 2011, cited 
in Taherdoost, 2014). Oblimin (an oblique rotation) 
was chosen as the extraction method because it was 
hypothesised that the latent factors within TPACK 
would be interrelated (Field, 2009) and oblique rota-
tion allows the factors to correlate, which, as asserted 
by Costello & Osborne, 

 

“in the social sciences we generally expect 
correlation among factors, since behaviour is 
rarely partitioned into nearly packaged units 
that function independently of one another” 
(Costello & Osborne, 2005, p. 3).  

 
The number of factors was determined by a paral-

lel analysis technique (Costello & Osborne, 2005; 
Field, 2009) which offered an empirically robust me-
thod for factor retention, and suggested a seven-fac-
tor solution, which scree test results also confirmed. 
None of the factor loadings was below 0.3, meaning 
no items required removal (Hair et al., 2006), resulting 
in the maintenance of all 49-items. Item loadings ran-
ged from 0.304 to 0.909 and accounted for 71.9% of the 
variance, which meets the generally accepted mini-
mum of 60% cumulative variance within the social 
sciences (Netemeyer, Bearden, & Sharma, 2003, Hair 
et al., 2006). However, it is important to note that the 
sixth and seventh factor had either limited or no signi-
ficant loadings above 0.3, suggesting their potential 
lack of practical significance. Full factor loadings out-
put can be seen in Figure B.  

For testing the model fit, the chi-squared model 
test was not used due to the large sample size (N = 
1,723), as it is known to be sensitive to larger samples 
(Bergh, 2015). Instead, we used alternative fit indices. 
The Tucker-Lewis Index (TLI) was 0.916, indicating 
good model fit (Finch, 2020), and the Root Mean 
Square Error of Approximation (RMSEA) was 0.061 
(with a 90% confidence interval of 0.059 to 0.062), 
which also reveals acceptable model fit. 
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Fac��� L�ading�

Fac�o�

� 1 2 3 4 5 6 7 Uniq�ene��

TK1 0.848 � � � � � � 0.381
TK2 0.775 � � � � � � 0.272
TK3 0.830 � � � � � � 0.245
TK4 0.771 � � � � � � 0.352
TK5 0.853 � � � � � � 0.221
TK6 0.794 � � � � � � 0.234
TK7 0.667 � � � � � � 0.350
TK8 0.668 � � � � � � 0.366
TK9 0.601 � � � � � � 0.263
TK10 0.737 � � � � � � 0.271
TK11 0.304 � � 0.390 � � � 0.292
TK12 0.401 � � � � � � 0.467
TK13 � � � 0.544 � � � 0.264
TK14 0.343 � � 0.353 � � � 0.347
TK15 � � � 0.488 � � � 0.286
TK16 � � � 0.485 � � � 0.267
TK17 0.315 � � 0.326 � � � 0.343
TK18 � � � 0.742 � � � 0.303
TK19 � � � 0.459 � -0.363 � 0.355
TK20 � � � 0.775 � � � 0.296
TK21 � � � 0.647 � � � 0.355
TK22 � � � 0.455 � � � 0.471
CK1 � � � � 0.485 � � 0.288
CK2 � � � � 0.469 0.342 � 0.252
CK4 � � � � 0.739 � � 0.277
CK5 � � � � 0.830 � � 0.229



 
Figure 2: Factor loading full output. 

CK6 � � � � 0.803 � � 0.310
PK1 � � 0.785 � � � � 0.268
PK2 � � 0.907 � � � � 0.181
PK3 � � 0.887 � � � � 0.174
PK4 � � 0.909 � � � � 0.195
PK5 � � 0.803 � � � � 0.216
PK6 � � 0.708 � � � � 0.337
PCK1 � � 0.662 � � � � 0.237
PCK2 � � 0.649 � � � � 0.223
PCK3 � � 0.596 � � � � 0.235
TCK1 � 0.469 � � � � � 0.262
TCK2 � 0.686 � � � � � 0.238
TCK3 � 0.700 � � � � � 0.239
TPK1 � 0.691 � � � � � 0.238
TPK2 � 0.775 � � � � � 0.290
TPK3 � 0.734 � � � � � 0.320
CK3 � � � � 0.746 � � 0.227
TPK4 � 0.760 � � � � � 0.302
TPK5 � 0.809 � � � � � 0.206
TPCK1 � 0.711 � � � � � 0.218
TPCK2 � 0.790 � � � � � 0.206
TPCK3 � 0.747 � � � � � 0.220
TPCK4 � 0.501 � � � � � 0.383

No�e. 'P�inci�al a�i� fac���ing' e���ac�i�n me�h�d �a� ��ed in c�mbina�i�n �i�h a '�blimin' ���a�i�n
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5. Discussion 
 

Although the exploratory factor analysis through a pa-
rallel analysis extraction initially suggested seven fac-
tors, consistent with the putative TPACK model, a 
closer examination of the factor loadings indicates 
that only five significant factors emerged in the con-
text of Italian in-training teachers. These five factors 
include: 

 
1.Two distinct factors for Technological Knowledge 

(TK). 
2. A combined factor integrating Technological Con-

tent Knowledge (TCK), Technological Pedagogical 
Knowledge (TPK), and Technological Pedagogical 
Content Knowledge (TPCK) into a single, larger Te-
chnological Pedagogical and Content Knowledge 
subscale. 

3. A combined factor that merges Pedagogical Kno-
wledge (PK) and Pedagogical Content Knowledge 
(PCK) into one, larger Pedagogical Content Kno-
wledge domain. 

