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Abstract: Since the development of the technological pedagogical content knowledge (TPACK)
framework, researchers have been developing a variety of instruments to measure the TPACK of pre-
service and in-service teachers. The task of developing an efficient, reliable, and valid instrument is
difficult. Even validated instruments require guidance for consistent use that preserves the instrument
fidelity. The purpose of this study is to provide guidance for using the TPACK Levels Rubric, a
validated instrument that was developed on the basis of the model for the progressive levels of
TPACK. The authors systematically examined the criteria of the rubric in order to understand the
differences in the levels of TPACK for each rubric component, and developed lesson exemplars to
create guidelines for educators using this tool in assessing the TPACK levels of teachers. The iterative
instrument analysis also led to the revision of the original rubric to establish the horizontal and
vertical alignments and the consistency of the rubric, for each level across four components, and for
each component across five levels. The construct validity of the revised rubric was confirmed on the
basis of a exploratory factor analysis of 175 mathematics lesson plans and videos of taught lessons
developed by graduate special education pre-service and in-service elementary school teachers.

Keywords: assessment; cognitive demand of tasks; inquiry-based learning; instrument validity;
teacher education; TPACK (technological pedagogical content knowledge)

1. Introduction

Over the past decade, teachers have been expected to integrate digital technologies
into their teaching practices [1]. The need for teaching with technology, especially in vir-
tual learning environments, became even more critical in 2020, when the whole world
switched to online teaching because of the COVID-19 pandemic. However, many teachers
struggle with using technology in their classrooms, whether in physical or virtual envi-
ronments [2]. According to the 2018 Teaching and Learning International Survey (TALIS),
on average, fewer than half of all teachers felt well enough prepared to use technology
in their classrooms [3]. Studies show that many pre-service graduates feel unprepared to
use technology effectively in their classrooms on the first day of teaching [4]. The teacher
education programs need to prepare pre-service teachers (PSTs) to relearn, rethink, and
reframe learning and teaching by taking advantage of the communication, collaboration,
and inquiry technologies for 21st century instruction.

About two decades ago, discussions about teacher preparation for technology integra-
tion led to the development of the technological pedagogical content knowledge (TPACK)
framework, first proposed for mathematics education [5], and then extended to differ-
ent subjects and contexts by the authors of [6]. This framework added technology-related
knowledge domains to Shulman’s [7] framework for pedagogical content knowledge (PCK),
which resulted in seven domains of teacher knowledge: The technological knowledge (TK)
of technology tools; The content knowledge (CK) of the subject matter; The pedagog-
ical knowledge (PK) in using effective instructional methodologies; The technological
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content knowledge (TCK) in using technology to support subject matter development;
The pedagogical content knowledge (PCK) in scaffolded content-specific instruction; The
technological pedagogical knowledge (TPK) in utilizing technology to support effective
pedagogy; and TPACK, which is knowledge that relies on the interaction of content, peda-
gogy, and technology (Figure 1).
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As is shown in Figure 1, the framework and the central knowledge domain are both
called TPACK. This presents different perspectives on the “teacher knowledge” defined
by the framework. Niess [8] suggests that this duality might be described using two
terms: integrated and interdisciplinary. An interdisciplinary vision of TPACK considers
the individual domains of knowledge (TK, CK, PK, TCK, TPK, PCK, and TPACK) to
be independent knowledge domains in the model. The central TPACK domain is then
considered as an integrated knowledge, a distinct form of knowledge where the inputs have
been integrated in such a way that none are individually discernible [8]. The integrated
TPACK is the focus of this study.

In the last decade, the TPACK framework quickly became a widely referenced concep-
tual framework within teacher education, particularly since teacher education programs
began redesigning their curriculums to provide a systematic and meaningful way of prepar-
ing teachers for technology integration [9–11]. Studies show that pre-service teachers
could benefit greatly from TPACK-framework-based courses [12–14]; however, there is no
consensus on the most effective approach to TPACK development [15].

Frameworks need to be tested in the real world, and the only method for this is
the development of research instruments that are both “consistent with the theory and
measure what they set out to measure” [16] (p. 17). Since the development of the TPACK
framework, researchers have been designing a variety of instruments to measure the
TPACK of teachers. The task of developing an efficient, reliable, and valid instrument is
difficult, especially when assessing “how teacher’s knowledge influences actual teaching
practices” [17] (p. 288). This study uses the TPACK Levels Rubric, an instrument developed
by Lyublinskaya and Tournaki [18], that is based on Niess’ [19] model for the growth of
teachers in their pedagogical content knowledge (PCK) towards TPACK, through five
progressive levels. This instrument has been used in various studies to assess teacher
growth for technology integration in mathematics and science classrooms [20,21]. However,
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an analysis of these studies indicates that the use of the rubric is inconsistent and often does
not preserve the instrument fidelity. Therefore, the purpose of this study is to unpack the
rubric in order to provide guidance for using this tool in assessing the TPACK of teachers
for teaching mathematics.

2. Assessing TPACK

The constructs in the TPACK framework need to be precisely defined, and reliable
instruments for assessing TPACK need to be created for various contexts [22]. Numerous
studies focus on assessing the various domains in the TPACK framework. According to
Mouza and Karchmer-Klein [23], the TPACK assessment of pre-service and in-service teach-
ers has been conducted using interviews, classroom observations, self-reported surveys,
open-ended questionnaires, and performance-assessment instruments. On the basis of the
type of data in these studies, the TPACK measurement instruments can be categorized into
“self-assessment” and “external assessment”.

The reviews of the qualitative and quantitative TPACK measures [24,25] show that
most of the earlier works on measuring TPACK rely on self-assessment surveys, in which
various knowledge domains are rated individually [26–28]. Although self-assessment
instruments are easy to use and cost effective, and they enable reaching a large number
of participants, their precision in measuring the true TPACK of teachers is constrained by
the ability of the survey-takers to assess their own knowledge [17]. These surveys usually
evaluate teacher confidence, rather than their knowledge in practice, which are different
constructs [29,30]. For an accurate assessment of the TPACK, “teachers need to demonstrate
what they can actually do with technology in their subject for enhancing teaching and
learning” [31] (p. 119).

