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Abstract
In an effort to understand teachers' technology use, recent scholarship has explored the idea

of technological pedagogical content knowledge (TPCK or TPACK). Many studies have used

self‐reports to measure this knowledge (SR TPCK). Several studies have examined the construct

validity of these assessments by analysing the internal relationships of the knowledge domains,

but little attention has been paid to how SR TPCK relates to external criteria. We tackled this

question of discriminant validity by reanalysing 2 data sets. We used correlation and multiple

regression analyses to explore whether conceptually related constructs explain any variance in

participants' SR TPCK. In Study 1, we applied this strategy to German pre‐service teachers

using technology use, attitudinal variables, and objective measures of teachers' knowledge of

technology and pedagogy as external criteria. In Study 2, we examined measures of technology

knowledge, experience, and pro‐technology beliefs for in‐service teachers in the United States.

Across both studies, a sizeable amount of the variance in SR TPCK is explained by teachers' prior

technology use and pro‐technology attitudes. In contrast, fact‐based tests of technology and

pedagogy are distinct from SR TPCK. We discuss implications for these findings and argue that

researchers should gather complementary measures in concert.

KEYWORDS

construct validity, education technologies, teacher learning, self‐report, teacher beliefs,

technological pedagogical content knowledge (TPACK, TPCK)
1 | INTRODUCTION

Teachers play a key role in deciding what tools are used in the class-

room. To better understand the conditions under which emerging digi-

tal technologies are adopted, the technological pedagogical content

knowledge (TPCK or TPACK) framework1 has focused scholarly atten-

tion on the types of knowledge teachers need in order to adopt new

technologies (see Angeli & Valanides, 2009; Cox & Graham, 2009;

Koehler & Mishra, 2008; Krauskopf, Zahn, & Hesse, 2015; Mishra &
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Koehler, 2006). Over the last decade, a number of researchers have

tackled the task of measuring these forms of knowledge. In a review

of 141 studies, Koehler, Shin, and Mishra (2012) identified five major

approaches. Among these, self‐report measures accounted for a sub-

stantial portion of the research. Self‐report measures complement

other approaches by allowing researchers to quickly and economically

answer the question “How much did participants change?” in response

to interventions. It becomes critical that researchers understand the

nature of the construct underlying these survey instruments, to under-

stand the true impact of those interventions.

1.1 | Validity of self‐report measures

An early self‐report TPCK (SR TPCK) instrument developed by

Schmidt et al. (2009) has seen wide adoption and also scrutiny regarding
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its validity. Researchers have examined several types of validity, with

mixed results. Studies have addressed content validity through the use

of conceptual analysis by experts (e.g., Cox & Graham, 2009; Yeh, Hsu,

Wu, Hwang, & Lin, 2014). These studies generally show strong align-

ment between the questions and scholars' understanding of the theory.

Construct validity has been investigated by means of testing the internal

consistency (e.g., Schmidt et al., 2009) and factor structure (e.g.,

Archambault & Barnett, 2010; Koh, Chai, & Tsai, 2010) of question-

naires. Although internal consistency is typically high, factor analyses

have often shown that survey items load on factors that do not clearly

align with their intended domain in the TPACK conceptual framework.

However, those of us using these measures in studies know little about

the criterion validity of SR TPCK, that is, how it aligns to other conceptu-

ally related constructs. In their review of the TPACK literature, Voogt,

Fisser, Pareja Roblin, Tondeur, and van Braak (2013) concluded that

“teacher knowledge and beliefs are closely related, [so we] need further

research focused on the complex relationship between TPACK (teacher

knowledge), teacher practical knowledge and teacher beliefs” (p. 12).

This underscores the need to examine whether variance in teachers'

SR TPCK is explained by conceptually related constructs.
1.2 | Convergent and divergent validity

Convergent validity is the degree to which constructs that are related in

theory also correlate when measured. Correlations should be higher

with theoretically related constructs, than with constructs that are

dissimilar (divergent validity). Further, Campbell and Fiske (1959) argue

for examining correlations of related constructs across different

methods of data collection. We suggest that TPACK research needs

to start following this rationale of multi‐trait and multi‐method

approaches. A recent study by Drummond and Sweeney (2017)

attempted a mono‐trait, multi‐method analysis of TPCK‐Deep (Kabakci

Yurdakul et al., 2012) by comparing self‐reported TPCK‐Deep scores

with a battery of true/false knowledge questions. Their study provided

initial evidence that a SR TPCK measure shows only small correlations

with a fact‐based knowledge measure. Theirs is the only study we have

found in peer‐reviewed journals that links an SR TPCK measure with a

fact‐based TPCK measure (mono‐trait, multi‐method).

