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EDITORIAL

In and Beyond This Issue
The first issue of Volume 52 of Journal of Educational Media and Library 

Sciences (JoEMLS) is published in January 2015, starting a new set of issues in 
the same volume, with four issues to be published in the same year in the future 
as Winter Issue (January), Spring Issue (April), Summer Issue (July), and Autumn 
Issue (October).

For this issue, ten manuscripts were received and four were accepted, with 
a rejection rate of 60%.  Seven manuscripts are still at the review stage by our 
publication date.  In this issue, three research articles are published, including 
“A Content Analysis of Internet Health Rumors” by Lo and Chiu, “Integrating 
considerations of students, teachers, and instructional contexts in a predictive 
model of distance education” by Yueh and Liang, and “Exploring Mathematics 
Teachers’ Perception of Technological Pedagogical Content Knowledge” by 
Lai and Lin.  These three research articles are based on both practices and 
theories, providing precious information and reflections for readers, especially 
practitioners.  In the Brief Communication section of this issue we also publish the 
article “The Mongolian Publishing Culture under Enlightenment Thought, 1918-
1944” by Yeru Bai and Aotegen Bai, scholars from Mongolian Studies College of 
Inner Mongolia University, for us to further understand the development history 
of publishing business in contemporary China, and for scholars who study the 
history of Chinese publishing to do further research.

Readers might notice that in this issue, the Romanized notes in works cited 
are different from the previous editorial presentation.  First, for the running 
numbered notes of Turabian referencing style, we place the footnote numbers after 
punctuations, for easier reading.  Second, for the Romanized citations of Chinese 
cited works, we changed the previous fragmented Romanized characters after 
each Chinese phrase or term, and adopted a new way of placing all Romanized 
whole item of each citation including titles, issue information and author names 
together, without showing any Chinese characters.  We only place “in Chinese” 
in the end of citations of works written in Chinese, to distinguish them from 
citations of works in foreign languages.  The main purpose of this modification is 
to facilitate the citation indexing of international journal databases.  We hope in the 
future when our Chinese manuscripts are indexed in internationally famous citation 
index databases, such as Scopus or SSCI, the Romanized titles of cited Chinese works 
can be shown as well.  In this way we can honor each contribution of manuscript 
authors, as well as those cited authors, and achieve the goals of international scholarly 
communications.  This is our new hope for the Goat Year 2015.

Jeong-Yeou Chiu
JoEMLS Chief Editor
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A Content Analysis of Internet Health Rumors
Wen-Ling Loa  Ming-Hsin Phoebe Chiub*

Abstract
This study used content analysis method to investigate Internet health rumors 
on Rumor Breaker, specifically on the characteristics of content and format, 
the similarities and differences by themes, and the comparison of health 
information and health rumors.  The results of the study indicated that the most 
common theme of health rumors is health and prevention information.  The 
health rumors commonly described the influence of “particular behavior” and 
“specific food or appliances” on one’s health; also most of the health rumors 
didn’t specifically mention when or where the events happened.  To make the 
information more persuasive, the health rumors provide “statement from 
professional” and “personal experience” as evidence and proof.  30% of the 
health rumors would describe the events in first person narrative.  Half of the 
health rumors are set to come from doctors and one’s personal, family and 
friends’ experience.  It’s much familiar to the receivers by narrating the event 
or reporting the event as news.  The characteristics of all themes of the health 
rumors are similar to the characteristics of all rumors under investigation.  
Also, there are less different characteristics between the verified information 
and the rumors.  This study hopes to provide a guide for verifying health 
information, and to support health promotion and education through literacy in 
identifying rumors.

Keywords:	 Consumer health information, Rumors, Health rumors, Content 
analysis

SUMMARY
People care about their health and wellbeing.  The concept of health and 

wellbeing can be embedded at three levels: personal, societal, and national.  One 
way to raise the health awareness is through the acquisition of consumer health 
information.  Internet has been a driving force in the raising trend of improving 
and sustaining better quality of life as it has become an important source of 
consumer health information.  Various types of health information are made 
available on the Internet including unverified information and even health rumors.  
What is communicated in the health rumors is closely related to the everyday 
life of not only patients, but also almost everyone.  It may be harmful to one’s 

a Graduate Student, Graduate Institute of Library & Information Studies, National Taiwan 
Normal University, Taipei, Taiwan

b Assistant Professor, Graduate Institute of Library & Information Studies, National 
Taiwan Normal University, Taipei, Taiwan

* To whom all correspondence should be addressed. E-mail: phoebechiu@ntnu.edu.tw
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health and to the wellbeing of the society if the information being circulated is not 
factual or completely false.  In the past few years, Taiwan has been suffering from 
food safety issues such as cooking oil and milk powder.  If health rumors spread 
through society during difficult time like food safety scandals and people believe 
the rumors and act accordingly, the consequences may be catastrophic.  This 
study takes on a content analysis approach to examine Internet health rumors, 
with aims to uncover the textual and structural characteristics.  This study is 
organized around four research questions: (1) What are the textual characteristics 
of the Internet health rumors? (2) How are the Internet health rumors articulated? 
(3) How are the Internet health rumors different across various themes of rumors 
regarding the textual and structural characteristics? And (4) How is verified 
Internet health information different from Internet heath rumors regarding the 
textural and structural characteristics?

This study collects 295 Internet health rumors that are pre-categorized as 
“medical” and “health” rumors on Rumor Breaker (http://rumor.nownews.com/), 
a Taiwan-based website which refutes rumors.  The website has been operating 
in Traditional Chinese since 2000.  It currently collects and refutes rumors in 
21 categories as of 2014.  The categories include technology, urban legends, 
cosmetics, crime, etc..  The rumors published on the website are divided into 
unexamined rumors and examined rumors.  For this study, Internet health rumors 
collected for data analysis are “examined rumors”, which means the rumors 
under investigation have been examined for their accuracy.  An analysis report 
is provided with the details on analysis procedures and methods, findings, and 
acknowledgement of those who contribute to clarifying rumors.  The samples 
may represent both online health information and Internet health rumors.  Data 
analysis is conducted qualitatively and quantitatively.  The content of the Internet 
health rumors is first analyzed qualitatively to construct codes for each theme, and 
each code can be reasoned as the properties of the theme.  Then the analysis was 
conducted quantitatively with frequency and percentage distribution to determine 
patterns and characteristics.

The textual characteristics can be discussed from the aspects of health 
rumor themes, objects of the rumors, supporting proof for the rumors, and claims 
of the rumors.  Six health rumors themes were discovered.  They are health and 
prevention (49.2%), disease and treatment (29.1%), other/uncategorized rumors 
(10.7%), human body function (8.4%), healthcare and medical ethics (1.5%), and 
indication information (1%).  The Internet health rumors commonly describe the 
influence of a “particular behavior” and “specific food or appliances” on one’s 
health, without providing accurate details on time and location.  For example, 
eating or drinking high-temperature food or drink can be perceived as unhealthy 
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27Lo and Chiu: A Content Analysis of Internet Health Rumors

behavior and soft drink can be perceived as unhealthy food.  Therefore, to make 
the rumors more believable and persuasive, the health rumors provide statements 
or cited quotes from “medical professionals” and “personal experience” as 
evidence and proof.  The excessive use of medical terminology is also common in 
Internet health rumors as a mean to enhance credibility and authority.  Evidence 
like this is used in the narratives of rumors for notification and alert, as well as the 
sharing of news or information.