The external assessment of TPACK is based on observed behavior, e.g., classroom
instructions, microteaching [14], teaching artifacts, including lesson plans, student hand-
outs, and teaching portfolios [32,33], and knowledge tests [34], and it could have higher
objectivity compared to self-reports. Most recent studies focus on distinguishing the differ-
ent constructs in the TPACK framework and most recognize the interdisciplinary nature
of TPACK. To the contrary, Lyublinskaya and Tournaki [18] developed and validated the
TPACK Levels Rubric to assess the progressive development of the TPACK of teachers as
an integrated construct based on lesson plans and classroom observations. The scoring
of teaching artifacts using a research instrument requires a full understanding of the in-
strument in order to use it with fidelity. Therefore, guidelines are needed for any research
instrument so that it may be used as intended. Building on and extending an earlier
study [18], this paper presents an analysis of the TPACK Levels Rubric, which was con-
ducted to examine the differences between these levels in order to provide such guidance.
This study addresses the following research question: What are the distinct features of the
specific levels of the TPACK of teachers in the context of teaching mathematics?

3. Conceptual Framework

The analysis and revision of the TPACK Levels Rubric was based on the concep-
tual framework that aligns the model for the progressive development of the teachers’
knowledge, from PCK to TPACK [19], with the frameworks for the cognitive demand of
tasks [35,36] and inquiry-based learning [37] in order to assess the knowledge growth of
teachers for teaching mathematics or science with technology.

3.1. Progressive Levels of TPACK

Niess et al. [19] reframed Rogers’ [38] five-stage sequential model of the innovation–
decision process to develop qualitative schema for the five progressive levels of TPACK. In
this schema, teachers progress through the five levels of TPACK: Level-1 (Recognizing),
where teachers are able to use the technology and recognize the alignment of the technology
with the mathematics content, yet they do not integrate the technology in the teaching and
learning of mathematics; Level-2 (Accepting), where teachers form a positive or negative
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attitude toward teaching and learning with an appropriate technology; Level-3 (Adapting),
where teachers make decisions to adopt or reject technology for teaching and learning;
Level-4 (Exploring), where teachers integrate an appropriate technology for the teaching
and learning of mathematics; Level-5 (Advancing), where teachers evaluate the results of
integrating an appropriate technology for the teaching and learning mathematics (Figure 2).
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For each level, four components of TPACK were identified by adapting Grossman’s
components of PCK [40] to represent the integration of technology into teaching, as follows:
(1) An overarching conception about the purposes for incorporating technology into the
teaching of mathematics; (2) Knowledge of the students’ understanding of, thinking about,
and learning of mathematics with technology; (3) Knowledge of the curriculum and the
curricular materials that integrate technology into the learning and teaching of mathematics;
(4) Knowledge of instructional strategies and representations for teaching and learning
mathematics with technologies [5] (p. 511).

3.2. Cognitive Demand of Tasks Framework

Research shows that, in mathematics education, the level of the “cognitive demand
of enacted instructional tasks” [36] (p. 661) is associated with student gains in high-level
thinking and reasoning. Students learn best when their teachers maintain a high level of
cognitive demand throughout lessons. Stein and Smith [35] used a task analysis guide
to classify instructional tasks into high- and low-cognitive-demand levels. Cognitive
Demand Level-1 represents memorization tasks, for which a student is asked to reproduce
previously seen material. These tasks have no connection to the concepts or meaning that
underlie the facts, rules, formulae, or definitions being learned or reproduced. At Cognitive
Demand Level-2, the tasks are algorithmic, and they explicitly tell the students what to
do. These tasks still do not have any connection to the concepts or meanings that underlie
the procedures being used, and they do not require explanations. Memorization and
procedures without connections are low-cognitive-demand tasks. At Cognitive Demand
Level-3, the tasks focus on the uses of the procedures for the purpose of developing deeper
levels of understanding of the concepts and ideas. These tasks require some degree of
cognitive effort and cannot be followed mindlessly. At Cognitive Demand Level-4, students
are doing mathematics, and the tasks require complex and nonalgorithmic thinking that
require the students to explore and understand the nature of the mathematical concepts,
processes, and relationships, which requires considerable cognitive effort. These two levels
represent high-cognitive-demand tasks.



Educ. Sci. 2022, 12, 79 5 of 20

3.3. Inquiry-Based Learning Framework

Inquiry-based learning (IBL) can be viewed as a set of learning and assessment strate-
gies where student learning is grounded in inquiry that is driven by questions and problems
relevant to the learning objectives. At the heart of IBL are inquiry teaching and learning
processes, where learning activities and assessments are purposefully designed to cultivate
knowledge building and higher-order thinking through the exploration of authentic and
meaningful questions and problems [37]. Research shows that the appropriate selection of
technology may support inquiry instruction and facilitate the transition to student-centered
instruction [41].

This study used a model of inquiry continuum that defines the levels of inquiry
according to how much guidance and information the teacher provides to the students.
Four levels of inquiry are identified: (1) Confirmation inquiry; (2) Structured inquiry;
(3) Guided inquiry; and (4) Open inquiry [42]. In a confirmation inquiry, the teacher
provides students with the prescribed procedure to confirm the results that the students
already know. In a structured inquiry, students investigate teacher-presented questions
through a prescribed procedure. Guided inquiry involves students investigating teacher-
provided questions using their own procedures. In an open inquiry, students select or
design their own procedures to investigate their own topic-related questions.

3.4. Development of Conceptual Framework

An analysis of these frameworks suggests an alignment between the level of a teacher’s
knowledge about integrating technology into teaching and learning, the tasks that a teacher
provides to students with technology, and the levels of inquiry of these tasks (Table 1).

Table 1. Conceptual framework for the study.