We found two studies investigating correlations between SR

TPCK and technology‐related beliefs (multi‐trait, mono‐method). Both

studies focused on comparing the self‐reports of the various TPACK

subdomains to beliefs. Abbitt (2011) reports correlations and regression

analyses between SR TPCK and self‐efficacy beliefs. He found that SR

TPCK uniquely accounted for approximately 63% of the variance in

self‐efficacy beliefs in the pretest. However, SR TPCK no longer

accounted for any variance in self‐efficacy at the post‐test. Messina

and Tabone (2013) found positive correlations between SR TPCK, self‐

rated computer software proficiency, and positive beliefs about using

technology. Unfortunately, they did not identify the unique relationships

of each variable to SR TPCK, controlling for the others.

These preliminary but inconclusive findings suggest that the SR

TPCK measure operates in concert with beliefs, self‐efficacy, and

personal experience with certain kinds of software. Clearly, research

is needed to further explore the convergent and discriminant validity

of SR TPCK instruments to understand what scores imply for
interpreting results. This need is acute given the frequency with

which these instruments are used in current research.
1.3 | The current studies

We sought to contribute to the convergent and divergent validity of a

popular SR TPCK measure (Schmidt et al., 2009). We took an approach

to fill in some of the gaps in a communal multi‐trait, multi‐method

(Campbell & Fiske, 1959) matrix. We examined SR TPCK simulta-

neously with measures of knowledge, beliefs, and experience (multi‐

trait). As a first step toward this goal, we reanalysed two data sets,

both of which included similar SR TPCK items. We employed correla-

tion and multiple regression analyses to explore to what extent con-

ceptually related constructs explained the variance in participants' SR

TPCK. We compared these results across the two samples. Our goal

was to determine how much of the variance in SR TPCK is explained

by other constructs. We wanted to know if SR TPCK is conceptually

closer to other knowledge measures (as would be suggested by an

integrative interpretation of the TPACK framework, see Angeli &

Valanides, 2009) or to non‐knowledge constructs related to teaching

with technology (beliefs, attitudes, and experiences).

We investigated two different groups of teachers. Study 1 focused

on German pre‐service teachers, and Study 2 focused on accomplished

teachers in the United States. We aimed to strengthen our findings by

uncovering patterns across two different groups. We included data

collected in different phases of teacher training and in distinct cultural

contexts.

Both studies included the SR TPCK measure developed by Schmidt

et al. (2009). Both studies included measures of beliefs or attitudes about

technology, and personal as well as professional experience with tech-

nology in the classroom. The two studies handled the variability of con-

tent and technology in complementary ways. Study 1 specified a sample

technology (a collaborative video tool), while leaving the subject area of

application undefined. Study 2 left the technology unspecified but

focused the SR TPCK questions on the particular subject(s) taught by

the respondent. The similar result patterns that appeared across these

two groups provide key insights into what SR TPCK measures measure.

This contributes to a clearer understanding of what conclusions

researchers can draw when using SR TPCK instruments.
2 | STUDY 1

Teachers' pedagogical knowledge (PK), technological knowledge (TK),

pedagogical beliefs (cf. Law, 2008), and attitudes towards technology

(enthusiasm) were assessed concurrently with the SR TPCK scale.

The measures were based on the general model of aspects of teacher

competence by Baumert and colleagues (Kunter & Baumert, 2011;

Kunter et al., 2007).
2.1 | Participants

Pre‐service teachers of different subject areas who had completed

their fourth semester at the University of Tuebingen in Germany were

recruited via the mailing list of the University. The final sample

consisted of 82 pre‐service teachers (mean [M] = 24.85 years old
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standard deviation [SD] = 4.36, 80% female). All were enrolled in the

university's teacher training to become secondary educators (academic

track high school). Ninety‐six per cent had already completed teaching

internships where they themselves had taught (M = 34.6 hr/week,

SD = 2.7). In Germany, teachers usually teach two subjects; in this sam-

ple, 53% of participants studied German language arts, 34% sciences,

18% history, 11% mathematics, and 59% other subjects.
2.2 | Procedure

Participants responded to three online questionnaires about 2 weeks

apart. Most measures reported here are from the first questionnaire.

TheTK assessment was administered as part of the second questionnaire

(for more details, see Krauskopf, 2012). Participants who completed the

full study received 25€ and general information on the study's results.
2.3 | Measures

2.3.1 | SR TPCK

The TPCK subscale of the self‐assessment instrument developed by

Schmidt et al. (2009) was translated into German (translation by corre-

sponding author). Because this study was directed to participants

teaching a range of subjects, the general terms “in my classroom” or

“lesson” were used. For example, “I can teach lessons that appropri-

ately combine content, technologies and teaching approaches” (back

translation from German). Overall, the scale showed good internal con-

sistency, Cronbach's α = .88 see Table 1 for descriptive statistics.