Regarding the findings of how the Internet health rumors are articulated, 
the discussion can be divided into length of rumors, point of view in the rumor 
statements, originator of the rumors, and narrative style.  The results show that 
the average length of the Internet health rumors is 653 words.  More than half 
of the health rumors are shorter than 600 words, and 80% of the Internet health 
rumors are shorter than 1,000 words (Traditional Chinese) in length.  33.6% of 
the health rumors describe the events or the situations or make the claims in first-
person perspective, in order to show the impression that the event is happening to 
the rumor originator or narrator.  It may imply that the rumor originator intends 
to describe his or her experience in hope that rumor receivers may identify 
themselves with the rumor.  18.6% of the rumors use third-person perspective.  
A closer examination of these rumors reveals that the rumors using third-person 
perspective are more evaluative, analytical, and investigative than the rumors 
using other points of view; and the writing style is similar to news reports.  Half 
of the Internet health rumors are set to be coming from doctors or an individual’s 
personal, family and friends’ experience.  It’s much more trustable and friendly to 
the rumor receivers if the event is narrated or reported as news.  The information 
sources of how these rumors spread are news and reports, Internet, and social 
media.  This study further identifies six types of Internet health rumors narrative 
styles: narrative (49.5), news reporting (17.7%), reasoning (15.6%), listing (9.2%), 
guideline-based (4.9%), can not identified and others (3.1%).  Most health rumors 
(69.5%) adopt single narrative strategy, while 28.8 % adopt two strategies.

The characteristics of different themes of the health rumors are similar to 
the characteristics of all rumors under investigation.  In addition, there is not 
much difference between verified online health information and Internet health 
rumors.  The Internet health rumors, thus, will be potentially misleading because 
both verified health information and Internet health rumors use statements from 
health and medical professionals as evidence and justification.  It causes further 
difficulty in distinguishing the verified health information from the health rumors 
because both textual and structural characteristics are almost identical.  

This study aims to provide a guide for verifying trustable online health 
information and to support health promotion and education through literacy 
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by identifying problematic health information content and distinguishing 
Internet health rumors from truth.  According to the results, we are able to 
make several implications and future research directions.  For everyday health 
information seekers, they are advised to evaluate the information they receive 
with critical thinking skills.  Also, information seekers should improve their 
information literacy and health literacy skills so that they are able to identify the 
information channels and sources to verify the health information that is not fully 
comprehended.  If health problems occur, an individual should firstly seek advice 
from doctors or other medical professionals to avoid potential danger or health 
threats from mistakenly believing the rumors to be accurate.  From an institutional 
perspective, collaboration between public health institutions and clinics or 
hospitals, and public libraries or medical libraries on local campus should be 
established to provide lessons or training sessions on health literacy and health 
promotion.  Public or medical libraries, on the other hand, should solicit health 
literacy and education materials from health-related organizations, and make the 
materials accessible to library patrons.  Lastly, these health-related organizations 
should regularly investigate and examine rumors and participate with other 
organizations, such as public libraries, to guard the truthfulness of online health 
information effectively.
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Abstract
This study examined the ef fects of learning ability, learning strategy, 
synchronism distance teaching, teaching effectiveness, and online-materials 
on the learning outcomes of engineering majors.  The interaction between 
distance teaching and teaching effectiveness, as well as the mediating effects of 
online-materials were tested.  The results indicated that the interaction between 
synchronism distance teaching and student evaluation of teaching effectiveness 
influenced online materials and student-perceived learning outcomes.  The 
interaction effects of the group that highly valued distance instruction increased 
more in response to student evaluation of teaching effectiveness than did the 
effects of the group that valued distance instruction less.  In addition, the 
results revealed that the quality of synchronism distance instruction, student 
evaluation of teaching effectiveness, and online materials are the keys to 
successful distance instruction.  Among these critical factors, online materials 
played a mediating role in the relationship between the variables involved and 
student-perceived learning outcomes.

Keywords:	 Synchronism distance-instruction, Online materials, Student-
perceived learning outcome, Student evaluation of teaching effectiveness, 
Learning ability, Learning strategy

SUMMARY
This study is focused on a curriculum enhancement program in engineering 

field, involving high-tech courses and teachers of Nanotechnology in ten 
universities around Taiwan.  This enhancement program is about a crossing 
universities education through synchronous distance instruction, with digital 
instructional materials for students to obtain learning resources after classes 
and facilitate their learning.  This enhancement program is also a platform for 
integrating learning resources from those participating universities around Taiwan, 
for achieving the goal of sharing resources.  The factors of student evaluation of 
teaching (SET) investigated in this study include learning abilities and strategies, 
student evaluation of teaching effectiveness, distance-instruction effectiveness, 
online materials, and student-perceived learning outcome.  The purposes of this 
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research include: (1) investigating the effects of student evaluation of teaching, 
student evaluation of teaching effectiveness, distance-instruction effectiveness 
and online materials on student-perceived learning outcomes, (2) analyzing the 
interaction between student evaluation of teaching effectiveness and synchronous 
distance instruction, and (3) analyzing the possible mediating role of online 
materials.

In the current study, reviewed topics include the impacts of SET, teaching 
effectiveness, learning abilities, and learning strategies on learning outcomes, 
impacts of teaching effectiveness and distance instruction on learning outcomes, 
and relations among online materials, distance instruction, teaching effectiveness 
and learning outcomes.  Based on the literature review, three research hypotheses 
are made.  The questionnaire developed by Yueh et al. (2012) is adopted as the 
research tool, and revised according to the purposes of this study.  The overall 
Cronbach’s α is .936, and factor loadings are between .458 and .936, indicating 
that there is a satisfying internal consistency reliability among items of the 
survey.  At the first stage of testing, 253 effective surveys are collected.  These 
surveys serving as the calibration sample are analyzed using an exploratory factor 
analysis, for identifying appropriate factor constructs.  During the second stage of 
testing, 682 effective surveys are obtained and used as factor authentication in a 
confirmatory factor analysis (CFA) for verifying the goodness of fit of factors, and 
for conducting an execution path analysis and building a model.  After the two 
stages of data collection, a descriptive statistical analysis is conducted with SPSS 
for Windows 17.0, and LISREL 8.80 is used for structural equation modeling.

The results of the exploratory factor analysis indicate that there is a satisfying 
validity.  The results of the confirmatory factor analysis meet the academic 
standards and reveal that there is a satisfying goodness-of-fit of the model.  The 
results indicate that the interaction of student evaluation of teaching effectiveness 
and synchronous distance education has significant impacts on online materials 
and student-perceived learning outcomes, meaning the Hypothesis 2 is supported.  
No matter how student evaluate the synchronous distance education, there is a 
positive correlation between student evaluation of teaching effectiveness, and 
student evaluation of online materials and student-perceived learning outcomes.  
The results also indicate that the interaction mentioned before, together with 
students’ learning abilities and learning strategies, through the mediating impacts 
of online materials, can have an effective prediction on student-perceived learning 
outcomes, meaning that the Hypotheses 1 and 3 are supported.  The results of 
structural equation modeling analysis indicate that synchronous distance education 
has the greatest impact on student-perceived learning outcomes, following by the 
factors of online materials, student evaluation of teaching effectiveness, learning 
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strategies, and learning abilities, respectively.  In addition, the interaction between 
student evaluation of teaching effectiveness and synchronous distance education 
also has a significant impact on student-perceived learning outcomes.

The conclusion of this study is that in the setting of distance education in 
engineering field, there is a significant interaction between student-perceived 
learning outcomes and synchronous distance education, and the interaction has 
impacts on student evaluation of online materials and student-perceived learning 
outcomes.  For students who have a higher evaluation of synchronous distance 
education, there is a more significant influence on student-perceived learning 
outcomes, compared with students who have a lower evaluation of synchronous 
distance education.  The results also reveal that in distance education, the key 
factors determining student-perceived learning outcomes are student evaluation of 
teaching effectiveness, online materials and the quality of synchronous distance 
education.  Among these factors, online materials play a mediating role in factors 
of student evaluation of teaching (SET), and enhance student-perceived learning 
outcomes.  Based on results, the researchers of this study suggest that in a well-
built distance learning setting, teachers should design appropriate instructional 
materials, build learning websites with good designs and user-friendly features, 
provide quality digital learning materials, and maintain effective interactions with 
learners.  Teachers should also encourage learners to review and study carefully 
the learning materials, for enhancing student-perceived learning outcomes.  
When planning distance education projects, more resources should be invested 
on helping teachers design digital contents and encouraging students to use 
digital learning resources, for achieving the overall quality and outcomes of 
implementing distance learning programs.