TPACK Level Cognitive Demand of Tasks
with Technology

Inquiry-Based Level of
Tasks with Technology

Recognizing Memorization No inquiry
Accepting Procedures without connections Confirmation inquiry
Adapting Procedures with connections Structured inquiry
Exploring Doing mathematics Guided inquiry

Advancing Doing mathematics Open inquiry

According to Niess [8], at the Recognizing level of TPACK, teachers believe that mathe-
matics is a subject learned through the memorization of rules, algorithms, and procedures,
without the use of technologies, which corresponds to the lowest level of cognitive demand
tasks: memorization. Instructional strategies for teaching mathematics at this level of
TPACK are based on teacher-directed lectures, followed by individual student practice and
repetition to solidify the ideas, which represents the lack of inquiry. At the Accepting level of
TPACK, the instructional style is primarily teacher-directed, with technology used mostly
as a demonstration tool. The teacher expects the students to follow prescribed procedures
when using the technology, and the technology tasks focus mostly on computation [8].
These descriptions align with the “procedures without connections and confirmation”
inquiry. At the Adapting level of TPACK, teachers view technology as a tool to support
the student exploration of a topic through structured activities, which aligns with the
“structured inquiry” level. The technology also supports students in making connections,
for example, between different representations of mathematical objects. This aligns with
the “procedures with connections” level of the cognitive demand tasks framework. At
the Exploring level of TPACK, teachers begin to transform their knowledge by including
student-centered instructional practices with technology that guides the students toward
the intended content ideas, which aligns with the “guided inquiry”. At the same time,
teachers start including discovery-type and application-type technology-based tasks for the
students, which suggests that the students are “doing mathematics” at this level. Finally, at
the Advancing level of TPACK, teachers willingly explore and extend the curriculum, and
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technology is used as a problem-solving tool for students. The teachers encourage student
exploration and experimentation with technology. Thus, the students have the opportunity
to “do mathematics” through an “open inquiry”.

The alignment between these three frameworks forms the conceptual framework for
this study, which guided the revision process of the TPACK Levels Rubric.

3.5. TPACK Levels Rubric

The original TPACK Levels Rubric is organized as a matrix, with four rows represent-
ing the components of TPACK, and five columns representing the levels of TPACK [18].
Two performance indicators, one for teacher actions, and one for student actions, or digital
materials, have been developed for each level of each component, consistent with the model
for the progressive development of TPACK and the frameworks for the cognitive demand
of tasks and inquiry-based learning. The scores for each component at each level can range
from 0 to 5, where the component score can be an integer (both performance indicators
are met) or a half-integer (one out of two performance indicators are met). The score is
assigned for each component independently, and the overall TPACK score is calculated as
an average of the four component scores. The score is then used to determine the TPACK
level of the teacher. The rubric has been validated for use with lesson plans and videos of
teaching for the population of elementary and high school mathematics teachers. (Revised
rubric can be found in Supplementary Materials).

4. Research Methodology

The study followed the systematic iterative content analysis to unpack the performance
indicators of the TPACK Levels Rubric in order to understand the differences between the
levels of TPACK for teaching mathematics. A scoring rubric represents a set of scoring
guidelines that describe the characteristics of the different levels of performance. Unpacking
the rubric means identifying “the unique elements of information and skill” [43] (p. 12). The
scoring guidelines serve a dual purpose: to judge a performance, and to provide numerical
scores for the statistical analysis of the assessed work [44]. The guidelines for the rubric
design followed in this study stress the importance of the clarity of the descriptors used in
the rubric, the need for consistent wording to describe the performance indicators across
the performance levels, and the need for the clear differentiation through a description of
the performance levels [45,46].

The rubric performance indicators were examined and revised as necessary in order to
maintain consistency across different components of the same level, while highlighting the
distinctions between the different levels. The revised rubric was tested on 175 mathematics
lesson plans and videos of taught lessons developed by the elementary school teachers
enrolled in a special education graduate program at a New York City public university
(see Supplementary Materials for the complete dataset). The data were collected over eight
consecutive semesters. The internal consistency of the rubric was tested using Cronbach’s
α. The values of the α ranged from 0.951 to 0.968 for four components of the rubric, with
an overall value of 0.985, which indicated the high internal consistency of the rubric.

An analysis of the correlations between the four observed components of TPACK
completed in SPSS 28 indicates strong positive correlations between all four items, with
the Pearson’s r ranging from 0.884 to 0.922 (p < 0.001), suggesting a one-factor model.
An exploratory factor analysis (EFA) with four items was completed in SPSS 28 using the
principal component analysis (PCA) extraction method with varimax rotation. Bartlett’s test
of sphericity was significant (χ2 = 1026.14, df = 6, p < 0.001), confirming that the R-matrix
is not an identity matrix. The determinant of the correlation matrix was 0.003 > 0.000001,
supporting the assumption that the R-matrix was not singular. The Kaiser–Meyer–Olkin
(KMO = 0.880) measure verified the sampling adequacy, and the KMO values for the
individual items ranged between 0.849 and 0.919, well above the acceptable limit of 0.5,
while the nondiagonal values of the anti-image matrix were relatively small [47]. Both
the scree plot (Figure 3) and Kaiser’s criterion suggested a one-factor solution, with an
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eigenvalue of 3.725, explaining the 93.14% of variance, with item loadings ranging from
0.953 to 0.973.
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In order to confirm the results of the EFA, a parallel analysis (PA), with 1000 randomly
generated datasets, was completed using SPSS, and the mean eigenvalues from the random
correlation matrices were compared to the eigenvalues from the correlation matrix of the
actual dataset (Table 2). On the basis of the criteria of PA, only factors with eigenvalues
greater than the PA random eigenvalues should be retained [48]. Thus, the PA confirmed
the one-factor model for the TPACK Levels Rubric.

Table 2. Comparison of eigenvalues in PCA and PA.

Factor Eigenvalues

PCA PA

1 3.725 1.172
2 0.125 1.046
3 0.086 0.948
4 0.064 0.835

Thus, the TPACK Levels Rubric defines the integrated TPACK domain through four observ-
able variables, the components of TPACK, which is consistent with the theoretical framework.

5. Unpacking TPACK Levels Rubric

In this section, the progressions of the teacher-related and student-related indicators
across different levels of TPACK are examined, and the indicators are unpacked for each
TPACK component. In the process of unpacking, the language of the rubric was revised
to achieve a better alignment between the three theoretical frameworks in order to main-
tain consistency across the different components for each level (vertical alignment), and
distinction across the different levels for each component (horizontal progression), and to
maintain the distinction between the two performance indicators within each component
of each level. The meaning of each indicator is then illustrated by the examples from the
lesson plan exemplars.

5.1. Lesson Plan Exemplars

The lesson plan exemplars for each level of TPACK were developed from the elements
of the lessons created by the elementary school teachers for a second-grade topic on the
addition and subtraction of numbers within 1000, using place values and the properties
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of the operations. The following common technology was available in their classrooms:
a SMART Board with SMART Notebook software, the teacher’s computer with access to
the Internet and an LCD projector, and student laptops with Microsoft Office and access to
the Internet.

