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Abstract 
 

This paper describes the methodological design and main results of a research project whose main 

objective was to analyze the relationship between technological and pedagogical knowledge and the use 

of ICT by faculty at a public university before and during the pandemic. For data collection, an electronic 

questionnaire was applied to 250 faculty members, and frequencies, contrasts, and correlations of 

variables were analyzed. Among the main findings were the detection of a significant difference between 

both type of knowledge, with the later showing higher values in both periods, but the former experiencing 

a greater increase between periods. We also found significant differences before and during the pandemic 

in the use of ICT by faculty for planning, designing, and managing environments and experiences; for 

teaching, learning and curriculum development; and, for assessment and evaluation. However, the greater 

difference we detected was in the use of ICT for teaching, learning, and curriculum development. Finally, 

we also detected that technological knowledge is the factor that most strongly predicts ICT use by faculty. 

We can conclude that the success of universities in guaranteeing academic continuity in the face of 

similar contingencies necessarily requires a teaching staff competent in the knowledge and pedagogical 

use of existing and future digital technologies. 
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1. Introduction  

 
As a result of the pandemic caused by COVID-19, the World Health Organization (WHO, 

2020a) recommended the closure of public and private institutions, affecting all fields of human 

endeavor. Educational institutions were one of the most affected. 

In order to meet the needs of students and guarantee their learning, most countries implemented 

various measures to accomplish their goals (Dreeseni, et al., 2020; UNESCO, 2020). One of these 

strategies was remote teaching. This situation generated unscheduled changes, especially in higher 

education institutions (HEIs) such as the execution of strategies and actions related to the use of 

communication media such as newspapers, radio, television and other tools based on the use of the 

Internet such as videoconferences, MS Teams, Google's G suite, chats, streaming and online video, 

among other applications that work as a bridge to connect institutions, teaching staff and students 

(Fernández et al., 2020). 

Remote teaching requires teachers to have a certain level of skill in the use of ICT, especially 

related to the use of digital technologies for remote monitoring, management and evaluation of learning 

(Ayciriet, 2020; Dussel et al., 2020; Kiekel et al., 2020; Zang, 2020). However, traditionally the use of 

digital technologies in teaching does not usually have a solid pedagogical basis. On the contrary, it is 

generally at the mercy of fading fads, which in turn causes that "the actual use of these technologies in 

teaching is not at the required level" (Ahmed et al, 2020, p. 59). 

The objective of this work was to analyze the level of pedagogical and technological knowledge 

and the use of digital technologies by faculty of a Mexican public university, who faced the challenge of 

teaching remotely during the pandemic 
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2. Methods 

 
This study was quantitative, descriptive, and correlational. A digital questionnaire 

(http://encuestaunison.online) with Likert scale responses was used for data collection.  

A non-probabilistic sample of 250 faculty from the University of Sonora (Mexico) belonging to different 

areas was used. The academics were selected by convenience using as a criterion that they had been 

teaching during the semesters in which classes were suspended due to the pandemic. 

Of the faculty members who participated in the study, 50.8% were men and 49.2% were women, 

whose ages were between 27 and 80 years old. Half of the sample had an average of eleven years working 

at the university, while 10% had been working at the institution for more than two decades. Most of the 

subjects (85%) had a laptop while the rest had a personal computer or an electronic tablet. 

To measure technological and pedagogical knowledge, the questionnaire of Ladrón et al. (2021) 

and the proposals of Mishra and Koehler (2006) and Zabalza (2003) were used as a reference. The 

questionnaire was contextualized to the population, so the components of the TPACK model were 

adapted in two dimensions: technological knowledge (items 11 to 23) and pedagogical knowledge (items 

24 to 30), making a total of 20 questions. 

Regarding the reliability and validation of the instrument, reliability was measured by calculating 

Cronbach's alpha. The value of the test was .95, which indicated a high consistency among the items that 

make up the measurement of the instrument. An exploratory factor analysis of maximum likelihood with 

oblique rotation was also performed, obtaining a value of .953 in the Kaiser-Meyer Olkin (KMO) 

measure, which indicates that the covariance matrix is sufficiently robust to allow assessment of the 

degree to which each of the variables is predictable by the others. In relation to the construct validation, 

the oblique rotation through the sedimentation plot allowed us to identify, as expected, a two-factor 

solution: 1= technological knowledge, 2= pedagogical knowledge. The percentage of variance explained 

by the scale was 67.24%, therefore, it was considered acceptable.  

 

3. Results and discussion 

 
This section presents findings on the technological and pedagogical knowledge of teachers at the 

University of Sonora, as well as the relationship of such knowledge with the use of ICT for teaching both 

before and during the health contingency caused by the COVID-19 pandemic. 

 

3.1. Differences between technological and pedagogical knowledge by faculty before and 

during the COVID-19 pandemic 
Results indicate that: (1) there is a significant difference between the technological and 

pedagogical knowledge of faculty before and during the pandemic with the later showing higher values 

in both periods, and (2) there is a slight increase in technological knowledge before and during the 

pandemic (T=-6.72, d=-0.35, p <.001), while pedagogical knowledge did not change (See Table 1). This 

suggests as Schildkamp et al. (2020) argues, that due to the circumstances of the health contingency, 

technological knowledge was given higher priority to ensure the continuity of the classes. 