Three major limitations of this study are mentioned here.  First, although 
this study was based on empirical analysis, it has its limits to investigate further 
on individual issues, especially without data or information from participating 
teachers.  This problem can be solved by using other research methods with 
different perspectives.  Second, the questionnaires used in this study adopt self-
reported items, which only reflect student’s personal perceptions of status quo; 
participants’ answers might be exaggerated due to their awareness of social 
expectations or their psychological defense mechanism, failing to represent the 
realities.  Third, since the departments and graduate schools participating in this 
distance learning program are in engineering fields and courses are all related 
to engineering, part of the demographic variables might not reflect the whole 
demographic truth.  For example, most participating students are male, although 
matching the distribution of population, the results still cannot be over-generalized 
and should be interpreted carefully.  
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This study also involves issues worth investigating further in future 
researches, including the optimized allocation of distance learning resources, 
teachers’ willingness to cooperate, and strategies for encouraging students to use 
learning materials.  In this study, the impacts of students’ learning abilities and 
strategies on student-perceived learning outcomes are relatively limited, which 
is a fact that differs from previous findings and worth further investigations.  In 
addition, it is hoped that more academic efforts could be invested on a further 
understanding of the possible interactive and curvilinear effects among various 
factors of student evaluation of teaching.
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Abstract
The purpose of the study is to develop an instrument for junior high school 
mathematics teachers to evaluate their technological pedagogical content 
knowledge.  The survey tool is based on Koehler and Mishra’s TPACK 
framework and strengthened mathematics content knowledge and pedagogical 
content knowledge in the framework.  526 junior high school mathematics 
teachers in Taiwan were recruited to validate the survey.  Confirmatory factor 
analysis was applied to examine the validity.  The results showed that survey 
tool reached good validly and reliability.  We also explored gender, age, and 
seniority and other demographic factors to reflect current junior high school 
mathematics teachers’ TPACK in Taiwan.

Keywords:	 TPACK, In-service teacher, Confirmatory factor analysis

Introduction
For decades, teaching has been considered a complex cognitive skill 

that requires various types of knowledge bases.  Teacher educators have been 
exploring what teachers need to know as well as how to teach well.  The basic 
traditional requirement for becoming a teacher is to possess plentiful content 
knowledge (CK) in a specialized subject matter; however, research-oriented 
CK has been found to be challenging for students to learn effectively.  Teachers 
need to know how to transform the subject matter knowledge for students to 
understand.  Shulman (1986) proposed pedagogical content knowledge (PCK) 
to bridge CK and teaching practice.  PCK is defined as a type of knowledge 
that teachers develop to represent and formulate their subject matter and make 
it comprehensible for students (Shulman, 1986).  PCK is a unique form of 
knowledge that distinguishes teachers from content specialists; it includes the 
knowledge of how subject matter can be represented, what (mis) conceptions of 
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the topics can be found for learners, and how to adapt a topic for learners with 
diverse interests and abilities (Magnusson, Krajcik, & Borko, 1999; Shulman, 
1986).

With the recent extensive use of digital technology in daily life, technology 
is considered an essential component for teaching support and learning in 
classrooms.  In mathematics education, technology facilitates learners to visualize 
abstract ideas as well as organize and analyze data, so that learners can focus on 
decision-making, reflection, reasoning, and problem-solving (National Council 
of Teachers of Mathematics, 2000).  However, studies found that teachers still 
lack the knowledge and skills to integrate technology in the classroom (e.g., Lee, 
Suharwoto, Niess, & Sadri, 2006).  Researchers indicated that simply adding 
technological components into teaching and content domain is insufficient for 
technology integration; teachers need to possess technological pedagogical 
knowledge (TPK) to development knowledge for technology integration (Angeli 
& Valanides, 2009; Graham, 2011).  Models and frameworks have been proposed 
in different disciplines, for example, information and communication (ICT)-
related PCK (Angeli & Valanides, 2009) and technological content knowledge 
(TCK; Niess, 2005).  Mishra and Koehler (2006) indicated that good teaching 
with technology requires understanding the combination of content, pedagogy, 
and technology to develop appropriate instructional strategies and representations.  
Mishra and Koehler (2006) adapted Shulman’s PCK model and proposed a 
conceptual framework of Technological Pedagogical Content Knowledge (TPACK, 
formerly TPCK).  The TPACK framework contains seven sets of knowledge 
[i.e., CK, PK, technological knowledge (TK), TPK, TCK, PCK, and TPACK].  
This framework provides recommendations for instructional design for teacher 
educators in technology integration from various approaches (Graham, 2011).

A number of studies have adopted Koehler and Mishra’s model to investigate 
teachers’ TPACK, having focused mostly on pre-service teachers’ development of 
the TPACK in teacher education programs (e.g., Chai, Koh, & Tsai, 2010; Chai, 
Koh, Tsai, & Tan, 2011).  Other studies have explored the effects of teachers’ 
use of specific technology and their TPACK development (e.g., Archambault & 
Barnett, 2010; Jang & Tsai, 2012; Lee & Tsai, 2010).  However, these surveys are 
generic; they intended to assess teachers’ TPACK for various subject areas (e.g., 
literature, science, and the social sciences).  Although teaching various subjects 
requires diverse pedagogical knowledge (PK) and PCK (Koehler & Mishra, 2006; 
Shulman, 1986), it also necessitates different TPK, TCK, and TPACK when 
integrating technology into the classroom.  These generic survey items may not 
reflect adequate professional knowledge bases.  Furthermore, most TPACK studies 
have explored pre-service teachers' TPACK, and researchers have found that PCK 
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might differ between pre-service and in-service teachers (e.g., Tirosh, 2000).  
These study results may not have fully revealed in-service teachers’ TPACK.  
Therefore, an investigation of in-service teachers’ TPACK in a single subject 
may provide information on how to improve teacher professional development.  
The purpose of our study is twofold: (a) to develop a TPACK assessment tool for 
junior high school mathematics teachers; and (b) to investigate junior high school 
mathematics teachers’ TPACK in Taiwan.

Literature Review
TPACK Framework

The traditional viewpoint of teaching decisions is made through the content; 
however, with the rise of technology integration in teaching and learning, the 
use of technology may enable or constrain teachers’ use of representations or 
explanations regarding their subject matter (Mishra & Koehler, 2006).  Within the 
TPACK framework, the three primary categories of knowledge, CK, PK, and TK, 
form a Venn diagram, which results in four more components: TPK, TCK, PCK, 
and TPACK.  The seven categories of knowledge are defined as follows:

(a)	CK is the knowledge regarding subject matter that is to be learned and 
taught.  Specifically, it contains the concepts, principles, rules, and evidence of a 
subject area.

(b)	PK is knowledge regarding methods, strategies, or practices that teachers 
have learned to teach and evaluate student learning.  Here we include instructional 
strategies, activities, classroom management, lesson plans, and student evaluation.  

(c)	TK is knowledge regarding the use of digital technology.  This in-
cludes the ability to operate technology, and to use software to adapt existing 
instructional material, or to create new ones.

(d)	PCK refers to the knowledge of teaching and learning principles as well 
as strategies that are used to deliver content effectively.  This knowledge type 
considers what makes concepts difficult to learn, what conceptual representations 
are appropriate to explain difficulties and misconceptions for learners, and what 
prior knowledge learners possess.

(e)	TPK is knowledge regarding how different information communication 
technology (ICT) can be used in teaching and facilitating student learning.  This 
includes knowledge on which ICT improves teaching effectively, and the ability 
to learn and adapt new ICT for teaching.

(f)	TCK concerns knowledge regarding how to incorporate technology that 
creates better representations of specific content.

(g)	TPACK is the integrative knowledge of the interaction of content, 
pedagogy, and technology, and includes teachers’ understanding as well as the 
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use of technology-enhanced, content-specific pedagogical strategies for teaching 
subject matter and representation.  Figure 1 shows the TPACK framework.

Figure 1  TPACK Framework
                                  Source: TPACK.org, 2012, reproduced by permission.