5.1.1. Recognizing Level of TPACK

The teacher reviews the place values by projecting the images of base-ten blocks
onto the SMART Board. The teacher asks the students to identify three-digit numbers
for the projected images of the base-ten block combinations but does not ask for any
explanations. The teacher uses a SMART Board for writing notes to introduce the rules of
addition and subtraction in a whole-class setting. As part of the assessment, the teacher
provides students with a calculator to check their answers while the students are solving
the addition and subtraction problems. The teacher explains to the students how to use the
calculator in order to check the addition and subtraction within 1000. The students use an
online quiz to practice addition and subtraction within 1000, without using place values
and/or the properties of the operations. The online quiz scores the student responses,
without explanations.

5.1.2. Accepting Level of TPACK

The teacher uses a premade SMART Notebook presentation to review the place values
and to introduce the rules for addition and subtraction. The teacher projects a BrainPOP
Jr. video [49] about addition and subtraction and plays it without pauses in a whole-class
setting. Multiple-choice questions at the end of the BrainPOP Jr. video are answered by the
whole class, without discussion or explanations. The teacher then models solving addition
and subtraction problems by writing problems on the SMART Board while the students
follow in their notebooks. Afterwards, the students use a multimedia tutorial developed
by the teacher in a 1:1 setting. The multimedia tutorial is an interactive PowerPoint
presentation that provides a review of addition and subtraction strategies based on place
values. The multimedia tutorial has easy-to-navigate action buttons supporting a nonlinear
structure, and it includes opportunities for students to self-assess their understanding
using a multiple-choice quiz with built-in immediate feedback. However, it does not
provide students with a place for active exploration. The students solve the addition
and subtraction problems included in the multimedia tutorial in the same way that was
modeled by the teacher earlier, and as was shown in the tutorial examples. The students
have the option of using virtual base-ten blocks as needed to support their practice of
addition and subtraction.

5.1.3. Adapting Level of TPACK

The teacher starts the lesson with a review of the place values using an interactive
matching activity presented on the SMART Board. Then, in a 1:1 setting, students use the
multimedia tutorial with various visual resources to learn about algorithms for addition
and subtraction using the place values and the properties of the operations. The teacher
develops an interactive multimedia tutorial similar to the previous example. However,
at this level, it is used for the students’ independent learning of the strategies for the
addition and subtraction of numbers within 1000. Therefore, a multimedia tutorial provides
content that is new to students, as well as opportunities for students to self-assess their
understanding through solving the addition and subtraction problems provided in the
tutorial. At the end of the lesson, the teacher presents a summary of the rules for addition
and subtraction using a SMART Notebook presentation with interactive activities for the
students in a whole-class setting. The interactive activities in the SMART Notebook use an
infinite cloner feature and a checker tool for the students to model addition and subtraction
within 1000, using pictures of base-ten blocks.
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5.1.4. Exploring Level of TPACK

The teacher designs an activity with virtual base-ten block manipulatives (e.g., [50]) so
that students can develop their own strategies for the addition and subtraction of numbers
using place values. The teacher sets up small collaborative groups for the students and
provides them with a handout that includes instructions for the use of manipulatives and
questions that guide the student exploration. During small group work, the teacher walks
around and questions the students to assess their understanding. At the end of the activity,
the students use virtual base-ten blocks to present their strategies and to explain why they
work. They also use virtual base-ten blocks to question each other about these strategies. At
the end of the lesson, the teacher summarizes the student strategies on a SMART Notebook
in a whole-class setting.

5.1.5. Advancing Level of TPACK

The teacher provides students with access to several different technological tools,
e.g., virtual base-ten blocks manipulatives, PhET online simulation [51], and a basic four-
function calculator, in order to experiment and develop multiple strategies for the addition
and subtraction of whole numbers within 1000, using place values and the properties
of the operations. Students select one or more tools of their choice to develop, test, and
evaluate their own multiple strategies for addition and subtraction using place values.
Using the selected technology tools, the students reason whether the different strategies for
addition and subtraction lead to correct answers and justify their choices of strategies. As a
summary, the teacher facilitates a student analysis of the multiple strategies for addition
and subtraction that they developed. The teacher challenges the students to apply their
strategies to addition and subtraction within 10,000.

5.2. Unpacking Teacher-Related Indicators

The wording of the teacher-related indicator was revised to explicitly include the
word, “teacher”, in order to emphasize that this indicator addresses how the teacher uses
technology in the lesson. Then, for each component of the rubric, the progressions of the
performance indicators across the TPACK levels were examined, explained, and illustrated
using lesson plan exemplars.

5.2.1. Overarching Conception

Progression of teacher-related performance indicators for the overarching conception
component of TPACK is provided in Table 3.

Table 3. Teacher-related performance indicators for the overarching conception component of TPACK.

TPACK Level Teacher-Related Performance Indicator

Recognizing Teacher uses instructional technology for motivation only, rather than subject matter development.
New ideas are presented by the teacher mostly without technology.

Accepting Teacher uses instructional technology for subject matter development. However, a larger part of
technology use is for teacher demonstrations, which include presentations of new knowledge.

Adapting Teacher uses instructional technology as a way to enhance student learning. This use of technology
supports subject matter development.

Exploring Teacher plans for instructional technology to be used mostly by students who explore and
experiment with technology for subject matter development.

Advancing Teacher develops instructional technology tasks for students that provide them with a deeper
conceptual understanding of the subject matter.

At the Recognizing level, the teacher uses instructional technology for motivation only,
rather than for subject matter development. This means that the addition of technology
does not change the way new material is presented to the students, or the way in which
students learn the new material. In the lesson exemplar, the teacher uses the SMART Board
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to record notes. The interactive features of this tool that can support the student learning of
addition and subtraction are not utilized.

At the Accepting level, the teacher uses technology for subject matter development
as part of direct instruction. In the lesson exemplar, the teacher uses a premade SMART
Notebook presentation and a BrainPOP Jr. video to introduce the rules for addition and
subtraction, a new topic for students.

At the Adapting level, the teacher adapts the instructional technology to previously
taught lessons in order to enhance student learning and to support subject matter devel-
opment. In the lesson exemplar, the teacher uses the interactive features of the SMART
Notebook, such as a matching activity, an infinite cloner, and a checker tool, to engage
students in the review of the place values at the beginning of the lesson, and in the summary
of the addition and subtraction rules at the end of the lesson.