 
Table 1. Technological and pedagogical knowledge of faculty before and during the pandemic. 

 

 Before pandemic   During pandemic    

 M SD  M SD T p d 

Technological 3.43 .98  *3.75 .84 -6.72 < .001 -0.35** 

Pedagogical 4.13 .75  4.13 .69 .023 .981 ---- 

SD=Standard deviation    Prepared by the authors 

* Size of the effect between small and moderate 

 

3.2. Use of ICT by faculty before and during the pandemic  
As can be seen in Table 2, when comparing before and during the pandemic we found significant 

differences in the use of ICT for planning, designing, and managing environments and experiences  

(T= -10.15, d=0.62, p<.001) for teaching, learning and curriculum development (T= -3.65, d=-0.81, 

p<.001) and, for assessment and evaluation (T= -11.50, d=0.20, p<.001). 
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Table 2. Type of ICT use before and during the COVID-19 pandemic. 
 

 Before   During     

 M SD  M SD T P d 

Planning, designing 

and management of 

environments and 

experiences 

3.50 1.01 

 

4.07 .80 -10.15 < .001 -0.62** 

         

Teaching, Learning 

& development of 

curriculum  

2.42 1.16 

 

3.37 1.16 -3.65 <.001 
-

0.81*** 

          

Evaluation 2.28 .96  2.48 1.03 -11.50 <.001 -0.20* 

SD=Standard Deviation    Prepared by the authors. 
*Small effect size; ** Moderate effect size; *** Large effect size 

 

The greater difference we found in the use of ICT before and during the pandemic was in the use 

of ICT for teaching, learning, and curriculum development, which is consistent with the findings of Arras 

et al. (2021) with teachers at a public university who reported similar results. It should be noted that both 

before and during the pandemic, 86% of teachers almost always and always used digital presentations to 

teach. Thus, the use of this tool transcended the health contingency and is expected to be of greater 

importance in the immediate future. 

The second category that experienced the greatest change was related to tools for planning, 

designing, and managing environments and experiences. It is worth noting that within this category the 

use of course management programs such as Moodle, Blackboard, Google Classroom, Schoology, and 

Microsoft Teams increased by 43% during the pandemic, which makes sense since classes were taught 

remotely. 

Regarding the use of ICT for evaluation, it was the area where they have been less used  

(M < 2.48), which coincides with the results of Jogezai et al. (2021) who also found that teachers made 

little use of technologies to evaluate their students. 

 

3.3. Technological, pedagogical, and content knowledge as predictors of ICT use in 

teaching  
The results on the weight of technological and pedagogical knowledge on the use of ICT in 

teaching practice are presented below. Table 3 reports information about the knowledge before the 

pandemic and Table 4 shows information on the same issue but during the time of the pandemic. 

 
Table 3. Summary of the analysis of technological and pedagogical knowledge as predictors of ICT  

use in teaching before the pandemic. 

 

Variable B SD B B T P 

Technological Knowledge .514 .044 .619 11.650 P < .001 

Pedagogical Knowledge  .011 .073 .010 .144 .858 

Note.  (N=250, p <.001), SD= Standard deviation 

 

The results in Table 3 show that technological knowledge is positively associated with ICT use 

before the pandemic (r > 0; P < .01), and predicts its use with greater weight (B=.514; P<.001). 

 
Table 4. Summary of the analysis of technological and pedagogical knowledge as predictors of ICT use in teaching 

during the pandemic. 

 

Variable B SD B Β T P 

Technological Knowledge .419 .051 .504 8.180 P < .001 

Pedagogical Knowledge  .096 .074 .095 1.301 .195 

Nota.  (N=250, p <.001), SD= Standard deviation 

 

Table 4 shows how technological knowledge most strongly predicts ICT use (B=.419; P<.001). 

The results indicate that this knowledge has the strongest influence on the use of ICT in teaching. This 

finding can be understood as a positive association between the level of knowledge and the ability to use 

ICT by faculty, independently of the pandemic factor. 
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4. Conclusions 
 

Summarizing, when comparing faculty members´ ICT technical and pedagogical knowledge 

before and during the pandemic we detected that there is a significant difference between periods, with 

the later showing higher values in both periods. However, only the former experienced a significant 

increase between periods. We also found significant differences before and during the pandemic in the 

use of ICT by faculty for planning, designing, and managing environments and experiences; for teaching, 

learning and curriculum development; and, for assessment and evaluation. Nevertheless, the greater 

difference we detected was in the use of ICT for teaching, learning, and curriculum development. Finally, 

we also detected that technological knowledge is the factor that most strongly predicts ICT use by faculty. 

Transforming teaching through technological and pedagogical knowledge, or a combination of 

both, is a complicated task, especially when faculty is forced to "improvise" in an unknown context, as in 

the case of the health contingency caused by the COVID-19 pandemic. From the findings of this study, it 

can be argued that updating, increasing and improving not only technological but also pedagogical 

knowledge of university professors facilitates their incorporation into different contexts, as is the case of 

remote emergency teaching, while helping to discover new work spaces that allow experimentation with 

different forms of teaching. Finally, we can conclude that the success of universities in guaranteeing 

academic continuity in the face of similar contingencies necessarily requires a teaching staff competent in 

the knowledge and pedagogical use of existing and future digital technologies. 
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