2.3.2 | Personal variables

Participants provided information on their age, gender, and high school

grade point average.
TABLE 1 Study 1 zero‐order correlations and descriptive statistics for SR

2 3 4 5

1 SR TPCK .03 −.15 .17 .38***

Personal

2 Gendera −.29** .04 .14

3 Age −.05 −.67***

4 High school grade averageb .12

5 Personal computer use frequency

6 TKc

Teaching

7 Time enrolled in teacher ed. program

8 PKd

Beliefs and attitudes

9 TPB constructivist orientation

10 TPB explicit instruction orientation

11 Enthusiasm for teaching with technology

Note. SR TPCK = self‐report technological pedagogical content knowledge; TK =
pedagogical beliefs; M = mean; SD = standard deviation.
aGender was dummy coded: male = 1, female = 2.
b1 = highest grade.
cN = 74. Theoretical maximum = 10.
dTheoretical maximum = 18. *p < .05. **p < .01. ***p < .001.
Personal computer use frequency

Personal computer use frequency was assessed by self‐reports and

rated on one item using a scale from 1 = less than once a week to

5 = daily.

Specific technological knowledge

A subset of participants (n = 74) also completed an online tutorial.

They were introduced to a sample video technology for collaborative

learning, WebDIVER (http://diver.stanford.edu/what.html). The writ-

ten introduction to WebDIVER covered 10 technological functions,

such as playing and pausing a video, selecting and cutting out still

images, zooming in on details before cutting out, or commenting on

own and other users' cut outs (for more details, see Krauskopf, Zahn,

Hesse, & Pea, 2014). After a short overview of WebDIVER's graphical

user interface and its general features, each of the 10 technological

functions was introduced in more detail. After reading the instructions,

participants explored WebDIVER individually without any specific

instruction. They were asked to recall as many of the 10 technological

functions as possible. The number of functions recalled was summed

up into a TK score indicating their basic TK of WebDIVER.
2.3.3 | Teaching variables

Pedagogical experience

We used the number of semesters participants had been enrolled in

the teacher education program as a measure of pedagogical experi-

ence. All participants had been studying for at least five semesters.

Pedagogical knowledge

Declarative aspects of participants' general PK were assessed using 18

items from the German teacher training guidelines (Schulte, Bögeholz,
TPCK scale and personal, teaching, and beliefs measures (N = 82)

6 7 8 9 10 11 M SD

.00 −.29** .16 .39*** .03 .59*** 4.31 0.92

.00 −.23* −.03 .23* .02 .00 1.79 0.41

.18 .86*** −.04 −.27* −.14 −.26* 24.85 4.35

.08 −.16 −.03 .01 .32** .06 2.17 0.51

−.12 −.80*** .19 .21 .22* .34** 4.90 0.51

.13 .21 .02 −.05 .05 7.12 2.22

−.15 −.31** −.24* −.34** 9.54 6.63

.12 .01 .08 9.05 2.38

−.49*** .29** 4.71 1.19

−.02 3.47 1.03

4.67 0.95

technological knowledge; PK = pedagogical knowledge; TPB = technological

http://diver.stanford.edu/what.html
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& Watermann, 2008) and the Educational Testing Service (2006)

Praxis Test. These items are available online but generally unknown

to German students. They show internal consistency (Cronbach's

α = .70). The multiple choice items had one correct answer each. As an

example,
Which of the following would be the best indication to a

teacher that students are beginning to think critically

about science? (a) They talk about earthquakes, space

probes, and science‐related information in the news.

(b) They begin to read more books and articles about

science on their own. (c—correct answer) They

successfully plan and carry out simple experiments to

test questions raised in classroom discussions. (d) They

correctly answer the teacher's questions about the

procedures used after observing science experiments

being done.
A PK indicator was computed from the overall sum (for more on

these measures, see Krauskopf, Zahn, & Hesse, 2012).
2.3.4 | Beliefs and attitudes

Technological pedagogical (TP) beliefs about video

These beliefs were assessed in order to be able to differentiate

between knowledge and more global pedagogical assumptions, here

about using a specific technology, namely, video. The measure was

adapted from Souvignier and Mokhlesgerami (2005), and partici-

pants rated items on two subscales: constructivist orientation items

(two items, e.g., “Students should be allowed to explore their own

ways of dealing with video material before you show them how

to approach it”) and explicit instruction orientation items (three

items, e.g., “Students learn how to deal with video material most

effectively when you provide them with instructions on how to

go about working such material”). Responses were given on a 4‐

point Likert scale from 1 = completely disagree to 4 = completely

agree. Both scales showed sufficient internal consistencies

(Cronbach's α ≥ .75).

