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Abstract
Prior to this study, a testable model for the influence of contextual knowledge (XK) on 
teacher candidates’ intention to integrate technology into classroom instruction had not 
been established. We applied the Decomposed Theory of Planned Behavior (DTPB) to 
aid us in this effort. Our work (a) provided a theoretical conceptualization for factors of 
XK through application of the DTPB, (b) represented the synergistic effects among these 
factors, and (c) allowed us to explore their influences on teacher candidates’ intentions to 
teach with technology. To assess our model, which includes factors such as teacher candi-
dates’ beliefs, attitudes, and efficacy, we developed an instrument, the Intention to Teach 
with Technology  (IT2) Survey. Results from the structural equation model of the survey 
data indicated our model fit the data very well and readily accounted for various XK fac-
tors, the relations among these factors, and their influence on teacher candidates’ intentions 
to integrate technology into teaching. Given the complexity of the context in any teaching 
situation, its relation to and influence on technology integration, and the previously limited 
examination of context in research and teacher development, the results indicate the pro-
posed model is quite plausible, accounting for 75% of the variation in intention. The study 
demonstrates the  IT2 Survey is an effective instrument to examine factors associated with 
XK and their influences on technology integration. Our work extends theory about technol-
ogy integration by including XK and has implications for researchers as well as practition-
ers who seek to advance technology integration in preparation programs.
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Teaching always occurs within a learning environment, a context. The context where teach-
ing and learning takes place is already complex and is complicated further when incor-
porating technology as a learning tool. Educators who teach with technology encounter 
widely varying contextual factors, including access to technology, attitudes about using 
technology, teacher training, teachers’ beliefs about the usefulness of technology, self-
efficacy, and the ease with which teachers use technology. As we considered context, we 
wondered how we might bring together these and other disparate, but related factors into a 
comprehensive model of context and apply that model to understand how contextual fac-
tors influence teacher candidates’ future use of technology.

The purpose of this study was to examine the influence of contextual knowledge on 
teacher candidates’ intention to integrate technology into classroom instruction. The role of 
context on intention to integrate technology has been neglected in previous research (Kelly, 
2010; Mishra, 2019; Rosenberg & Koehler, 2015a, 2015b). We developed and tested a 
model based on the Decomposed Theory of Planned Behavior in which we conceptual-
ized contextual factors, represented their synergistic effects on one another, and explored 
the influences of these factors on teacher candidates’ intention to integrate technology into 
classroom instruction. We gathered data to assess our model using an instrument we cre-
ated, the Intention to Teach with Technology  (IT2) Survey. Three research questions (RQ) 
guided our study:

RQ1. How can we conceptualize factors of context with respect to technology inte-
gration?
RQ2. How are contextual factors related to one another?
RQ3. How do contextual factors influence intention to integrate technology into 
instruction?

Intention to use/integrate technology

Studies on the intention to use technology as well as research on using technology 
for teaching and learning have been prominent in the research literature during the past 
10–12 years. Taherdoost (2018) offered a succinct summary of 14 models that have been 
employed to examine variables that influence the use of technology and/or intention to 
use technology. To illustrate the nature of this research work, we will briefly explain three 
models that assess the intention to use technology.

In the first, Teo, his colleagues, and other researchers have used the Technology Accept-
ance Model (TAM) to investigate intention to use technology (Cheng, 2019; Scherer et al., 
2019; Teo, 2009, 2011, 2015; Teo et al., 2009, 2019; Teo & van Schaik, 2012). This model 
appealed to researchers because it included a limited number of variables, usually from 
four to eight, and a limited number of items, fewer than 20 for simpler models. In the sim-
plest models, the four variables were perceived ease of use, perceived usefulness, attitudes, 
and intention. To enhance the TAM model, researchers have incorporated “external vari-
ables” such as computer self-efficacy, subjective norms, and facilitating conditions into 
TAM research studies. In terms of accounting for variation in intention, results from TAM 
studies have accounted for between 27 and 60% of the variation (Cheng, 2019; Scherer 
et al., 2019; Teo, 2009, 2011, 2015; Teo et al., 2009; Teo & Zhou, 2017).

The Theory of Planned Behavior (TPB) and variants such as the Decomposed Theory 
of Planned Behavior (DTPB) have served as a second model that has received consider-
able attention with respect to examining intention to use technology (Cheng, 2019; Sadaf 
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& Gezer, 2020; Sadaf et  al., 2012, 2016; Teo et  al., 2016). In this research, investiga-
tors applied Ajzen’s (1985, n.d.) TPB work, which included variables such as behavioral 
beliefs, normative beliefs, control beliefs, attitudes, subjective norms, perceived behavioral 
control, and how they interrelate to determine intention to use or integrate technology. Gen-
erally, results have shown the models using the TPB accounted for between 45 and 65% of 
the variation in intention to use technology (Cheng, 2019; Teo et al., 2016). Researchers 
have compared the TAM and TPB models, the results of which showed the TAM and TPB 
models to be equivalent in terms of their abilities to account for variance in intention to 
use technology (Cheng, 2019; Teo & van Schaik, 2012). A more extensive explanation of 
the TPB and DTPB models is provided in a later section of the article because the DTPB 
served as the model for this study.

A third model receiving some attention with regard to studying intention to use technol-
ogy has been the Unified Theory of Acceptance and Use of Technology (UTAUT; Chao, 
2019; Dwivedi et al., 2019; Teo & Noyes, 2014; Venkatesh et al., 2003; Venkatesh et al., 
2016). In the UTAUT, variables such as performance expectancy, effort expectancy, social 
influence, and facilitating conditions played central roles in predicting intention to use 
technology along with moderator variables such as gender, age, experience, and personal 
volition in technology use. By including the basic and moderator variables, this model 
has accounted for between 36 and 55% of the variation in intention (Chao, 2019; Dwivedi 
et al., 2019; Venkatesh et al., 2003). Dwivedi et al. (2019) suggested there were concerns 
with the UTAUT model because moderators did not seem to apply to all situations and the 
original UTAUT model did not include attitudes among the assessed variables. This was a 
substantial limitation as compared to the TAM and TPB. Although the notion of context 
was implicit in some of the research endeavors using these models, generally, there was no 
mention of context in the research work.