At the Exploring level, the teacher is no longer the primary user of technology when it
comes to the subject matter development. The teacher develops technology-based tasks for
the student use of technology to construct their own knowledge. In the lesson exemplar,
the teacher designs an activity with virtual base-ten blocks for students to develop their
own strategies for the addition and subtraction of numbers within 1000 using place values.

At the Advancing level, the teacher develops tasks with instructional technology
that focus on the development of a deeper conceptual understanding of the topic. Deep
conceptual understanding is the process of the “creation of a robust framework representing
the numerous and interwoven relationships between . . . ideas, patterns, and procedures.
This framework can be used to coherently integrate new knowledge and solve unfamiliar
problems.” [52]. In the lesson exemplar, the teacher provides the students with a choice
of technological tools to develop multiple strategies for addition and subtraction on the
basis of the place value, the properties of the operations, and the procedures for adding
and subtracting numbers as they relate to one another.

5.2.2. Knowledge of Student Understanding

Progression of teacher-related performance indicators for the knowledge of student
understanding component of TPACK is provided in Table 4.

Table 4. Teacher-related performance indicators for the knowledge of student understanding compo-
nent of TPACK.

TPACK Level Teacher-Related Performance Indicator

Recognizing Teacher uses instructional technology in a way that does not support student thinking and learning of new content.

Accepting Teacher uses instructional technology in a teacher-led/student-followed format, without focusing on the
students’ thinking.

Adapting Teacher structures students’ use of instructional technology to promote the students’ thinking about mathematics.

Exploring Teacher facilitates students’ use of instructional technology to develop thinking leading to a conceptual
understanding of mathematics.

Advancing Teacher facilitates students’ use of instructional technology to develop higher-order thinking, leading to a deep
understanding of mathematics.

At the Recognizing level, the teacher’s use of technology does not support the students’
thinking. In the lesson exemplar, the SMART Board is used by the teacher only as a
projection screen and a note-writing device. The teacher shows the images of the base-
ten block combinations for students to identify corresponding numbers but does not ask
students to explain their answers.

At the Accepting level, the teacher uses instructional technology to present the stu-
dents with the new material and then expects the students to use the technology to repeat
the same tasks, in exactly the same way as demonstrated, without any explorations. In
the lesson exemplar, the teacher models the solving of addition and subtraction prob-
lems on the SMART Board. Later in the lesson, the students independently solve similar
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problems, included in the multimedia tutorial, using the exact approach modeled by the
teacher earlier.

At the Adapting level, the teacher develops technology-based tasks for students to pro-
mote their thinking. According to Ritchhart and Perkins [53], in order to promote student
thinking, student learning tasks must include making observations, building explanations
and interpretations, reasoning with evidence, making connections, considering different
viewpoints and perspectives, and forming conclusions. In the lesson exemplar, the teacher
prepares a multimedia tutorial using PowerPoint, which becomes a guided learning tool
for the students, filled with various visual resources (e.g., images, videos, diagrams), and
examples of using virtual base-ten blocks to solve problems. The tutorial includes questions
designed to promote student thinking about addition and subtraction based on place values
and the properties of the operations.

At the Exploring level, the teacher experiments with different ways of integrating
technology as learning tools to support student thinking about mathematical concepts
and the development of a conceptual understanding of a topic. According to the National
Council of Teachers of Mathematics [54], “conceptual understanding” is defined as the
comprehension of mathematical concepts, operations, and relations, and it enables students
to apply, and to possibly adapt, acquired mathematical ideas to new problems or situations.
In the lesson exemplar, the teacher designs technology-based tasks for small groups of
students in order to support student discourse and collaboration, while providing opportu-
nities for all of the students to develop their own strategies for the addition and subtraction
of numbers.

At the Advancing level, the teacher makes changes to the curriculum to take advantage
of the technology affordances in order to promote higher-level thinking and to provide
students with opportunities to develop a deeper conceptual understanding. At this level,
the teacher shifts the instruction so that it becomes fully student-centered. The teacher
integrates technology in a variety of ways, from building mathematical concepts and
ideas, to facilitating the independent thinking of students. In the lesson exemplar, the
teacher provides students with a selection of technology tools to encourage the students’
exploration and experimentation with technology in order to develop, test, and evaluate
various strategies for the addition and subtraction of numbers within 1000.

5.2.3. Knowledge of the Curriculum

Progression of teacher-related performance indicators for the knowledge of the cur-
riculum component of TPACK is provided in Table 5.

Table 5. Teacher-related performance indicators for the knowledge of the curriculum component
of TPACK.

TPACK Level Teacher-Related Performance Indicator

Recognizing Teacher selects instructional technology that is not aligned with curriculum topics.

Accepting Teacher selects instructional technology that is partially aligned with one or more curriculum topics. Technology
use is not effective for the curriculum topics.

Adapting Teacher selects instructional technology that is aligned with curriculum topics, but only replaces nontechnology-based
tasks with technology-based tasks. Technology use is partially effective for the curriculum topics.

Exploring Teacher selects instructional technology that is aligned with curriculum topics, and provides an alternative way
of topic exploration. Technology use is effective for the curriculum topics.

Advancing
Teacher selects instructional technology that is aligned with curriculum topics, but also challenges the

traditional curriculum by engaging students to learn about different topics with technology. Technology use is
highly effective for the curriculum topics.

At the Recognizing level, the teacher does not have a sufficient understanding of the
instructional technology in order to align the features of the technology tools with the
curriculum topics. As shown in the lesson exemplar, the teacher does not understand the
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affordances of a SMART Board to effectively support the teaching of the topic of addition
and subtraction.

At the Accepting level, the teacher has some understanding of how to use instructional
technology but has difficulty identifying topics in the curriculum that could be effectively
supported by technology. As shown in the lesson exemplar, the teacher provides the
students with access to virtual base-ten blocks to support their practice in solving addition
and subtraction problems. However, because this virtual manipulative is optional and
the students are not required to provide explanations, they could easily avoid using place
values in the problem solving.

At the Adapting level, the teacher selects an instructional technology to replace the
nontechnology tasks with technology-based tasks, and the use of technology in these tasks
is only partially effective for a specific curriculum topic. In the lesson exemplar, the teacher
provides the students with the multimedia tutorial that explains the topic of the lesson;
however, the tutorial is a technology-based analogy of a printed textbook. Students can
read a section of the textbook, review solved examples, go back and forth between slides as
needed, and practice problems that provide the answers.