Enthusiasm for technology in teaching

Pre‐service teachers' enthusiasm for the use of technology was

derived from the average of two items based on Kunter et al.

(2008): “I myself am enthusiastic about the possibilities of new media”

and “I am enjoying it a lot to use new media in my teaching.” Items

were rated on a 4‐point Likert scale from 1 = completely disagree to

4 = completely agree and showed sufficient internal consistency

(Cronbach's α = .76).
2.4 | Results

2.4.1 | Correlations

In order to determine the construct validity of the SR TPCK measure in

the German sample, we first computed zero‐order correlations

between SR TPCK and the demographic information and the other

conceptually relevant constructs (see Table 1).
Personal variables

There was a significant positive correlation of SR TPCK and the

reported personal computer use frequency, r(82) = .38, p < .001. Partic-

ipants reporting a higher frequency of personal computer also reported

higher SR TPCK. There were no significant correlations between SR

TPCK and age, r(82) = −.15, p = .19, or gender, r(82) = .03, p = .78. Par-

ticipants recalled on average 7.12 (SD = 2.22) of the 10 technological

features introduced to them about the sample technology. There was

no significant correlation of this specific TK indicator and SR TPCK,

r(74) = .00, p = .97.

Teaching variables

There was a negative correlation between SR TPCK and the length of

time participants had been enrolled in their teacher program at univer-

sity, r(82) = −.29, p = .01. The longer participants had studied, the lower

they rated their SR TPCK. In addition, longer enrollment correlated

highly with less frequent personal computer use, r(82) = −.80,

p < .001, older age, r(82) = .86, p < .001, and the likelihood of being a

male participant, r(82) = −.23, p = .04. In sum, time enrolled in the

teacher program seems a very unspecific indicator and confounded

with personal demographic indicators. We chose to exclude it from

further analyses due to collinearity issues caused by the high negative

correlation with personal computer use. There was no significant cor-

relation between PK and SR TPCK, r(82) = .16, p = .15.

Beliefs and attitudes

We found positive relations of SR TPCK with a constructivist orienta-

tion regarding the use of video in teaching, r(82) = .39, p < .001, and

with enthusiasm for technology in teaching, r(82) = .59, p < .001. This

indicates that pre‐service teachers who reported a stronger construc-

tivist orientation and more enthusiasm about technology for teaching

also reported higher SR TPCK.
2.4.2 | Regression analyses

To determine how much variance in participants' SR TPCK could be

explained by each of the variables that were significantly correlated

with this scale, we ran multiple hierarchical regression analyses. We

use regressions to understand how each construct related to SR TPCK

while controlling for the other variables (seeTable 2), not to predict SR

TPCK in a causal sense. In the first model, participants' personal com-

puter use was entered; in the second model, participants' beliefs about

constructivist teaching using video were entered; and the final model

additionally included their reported enthusiasm for technology in

teaching.

In the first model, personal computer use was significantly related

to SR TPCK, β = .38, t(80) = 3.63, p < .001. This effect remained signif-

icant after entering the constructivist orientation, β = .31, t(79) = 3.33,

p = .003 in Model 2. After entering enthusiasm ratings into the regres-

sion in Model 3, however, the effect of personal computer use was

rendered non‐significant, β = .17, t(78) = 1.87, p = .07, and that of

participants' constructivist orientation reduced in size, β = .22,

t(78) = 2.44, p = .02, whereas enthusiasm ratings showed a significant

relationship to SR TPCK, β = .47, t(78) = 5.06, p < .001. Adding enthu-

siasm for technology in teaching to the model accounted for an



TABLE 2 Study 1 summary of hierarchical regression analysis for variables predicting SR TPCK (N = 82)

Model 1 Model 2 Model 3

Variable B SE B β B SE B β B SE B β

Personal

Personal computer use frequency 0.68 0.19 .38*** 0.55 0.18 .31** 0.31 0.16 .17

Beliefs and attitudes

TPB constructivist orientation 0.25 0.08 .33** 0.17 0.07 .22*

Enthusiasm for teaching with technology 0.46 0.09 .47***

Adjusted R2 .13 .23 .41

F for change in R2 13.19*** 10.75** 25.57***

Note. TPB = technological pedagogical beliefs; SE = standard error; SR TPCK = self‐report technological pedagogical content knowledge.