Contextual knowledge and its influence on using technology

Technological Pedagogical Content Knowledge (TPACK; Mishra & Koehler, 2006), has 
served as a theoretical framework for understanding the way technological knowledge, 
pedagogical knowledge, and content knowledge have been represented by those teaching 
with technology. The relations and interactive influences of the three knowledge bases 
were depicted by three overlapping circles in a Venn diagram. Because teaching never 
occurs in a vacuum, the TPACK diagram included a larger, dotted circle to represent the 
contexts where teaching and learning take place. In this way, TPACK provided a concep-
tual understanding of the complexities involved when teachers integrate technology into 
their instruction.

For researchers and practitioners alike, the TPACK diagram called attention to how con-
tent combines with technology and pedagogy, within learning experiences. Again, the role 
of context has been overlooked, garnering much less attention than other aspects of the 
framework. For example, an examination of peer-reviewed journal articles that included 
TPACK from 2006 to 2009 revealed a complete absence of investigation of context in stud-
ies (Kelly, 2010). Even as research progressed through 2013, a review of TPACK-relevant, 
empirical studies showed only 36% of 193 journal articles included a mention of con-
text (Rosenberg & Koehler, 2015a, 2015b). However, when context was incorporated, it 
was insufficiently theorized (Rosenberg & Koehler, 2015a). With a reminder that context 
is an essential component of the TPACK framework, Rosenberg and Koehler called for 
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researchers to more adequately examine context by “focus[ing] on investigating the com-
plexity of practice, the development of measures that include context, and aligning … edu-
cational technology research with other disciplines through greater attention to context” 
(2015a, p. 186).

In 2019, Mishra clarified the intended role of context in the TPACK framework and 
changed contexts from the prior TPACK diagram to contextual knowledge (XK) in a revised 
diagram. As Mishra noted: “Contextual knowledge becomes of critical importance to 
teachers, and a lack of it limits the effectiveness [of technology integration]” (2019, p. 77). 
The emphasis on the importance of XK was reflected in the new version of the TPACK 
framework as noted in Fig. 1.

Although there has been limited work on context, several researchers have considered 
contextual factors in technology integration. For example, Koh et al. (2014) defined con-
text using four distinguishable factors based on their qualitative work: physical/technologi-
cal, cultural/institutional, interpersonal, and intrapersonal. Results showed when teachers 
focused on cultural/institutional factors (e.g., logistics of lesson implementation), technol-
ogy integration was inhibited; whereas, when intrapersonal contextual factors (e.g., beliefs 
about teaching and students) were the focus, technology integration was supported.

In other work on context, Porras-Hernández and Salinas-Amescua (2013) tried to 
account for the dynamics of classroom learning environments using a model that included 
micro, meso, and macro factors. Porras-Hernández and Salinas-Amescua (2015) extended 

Fig. 1  TPACK image as of 2019. Note This is the most recent update to the TPACK figure. From “Consid-
ering Contextual Knowledge: The TPACK Diagram Gets an Upgrade,” by Mishra (2019), Journal of Digi-
tal Learning in Teacher Education, 35(2), p. 77 (https:// doi. org/ 10. 1080/ 21532 974. 2019. 15886 11). Copy-
right 2019 by the Journal of Digital Learning in Teacher Education

https://doi.org/10.1080/21532974.2019.1588611
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their conceptualizations of context when they discussed the link between surrounding con-
ditions (e.g., physical, economic, cultural) and issues of the digital divide, but their frame-
work has not been empirically verified. To summarize, the research with respect to context 
and its influence on technology integration has been limited and has not offered models 
that are amenable to (dis)confirmation.

Developing a theoretical framework for context

Affordances

Based on the previous work on context, it was clear that context was complex and ill-
defined. As a beginning point to tackle the complex construct of context, we drew upon 
Gibson’s (1979) concept of affordances. Gibson used affordances to mean the quality of an 
object that offered “an action possibility … in the environment to an individual” (McGre-
nere & Ho, 2000, p. 179). Gibson’s perspective on affordances necessitated (a) an actor, 
(b) a context that includes some affordance, and (c) an action that could be carried out by 
the actor in the context. For example, in the current study, a teacher candidate would be the 
actor and teaching settings that include technology would be the context. Using Gibson’s 
concept of affordances, the teacher candidate may engage in teaching actions that use tech-
nology. Researchers have used Gibson’s affordances to develop terms such as usefulness 
and use (McGrenere & Ho, 2000), which have substantially influenced other researchers’ 
work on technology and its use by humans (Taylor & Todd, 1995; Teo, 2009, 2011, 2015; 
Venkatesh et al., 2003).

Theory of planned behavior

Our investigation into the importance of XK when integrating technology led us to con-
sider Ajzen’s (1985, n.d.) Theory of Planned Behavior (TPB) as a helpful paradigm. The 
TPB appeared to be a viable model for several reasons. First, the theory afforded an oppor-
tunity to assess the intention to integrate technology. Second, and conspicuously, the TPB 
accounted for selected contextual factors, such as teacher candidates’ behavioral beliefs, 
attitudes, teacher candidates’ perceptions of the usefulness of technology, and self-efficacy 
for integrating technology into instruction. Thus, from our initial perspective, the theoreti-
cal framework offered by the TPB was well situated to account for important contextual 
variables influencing teacher candidates’ perspectives about using technology in their 
classrooms.

Decomposed theory of planned behavior

As we continued to explore theoretical conceptualizations of context, we reviewed the 
Decomposed Theory of Planned Behavior (DTPB; Atsoglou & Jimoyiannis, 2012; Sadaf & 
Gezer, 2020; Sadaf et al., 2012, 2016; Taylor & Todd, 1995), a theory that extended Ajzen’s 
(1985, n.d.) TPB to assess factors related to technology use. In the DTPB, constructs have 
been focused on technology issues. For example, in their efforts, Taylor and Todd (1995) 
took the more general, broad categories such as behavioral beliefs from Ajzen’s TPB and 
deconstructed them to better consider technology-related aspects. In doing so, behavioral 
beliefs became three technology-focused categories: perceived usefulness of technology to 



2734 T. S. Foulger et al.

1 3

their situation (PU), perceived ease of use of technology (PEU), and compatibility of tech-
nology with current values and needs (COMP).