At the Exploring level, the teacher actively integrates technology into the teaching and
learning of the important topics in the curriculum. The teacher examines different ways for
teaching with technology, and designs technology-based activities to align with the taught
curriculum. In the lesson exemplar, the teacher develops an activity for the students with an
alternative way of learning about addition and subtraction, using virtual base-ten blocks.

At the Advancing level, the teacher selects technology that supports the teaching and
learning of the essential curriculum topics in an innovative and constructive way. At
this level, the teacher challenges the traditional curriculum by making decisions about
the inclusion (or not) of curriculum topics on the basis of the technology affordances
and a careful analysis of the knowledge and skills necessary for the development of the
student understanding of the essential topics. In the lesson exemplar, the teacher selects
several technology tools and allows the students to develop their own strategies for the
addition and subtraction of numbers, which is very different from the traditional approach
of teaching students how to add/subtract first, and then providing them with practice. The
teacher challenges the students to apply their strategies to numbers within 10,000 that go
beyond the capabilities of these two tools, and that is also not part of the second-grade
curriculum. The students can use their strategies for addition and subtraction with larger
numbers without technology, and they can then use a basic calculator to test their strategies.

5.2.4. Instructional Strategies

Progression of teacher-related performance indicators for the instructional strategies
component of TPACK is provided in Table 6.

Table 6. Teacher-related performance indicators for the instructional strategies component of TPACK.

TPACK Level Teacher-Related Performance Indicator

Recognizing Teacher focuses on how to use instructional technology, rather than on mathematical ideas.
Accepting Teacher structures lessons without student explorations, with instructional technology. The instruction is teacher-led.

Adapting Teacher uses a deductive approach to teaching, with instructional technology, to maintain control of the
progression of the exploration activities.

Exploring Teacher uses deductive and inductive instructional strategies that support the students’ thinking about mathematics.

Advancing Teacher mostly uses multiple inductive instructional strategies that support the students’ experimentation with
mathematical ideas with instructional technology.

At the Recognizing level, the teacher focuses on how to use instructional technology,
rather than on the “why” of using it. In the lesson exemplar, the teacher uses several
instructional strategies to teach the students addition and subtraction within 1000. For
example, student practice happens at the end of the lesson, when students are given a
worksheet with problems and a calculator to check their answers. Here, the students are
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using technology, but the teacher only focuses on providing them with instructions on how
to use a calculator, rather than on thinking about how a calculator can help the students
explore the properties of addition and subtraction.

At the Accepting level, the instruction with technology is predominantly teacher-
led. The use of instructional technology by the students does not involve independent
explorations. In the lesson exemplar, the teacher projects a BrainPOP Jr. video [49], which
explains the strategies for addition and subtraction in a whole-class setting. The teacher
does not pause the video to assess the student understanding, explain any misconceptions,
or offer the students a chance to ask questions.

The main difference between the Adapting level and the Accepting level is the teacher’s
shift towards including structured inquiry explorations with technology for the students.
In the lesson exemplar, the students learn new material using a multimedia tutorial. The
multimedia tutorial supports the student learning of the new material at their own pace;
however, the teacher controls the progression and the content of this activity.

At the Exploring level, the teacher uses multiple instructional strategies with technology
to support the student learning of mathematics, which include both deductive (teacher-
directed) and inductive (student-centered) approaches. The emphasis on the student-
centered learning of new material is the most important distinction in the instructional
strategies of teachers, compared to the Adapting level. In the lesson exemplar, the teacher
develops a guided inquiry activity with virtual base-ten blocks to support the students’
thinking about addition and subtraction in terms of the place value.

At the Advancing level, the teacher uses multiple inductive instructional strategies
with instructional technology to support the students’ experimentation as they explore
mathematical ideas. In the lesson exemplar, the students are engaged in an open inquiry
while experimenting with various technology tools in small collaborative groups. The
students develop and test their strategies for addition and subtraction, which engages
metacognition. The technology tools provide the students with immediate feedback. The
summary of the lesson is conducted as a whole-class discussion, with the students using
the technology tools to demonstrate and justify their strategies. During this discussion,
the students are engaged in the analysis and evaluation of each other’s strategies, thereby
engaging in peer feedback.

5.3. Unpacking Student-Related Indicators

Similar to the changes in the teacher-related indicators, the wording of the student-
related performance indicators was revised to make explicit reference to the student activi-
ties with technology, the digital materials used by the students, and the technology-based
tasks assigned to the students.

5.3.1. Overarching Conception

Progression of student-related performance indicators for the overarching conception
component of TPACK is provided in Table 7.

At the Recognizing level, the students use technology for drills and practice only, with
a focus on the repetition of the skill, without making connections to the previously learned
material. These types of activities do not include inquiry tasks. In the lesson exemplar,
the students were provided with two different activities with technology. In the first one,
they practiced addition and subtraction and used a calculator to check their answers. This
is an example of technology being used for routine tasks that do not allow students to
construct their own knowledge. In the second task, the students were assessed using an
online quiz; however, this technology-based activity did not provide the students with an
opportunity to make connections to the topics of place values or the use of the properties
of the operations, as the only feedback they received was a score.
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Table 7. Student-related performance indicators for the overarching conception component of TPACK.

TPACK Level Student-Related Performance Indicator

Recognizing Technology-based activities do not include inquiry tasks. Technology procedures do not provide space
for students to use or make connections.

Accepting Technology-based activities include confirmation inquiry tasks. Technology procedures do not provide
space for students to use or make connections.

Adapting Technology-based activities include structured inquiry tasks towards intended ideas. Technology
procedures concentrate on mathematical tasks that use or make connections.

Exploring Technology-based activities include guided inquiry tasks of high cognitive demand. Technology
procedures concentrate on doing mathematics while using or making connections.

Advancing
Technology-based activities include open inquiry tasks of high cognitive demand. Technology

procedures concentrate on tasks that use or develop deep mathematical knowledge representing
connections and strategic knowledge.

At the Accepting level, the digital materials created or selected by the teacher for the
students still do not support the students in making connections to previously learned
material, but they do provide confirmation inquiry tasks. Technology-based practice is
more meaningful and goes beyond drills. In the lesson exemplar, the teacher-developed
multimedia tutorial does not provide the students with active explorations; the students
solve the addition and subtraction problems following the rules introduced by the teacher.
However, the activity does provide students with the practice that helps them to confirm
these rules.