The Mishra and Koehler (2006) TPACK model has raised scholarly debate 
on how to develop teachers’ knowledge bases for technology integration; yet, 
certain challenges and criticisms have also emerged.  Angeli and Valanides (2009) 
argued that each component in TPACK is fuzzily defined, and researchers have a 
different understanding of PCK, TCK, TPK, and TPCK.  In addition, the nature of 
TPACK is disputable regarding whether TPCK is a distinct form of knowledge or 
whether the changes in TPCK lead to alterations in other components within the 
framework (Cox & Graham, 2009; Niess, 2011).  Furthermore, the relationship 
among the seven components is unclear (Angeli & Valanides, 2009; Archambault 
& Barnett, 2010; Graham, 2011), and the integrative or transformative viewpoint 
of the model may affect how researchers assess TPACK.  Recent literature review 
pointed that TPACK as a distinct body of knowledge, and researchers suggested 
that contextualize TPACK on a specific domain may improve our understanding 
of TPACK (Graham, 2011; Voogt et al., 2012).  

PCK and TPCK in mathematics education
Ball, Thames, and Phelps (2008) observed mathematics teachers’ practice, 

and found that mathematics teachers need to explain the concepts, principles, and 
procedures, but also interpret student errors and evaluate alternative algorithms.  
Mathematics teachers need advanced mathematical knowledge and skill to decide 
whether a method or procedure works in general.  These practices necessitate 
mathematics knowledge, which encompasses more than Shulman’s definitions 
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of CK and PCK.  Therefore, they proposed a framework of Mathematics 
Knowledge for Teaching (MKT) that integrated CK and PCK, and divided it into 
six categories.  The CK domain includes common content knowledge (CCK), 
specialized content knowledge (SCK), and horizon content knowledge (HCK).  
CCK is the knowledge that one can correctly solve mathematics problems; it can 
be used under numerous circumstances other than in teaching.  SCK refers to 
mathematical knowledge and skills that are specific to teaching mathematics, and 
HCK is defined as knowing how a specific concept is related to other concepts 
in mathematics curricula.  Parallel to Shulman’s PCK are an additional three 
knowledge categories: knowledge of content and students (KCS), knowledge of 
content and teaching (KCT) and knowledge of content and curriculum (KCC).  
KCS refers to the knowledge of common student conceptions and misconceptions 
regarding specific mathematical content, KCT is knowledge regarding what 
examples to use or the advantages and disadvantages of representations used to 
teach specific content, and KCC is knowledge regarding instructional materials 
and programs (Ball et al., 2008).  Despite factor analysis having not empirically 
supported the existence of the distinct components of the MKT model (Baumert 
et al., 2010), this model is considered most influential, and best describes CK and 
PCK in mathematics education (Depaepe, Verschaffel, & Kelchtermans, 2013).  

For mathematics education, Niess et al. (2009) proposed a model for 
preservice mathematics teachers’ TPACK development.  The model included 
standard indicators in four areas (i.e., the design and development of technology-
rich learning environments, the application of methods and strategies for 
applying appropriate technology to maximize student learning, the application of 
technology to facilitate assessment, and the use of technology to enhance teachers’ 
productivity and proactivity).  This model seems generic, and does not address 
mathematics teaching specifically (Voogt, Fisser, Roblin, Tondeur, & van Baak, 
2012).  Therefore, to better assess mathematics teachers’ TPACK, we developed 
a survey based on Mishra and Koehler’s TPACK model, and expanded CK and 
PCK to include CCK, SCK, and KCC from MKT.

Assessment of TPACK
To investigate teachers’ perceptions of TPACK, researchers have developed 

surveys on the basis of the Mishra and Koehler (2006) model.  Some studies 
have explored pre-service teachers’ TPACK in a generic survey (e.g., Chai et al., 
2010; Schmidt et al., 2009), some have focused on in-service teachers in science 
education (e.g., Lee & Tsai, 2010; Lin, Tsai, Chai, & Lee, 2013), and still others 
have examined specific pedagogical uses of technology knowledge (e.g., Jang & 
Tsai, 2012).  Most of these studies have used exploratory factor analysis (EFA) to 
examine the validity of the surveys; few studies can verify Mishra and Koehler’s 
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(2006) seven components of the TPACK model.  Schmidt et al. (2009) developed 
a TPACK survey tool, Survey of preservice teacher’s knowledge of teaching and 
technology, and examined how pre-service teachers develop and apply TPACK 
through their teacher preparation program.  Through factor analysis within each 
subscale, they selected 24 items, and validated the tool.  The participants in that 
study were 124 k-6 pre-service teachers who taught all of the subjects in their 
classroom.  The question items used to assess CK focused on the whether teachers 
had an in-depth and broad knowledge of the subjects, and if they knew various 
examples in a diverse range of subjects (i.e., math, science, social studies, and 
literature).  Koh, Chai, and Tsai (2010) recruited 1,185 pre-service teachers to 
validate a TPACK survey tool.  Through EFA, they found that participants were 
unable to distinguish between TCK and TPK.  The items from TPK, TCK, and 
TPACK were loaded as one factor, and items from PK and PCK were loaded as 
another factor.  The researchers renamed the five identified factors as TK, CK, 
knowledge of pedagogy (KP), knowledge of teaching technology (KTT), and 
knowledge from critical reflection (KCR).  

Few studies have explored in-service teachers’ TPACK.  Graham et al. (2009) 
designed a survey to measure in-service science teachers’ confidence in TPACK.  
This survey included 31 items to measure four components (i.e., TK, TPK, TCK, 
and TPACK) through 15 participant responses, and their results indicated that 
these in-service science teachers’ confidence in TK is foundational to developing 
confidence in the other three forms of knowledge measured.  Lin et al. (2013) 
investigated 222 primary and secondary school pre-service and in-service 
science teachers’ perceptions of TPACK in Singapore.  The structural equation 
model (SEM) analysis results confirmed the Mishra and Koehler (2006) seven-
factor model.  That study found that in-service teachers had significantly higher 
confidence compared with pre-service teachers for CK and PK.  

Some survey tools have been developed to assess teachers’ perceptions when 
they incorporate specific technology tools or instructional methods.  Archambault 
and Barnett (2010) surveyed 1,795 k-12 online teachers’ TPACK.  Through factor 
analysis, they found three factors: PCK, TK, and TCK.  CK, PK, and PCK were 
loaded as one factor and labeled PCK, and the items of TPK, TCK, and TPCK 
were loaded as TCK, with TK being the only clear factor.  Lee and Tsai (2010) 
developed a Technological Pedagogical Content Knowledge-Web (TPCK-W) 
Survey to assess teachers’ self-efficacy in web-based instruction.  The participants 
were 558 teachers from select elementary schools to high schools in Taiwan.  
Through factor analysis, their survey identified five factors: web general, web 
communication, web CK, web PCK, and attitude.  The results showed that web 
PK and web PCK were loaded as one factor.  Chai et al., (2011) explored the PK 
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of meaningful learning and web competence.  They investigated 834 pre-service 
teachers teaching various content areas in Singapore.  The survey items included 
28 items from the Schmidt et al. (2009) survey, and added meaningful learning 
to replace generic PK.  For TK, they included web-based technology; thus, 
TK was measured as web competence.  The factor analysis results showed five 
factors in the pre-course survey; this meant that teachers were able to distinguish 
among TK, PK, CK, TPK, and TPACK.  Jang and Tsai (2012) surveyed 614 in-
service elementary mathematics and science teachers in the use of interactive 
whiteboards (IWBs) in Taiwan.  In addition to the seven categories from the 
TPACK framework, the survey included context knowledge (CxK), which refers 
to students’ prior knowledge, misconceptions, learning difficulties in each subject, 
and an evaluation of student understanding.  The TPACK questionnaire underwent 
factor and item analyses.  The results yielded four major components: CK, TK, 
PCKCx, and TPCKCx.  Items from PK and PCK were combined as PCKCx, 
whereas items from TPK, TCK, and TPCK were loaded as TPCKCx.  The results 
showed teachers who use IWBs had significantly higher CK, PCKCx, TK, and 
TPACKCx compared with those who do not use IWBs.  From aforementioned 
these studies, we found that most of them have investigated pre-service teachers’ 
TPACK, most of survey items were content-general.  As researchers pointed 
that TPACK needs to be contextualized on a specific lesson topic (Graham et 
al., 2009), it also needs to examine in-service teachers’ TPACK for one specific 
subject.  Further, most studies merely used EFA to extract factors from the 
framework that might not be able to address the complex nature of TPACK model 
(Lee & Tsai, 2010), therefore, in present paper, we adopt MKT to develop TPACK 
instrument and use confirmative factor analysis to verify the Mishra and Koehler 
(2006) seven factors of TPACK model.