Synthesizing a model of XK using DTPB

Prior to our work, a testable model for XK had not been established. Our thinking about 
XK, Ajzen’s TPB, and Taylor and Todd’s DTPB led to an amalgam of various kinds of XK 
and teacher candidates’ intentions to integrate technology into their instruction. See Fig. 2. 
Thus, we anticipated the DTPB would help us to assess a theoretically-based model of con-
text and examine the influence of context on intentions to integrate technology.

To examine the various constructs, their relations, and their influence on intention 
to teach with technology, we employed a structural equation model to examine our 
XK model, which is illustrated in Fig. 3. In the model, PU, PEU, and COMP, denoted 

Fig. 2  A conceptual model for the intersection of contextual knowledge (XK) and its influence on teacher 
candidates’ intentions to integrate technology
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by rectangles, serve as observed variables (i.e., parcels) composed of groups of items 
that comprise teacher candidates’ perspectives of XK. Together, the three parcels—
PU, PEU, and COMP—constituted the latent variable of behavioral beliefs, denoted by 
an oval. Similarly, ATT1 and ATT2, observed parcels, constitute the latent variable of 
attitudes. The other portions of the figure can be understood in the same way.

In prior research employing the DTPB, investigators deconstructed control beliefs 
into facilitative conditions—technology (FCT), facilitative conditions—resources 
(FCR), and self-efficacy (SEff) (Sadaf et al., 2012, 2016; Taylor & Todd, 1995). FCT 
referred to the availability of technology resources, such as computers and software. 
By comparison, FCR represented resources such as support, time, and training. SEff 
signified the perceived ability to successfully employ technology. These three observed 
parcels, groups of survey items, constituted the latent variable control beliefs, which in 
the DTPB were more focused on factors associated with technology use as compared 
to Ajzen’s (1985, n.d.) TPB. Researchers employing the DTPB have particularized 
normative beliefs into smaller, more distinct referent groups, like peer influence and 
superior influence. These factors are reflected in our model as shown in Fig. 3.

Fig. 3  Original model of XK constructs influencing technology integration based on Taylor and Todd 
(1995) and Ajzen (1985, n.d.)
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Method

In this section, we describe how we conducted our study. We present information about the 
study sample, survey development, the  IT2 Survey, procedure, and data analysis.

Participants

The study took place at Arizona State University, a large university in the southwestern 
United States. Participants were teacher candidates who were enrolled in certification pro-
grams. Teacher candidates who took the Intention to Teach with Technology  (IT2) Survey 
included a diverse group of students majoring in elementary education, n = 50; early child-
hood education, n = 43; special education, n = 31; secondary education, n = 53; and mas-
ter’s degree with certification, n = 13. Most participants were juniors and seniors, which 
meant that they had participated in college coursework specifically related to technology 
integration theories and practices, understood what using technology to teach involved, and 
attained experience in teaching with technology in PK-12 settings. Those participating in 
the survey had completed at least one semester in their respective teacher education pro-
gram that included a concurrent, semester-long field experience. This nonrandom sample 
of 190 students provided perceptions concerning the items on the survey and was sufficient 
to conduct the initial factor analysis and subsequent analyses. The gender distribution was 
representative of our student body, consisting of 84% female students, 14% male students, 
and 2% unreported. The average age of the respondents was 24.94 years with a SD of 7.34. 
This age was consistent with the average age of credential-seeking undergraduate students, 
which is 25 (National Center for Education Statistics, 2018).

Instrument

Survey development

Items for the  IT2 Survey, which was based on the DTPB, were constructed to assess 
observed variables that were related to seven latent variables including behavioral, norma-
tive, and control beliefs, as well as attitudes, subjective norms, perceived behavior con-
trol, and intention to use technology in the classroom. In a previous study (Foulger et al., 
2019a), we collected teacher candidates’ perspectives on factors that influenced their tech-
nology integration abilities. As Ajzen (n.d.) noted, constructing survey items based on tar-
get audiences’ voices assured that the  IT2 Survey represented terminologies, languages, 
and discourses that were commonly used by teacher candidates. To begin the process, we 
gathered responses from 106 of our teacher candidates using an open-ended questionnaire.

Respondents provided responses to questions like, “When you are teaching, who will 
influence your integration of technology?” and “How would technology be useful in your 
teaching?” Individual responses were aggregated into larger, meaningful categories that 
represented students’ ideas and language, and reflected their perceptions about their future 
teaching with technology (Foulger et  al., 2019a). Thus, we used Ajzen’s (n.d.) approach 
of gathering group norms using students’ voices, which directed the development of the 
items on the  IT2 Survey. After the initial draft of the survey was completed, we conducted 
think-aloud interviews with teacher candidates to ensure all the items were clear and easy 
to understand. The research team made minor revisions based on suggestions offered by 
these participants.
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The  IT2 Survey

In all, 56 items were used in the final version of the  IT2 Survey. These items represented 
18 observed parcels, consisting of 2–6 items each. Examples of items were, “Integrating 
technology into my classroom instruction will fit well with the way that I teach,” “When 
I am a certified classroom teacher, students will expect me to integrate technology into 
my classroom instruction,” and “Access to computer technology and software/apps will 
support my ability to integrate technology into my classroom instruction.” Consistent 
with Ajzen’s approach, participants responded to the items on a 7-point scale. Anchors 
for the scales varied and included pairs such as 7 = Extremely Easy to 1 = Extremely Dif-
ficult; 7 = Definitely True to 1 = Definitely False; 7 = Extremely Likely to 1 = Extremely 
Unlikely, and 7 = Strongly Agree to 1 = Strongly Disagree. These items constituted 18 
parcels, which served as the observed variables in the exploratory and confirmatory fac-
tor analyses. For example, items 1–4 formed ATT1, attitude parcel 1; and items 5–7 
composed ATT2, attitude parcel 2. The items, parcels, and latent variables to which the 
parcels belong have been presented in Appendix 1. The complete survey has been pro-
vided in Appendix 2. A set of demographic questions is embedded at the end of the  IT2 
Survey.