At the Adapting level, the technology-based tasks engage the students in a structured
inquiry and support them in making connections to previously learned topics. In the
lesson example, the multimedia tutorial actively engages the students in learning new
topics through a nonlinear structure, and action buttons to access bookmarked pages with
important information, examples, and the self-assessment quiz with immediate feedback.
However, the students only have access to material that is selected by the teacher and
only follow procedures prescribed by the teacher. The teacher concludes the lesson with
interactive activities for the students to model addition and subtraction, using pictures of
the base-ten blocks on the SMART Notebook, thereby supporting the students in making
connections between the strategies for addition, subtraction, and place values.

At the Exploring level, the student tasks with technology represent a guided inquiry,
e.g., the students are doing mathematics with technology, and they are guided in their use,
and the development of connections to prior topics while constructing new knowledge. In
the lesson exemplar, students are provided with a handout that includes instructions for
the use of virtual manipulatives, as well as questions that guide the students in linking the
place value and the properties of the operations to addition and subtraction as they are
developing their own strategies for these operations.

At the Advancing level, the student technology-based tasks represent an “open inquiry”,
with “high cognitive demand”. According to Tekkumru-Kisa, Stein, and Schunn [35], high-
cognitive-demand tasks require students to think abstractly, analyze information, draw
conclusions, and make connections to mathematical meanings and understandings. In
an open inquiry, students are provided with resources and learning objectives, and it is
their choice as to how to proceed and as to what questions to ask themselves in order
to accomplish their tasks and justify their choices. In the lesson exemplar, students are
provided with a selection of technological tools and the task to develop strategies for
addition and subtraction within 1000. The teacher expects the students to consider the
place value, the properties of the operations, and the procedures for adding and subtracting
numbers as they relate to one another, and to the symbols and language, leading to an
abstract (deeper conceptual) understanding of the topic. The students then have to test
their strategies and analyze the efficiency and effectiveness of these strategies. This process
also leads to the development of strategic knowledge.
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5.3.2. Knowledge of Student Understanding

Progression of teacher-related performance indicators for the knowledge of student
understanding component of TPACK is provided in Table 8.

Table 8. Student-related performance indicators for the knowledge of student understanding compo-
nent of TPACK.

TPACK Level Student-Related Performance Indicator

Recognizing Digital materials only provide space for
student practice and drills.

Accepting
Digital materials for students mirror the

structure of the traditional textbook
presentation of mathematics.

Adapting
Digital materials provide an environment for
students to engage in active explorations of

mathematics with teacher guidance.

Exploring

Digital materials provide an environment for
students to deliberately take mathematically
meaningful actions on mathematical objects,

but the teacher still guides students to
recognize the meaningful consequences of

those actions.

Advancing

Digital materials provide an environment for
students to deliberately take mathematically
meaningful actions on mathematical objects,

and to immediately see the meaningful
consequences of those actions.

At the Recognizing level, the digital materials only provide space for student practice
and drills, mostly without meaningful feedback. In the lesson exemplar, the students use
an online quiz to practice addition and subtraction within 1000, without using place values
and/or the properties of the operations; thus, the digital materials do not provide the
students with the opportunity to apply new knowledge in their practice.

At the Accepting level, the digital materials for students are structured similar to the
traditional textbook presentation of material in a “teacher-led/student-followed” format,
without active explorations. In the lesson exemplar, the multimedia tutorial is designed by
the teacher and follows the structure of the textbook, first presenting the rules of addition
and subtraction and examples of the solved problems, followed by the practice problems at
the end of the tutorial.

At the Adapting level, the digital materials for students provide space for the student-
structured exploration of mathematics. As a result, the students are mostly engaged in
procedures for the purpose of developing an understanding of mathematical concepts and
ideas. In the lesson exemplar, the students use a multimedia tutorial to build their own
understanding of strategies for the addition and subtraction of numbers using place values
and the properties of the operations. The students have opportunities to work at their own
paces, to go back and forth between different slides that provide explanations, to study
examples of solved problems, and to practice problems. However, their explorations are
limited by the teacher’s choice of content and approach to the topic.

At the Exploring level, the students deliberately take meaningful actions on mathemat-
ical objects using instructional technology. The digital materials designed by the teacher
place students in a learning environment where they can take mathematical actions on these
objects and then reflect on what they do. However, the digital materials do not support stu-
dents in understanding the meaningful subject-specific consequences of these actions, and,
therefore, the explicit guidance of teachers is required. In the lesson exemplar, the students
use virtual base-ten blocks to develop strategies for addition and subtraction by composing
and decomposing hundreds and tens. In the dynamic technological environment, they can
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observe the various consequences of these actions. However, the teacher needs to help the
students develop strategies for addition and subtraction on the basis of these observations.

At the Advancing level, the digital materials provide the students with an environment
to easily and intuitively take mathematical actions on mathematical objects. It is the
attention to the action–consequence reflection and sense-making structures that distinguish
these technology-based activities at the Advancing level. For example, by using PhET
simulation, students can compose and decompose numbers and immediately see the
results of the addition represented using place values, which could help them develop
various strategies for addition. The simulation then offers a game where they can test their
strategies and can receive immediate feedback, which could lead to the evaluation and
revision of their strategies. Such technology tools provide opportunities for students to
change and manipulate mathematical models, and, in return, the students can immediately
see the meaningful consequences of their actions, which supports a deeper understanding
of the topic.

5.3.3. Knowledge of Curriculum

Progression of teacher-related performance indicators for the knowledge of curriculum
component of TPACK is provided in Table 9.

Table 9. Student-related performance indicators for the knowledge of curriculum component
of TPACK.

TPACK Level Student-Related Performance Indicator

Recognizing Students’ tasks with technology do not support making connections between topics in the curriculum.
Accepting Students’ tasks with technology do not support making connections between topics in the curriculum.

Adapting Students are given curriculum-based tasks with technology to develop a basic understanding of curriculum
topics with teacher guidance.

Exploring Students are given curriculum-based tasks with technology and are asked to expand mathematical ideas on
the basis of technology explorations.

Advancing Students’ tasks with technology focus on deepening their understanding of mathematical concepts, and the
making of connections between topics, inside and outside of the curriculum.