Teacher’s TPACK by gender and teaching experience
Previous studies have shown that males and females have different 

knowledge and attitude toward ICT (Kay, 2006; Markauskaite, 2006).  Few 
studies have investigated gender differences in teachers’ TPACK.  Koh et al. 
(2010) found that male pre-service teachers’ TK was higher than that of their 
female counterparts.  Lin et al. (2013) revealed that female in-service teachers had 
higher confidence in PK but less confidence in CK.  Jang and Tsai (2012) found 
that gender differences did not have any significant effects on elementary school 
science and math teachers’ IWB-based TPACK.  Later, they conducted another 
study to investigate 1,292 secondary science teachers in Taiwan, and found that 
male teachers rated themselves higher than did female teachers in TK (Jang & 
Tsai, 2013).
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Researchers also explored other demographic factors such as age, teaching 
experiences (seniority), technology integration experiences, and their relationship 
with TPACK.  Lee and Tsai (2010) conducted the correlation analysis and found 
that older teachers with more teaching experience were less confidence about 
their web-TPACK.  Lin et al. (2013) also used the correlation analysis to find that 
in-service teachers’ TK, TPK, TCK and TPC(K) were significantly correlated 
with their age negatively. They concluded that female in-service science teachers 
tended to feel less confident in technology-related knowledge base (i.e., TK, TPK, 
TCK and TPACK) when the age increased.  Koh, Chai, and Tsai (2014) surveyed 
354 elementary, secondary school and junior college teachers in Singapore. 
From the correlation analysis results, they found that teaching experiences had 
significant influence on constructivist-oriented TPACK whereas age and gender 
did not.

In Jang and Tsai (2012) study, experienced elementary science and 
mathematics teachers had higher CK, pedagogical content knowledge in context 
(PCKCx), and TPACK than novice teachers.  In the later study, they found 
experienced secondary science teachers had higher rating in CK and PCKCx, 
while science teachers with less teaching experience had higher rating in TK and 
technological content knowledge in context (TPCKCx) (Jang & Tsai, 2013).  Both 
studies used ANOVA to find the significant differences among four groups of 
teaching experience, however, without post hoc tests, it is unclear which group 
was better than others.  Teacher educators have noted that teachers’ needs in 
professional development might vary depending on their career stages (Richter, 
Kunter, Klusmann, Lüdtke, & Jürgen, 2011), this warrants further investigating to 
examine the interaction effect of gender and other demographic characters factors 
on secondary school mathematics teachers’ TPACK.

Method
Subjects

Our study participants were public junior high school mathematics teachers 
in Taiwan.  We recruited 526 math teachers (approximately 56% of them were 
men) for the study.  In total, 257 participants (48.9%) were between 31 and 40 
years old, 205 teachers (39.0%) were older than 40 years, and 64 teachers (12.2%) 
were under 30 years of age.  Regarding their teaching experience, 232 teachers 
(44.1%) taught for 11-20 years, 210 teachers (39.9%) taught less than 10 years, 
and 83 teachers (15.8%) taught for more than 21 years.  Concerning technology 
integration experience, approximately 71% of participants had experience, 
whereas 29% of teachers had no technology integration experience.  Demographic 
information is listed in Table 1.
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Instrument development
To explore Taiwan junior high school mathematics teachers’ perception of 

TPACK, we developed a survey for mathematics teachers (TPACK-MT).  The 
constructs in the survey were based on the Mishra and Koehler (2006) framework 
containing seven subscales (i.e., CK, PK, TK, TCK, PCK, TPK, and TPACK) 
and existing survey tools (e.g., Chai et al., 2009; Lin et al., 2013; Schmidt et 
al., 2009).  To better assess mathematics teachers’ CK and PCK, we followed 
the recommendations by Ball et al. (2008), and created question items to assess 
math pedagogical content knowledge (PCK-M) and general pedagogical content 
knowledge (PCK-G).  A sample question for PCK-M was, “I am able to use 
mathematics special knowledge to identify students’ mistakes in solving math 
problems.”  A sample question for PCK-G was, “I am able to identify the rationale 
when students are creating new ways to solve math problems.”

TPACK-MT is ranked on a 6-point scale, ranging from 1 (does not apply), 
2 (applies slightly), 3 (somewhat applies), 4 (fairly applies), 5 (mostly applies), to 
6 (completely applies; Graham et al., 2009).  The junior high school mathematics 
teachers relied on their perceptions to select the most appropriate answers.  The 
mean scores represent the level of knowledge.

We conducted the pilot test on 66 mathematics teachers from 10 schools.  
The number of returned responses was 63 (the return rate was 96.9%), with 62 valid 
for further analysis.  Based on the item analysis results, we removed questions that 
include (a) a coefficient of skewness greater than 1 or less than –1, (b) a correlation 
of more than .75, (c) a subscale correlation less than .30, (d) factor loading values 
less than .30, or (e) a critical value (CR) that did not reach a significance of .05 
(Costello & Osborne, 2005).  Consequently, 35 items remained for testing.

Table 1  Demographics Data of the Subjects
		  N=526

Item Group Count Percentage (%) 
Gender Male 294 55.9

Female 230 43.7
missing 2 .4

Age Under 30 yr. 64 12.2
31-40 yr. 257 48.9
Above 41 yr. 205 39.0

Teaching experiences 0-10 yr. 210 39.9
11-20 yr. 232 44.1
21-more yr. 83 15.8
Missing 1 .2

Technology Integration 
Experience

Yes 374 71.1
No 152 28.9

Total 526 100.0
Source: This study.
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Data analysis
To develop the reliability and validity of the TPACK-MT survey tool, we 

used SEM for confirmatory factor analysis.  We first built an initial model on the 
basis of Mishra and Koehler (2006) framework.  Then, we used the sample data 
to define the model and modified it in the light of parameter estimation results.  
Finally, to ensure the model stability, we used another group of sample teachers 
to cross-validate the model.  We also used the t test and two-way MANOVA to 
explore age, teaching experience and technology integration interactions in junior 
high school mathematics teachers’ TPACK in Taiwan.

Results
Instrument development

We followed the procedures by Lou, Lin, and Lin (2013), and employed 
230 female teachers for the calibration sample and 294 male teachers for the 
validation sample.  We used LISERL8.80 for confirmatory factor analysis, and 
maximum likelihood (ML) for parameter estimation to examine the validity.  The 
observation variables numbered 35 items, and seven latent factors were for model 
validation.

Based on the goodness-of-fit statistics (GFI) results, the calibration sample 
and validation sample fitness indices were acceptable.  The normed chi-square (χ2/
df) of the calibration sample was 2.33 (1218.74/524), and that of the validation 
sample was 2.38 (1246.46/524).  When χ2/df was between 2 and 3, the model 
was typically a good fit.  Furthermore, according to Hu and Bentler (1999), the 
Comparative Fit Index (CFI) and the root mean square error of approximation 
(RMSEA) are required for inclusion in the description.  They indicated that when 
the CFI is more than .90 and the RMSEA is less than.05, this means that the 
model has a good fit, and less than .08 means that the model has a reasonable fit.  
Therefore, in this study, the CFI in the calibration sample was .97, the RMSEA 
was .076, and the validation sample had a CFI of .98 and an RMSEA of .065, 
indicating that the measured model had a reasonable fit.