Procedure

First, we contacted program coordinators to identify potential courses and established 
a means for communicating with the instructors of these courses. We asked course 
instructors to distribute the URL for the survey to their students via email. Given the 
distribution method, we cannot determine how many students received the invitation to 
participate from their instructors. Based on program coordinators’ estimate of the num-
ber of students who received the request to participate, approximately 30% responded, 
which was typical for an online survey. Teacher candidates who completed the survey 
did so in 10–12 min on average.

Data analysis

In any analysis of structural equation models, two aspects of the model must be estab-
lished. First, the measurement model must be confirmed, to ensure that the adequacy of 
the assessments of the latent constructs is demonstrated prior to assessing the relations 
among those constructs. Thus, the effectiveness of the parcels—for example, PU, PEU, 
and COMP, with respect to assessing the latent construct of behavioral beliefs—must be 
clearly demonstrated. Similarly, other parcels must demonstrate appropriate loadings on 
their respective latent variables. Second, the structural model must be confirmed. In this 
step, the adequacy of the relations among latent variables is assessed by examining the 
magnitudes of the path coefficients between latent variables. Doing so tests the plausi-
bility of the model.

As noted above, in the analysis, we used parcels, rather than individual items. The 
rationale for using parcels was twofold. First, researchers using the DTPB have used 
parcels in their analysis of data (Sadaf et  al., 2012, 2016; Taylor & Todd, 1995). For 
example, the DPTB model suggested certain parcels such as PU, PEU, COMP, FCR, 
and FCT. Parceling of items for other latent variables, such as attitude, subjective 
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norms, perceived behavioral control, and intention, was random (Little et  al., 2002, 
2013). Thus, parcels were defined in two ways. For those measuring behavioral, norma-
tive, and control beliefs, parcels were defined using conceptual overlapping based on the 
DTPB constructs from earlier research. For those measuring attitudes, subjective norms, 
perceived behavioral control, and intention, parcels were defined randomly. Second, the 
analysis conducted here, was focused on understanding the various constructs and their 
relations with other constructs in the model, not on exploring the functioning of indi-
vidual items, so parceling was appropriate for our situation (Little et al., 2002, 2013). 
Parceling led to the analysis of a more parsimonious model (Little et al., 2013).

Results

In this section, we describe the preliminary data analysis work, including an exploratory 
factor analysis. Following that, we provide the results of confirmatory factor analyses to 
test and modify the model.

Preliminary data analysis

To initiate the process, data were screened and missing values were replaced. Of the total 
data points, < 2% of the data were missing, which usually consisted of an item being omit-
ted here or there for respondents who had missing data. Missing values were replaced with 
the group mean for the item.

Consistent with typical structural equation modeling procedures, we conducted an 
exploratory factor analysis of the survey data with SPSS 24 to determine whether the data 
warranted further analysis (Byrne, 2010; Schumacker & Lomax, 2010). Results indicated 
the observed parcels accounted for just over 75% of the variance. Further, the analysis 
showed modest cross loadings of parcels from normative beliefs, including peer influence, 
supervisor influence, and parent influence on a third factor, which showed a range of load-
ings from .345 to .500. However, these normative belief items were predominantly loaded 
on the first factor, knowledge of context in technology integration, with a range of loadings 
from .693 to .766. These outcomes were evident in the lower loadings for these parcels in 
the confirmatory factor analyses. Results for the control beliefs, including FCR and FCT, 
showed this sample of teacher candidates viewed items in these parcels as being somewhat 
different from other items, which resulted in these parcels loading on a second factor, facil-
itating conditions, in the exploratory factor analysis. These outcomes were also reflected in 
the lower parcel loadings in the confirmatory factor analyses.

We computed collinearity diagnostics for the latent variables. There was no evidence 
of multicollinearity with all VIF statistics being under 5 (Kline, 2011). The data were 
normally distributed, demonstrating no evidence of skewness with all values ≤ │1.222│ 
or kurtosis with all values ≤ │1.482│, which were within established acceptable ranges 
(Byrne, 2010; Hair et al., 2010; Kline, 2011).

Consistent with structural equation modeling practice, three respondents were removed 
from further analyses because their data indicated they were outliers in this sample of 
teacher candidates, which resulted in a final sample of 187 (Byrne, 2010; Schumacker & 
Lomax, 2010).
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Assessing the measurement model

We used AMOS, version 24, to conduct the confirmatory factor analyses of the covariances 
of the 18 observed parcels. In Table 1, for the 18 parcels, we have provided means, stand-
ard deviations, final standardized loadings, standard errors, and bias estimates of the factor 
loadings. The standard errors and bias estimates were based on a bootstrapping procedure. 
In Table 1, we also provided statistics for the latent variables, including the average vari-
ance extracted (AVE), composite reliability (CR), and Cronbach’s alpha reliability.

In general, the data in Table 1 suggested the means for respondents’ scores were on the 
higher ends of the scales for the parcels. Factor loadings were strong with all but three of 
the factor loadings exceeding .750. See Table 1 and Fig. 4. Two were much lower: FCR 
and FCT were .439 and .438, respectively. These results were consistent with those that 
emerged from the exploratory factor analysis and indicated teacher candidates in this 

Table 1  Statistics for observed variable parcels and latent variables for the final model in Fig. 4

Final loading is the CFA loading for the final model. SE is the standard error of the loading and bias esti-
mates is the estimate of the bias in the final loading based on 200 bootstrap samples of n = 200. AVE, CR, 
and Alpha are based on parcels
AVE average variance extracted, CR composite reliability, Alpha Cronbach’s alpha