*p < .05. **p < .01. ***p < .001.
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additional 18% of the variance in SR TPCK. In sum, each step in the

regression added a significant amount of explained variance in

participants' SR TPCK, resulting in 41% explained variance

(adjusted R2) in the final model.
2.5 | Study 1 discussion

Study 1 investigated a sample of German pre‐service teachers. Results

show that gender and age were not related to SR TPCK scores, sug-

gesting that sociodemographic factors belong to an unrelated con-

struct. Furthermore, SR TPCK is not related to performance on a test

of PK nor to recall of facts about a sample technology (TK). We con-

clude that SR TPCK shows discriminant validity from these sub‐con-

structs of the TPACK framework, when measured by fact‐based tests.

We find that SR TPCK is significantly related to reports of personal

computer use, beliefs, and attitudes. When other variables were held

constant, two showed significant relationships with SR TPCK: con-

structivist teaching beliefs and enthusiasm for teaching with technol-

ogy. In this study, enthusiasm for new technologies accounts for the

largest part of SR TPCK variance (22.1%). Our multi‐trait analysis indi-

cates that SR TPCK captures a construct reflecting attitudes towards

using technology above and beyond prior experience. It is an important

contribution to identify the convergent validity of pre‐service teachers'

SR TPCK with this attitudinal variable.
3 | STUDY 2

The findings in Study 1 were true for less skilled, relatively inexperi-

enced teachers. It is possible that inexperienced teachers rely more

heavily on beliefs about the value of technology given their relatively

lower levels of knowledge and experience. Yet if we find the same pat-

tern with experienced teachers, the construct validity of SR TPCK is

more firmly established. We now ask the question: How do the rela-

tionships between SR TPCK, knowledge, experience, and beliefs relate

for teachers with substantial teaching experience?

Study 2 reanalyzed data from a two‐part online survey of teachers

in the United States who had been certified as accomplished teachers

(for more on this study, see Forssell, 2011). The focus on accomplished

teachers allowed for the study of the variability in SR TPCK while

limiting the variability in pedagogical content knowledge.
3.1 | Participants

Of the 307 in‐service teachers who completed the SR TPCK scale

items, 81% were female and 19% male. They ranged in age from 30

to 66 (M = 48.9, SD = 9.1). Their classroom experience ranged from 6

to 46 years, with an average of over 19 years of experience

(M = 19.1, SD = 7.9). They represented a broad mix of subjects, grades,

and school populations. Not all of the 307 respondents to the survey

who completed the SR TPCK measure also completed the other focal

measures of this study; therefore, the number of respondents ranged

from 209 to 307 on the various measures. A total of 178 participants

responded to all eight measures in this study.
3.2 | Measures

3.2.1 | SR TPCK

Respondents rated the degree to which they agreed with statements

about their TPCK on five items, slightly modified from the survey of

pre‐service teachers designed by Schmidt et al. (2009). References to

pre‐service education were removed or modified to reflect the experi-

ences of in‐service teachers. Furthermore, each respondent indicated

what subjects were taught, and those subject areas were specified in

the SR TPCK survey items. For example, “I can use strategies that com-

bine [social studies] content, technologies, and teaching approaches

that I learned about elsewhere, in my classroom.” Analyses of the five

items for each subject area showed that they were internally consis-

tent (Cronbach's α ≥ .94). Responses to the 5‐point scale (1 = strongly

disagree to 5 = strongly agree) were averaged for each subject area

taught. In cases where respondents taught more than one subject,

the highest SR TPCK score was used (seeTable 3 for descriptive statis-

tics for all variables).
3.2.2 | Personal variables

In addition to age and gender, participants reported on their experi-

ence using computers for a variety of activities.

Personal activities

Items developed by Barron (2004) were used to measure the extent

to which participants had engaged in 16 computer‐based activities.

The activities included creativity, communication, and problem solving

(e.g., create a piece of art, start a blog, or design a two‐dimensional or



TABLE 3 Study 2 zero‐order correlations and descriptive statistics for SR TPCK scale and personal, teaching, and beliefs measures (pairwise
n in text)

2 3 4 5 6 7 8 9 10 M SD

1 SR TPCK −.08 −.04 .42** .46** .20** .30** .38** .30** .39** 3.91 0.80

Personal

2 Gender −.05 −.21** −.14* .07 −.07 −.17** .04 .05 1.81 0.39

3 Age −.16** −.07 .04 .13 −.01 −.03 .06 48.88 9.03

4 Technology knowledge .60** .01 .21** .41** .15* .14* 2.97 0.90

5 Personal activities .06 .32** .51** .20** .15* 6.78 3.08

Teaching

6 Frequency .25** .08 .39** .32** 2.44 1.32

7 Internet for teaching .27** .26** .25** 2.85 1.11

8 Student activities .09 .00 3.95 3.39

Beliefs

9 TP belief .48** 3.46 0.58

10 TPC beliefs 3.93 0.57

Note. TP = technological pedagogical; TPC = technological pedagogical content; SR TPCK = self‐report technological pedagogical content knowledge;
M = mean; SD = standard deviation.