For cross-validation, LISERL provides an Expected Cross-Validation Index 
(ECVI) for measuring whether models can be used in different samples with a 
good fit (Browne & Cudeck, 1993).  Because no fixed value exists for the ECVI, 
we used an independence model and a saturated model for comparison.  It would 
be better if the EVCI is smaller than the independence model and the saturated 
model.  The calibration sample model EVCI was 6.25, with 90% CI at (5.82, 6.71), 
and the independence model ECVI was 103.55, with the saturated model ECVI 
at 5.50.  The EVCI of the calibration sample was more than that of the saturated 
model, but considerably less than that of the independence model.  Regarding the 
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validation sample model, the EVCI was 4.92 with 90% CI of (4.63, 5.43), and 
the EVCI of the independence model and the saturated model was 110.49 and 
4.30, respectively.  The validation sample model EVCI was more than that of 
the saturated model, but less than that of the independence model; therefore, the 
model had acceptable cross-validity.

Table 2 shows that all of the factor loadings (standardized validity co-
efficients) of the observed variables to the latent variables in the calibration 
sample were between .48 and .97, mostly meeting the requirement (between 
.95 and .50), and all the t values were greater than 1.96.  This means that each 
observed variable reached a significance level of .05, and that the latent factors 
in the calibration sample had validity.  The composite reliability between .676 
and .944 was more than .6 for all the variables, showing that the model had good 
internal quality.  The average variance extracted (AVE) values were between .401 
and .774, which also met the requirements.

Table 2	 Validity and Reliability of Calibration Sample 
and Validation Sample in TPACK-MT	 N=526

Item
Standardized 

validity 
coefficient

Reliability 
coefficient

Composite 
reliability

Average 
variance 
extracted

C V C V C V C V
CK1 Understand mathematics knowledge 
structures and approaches

.87 .85 .76 .72

CK2 Understand related theor ies and the 
curriculum-developing process in the junior 
high school mathematics curriculum 

.80 .82. .64 .67

CK3 Understand mathematics concepts in the 
junior high school mathematics curriculum

.84 .89 .71 .79

C K4 K now t he G r a des 1-9 C u r r icu lu m 
competence indicators 

.63 .69 .40 .48

.868 .888 .625 .667
PK1 Appraise students’ learning progress .70 .67 .49 .45
PK2 Improve student motivation .74 .77 .55 .59
PK3 Use appropriate instructional methods to 
meet different students’ needs

.68 .77 .46 .59

PK4 Adapt teaching based on what students 
currently understand or do not understand

.73 .76 .53 .58

PK5 Guide students to adopt appropr iate 
learning strategies

.75 .81 .56 .66

PK6 Assess students’ learning in multiple ways .74 .82 .55 .67
PK7 Evaluate students’ understanding of course 
content

.68 .64 .46 .41

.881 .900 .515 .515
TK1 Use emerging technology .67 .76 .45 .58
TK2 Use new computer applications .63 .69 .40 .48
TK3 Solve my own technology problems .51 .78 .26 .61
TK4 Keep up with emerging technological 
products and knowledge

.71 .85 .50 .72

.726 .854 .401 .596
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PCK1 Use special mathematics knowledge to 
identify students’ mistakes in solving math 
problems

.69 .65 .48 .42

PCK 2 Identify the rationale when students try 
new ways to solve mathematics problems

.71 .66 .50 .44

PCK 3 Expla in the rat iona le beh ind the 
mathematics problem-solving process for 
students 

.83 .83 .69 .69

PCK 4 Use appropriate examples to explain 
mathematical concepts

.86 .88 .74 .77

PCK 5 Use appropriate figures and tables to 
explain mathematical concepts 

.79 .82 .62 .67

.883 .881 .604 .599
TCK1 Know the problems that students might 
encounter when they use technology in learning

.60 .61 .36 .37

TCK2 Use appropriate technological tools to 
teach mathematics, and allow students to apply 
mathematics knowledge in their daily life

.81 .78 .66 .61

TCK3 Use appropr ia t e t e ch nolog y a nd 
instructional methods 

.79 .79 .62 .62

TCK4 Guide students to use ICT to analyze 
data

.79 .83 .62 .69

TCK5 Guide students to use ICT to construct 
knowledge 

.87 .92 .76 .85

TCK6 Guide students to use ICT to engage in 
collaborative learning

.91 .90 .83 .81

TCK7 Guide students to use ICT to evaluate 
their understanding and obstacles

.90 .91 .81 .83

TCK8 Reflect on how ICT might impact my 
teaching

.89 .92 .79 .85

.944 .929 .680 .701
TPK1 Know specific computer software to help 
students understand mathematical concepts 
(e.g., PowerPoint, GSP, drawing pad, smart 
board)

.72 .80 .52 .64

TPK2 Choose e-learning materials to add in 
mathematics class

.48 .60 .23 .36

TPK3 Develop or revise existing e-learning 
materials to fit in the national curriculum 
guideline

.71 .75 .50 .56

.676 .762 .417 .520
TPACK1 Help other mathematics teachers use 
ICT in their classes

.78 .83 .61 .69

TPACK2 Integrate mathematics content, 
instructional methods, and technology in 
teaching the junior high school mathematics 
curriculum

.96 .96 .92 .92

TPACK3 Combine mathemat ics content, 
instructional methods, and technology to help 
students learn mathematics 

.97 .95 .94 .90

TPACK4 Evaluate student learning outcomes 
based on mathematics content, instructional 
methods, and technology

.79 .81 .62 .66

.932 .938 .774 .791

Source: This study.
Note: C= calibration sample, V= validation sample
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Regarding the validation sample group, all of the factor loadings (standardized 
validity coefficients) of the observed variables to latent variables were between 
.60 and .96.  The t values were more than 1.96, and reached a significance level of 
.05.  These results show that all of the observed latent variables had good validity.  
The composite reliability (between .762 and .938) was higher than .7, and thus 
considered excellent.  The AVE values in seven latent variables were between 
.515 and .791, which fit the requirement.  In summary, both the calibration model 
and the validation model have a good fit, which means that the observed variables 
adequately reflect the latent variables.  The first-order confirmatory factor analysis 
results are shown in Table 2.
TPACK-MT analysis

The means of the seven subscales were between 3.89 and 5.13, and the 
standard deviations (SD) were between .59 and .92.  The descriptive statistics 
analysis results showed that the skewness of the seven subscales was between –.59 
and –.467, and kurtosis was between –.329 and .499; thus, both fit the normal 
distribution hypothesis.  Therefore, we used the maximum likelihood method 
(ML) to measure parameter estimations, and to identify the model fit for the 
measurement model.  The descriptive statistics analysis results of the subscales 
and total scales are listed in Table 3.

Table 3  Descriptive Data Results of TPACK-MT Subscales
		  N=526

Subscale Mean SD Skewness Kurtosis
CK 5.04 .67 –.435 –.195
PK 4.88 .59 –.366 .486
TK 4.30 .92 –.336 .159
PCK 5.13 .59 –.454 –.087
TPK 3.89 .89 –.422 .499
TCK 4.29 .85 –.275 –.080
TPACK 5.05 .92 –.467 .359
Overall 4.50 .58 –.059 –.329

Source: This study.

Internal consistency reliability
Table 4 shows the TPACK survey and the internal reliability of the seven 

subscales.  The seven subscales’ Cronbach’s α values were between .77 and .955, 
and the overall Cronbach’s α was .956.  The standardized Cronbach’s α values 
were between .771 and .955, and the overall Cronbach’s α was .956.  The internal 
validity was high, and indicated adequate internal reliability.  
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Table 4	 TPACK Scales and 7  
Subscales’Cronbach’s α	 N=526

Subscale Cronbach’s α Standardized  
cronbach’s α Item

CK .877 .880 4
PK .906 .908 7
TK .861 .869 4
PCK .888 .890 5
TPK .955 .955 8
TCK .770 .771 3
TPACK .891 .895 4
Overall .956 .956 35

Source: This study.