Observed parcel Mean SD Final loading SE Bias estimate

Perceived usefulness (PU) 6.117 0.866 .897 .032 − .001
Perceived ease of use (PEU) 5.321 1.085 .789 .019 .001
Compatibility (COMP) 5.725 1.127 .921 .018 .000
Student influence (StInfl) 5.964 0.939 .846 .027 .001
Peer influence (PrInfl) 5.542 1.117 .785 .037 .001
Supervisor influence (SupInf) 6.002 0.995 .763 .043 − .003
Parental influence (ParInf) 5.604 1.117 .773 .033 − .001
Fac. cond.—resources (FCR) 5.548 1.195 .439 .071 .002
Fac. cond.—technology (FCT) 5.723 1.092 .438 .072 .004
Self-efficacy (SEff) 5.952 0.936 .859 .034 − .002
Attitudes parcel 1 (ATT1) 5.805 1.010 .937 .020 .000
Attitudes parcel 2 (ATT2) 5.649 1.156 .922 .020 .002
Subjective norms parcel 1 (SN1) 5.786 1.054 .898 .023 .003
Subjective norms parcel 2 (SN2) 5.714 1.133 .961 .014 .000
Perc. beh. control parcel 1 (PBC1) 5.403 1.064 .736 .044 − .007
Perc. beh. control parcel 2 (PBC2) 5.914 0.820 .942 .045 − .003
Intention parcel 1 (Int1) 5.967 1.026 .979 .009 − .002
Intention parcel 2 (Int2) 6.051 1.010 .964 .010 .002

Latent variables AVE CR Alpha

Behavioral beliefs .759 .904 .892
Normative beliefs .628 .871 .902
Control beliefs .374 .616 .748
Attitudes .864 .927 .924
Subjective norms .865 .928 .927
Perc. beh. control .715 .831 .812
Intention .944 .971 .971



2740 T. S. Foulger et al.

1 3

sample viewed the items in these parcels in different ways than those in other parcels. Hav-
ing to envisage the availability of supportive resources and technology may have been more 
difficult for these teacher candidates as compared to envisioning other contextual matters 
assessed on the  IT2 Survey.

The standard errors for the factor loadings were reasonable for this sample of teacher 
candidates. Additionally, we obtained bias estimates of the factor loadings, which were 
based on bootstrapping in which 200 samples of n = 200 were used to determine the bias 
estimates for the factor loadings. These bias estimates indicated there was no bias in the 
factor loading estimates.

In Table 1, average variance extracted (AVE) values, one means of assessing the ade-
quacy of the measurement model of a structural equation model, were quite reasonable and 
ranged from .628 to .944, with one exception. The AVE for control beliefs, which included 
parcels for FCR, FCT, and SEff, was much lower, .374. With respect to composite reliabil-
ity (CR), the CRs were all strong, ranging from .831 to .971, with the exception of control 
beliefs, which was .616 and included parcels for FCR, FCT, and SEff, once again. For the 
latent variables, all Cronbach’s alpha coefficients exceeded .70, ranging from .748 to .971, 
which indicated strong reliability for the latent variables.

Consistent with sound practice in reporting the results of structural equation modeling, 
we provide the correlation matrix for the 18 observed parcels in Table 2 (Schumacker & 
Lomax, 2010). Generally, the correlations were quite variable, ranging from .143 to .943. 
All of the correlations were significant at the .05 level or less. Some evidence suggests 
that parcels related to latent variables tended to correlate with the other parcels for that 
latent variable as compared to those outside the parcel. There was one clear exception: cor-
relations of the parcels for control beliefs—i.e., FCR and FCT—were not correlated very 
highly with SEff.

Testing the structural model

Next, we tested our original model, which can be seen in Fig. 3, using AMOS. The original 
model was based on Taylor and Todd’s (1995) DTPB adaptation of Ajzen’s (1985, n.d.) 
TPB. As shown in Table 3, the data did not fit the original model very well. See Table 3 
column 2 for the fit statistics on the original model. For example, the SRMR = .072, which 
was high, given that a more acceptable value is .05. Fit indices, such as IFI, TLI, and 
CFI, were below the more typical .95, which has constituted excellent fit for a model. The 
RMSEA = .112 was large and substantially exceeded the usual and acceptable range of val-
ues from .05 to .08.

We modified the model six times using modification indices output from AMOS. We 
added one parameter, a correlation coefficient, during each of the modifications to arrive 
at our final model, which accounted for 75.2% of the variance. We have provided values 
for the factor loadings, path coefficients, and correlations for the final model in Fig.  4. 
Additionally, fit statistics for the final model have been provided  in Table  3, column 3. 
The χ2 (120) = 225.76, p < .001, was significant, which has been typical when testing struc-
tural equation models. Nevertheless, other fit indices indicated the data fitted the final 
model very well. Specifically, χ2/df = 1.881, which was < 2.00, indicating an excellent fit. 
Moreover, SRMR = .051, which was slightly higher than .05, but also indicated an excel-
lent fit. Additionally, the fit indices including IFI, TLI, and CFI equaled or exceeded 0.96, 
which was greater than the 0.95 criterion that has been used to indicate excellent fit. The 
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RMSEA = .069, which was in the acceptable range of values from .05 to .08, and the 90% 
confidence interval for the RMSEA was .055–.083.

A description of the six correlations that were added to the final model, as compared 
to the original model, was warranted. These correlations were added to the model one at a 
time using the modification indices information provided in the AMOS output. Four of the 
six correlations were within latent variable correlations, i.e., correlations among parcels 

Table 3  Statistics for the original and final models

The fit indices are based on the work of Hooper et al. (2008), Hu and Bentler (1999), and Kline (2011)
SRMR standardized root mean square residual, IFI incremental fit index, TLI Tucker–Lewis index, CFI 
cumulative fit index, RMSEA root mean square error of approximation

Fit statistic Original model Final model Values for 
excellent fit

Values for good fit Evaluation 
of fit for final 
model

# Parameters 45 51 –
χ2 421.29 225.76 –
df 126 120 –
χ2/df 3.344 1.881 ≤ 2 ≤ 3 Excellent fit
SRMR .072 .051 < .05 < .08 or .09 Excellent fit
IFI .912 .969 ≥ .95 ≥ .90 Excellent fit
TLI .892 .960 ≥ .95 ≥ .90 Excellent fit
CFI .911 .968 ≥ .95 ≥ .90 Excellent fit
RMSEA .112 .069 ≤ .05 ≤ .08 Good fit

Fig. 4  Final structural equation model
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within the same latent variable. For example, within the control beliefs latent variable, 
we added the correlation of the observed parcel FCR to the observed parcel FCT, which 
was .700. Similarly, we added three correlations among three parcels—peer, superior, and 
parental influences with one another—that were part of the normative beliefs latent vari-
able. As shown in Fig. 4, the correlations were .362, .374, and .391. Adding these four cor-
relations, which were based on the correlations among parcels within a latent variable, was 
typical in structural equation model revisions.