*p < .05. **p < .01.
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three‐dimensional model). Respondents were asked to indicate the

number of times they had participated in each activity in their personal

lives. The responses were recoded into 0 = never and 1 = at least once

and then summed.

Technology knowledge

Participants rated their familiarity with 27 Internet‐related terms from

1 = none to 5 = full on a scale developed and validated by Hargittai

(2005). The scale has been shown to correlate highly with observed

search behaviours on the Internet. Thus, this knowledge measure has

demonstrated criterion validity, even though it is self‐reported. Each

participant received a score basedon the averageof all items completed.

3.2.3 | Teaching variables

Several variables captured aspects of the ways in which participants

used new technologies in their work with students.

Student activities

At the same time participants reported on the activities they engaged

in personally, they also reported whether they had assigned those

activities to students. The total number of activities respondents had

asked their students to engage in during class time at least once

became the student activities score.

Frequency

A follow‐up survey was sent to the respondents who had indicated they

were teaching at the timeof the survey. It included ameasureof frequency

of computer usewith students. Participants were asked “On average, how

often doyouplan for a typical student to use a computer during class?” and

asked to choose from0=Never, 1 = Less thanOnce aMonth, 2 = 1–2 Times

a Month, 3 = 1–2 Times a Week, and 4 = 3 Times a Week or more.

Internet for teaching

The follow‐up survey included a measure of how often teachers use

the Internet to plan their teaching (Markow & Cooper, 2008).
Participants were asked “This school year, how often have you used

an Internet resource to get teaching ideas?” (0 = Never, 1 = Less than

Once a Month, 2 = 1–2 Times a Month, 3 = 1–2 Times a Week, and

4 = 3 Times a Week or more).
3.2.4 | Beliefs variables

Two measures addressed the degree to which participants believed

that the use of technology in the classroom is beneficial to student

learning.

Technological pedagogical (TP) belief

The follow‐up survey included the statement “Digital resources such as

classroom technology and Web‐based programs help my students'

academic achievement” (from Mayer & Phillips, 2010), which partici-

pants rated on a scale from 1 = strongly disagree to 4 = strongly agree.

Technological pedagogical content (TPC) beliefs

Participants were asked to rate eight items regarding positive beliefs on

a 5‐point scale from 1 = strongly disagree to 5 = strongly agree. This scale

drew on items from prior studies such as, for example, “Technology

helps students grasp difficult [subject] concepts more easily” (Russell,

Bebell, O'Dwyer, & O'Connor, 2003). Of the items, half (four) reflected

positive and half negative impacts of technology use on student learn-

ing. Codes for the negative statements were reversed before averaging

the responses. The scale showed high internal consistency (Cronbach's

α coefficients ranged from .84 to .89 depending on subject). The

highest of all subject‐specific scales was used for each participant.
3.3 | Results

3.3.1 | Correlations

Parallel to Study 1, we first computed zero‐order correlations of SR

TPCK with the personal information and other teaching‐related con-

structs (see Table 3).



TABLE 4 Study 2 summary of hierarchical regression analysis for variables predicting SR TPCK (N = 178)

Model 1 Model 2 Model 3

Variable B SE B β B SE B β B SE B β

Personal

Personal activities 0.07 0.02 .33*** 0.05 0.02 .22* 0.04 0.02 .19*

Technology knowledge 0.17 0.07 .21* 0.17 0.06 .22** 0.15 0.06 .20*

Teaching

Frequency 0.09 0.04 .17* 0.03 0.04 .05

Student activities 0.02 0.02 .10 0.03 0.02 .15*

Internet for teaching 0.06 0.04 .11 0.02 0.04 .04

Beliefs

TPC beliefs 0.26 0.08 .22**

TP belief 0.15 0.08 .15**

Adjusted R2 .23 .28 .35

F for change in R2 27.52*** 4.76** 10.47***

Note. TP = technological pedagogical; TPC = technological pedagogical content; SE = standard error; SR TPCK = self‐report technological pedagogical con-
tent knowledge.