Internal consistency validity
Table 5 shows the correlation coefficient of the seven subscales and overall 

TPACK scales.  The coefficients were between .193 and .855, and all reached 
significance, indicating that the survey tool has good internal validity.

Table 5	 Correlation among TPACK-MT 
	 Subscales and Overall Scale	 N=526

CK PK TK PCK TPK TCK TPACK Overall 
CK - .659*** .263*** .723*** .267*** .316*** .307*** .607***

PK - .382*** .696*** .392*** .389*** .397*** .718***

TK - .280*** .661*** .652*** .613*** .759***

PCK - .193*** .296*** .219*** .577***

TPK - .731*** .821*** .855***

TCK - .791*** .808***

TPACK - .833***

Source: This study.
***p<.001

The results of TPACK, TPK and TCK subscales were highly correlated; there 
might be some concerns about multicollinearity.  To avoid the multicollinearity 
problem, we can use composite reliability to assess the fitness of the calibration 
model.  Fornell and Larcker (1981) suggested that when the composite reliability 
is more than .6, the observed variables can reflect latent variables.  The composite 
reliability of latent variables in this study were more than .6, which means that 
latent variables have high correlations, and did not affect the fitness of model.

Gender and age effects on mathematics teachers’ TPACK
We employed two-way MANOVA to analyze the effects of gender and 

age on mathematics teachers’ TPACK.  The results showed that no significant 
interactive effect exists, but the main effects of gender and age were significant.  
Gender effects yielded significant differences on TK (F=5.20, p=.010), and 
showed that male teachers’ TK scored higher than that of female teachers.  
Regarding age, five subscales and overall scales (F=6.077, p=.002) had significant 
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differences.  The five subscales were CK (F=3.916, p=.021), TK (F=14.796, 
p=.000), TPK (F=5.430, p=.005), TCK (F=7.556, p=.001), and TPACK (F=7.482, 
p=.001).  The post hoc results of each subscale and overall scale are shown in Table 6.  
We found that male mathematics teachers had a higher TK score, and teachers who 
were younger than 30 years had a higher score in TK, TPK, TCK and TPACK.

Table 6	 MANOVA Results of Subscales 
and Overall Scale in Gender*Age N=524

Independent 
var.

Dependent 
var. df F p η2 Post Hoc

gender CK 1 .299 .585 .001 -
PK 1 .139 .709 .000 -
TK 1 5.200* .023 .010 male>female
PCK 1 .018 .894 .000 -
TPK 1 .821 .365 .002 -
TCK 1 1.697 .193 .003 -
TPACK 1 .508 .476 .001 -
overall 1 1.412 .235 .003 -

age CK 2 3.916* .021 .015 above 41yr.>31-40yr.
PK 2 1.378 .253 .005 -
TK 2 14.796*** .000 .054 under 30yr.>31-40yr.> 

above 41yr.
PCK 2 .440 .645 .002 -
TPK 2 5.430** .005 .021 under 30yr.>31-40yr. 

under 30yr.>above 41yr.
TCK 2 7.556** .001 .028 under 30yr.>31-40yr> 

above 41yr
TPACK 2 7.482** .001 .028 under 30 yr >31-40yr 

under 30yr.>above 41yr
overall 2 6.077** .002 .023 under 30yr.>31-40yr. 

under 30yr.>above 41yr.
gender *age CK 2 .936 .393 .004 -

PK 2 1.070 .344 .004 -
TK 2 .024 .976 .000 -
PCK 2 .961 .383 .004 -
TPK 2 1.744 .176 .007 -
TCK 2 1.013 .364 .004 -
TPACK 2 2.583 .077 .010 -
overall 2 1.786 .169 .007 -

Source: This study.
*p<.05, **p<.01, ***p<.001

Gender and seniority effects on math teachers’ TPACK
The two-way MANOVA results showed that no significant interaction effect 

exists, but the main effects of gender and teaching experience were significant.  
Gender effects were found on TK (F=7.338, p=.007), TPK (F=5.484, p=.020), 
TCK (F=4.134, p=.043), TPACK (F=6.884, p=.009), and the overall scale 
(F=6.119, p=.014).  Male mathematics teachers had higher scores than their 
female counterparts on the four technology-related subscales and the overall 
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scale.  Regarding teaching experience, all seven subscales, CK (F=5.041, p=.007), 
PK (F=4.453, p=.012), TK (F=15.576, p=.000), PCK (F=6.356, p=.002), TPK 
(F=6.407, p=.002), TCK (F=12.212, p=.000), and TPACK (F=7.214, p=.001), 
as well as the overall scale (F=6.474, p=.002), had significant differences.  From 
the post hoc test, we found that mathematics teachers with less than 10 years of 
teaching experience had a higher score in all four technology related subscales 
and overall scale.  Teacher with more than 21 years teaching experiences had 
highest score in CK, and lowest scores in TK, TCK and TPACK.  The post hoc 
test results of each subscale and the overall scale are shown in Table 7.

Table 7	 MANOVA Results of Subscales and Overall 
Scale in Gender* Teaching Experience	 N=524

Independent 
var.

Dependent 
var.

df F p η2 Post Hoc

gender CK 1 1.234 .267 .002 -
PK 1 1.293 .256 .002 -
TK 1 7.338* .007 .014 male>female
PCK 1 .164 .685 .000 -
TPK 1 5.484* .020 .010 male>female
TCK 1 4.134* .043 .008 male>female
TPACK 1 6.884** .009 .013 male>female
overall 1 6.119* .014 .012 male>female

teaching 
experiences

CK 2 5.041** .007 .019 above 21yr.> 0-10yr.
above 21yr.>11-20yr.

PK 2 4.453* .012 .017 above 21yr.> 11-20yr.
TK 2 15.576*** .000 .057 0-10yr.> 11-20yr.

0-10yr.> above 21yr.
PCK 2 6.356** .002 .024 above 21yr.> 11-20yr.
TPK 2 6.407** .002 .024 0-10yr.> 11-20yr.

0-10yr.> above 21yr.
TCK 2 12.212*** .000 .045 0-10yr.> 11-20yr.

0-10yr.> above 21yr.
TPACK 2 7.214** .001 .027 0-10yr.> 11-20yr.

0-10yr.> above 21yr.
overall 2 6.474** .002 .024 0-10yr.>11-20yr.

0-10yr.> above 21yr.
gender * 
teaching 
experiences

CK 2 .987 .373 .004 -
PK 2 .289 .749 .001 -
TK 2 1.111 .330 .004 -
PCK 2 .799 .450 .003 -
TPK 2 .770 .464 .003 -
TCK 2 2.552 .079 .010 -
TPACK 2 1.108 .331 .004 -
overall 2 1.337 .263 .005 -

Source: This study.
*p<.05, **p<.01, ***p<.001

Gender and technology effects on mathematics teachers’ TPACK
Regarding the interaction between gender and technology integration, 

the two-way MANOVA results showed that PCK (F=4.122, p=.043), TCK 
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(F=6.818, p=.009), and the overall scale (F=3.903, p=.049) had a significant 
interactive effect, as shown in Table 8.  Therefore, we further examined the simple 
main effects of gender and technology integration.  Table 9 shows that male 
mathematics teachers’ TCK (F=54.620, p=.000) and the overall scale (F=22.239, 
p=.000) had significant differences (Will’s Λ=.835, p=.000).  This means that 
male teachers with technology integration experience had higher TCK and overall 
scale scores than those with no technology integration experience.  For female 
mathematics teachers Will’s Λ=.893 (p=.000), PCK (F=4.749, p=.030), TCK 
(F=12.939, p=.000), and the overall scale (F=4.189, p=.042) had significant 
differences.  The post hoc test results show that female teachers with technology 
integration experience had higher scores than those without technology integration 
experience in TCK and the overall scale.  Yet, female teachers with no technology 
integration experience had a higher score than those who had technology 
integration experience in the PCK subscale.

Regarding technology integration experiences, PCK (F=4.029, p=.045), 
TCK (F=7.842, p=.005), and the overall scale (F=8.008, p=.005) had significant 
differences (Will’s Λ=.976, p=.029), and male mathematics teachers had higher 
scores than their female counterparts.  For teachers with no technology integration 
experiences, PCK, TCK, and the overall scale did not yield significant differences.