Model modifications involving the other two correlations were not as intuitive, but were 
defensible. The correlation between PEU and SEff was reasonable as part of the final model 
because SEff, the perceived ability to engage in a course of action, such as using technol-
ogy during instruction, would likely be related to PEU of technology for instruction. The 
correlation between student influence and behavioral beliefs was included because it had 
one of the largest modification indices. Further, we included the correlation because behav-
ioral beliefs included assessment of PU and COMP, which were rooted in how technology 
integration would be beneficial to students’ learning. Thus, teacher candidate responses to 
student influences on teacher candidates’ XK in the normative beliefs parcel were associ-
ated with teacher candidates’ behavioral beliefs about the benefits afforded to students by 
using technology in classroom teaching.

Taken together, the data fit the final model very well and accounted for just over 75% 
of the variation. After including the additional correlations in the final model, the vari-
ous fit indices indicated the data were very consistent with the model. The fit indices were 
consistent with what would be considered an excellent fitting model, as shown in Table 3 
when comparing columns 3, fit indices for the final model, and columns 4 or 5, criterion 
levels for fit indices (Hooper et al., 2008; Hu & Bentler, 1999; Kline, 2011). Thus, given 
the model of contextual factors examined in the study, the  IT2 Survey was demonstrated to 
be effective in assessing XK factors, their connections, and their influences on teacher can-
didates’ intentions to integrate technology into their classroom instruction.

Discussion

The discussion section consists of three parts. First, we discuss connections to the extant 
literature and implications for research. Second, we discuss implications for practice and 
research on practice. We close with conclusions.

Connections to the research literature and implications for research

In connecting our work to the literature, we discuss three issues, including (a) the con-
textual turn, (b) theoretical frameworks, and (c) attacking the “wickedness” of technology 
integration by using XK.

Contextual turn

In the current study, using the  IT2 Survey, we examine teacher candidates’ perceptions 
about XK, the connections among various XK factors, and how XK is related to partici-
pants’ intentions to integrate technology into their future classroom instruction. Our work 
responds to recent calls to strengthen research on XK (Mishra, 2019; Rosenberg & Koe-
hler, 2015a, 2015b). Our work moves educational technology research toward making the 
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“contextual turn,” a move which changes the focus on XK from being aware of context 
to more purposefully accounting for context as an influence on technology use in educa-
tion. Rosenberg and Koehler (2015a) noted that educational technology researchers had not 
made the contextual turn, which hindered the exploration of context with respect to tech-
nology integration. Thus, in the current study, we develop a model of context and employ 
the  IT2 Survey to focus on examining context in a way that is similar to how other disci-
plines in education—such as child development, classroom ecology, and educational psy-
chology—consider the importance of context (Rosenberg & Koehler, 2015a, 2015b).

Defining XK using theoretical frameworks

As we conduct our work on context and its influence on technology integration, we draw 
upon a theoretical perspective, the DTPB, to aid our investigation of XK. Rosenberg and 
Koehler (2015a) also claimed a lack of progress on research with respect to XK and its 
influence on technology use occurs because there are few frameworks to guide such efforts. 
The DTPB, grounded in Ajzen’s (1985, n.d.) theoretical framework about factors that influ-
ence intention to engage in a behavior, provides a powerful theoretical framework that 
allows us to focus on assessing XK factors using the  IT2 Survey to determine teacher candi-
dates’ intention to integrate technology into instruction. The DTPB supports our efforts as 
we use the  IT2 Survey to assess a wide range of XK factors, such as asking questions about 
PEU, PU, and COMP to determine XK related to behavioral beliefs; measuring ATT1 and 
ATT2 to determine XK related to attitudes; and evaluating how these XK factors influ-
ence intention to integrate technology into classroom instruction. Similarly, the  IT2 Sur-
vey assesses normative beliefs, such as student, peer, supervisor, and parental influences 
on technology use; subjective norms; and how this kind of XK affects intention. The  IT2 
Survey assesses XK about how FCT, FCR, and SEff affect behavioral control; XK about 
perceived behavioral control; and how these XK factors influence the intention to integrate 
technology into teaching.

Results from the analysis for the measurement model are consistent with the DTPB. 
Specifically, the latent variables in the model, behavioral beliefs, attitudes, and intention, 
are supported by the data from the observed variables, or parcels, and are consistent with 
the latent variables from the DTPB. Results from the analysis of the structural model indi-
cate it is a viable model that is consistent with the DTPB. In particular, the path coefficients 
between the latent variables are all significant and demonstrate magnitudes that suggest 
the XK factors contribute to influencing intention to integrate technology into classroom 
instruction.

Attacking the “wickedness” of technology integration using XK

With respect to connecting our work to the extant literature, Koehler and Mishra (2008) 
claimed integrating technology into classroom instruction is a “wicked” problem because it 
is “ill-structured,” involving many factors, including “complex interdependencies among a 
large number of contextually bound variables” (pp. 10–11). In the current study, we begin 
to tackle the “wickedness” of technology integration by examining various XK factors, 
their relations with one another, and their influence on technology integration using our 
model based on the DTPB and the  IT2 Survey. We recognize XK is a largely missing factor 
in the research on integrating technology, but we believe we have achieved some substan-
tial new insights concerning the multifaceted construct of XK.
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Implications for research

With respect to implications for research, our use of the DTPB model to examine XK rep-
resents a model that has the potential to examine teacher candidates’ perspectives on XK 
and the relation between XK and intention to integrate technology into classroom instruc-
tion. In the  IT2 Survey items, we asked teacher candidates to envision themselves in their 
classroom settings, with questions such as, “Integrating technology into my classroom 
instruction will fit well with the way that I teach” and “When I am a certified classroom 
teacher, students will expect me to integrate technology into my classroom instruction.” 
Notably, our focus was on integrating technology into classroom instruction. Given the 
current situation regarding the implementation of massive online education in the PK-12 
setting due to COVID-19, a new, productive line of research could include examining fac-
tors of XK related to teaching in online settings.