*p < .05. **p < .01. ***p < .001.
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Personal variables

SR TPCK showed no relationship to age or gender. In contrast, there

was a significant positive correlation between the SR TPCK scale and

the breadth of personal activities, r(304) = .46, p < .01. Participants

reporting a broader range of personal activities reported higher SR

TPCK. They also reported higher TK, r(302) = .42, p < .01. Teachers

who were familiar with more Internet terms tended to have higher

SR TPCK scores.

Teaching variables

SR TPCK consistently showed statistically significant relationships to

technology‐related teaching variables. SR TPCK correlated most

strongly with the student activities score, r(302) = .38, p < .01. Partic-

ipants reporting higher SR TPCK also assigned a broader range of

activities to their students. There was a significant positive correlation

between the SR TPCK scale and the frequency with which the teacher

used the Internet for teaching, r(211) = .30, p < .01, with participants

reporting higher SR TPCK also reporting getting teaching ideas from

the Internet more frequently. Similarly, participants reporting higher

SR TPCK reported more frequent use of computers in class,

r(209) = .20, p < .01.

Beliefs variables

Finally, participants with higher SR TPCK reported more positive

beliefs about the value of technology to support students' learning,

both on theTP belief item, r(209) = .30, p < .01, and on theTPC beliefs

scale r(264) = .39, p < .01.
3.3.2 | Regression analyses

Similar to Study 1, we ran multiple hierarchical regression analyses to

determine how much variance in participants' SR TPCK could be

explained by each of the variables, while controlling for the other var-

iables (see Table 4). We included all variables that showed significant

correlations with SR TPCK. We ran three different models. In the first,

we entered the strongest correlates, which were the two personal
technology variables: breadth of personal activities and TK. In Model

2, we added the teaching‐related variables: student activities and use

of the Internet for teaching. In the final model, we added the TP and

TPC beliefs variables.

In Model 1, the variables related to technology in a teacher's per-

sonal life explained 23% of the variance in SR TPCK scores. Each of the

variables contributed significantly: number of personal activities,

β = .33, t(177) = 3.99, p < .001, and TK, β = .21, t(177) = 2.59, p = .01.

The addition of teaching‐related variables in Model 2 added only

5% to the overall explained variance. The breadth of student activities

did not contribute significantly, β = .10, t(174) = 1.28, p = .20. Neither

did the frequency with which teachers used the Internet to get teach-

ing ideas, β = .11, t(174) = 1.56, p = .12. The frequency with which

teachers assigned a typical student to use a computer in class did pro-

vide a statistically significant contribution to explaining the variance in

SR TPCK scores, β = .17, t(174) = 2.55, p = .01.

In Model 3, the TPC beliefs scale, β = .22, t(172) = 3.10, p < .01,

and TP belief item, β = .15, t(172) = 2.03, p = .04, showed significant

relationships to SR TPCK. The number of personal activities, β = .19,

t(172) = 2.22, p = .03, TK, β = .19, t(172) = 2.52, p = .01, and breadth

of student activities, β = .15, t(172) = 2.04, p = .04, retained significant

relationships to SR TPCK when controlling for beliefs, whereas fre-

quency of classroom use did not, β = .05, t(172) = 0.79, p = .43. Adding

the beliefs variables to the model accounted for an additional 7% of

explained variance. Together, personal, teaching, and beliefs variables

explained 35% of the variance in SR TPCK.
3.4 | Study 2 discussion

Study 2 investigated a large sample of accomplished teachers in the

United States. Findings show that age or gender are not related to

the SR TPCK score, suggesting that it captures a construct that is inde-

pendent of these sociodemographic factors. In contrast, teachers'

beliefs about the value of technology for teaching and learning show

significant relationships with SR TPCK when other variables are held

constant. Personal technology knowledge and experience also
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contribute to explaining the variability in SR TPCK. Of the variables

capturing technology use in teaching, only the breadth of activities

shows a small, statistically significant relationship with SR TPCK when

beliefs are held constant.
4 | GENERAL DISCUSSION

We investigated the nature of a broadly used SR TPCK measure by

exploring to what extent assessments of constructs beyond TPCK

can explain variance in participants' SR TPCK. Recent research has

shown that information captured by SR TPCK surveys only minimally

converge with objective measures of TPCK (Drummond & Sweeney,

2017). We extend this work, following the rationale of a multi‐trait

approach (cf. Campbell & Fiske, 1959). We provide evidence for con-

vergent and divergent validity of SR TPCK when analysed together

with constructs outside of TPCK.