4. A distinct Content Knowledge (CK) domain, con-
sistent with the original model domain. 
 
This refined understanding suggests a more inte-

grated and contextually relevant application of the 
TPACK framework for Italian in-training teachers. A 
commentary on each factor is as followed:  

Factor 1 consists solely of 14 items relating to Te-
chnological Knowledge (TK) which although is less 
than the 22 items suggested by the putative TPACK 
domains, indicates that this domain is strongly indi-
cative of technological aspects of the TPACK model. 
Factor 4 consists of the 8 remaining items from the 
Technological Knowledge domain, which demonstra-
tes a splitting of the putative TK domain. Upon closer 

inspection, the items from TK in Factor 1 relate more 
to “I know” statements, whereas the items from TK in 
Factor 4 relate more to “I use” statements, suggesting 
a disconnect between what the in-training teachers 
feel they know in theory, and what they use on a prac-
tical level. For instance, Factor 1 (consisting of the “I 
know” statements) is strongly characterised by TK5 
(loading = 0.853) “I know many different technologies”. 
Whereas Factor 4 (consisting of the “I use” statements) 
is strongly characterised by TK18 (loading = 0.742) “I 
use the printer”, TK20 (loading = 0.775) “I use the scan-
ner” and TK21 (loading = 0.647) “I use the digital ca-
mera”. This could be due simply to the participants 
not utilising these technologies often due to a lack of 
necessity, or this could be representative of what is 
actually a lack of confidence in the practical use of 
such technologies, indicating potential areas to focus 
on within training. As well as this, there are some TK 
items from Factor 1 which also load onto Factor 4. This 
suggests a potential overlap or ambiguity in how te-
chnological knowledge is represented in the dataset. 
The relatively low loadings (ranging from 0.304 – 0.353) 
on the items which overlap on both Factor 1 and Factor 
4 suggest a need for further clarity or refinement in 
how these items are categorized. 

Factor 2 combines items from Technological Con-
tent Knowledge (TCK), Technological Pedagogical Kno-
wledge (TPK), and Technological Pedagogical Content 
Knowledge (TPCK) into a single factor. This amalga-
mation suggests a strong interconnection among 
these items based on their shared content and the 
combination into one factor suggests that there may 
not be such a distinction between the two putative 
domains as suggested by original TPACK subscales. It 
is strongly characterised by TPK5 (loading = 0.809) “I 
evaluate the appropriateness of a new technology for 
teaching and learning” and TPCK2 (0.790) “I select te-



chnologies that make the teaching of certain learning 
content more effective”, both of which pertain to the 
ability to choose and make decisions about appro-
priate technologies for enhanced effectiveness in tea-
ching contexts. This is suggestive of Factor 2 relating 
to decision-making surrounding technologies.  

Factor 3 consists of all items from Pedagogical Kno-
wledge (PK) and all items of Pedagogical Content Kno-
wledge (PCK), again suggesting that there may not be 
such a distinction between the putative domains 
which are tied together by pedagogical knowledge as 
their underlying connecting factor. This finding is in 
line with the findings of two of the previously men-
tioned studies by Koh et al. (2010) and Luik et al. (2017). 
The factor is most strongly characterised by high-loa-
ding items such as PK2 (loading = 0.907), PK4 (loa-
ding = 0.909) and PK5 (loading = 0.803) which all 
pertain to how respondents perceive their adaptabi-
lity in teaching and assessment methods. 

Factor 5 consists of all items from the Content Kno-
wledge domain, suggesting this as a clearly defined 
factor, providing evidence for the construct validity of 
this putative domain within TPACK, distinct from 
other factors.  

Factor 6 is characterized by only two items. One 
item negatively loads from Technological Knowledge, 
and the other has a low loading (0.342) also observed 
in the Content Knowledge factor. The minimal repre-
sentation and low loadings in Factor 6 question its si-
gnificance or necessity within the model, supporting 
the notion and interpretation of our suggestion of 
only 5 significant factors. Furthermore, Factor 7 is no-
table for having no loadings at all. This absence sug-
gests that none of the survey items included in Factor 
7 contribute significantly enough to the seventh fac-
tor, which again supports the notion of our five repor-
ted domains.  

Our condensing of the number of domains echoes 
findings from previous research (Luik et al., 2018; Bo-
stancio lu and Handley, 2018; Rauf et al., 2018; Lavidas 
et al., 2020; Koh et al., 2010). As mentioned previously 
in this study, the construct validity of TPACK is depen-
dent on context and setting, thus the generalizability 
of these results will be limited by nature. However, re-
garding the applicability to Italian and pre-service tea-
cher training contexts, our results due to our large 
sample size offer valuable insights by contributing 
areas for consideration or potential revision as well as 
validation. Future research could employ confirma-
tory factor analysis (CFA) to validate these findings. 

 
 

6. Conclusions and future recommendations 
 

The exploratory factor analysis (EFA) conducted in this 
study offers insights into the construct validity of the 
Technological Pedagogical Content Knowledge 
(TPACK) in the context of a large sample of Italian in-
training teachers. Though EFA loading output initially 
suggested seven factors as per the TPACK model, our 
interpretation refined these instead into five signifi-
cant factors, a condensing of domains which has also 
occurred within previous explorations of TPACK con-
struct validity. Whilst acknowledging the context-spe-
cific nature of findings, we contribute to future uses 
of the TPACK framework within the context of Italian 

teacher training contexts. The distinction and division 
of the Technological Knowledge domain, in particular, 
highlighted nuances in how in-training teachers per-
ceive and utilize technological knowledge, offering 
potential guidelines and areas for curriculum refine-
ment or targeted training. The results also echo pre-
vious works which highlight the need for the ongoing 
refinement of the TPACK framework in order to re-
main relevant and up-to-date within the ever-evolving 
area of education and technology.  
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