Researchers studying XK could expand on the current efforts to include information 
about PK-12 students’ knowledge and background, and additional information about influ-
ences of communities on XK (Porras-Hernández & Salinas-Amescua, 2013). Another 
manner in which this work on XK could be expanded is to examine state and national 
influences on XK (see also Mishra, 2019). Further, XK could be expanded to include how 
standards and requirements of professional organizations influence XK as related to the 
intention to integrate technology into classroom instruction. Efforts to examine XK more 
closely could be well-served by employing interviews with participants to probe more 
deeply into the reciprocity of factors on XK, participants’ understanding of XK, and how 
XK influences participants’ intentions to integrate technology into classroom instruction.

Implications for teacher preparation

In developing the  IT2 Survey, we were initially driven by a shared, college-wide vision to 
graduate students as competent teachers who, upon entry into the field, would be capa-
ble of and committed to leveraging the power of technology in teaching in varied PK-12 
settings. Conversations in our college about this need led us to employ a program-deep 
and program-wide approach with respect to technology-related curriculum and instruction, 
which we call ‘technology infusion’ (Foulger, 2020). With infusion as the guiding principle 
that informed our efforts, we systematically examined implementation of this vision (Buss 
et al., 2015, 2017, 2018; Foulger et al., 2012, 2015, 2019a, 2019b; Wetzel et al., 2014). At 
this point, we plan to use the  IT2 Survey at strategic points across the span of our prepara-
tion programs to help our teacher educators make informed decisions about how to improve 
the way their courses address XK. Additionally, we believe this will help us to develop a 
more complete picture of our teacher candidates’ progress in learning to teach with tech-
nology. We anticipate that strategic and ongoing use of the  IT2 Survey could help us iden-
tify areas of refinement in our program design, the effectiveness of coursework within a 
given semester, and areas in which technology infusion might need to be improved.

For other colleges of education, including XK as an important factor in learning to teach 
with technology provides a new component of technology integration for program leaders 
to consider and suggests research work that could be done on curricula, instructors, and 
school-based teacher mentors of teacher candidates. First, as they incorporate XK more 
fully into the curricula, they may wish to monitor students’ XK growth and its relation 
to technology integration to determine the influence of their programs’ curricula on XK. 
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Second, program leaders may explore how instruction provided in program courses influ-
ences teacher candidates’ XK. Research related to teacher mentors’ and university supervi-
sors’ skill sets for teaching with technology may also be informative in considering how 
XK is developed by teacher candidates.

Limitations and generalizability

One limitation of our study is that all student participants were volunteers. Volunteer bias 
in survey research can be reduced by increasing rates of volunteering (Salkind, 2010). 
Thus, to increase participation we offered a lottery drawing for gift cards. An additional 
limitation is related to the contextual factors we examined. Although we accounted for 
75% of the variance, there are undoubtedly other XK factors associated with technology 
integration. For example, other XK factors might include teacher candidates’ knowledge 
and background related to content, teacher candidates’ ability and dispositions about using 
technology for learning, and elements related to the PK-12 classroom environment, such as 
the appeal of the environment.

The findings of this study are generalizable to other teacher candidates because the sam-
ple population is representative of the larger population of teacher candidates. Specifically, 
our sample mirrors common demographics of other juniors and seniors in teacher prepara-
tion programs (e.g., gender, age, certification program). To ensure questions were valid 
for this group, unambiguous, and clearly written (Rea & Parker, 2014), we used teacher 
candidates’ language/perceptions about technology integration, which we obtained in a 
prior study (Foulger et al., 2019a, b). Finally, the findings have ecological validity for other 
preparation programs because the XK factors queried in the  IT2 Survey are comprehensive 
in scope, theoretically based, and are similar to those faced by students in other programs.

We anticipate some cultural variation may exist. Thus, for instance, in other cultures, 
cultural norms may have greater influences on normative beliefs and hence on subjec-
tive norms and thus on intention to integrate technology. Notably, this question is open 
to empirical examination and such cross-cultural explorations would contribute important 
information about the effects of XK on technology integration.

Conclusions

This study extends theory about technology integration by incorporating XK as a foun-
dational component. We can answer our three research questions in the affirmative. With 
respect to RQ1, we are able to conceptualize context by drawing on the DTPB to develop 
a model focusing on contextual factors that includes behavioral, normative, and control 
beliefs, and also incorporates attitudes, subjective norms, perceived behavioral control, and 
intention to integrate technology. Results show the model is plausible for understanding 
contextual variables and their relation to the intention to integrate technology into class-
room instruction. For RQ2, the model we developed based on the DTPB allows us to 
observe positive, significant effects of contextual factors on other contextual components, 
like the influence of (a) behavioral beliefs on attitudes, (b) normative beliefs on subjective 
norms, and (c) control beliefs on perceived behavioral control. With respect to RQ3, we 
find contextual factors such as attitudes, subjective norms, and perceived behavioral con-
trol all exhibit positive, significant influences on intentions to integrate technology.
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The previous theoretical foundation for XK has been poorly defined (Rosenberg & Koe-
hler, 2015b). Nevertheless, as we show here, XK is an important concept in the conver-
sation about developing technology integration in teachers. We resituate XK within the 
theoretical framework of DTBP, which is comprehensive, parsimonious, and practical for 
researchers and teacher educators. Further, we extend the work of assessing technology 
integration (Chao, 2019; Cheng, 2019; Scherer et al., 2019; Teo et al., 2019) by systemati-
cally accounting for XK. Notably, researchers and teacher educators will find value in using 
the  IT2 Survey to examine how the development of XK influences technology integration.