At the Recognizing level, the technology-based tasks do not support students in making
connections between curriculum topics. In the lesson exemplar, the teacher provides
students with calculators to check their answers while solving addition and subtraction
problems. The use of a calculator does not support students in making connections between
the operations of addition, subtraction, and place values.

At the Accepting level, the teacher is aware that the technology tasks should support
the students in making connections between the topics in the curriculum. However, a
limited understanding of both the curriculum and the affordances of technology does not
lead to such tasks. In the lesson exemplar, a multimedia tutorial provides a review that
explains how to use place values in addition and subtraction problems, but the structure of
the practice problems and the superficial role of the virtual base-ten blocks do not support
the students in making these connections.

At the Adapting level, the students’ tasks with technology are fully aligned with the
curriculum. However, these tasks support only a basic understanding of the topic, through
procedures with connections that require some degree of cognitive effort. In the lesson
exemplar, the teacher uses a SMART Notebook presentation to summarize the strategies for
addition and subtraction using place values and the properties of the operations in a whole-
class setting. The students are not given opportunities to present their own understanding
of the topic on the basis of their work with the multimedia tutorial. The interactive activity,
which uses an infinite cloner and a checker tool, only provides students with space to
practice solving the problems by applying the strategies provided by the teacher, rather
than a focus on a deeper understanding of these strategies and their connections with the
place values and the properties of the operations.
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The curriculum-based tasks with technology at the Exploring level foster the student
understanding of the topic through independent explorations, and they support the stu-
dents in making connections between the curriculum topics that expand their ideas beyond
the topics they have just learned. In the lesson exemplar, the students use virtual manipula-
tives to develop the strategies for addition and subtraction within 1000. As they explore,
they might also observe the consequences of the repeated addition of 10 s or 100 s to arrive
at a conceptual understanding of the multiplication of one-digit numbers by 10 or 100.

At the Advancing level, the students’ tasks with technology focus on deepening the
understanding of mathematical concepts, and on making connections between topics,
inside and outside of the curriculum. In the lesson exemplar, providing the students with
several different technology tools supports the task of developing multiple strategies for
addition and subtraction, which is necessary for a deeper conceptual understanding of
the topic. Virtual base-ten block manipulatives and PhET simulation provide a dynamic
environment that helps students activate their prior knowledge of place values in order to
develop an understanding of addition and subtraction.

5.3.4. Instructional Strategies

Progression of teacher-related performance indicators for the instructional strategies
component of TPACK is provided in Table 10.

Table 10. Student-related performance indicators for the instructional strategies component
of TPACK.

TPACK Level Student-Related Performance Indicator

Recognizing Digital materials are built around drill and practice only.
Accepting Digital materials are built around delivery of information as well as drill and practice.
Adapting Digital materials are built around mathematical objects but do not promote student reflection.

Exploring Digital materials are built around mathematical objects and explicitly promote student reflection, especially
the posing of questions for sense making.

Advancing Digital materials are built around mathematical objects and explicitly promote student reflection—especially
the posing of questions for sense making and reasoning, including explanation and justification.

At the Recognizing level, the digital materials support drill and practice only. In the
lesson exemplar, an online quiz serves the purpose of a basic assessment tool, which
provides no meaningful feedback to the students.

At the Accepting level, the teacher selects the digital materials for the students as a tool
for the delivery of information and for practice. In the lesson exemplar, both the BrainPOP
Jr. video and the multimedia tutorial are used for the delivery of information and for
practice (e.g., multiple-choice questions at the end of the video, and problems at the end of
the tutorial).

At the Adapting level, a structured inquiry with technology does not promote student
reflection. In the lesson exemplar, the students are using the multimedia tutorial to learn
about strategies for addition and subtraction. Then, they take a multiple-choice quiz,
developed for the purpose of the self-assessment of their understanding of the new material.
However, at this age, students will most likely continue to guess their answers until they
obtain the correct answer, without any reflection on their learning.

At the Exploring level, the digital materials for students are built around mathematical
objects and support student reflection and the posing of questions. In the lesson exemplar,
the mathematical objects are numbers represented with virtual base-ten blocks. The stu-
dents manipulate these objects to develop their own strategies for addition and subtraction.
After the students develop their strategies, they are asked to provide explanations of their
strategies using the virtual base-ten blocks. This happens in small groups, when students
are posing questions to each other about their developed strategies.

At the Advancing level, the teacher selects digital materials that have features that
support sense making and reasoning, including explanation and justification. In the lesson
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exemplar, these specific features of digital materials are dynamic and linked representations,
interactive capabilities, and immediate feedback.

6. Discussion

There is a gap between the theoretical definition and the practical measurements
that calls for further reflection on TPACK as a framework. The diverse definitions and
interpretations of TPACK that have emerged in the literature in recent years contribute to
this gap. The majority of TPACK studies focus on the interdisciplinary nature of TPACK,
and on distinguishing its different domains. This study focuses on assessing an integrated
TPACK domain [6] and its development through progressive levels [19], specifically for
teaching mathematics. The development of an assessment instrument for a complex
theoretical construct helps to close the gap between theory and practice.

This study attempts to reconceptualize the levels of performance for an integrated
TPACK construct by unpacking the performance indicators of the TPACK Levels Rubric [18].
This process required multiple iterations and revisions in order to achieve the clarity of the
descriptors used in the rubric and the clear differentiation between the TPACK levels.

7. Conclusions

In the process of unpacking and revising the performance indicators of the original
TPACK Levels Rubric, this study elaborated the roles of the frameworks for the cognitive
demand of tasks and inquiry-based learning in the model for the progressive levels of
TPACK, and it highlights the differences in the TPACK levels for teaching mathematics.
As a result of the rubric analysis, the performance indicators were revised to maintain
both consistency across the different components for each level (vertical alignment), and
the distinction across different levels for each component (horizontal progression). The
language of the rubric was also revised to maintain the distinction between the two perfor-
mance indicators within each component of each level. The significance of this study is
in the revision and validation of an instrument that could help in bridging the theoretical
definition of the integrated TPACK domain with the practical demands in the field of
teacher education. The lesson plan exemplars developed as part of the study illustrate
the distinctions between the TPACK levels, providing further guidance for educational
researchers and practitioners. Further studies are needed to test the validity of the rubric,
with different populations of teachers in different contexts.
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