Table 8	 Two-way MANOVA Results of Seven Subscales  
and Overall Scale in Gender* Technology Integration

  N=524

Independent var. Dependent var. df F p η2

gender * 
technology 
integration

CK 1 .996 .319 .002
PK 1 .961 .327 .002
TK 1 .749 .387 .001
PCK 1 4.122** .043 .008
TPK 1 3.223 .073 .006
TCK 1 6.818*** .009 .013
TPACK 1 1.673 .196 .003
overall 1 3.903* .049 .007

Source: This study.
*p<.05, **p<.01, ***p<.001

Table 9	 Simple Main Effect Results of Seven Subscales and  
Overall Scale in Gender* Technology Integration

source df Λ
F

PCK TCK overall
technology integration

In male 1 .835*** .594 54.620*** 22.239***

In female 1 .893*** 4.749* 12.939*** 4.189*

gender
In with 1 .976* 4.029* 7.842** 8.008**

In without 1 .969 1.249 1.559 0.272
Source: This study.

*p<.05, **p<.01, ***p<.001
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Discussion
Validity and reliability of TPACK-MT

The TPACK framework has been discussed for many years; considerable 
effort has been devoted to improving teachers’ TPACK.  In this paper, we 
developed a TPACK survey for junior high school mathematics teachers.  We 
designed TPACK-MT based on Mishra and Koehler’s (2006) TPACK framework, 
and derived seven subscales totaling 35 items.  The mean scores of all the 
subscales were between 3.89 and 5.13, and the SD were between .59 and .92.  
The instrument has good internal validity and reliability.  Furthermore, we used 
a calibration sample for first-order confirmatory factor analysis, and the results 
showed that the composite reliability of the seven-factor model were between .676 
and .944, with all values larger than .6.  This means that the observed variables 
reflect latent variables, and have excellent reliability.  In addition, we used a 
validation sample to examine all the indices for goodness of fit.  The developed 
survey tool fits Mishra and Koehler’s (2006) seven-factor TPACK model, and 
has been verified for validity and reliability.  The study results are consistent 
with Lin et al. (2013) study and supported the seven-factor TPACK model.  
Previous studies focused on the pre-service teachers’ TPACK, most survey items 
were general to all subjects, and some of factors (e.g. TPK, TCK) might not be 
distinguished by preservice teachers (Chai et al., 2011; Koh et al., 2010).  This 
finding also supported the viewpoint of contextualized TPACK in a particular 
lesson topic and instructional activities (Cox & Graham, 2009).  

Mathematics teacher’s TPACK
The MANOVA results showed that male teachers scored higher in TK, 

TPK, TCK, and TPACK compared with female teachers.  In addition, male 
teachers with experience in technology integration had higher PK and TCK scores 
than their female counterparts with experience in technology integration.  The 
study results are consistent with previous studies that have shown that female 
teachers had lower TK scores than male teachers (e.g., Koh et al., 2010; Lin et 
al., 2013).  Several studies found that female teachers were less confident to use 
ICT in learning and teaching and tend to indicate little or some confidence when 
self-check ICT competence compared to male teachers (e.g., Jamieson-Proctor, 
Burnett, Finger, & Watson, 2006).  

Regarding age differences, we found that teachers under 30 years of age 
had higher TK, TPK, TCK, and TPACK scores than other groups.  Similar results 
were also found in seniority.  Novice teachers with less than 10 years of teaching 
experience had highest scores on the four technology-related knowledge bases 
(i.e., TK, TCK, TPK and TPACK) than other groups.  Experienced teachers with 
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21 years or more of teaching experience had lower scores on four technology 
related knowledge, but had higher CK, PK, and PCK scores than other groups.  
This result is consistent with Lin et al. (2013), and Jang and Tsai (2012) that 
experiences had negative correlation with teachers’ TPACK.

The results show that young teachers were more familiar with technology 
use in teaching and learning.  One possible reason is that experienced teachers 
who are more familiar with subject content and student needs might consider 
technology integration to be a pedagogical strategy (Graham, 2011; Shulman, 
1986).  Whereas the educational goals in junior high school mathematics 
emphasize the representation of abstract concepts, other concrete hands-on models 
are available for students to observe and manipulate physically; technology might 
not be the only path to attaining goals.  Therefore, experienced teachers might not 
pay particular attention to emerging technologies and related knowledge.

Conclusion and Implication
In this study, we developed and validated an instrument, TPACK-MT, 

to assess in-service mathematics teachers’ technological pedagogical content 
knowledge.  From the CFA results, the instrument showed good validity and 
reliability of the TPACK-MT, hence, it supported the Mishra and Koehler’s 
(2006) seven-factor model of TPACK.  This instrument could be further used to 
assess both pre-service and in-service mathematics teachers’ TPACK, and help 
teacher educators to develop professional development programs for mathematics 
teachers.

The survey results show the female teachers rated lower confidence in 
TK, TPK, TCK and TPACK.  It is suggested that female teachers need more 
opportunities to explore technology-related activities.  Teacher educators could 
organize workshops or professional communities for female teachers to share 
knowledge and practice on content-general technology (TK), content-specific 
technology (TCK), or pedagogical-general technology (TPK).  Eventually, female 
teachers could increase their confidence on technology-related knowledge and 
improve their TPACK as well.

We also found that novice teachers with 10 year or less teaching experiences 
had higher technology-related knowledge, while experienced teachers with 21 
or more years had lower technology-related knowledge.  It is suggested that 
teacher educators and authorities may provide diverse professional development 
opportunities, including formal and informal support for teachers in different 
career stages.  Researchers found that beginning teachers might need informal 
professional development opportunities, such as collaborations with other 
teachers, the exchange of ideas, and opportunities to observe other classrooms, 

JoE
MLS

 Eng
lis

h S
um

mary



78 Journal of Educational Media & Library Sciences 52 : 1 (Winter 2015)

while mid-career teachers may incline to formal learning opportunities, such 
as institutions providing training programs (Richter et al., 2011).  Teachers in 
different stages might be benefit from diverse professional develop programs.  
Further studies maybe explore teachers’ orientation and TPACK changes over 
career stages.

The purpose of the study is to develop and validate a TPACK assessment 
instrument for junior high school mathematics teachers.  It is hoped that results 
of this study could shed light on our understanding of in-service mathematics 
teachers’ technological pedagogical content knowledge with the ultimate aim of 
improving mathematics teachers’ technology integration.  Future studies may 
explore teachers’ beliefs, ICT practices and contexts when developing teachers’ 
TPACK.
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The Mongolian Publishing Culture under 
Enlightenment Thought, 1918-1944

Yeru Baia  Aotegen Baib*

Abstract
Mongolian publishing industry has started in the 13th century, after hundreds 
years of good efforts, the industry has entered the stage of growth since 19th 
century.  The development of Mongolian publishing had a glorious time in the 
period of Republican.  During 1918 to 1944, more than ten modern Mongolian 
publishing houses had been well established, in which located at Beijing, 
Zhangjiakou, Houhe, Fengjing, Xinjing and Kailu.  The Mongolian publishing 
houses in the Republican period were regarded as the products of Mongolian 
Enlightenment Thought.  The appearance of these publishing houses, such 
as Beijing Mongolian Publishing Company, Eastern Mongolian Publishing 
Company, Kai Lu Mongolian Association and so on, have destructed the inner 
construction of Mongolian traditional culture, and brought far-reaching effects 
on the history of Mongolian culture.  There were many excellent publishing 
houses in the period.  They have overcome the severe shortage of money and 
manpower, collected the rare and antiquarian books, published and edited 
modern books/magazines, compiled Mongolian textbooks, as well as established 
many schools, which have made great contributions to the popularization of 
culture in Mongolian area, the broaden of the modern thought, and the progress 
of the society.

Keywords:	 Enlightenment thought, Mongolian publishing, Publishing culture, 
Intellectual, Knowledge dissemination
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