Appendix 1

The Intention to Teach with Technology  (IT2) Survey: administration 
and analysis guide

Use of the  IT2 survey by others

Feel free to use the  IT2 Survey for your research and/or program assessment needs. Please 
consider providing Dr. Teresa Foulger at Teresa.Foulger@asu.edu  with a description 
of your usage (research questions, program assessment focus, population, etc.), and the 
circumstances of your research or program assessment. Our goal is to maintain an open 
archive of how the survey is used, including any translations of the survey that emerge.

Administration

The Intention to Teach with Technology  (IT2) Survey may be administered using online or 
paper-and-pencil formats. In our administration, we employed an online format.

Data analysis

For data analysis, we used the following observed items and parcels, which were associated 
with the latent variables as noted.

Questions Observed parcels Latent variable

1–4 ATT1 (Attitude 1) Attitudes (ATT)
5–7 ATT2 (Attitude 2) Attitudes (ATT)
8–13 PU (Perceived usefulness) Behavioral beliefs (BB)
14–16 PEU (Perceived ease of use) Behavioral beliefs (BB)
17–19 COMP (Compatibility) Behavioral beliefs (BB)
20–22 StInf (Student influences) Normative beliefs (NB)
23–25 PrInf (Peer [Teacher] influences) Normative beliefs (NB)
26–28 SupInf (Supervisor influences) Normative beliefs (NB)
29–31 ParInf (Parent influences) Normative beliefs (NB)
32–34 FCR (Facilitating conditions resources) Control beliefs (CB)
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Questions Observed parcels Latent variable

35–37 FCT (Facilitating conditions technology) Control beliefs (CB)
38–40 SEff (Self-efficacy) Control beliefs (CB)
41–42 SN1 (Subjective norms 1) Subjective norms (SN)
43–44 SN2 (Subjective norms 2) Subjective norms (SN)
45–48 PBC1 (Perceived behavioral control 1) Perc. Beh. Control (PBC)
49–52 PBC2 (Perceived behavioral control 2) Perc. Beh. Control (PBC)
53–54 INT1 (Intention 1) Intention (INT)
55–56 INT2 (Intention 2) Intention (INT)

Appendix 2

The Intention to Teach with Technology  (IT2) Survey: survey questions

Technology is a broad concept that can mean a lot of different things. For the purpose of 
this survey, technology is referring to digital technology/technologies. That is, the digital 
tools we use such as computers, laptops, smart phones, iPads, projection systems, interac-
tive whiteboards, applications (apps), etc.

Q1–7. (ATT) For me, integrating technology into classroom instruction is …
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Q8–10. (BB-PU) Integrating technology into my classroom instruction will …

Q11–13. (BB-PU) Integrating technology into my classroom instruction will …

Q14. (BB-PEU) It will be easy for me to integrate technology into my classroom 
instruction.
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Q15. (BB-PEU) The extra time it takes to integrate technology into my classroom 
instruction is worthwhile.

Q16. (BB-PEU) Potential technological glitches will prevent me from integrating tech-
nology into my classroom instruction.

Q17. (BB-COMP) Integrating technology into my classroom instruction will provide 
my students with learning resources aligned with my instruction.

Q18. (BB-COMP) Integrating technology into my classroom instruction is compatible 
with the way I will teach.

Q19. (BB-COMP) Integrating technology into my classroom instruction will fit well 
with the way that I teach.
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Q20–21. (NB-STI) When I am a certified teacher …

Q22. (NB-STI) When I am a certified teacher, students will want me to integrate 
technology into my classroom instruction.

Q23–24. (NB-PI) When I am a certified teacher …

Q25. (NB-PI) When I am a certified teacher, my teacher colleagues will expect me to 
integrate technology into my classroom instruction …
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Q26–27. (NB-SUPI) When I am a certified teacher …

Q28. (NB-SUPI) When I am a certified teacher, district leaders will expect me to 
integrate technology into my classroom instruction.

Q29. (NB-PARI) When I am a certified teacher, parents will expect me to integrate 
technology into my classroom instruction.

Q30. (NB-PARI) When I am a certified teacher, parents will hope I integrate technol-
ogy into my classroom instruction.
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Q31. (NB-PARI) When I am a certified teacher, parents will want me to integrate 
technology into my classroom instruction.

Q32. (CB-FCR) Funding at my school will affect my ability to integrate technology 
into my classroom instruction.

Q33. (CB-FCR) Support from others (e.g., principal, district, parent) at my school 
will affect my ability to integrate technology into my classroom instruction.

Q34. (CB-FCR) Professional development (e.g., workshops, online resources, 
instructional coaches) to which I have access will affect my ability to integrate technol-
ogy into my classroom instruction.

Q35. (CB-FCT) Access to technology will affect my ability to integrate technology 
into my classroom instruction.
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Q36. (CB-FCT) Access to computer technology and software/apps will support my 
ability to integrate technology into my classroom instruction.

Q37. (CB-FCT) Access to mobile devices for my students’ use will affect my ability 
to integrate technology into my classroom instruction.

Q38–40. (CB-SE) Please answer the following questions.
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Q41–42. (SN) When I am a certified teacher …

Q43–44. (SN) When I am a certified teacher …

Q45. (PBC) When I am a certified teacher, integrating technology will be …

Q46–48. (PBC) When I am a certified teacher …
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Q49. (PBC) When I am a certified teacher, I will integrate technology as I see fit.

Q50. (PBC) When I am a certified teacher, I will integrate technology consistently.

Q51–52. (PBC) When I am a certified teacher …

Q53–54. (INT) When I am a certified teacher …
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Q55–56. (INT) When I am a certified teacher …

Demographics

Q60 Please create a unique identifier known only to you. Use the first three letters of your 
mother’s first name and the last four digits of your phone number. For example, Sar4567 
would be the identifier if your mom’s first name was Sarah and your phone number is (623) 
555-4567.

Q61 What is your Program/Major?
Q62 To which gender identity do you most identify?
Q63 What is your age?
Q64 What term/semester are you currently in?
Q65 What is your school/district location?
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