Our analyses indicate that SR TPCK is entirely unrelated to gender

or age. Neither objective measures of PK nor TK of a sample technol-

ogy relate to SR TPCK among pre‐service teachers, which we interpret

as evidence of discriminant validity. Both studies found that personal

computer use and teachers' beliefs and attitudes about technology

use in teaching each explained a meaningful portion of the variability

in SR TPCK. These results suggest some convergent validity based

on relationships with experience and beliefs. These findings were

found in two studies, despite differences in population and the mea-

sures used. The similar patterns in responses by pre‐ and in‐service

teachers in distinct cultural contexts add strength to the findings and

suggest that these results help to uncover general underlying relations

between TPCK and conceptually related constructs.
4.1 | Other knowledge domains

Researchers must carefully consider the types of knowledge about

technology measured. The tool‐specific measure used in Study 1

appears to be more distinct from SR TPCK than a more general techno-

logical awareness used in Study 2. Some level of TK and PK are argu-

ably prerequisites for developing actual TPCK. We consider the low

correlations between SR TPCK, TK, and PK to be evidence for the dis-

criminant validity of SR TPCK. Future studies should use these mea-

sures in concert when examining the complex implementation of

technology in the classroom.
4.2 | Beliefs and attitudes

Both studies show that teachers' beliefs and attitudes about technol-

ogy for learning explain meaningful proportions of variance in SR

TPCK. Our analyses indicate that correlations between SR TPCK and

other variables such as computer use at home and in the classroom

are mediated by beliefs; when beliefs variables are added to a regres-

sion, classroom use variables no longer explain variability in SR TPCK

scores. This provides evidence for convergent validity of SR TPCK,

suggesting that it represents positive beliefs about the use of technol-

ogy in teaching.
4.3 | Experience with technology

The evidence for SR TPCK convergent validity with actual practical

experiences is mixed. Though home computer use in the first study

appeared to have a strong relationship to SR TPCK in the first regres-

sion model, controlling for beliefs in subsequent models weakened

the association. In Study 2, the relationships of home and classroom

to SR TPCK were smaller but significant when controlling for positive

technology beliefs in Model 3. These mixed findings suggest that it is

important to gather a range of evidence of actual experience. It is

possible that there is a complex mutual relationship between beliefs

and a tendency to seek out corresponding experiences, which in turn

contribute in objectively verifiable knowledge. This hypothesis should

be empirically tested in longitudinal studies that relate SR TPCK,

objective TPCK measures, belief scales, and accounts of experience

over time.
4.4 | Implications

Placing SR TPCK within the constellation of knowledge and beliefs and

experience is urgently needed. It has implications for judging the effec-

tiveness of interventions aimed at increasing technology use in teach-

ing. It would be counterproductive to assess a course or workshop

using a measure that does not align with the learning outcomes of

the endeavour. Our findings suggest that SR TPCK will be more

impacted by an intervention that specifically targets beliefs and atti-

tudes around technology use, than by one focused solely on facts

and skills.
4.5 | Limitations

Both studies followed a correlational design, and we cannot

draw conclusions about causality from the presented findings. This

means that we cannot determine whether higher TPCK renders

teachers more enthusiastic about using technology in teaching, or

if teachers with positive attitudes toward a tool, or a pre‐existing

disposition in favor of technology, seek out opportunities to

engage with it. It is possible that some other factor influences all

these variables.

The biggest limitation is the lack of an objective TPCK measure in

these data sets. Such measures were not yet developed at the time

these data were collected. New studies could and should build on more

recent scholarship to confirm or challenge Drummond and Sweeney's

(2017) multi‐method, mono‐trait findings in a multi‐trait, multi‐method

approach. Such studies will complement our multi‐trait approach by

dissociating variance attributable to shared methods (objective mea-

sure vs. self‐reports) from that attributable to the respective

constructs.
5 | CONCLUSIONS

What do researchers actually measure when applying SR TPCK

measures? Overall, the results of two studies across two different

populations suggest that SR TPCK captures a conglomerate of

several constructs, which is dominantly explained by positive
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beliefs about engaging with digital technologies to support student

learning. Additionally, SR TPCK seems to cover aspects of actual

technology experience in personal and teaching contexts. Our

first study provides some evidence that SR TPCK is distinct from

other knowledge domains, such as TK or PK. This is an important

first contribution to a multi‐trait approach to validating SR TPCK.

Future research should also integrate a multi‐method strategy,

that is, include multiple measures of the investigated constructs. We

would generally encourage researchers to include related constructs,

such as beliefs and attitude or objective TPCK measures, when

employing SR TPCK instruments. This holds especially true when

evaluating the effectiveness of interventions that aim at fostering

TPCK development.
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