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Guiding Framework: PTMT-ESP Algebra & Function 
 

A Transformative View of TPACK 
 
The PTMT-ESP Materials are designed to develop teachers’ specialized knowledge for 
teaching mathematics with technology, their technological pedagogical content 
knowledge (TPACK) (Mishra & Koehler, 2006). We hold a transformative view of 
TPACK (Angeli & Valanides, 2009; Neiss, 2015), meaning that we designed our 
materials with the assumption that it is a unique knowledge base, not just the sum of its 
parts. So, to develop TPACK, it is necessary to engage teachers in work that creates a 
need for this specialized knowledge. When teachers engage in a situation in which they 
are designing learning experiences or enacting instructional practices in which students 
are using technology-enhanced math tasks they must draw upon and continue to 
construct this specialized knowledge. Going forward, when using the term TPACK we 
are referring to the unique knowledge base (i.e., TPACK as a construct), not the 
framework. 
 
Niess (2005) described TPACK to have four components: “1) an overarching conception 
of what it means to teach a particular subject integrating technology in the learning; 2) 
knowledge of instructional strategies and representations for teaching particular topics 
with technology; 3) knowledge of students’ understandings, thinking, and learning with 
technology in a particular subject; and 4) knowledge of curriculum and curriculum 
materials that integrate technology with learning in the subject area” (p. 511). Teachers 
who have not had an opportunity to see students’ mathematical thinking and learning 
with technology first hand are unlikely to possess an overarching conception of what it 
might look like to integrate technology into their math instruction or the context to 
consider how to leverage instructional strategies, representations, or curriculum 
materials that integrate technology in ways to support student learning. So, while all four 
components of TPACK are important, we chose to focus heavily on the third 
component, knowledge of students’ understandings, thinking, and learning with 
technology in mathematics, in the PTMT-ESP Algebra & Function materials. We do this 
through the use of video cases of authentic student work on technology-enhanced tasks 
and by asking teachers to draw upon and continue to develop their TPACK to notice 
student thinking (Jacobs et al., 2010). 
 

Noticing Student Thinking in Technology-Mediated Learning 
Environments  
 
To explicitly draw attention to students’ thinking that can be expressed through their 
engagement in technology-mediated learning environments, we adopt Jacobs et al.’s 
(2010) teacher noticing construct (i.e., attend, interpret, and decide how to respond) 
with a focus on technology tool engagement. When attending to students’ mathematical 
strategies, we recognize that insight to those strategies is often limited to what students 
say aloud and what they record in writing (Jacobs, 2017). In the context of students 
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working in technology-mediated learning environments, attending to students’ 
mathematical strategies also requires focusing on students’ engagement with the 
technology since students’ strategic technology tool use provides insight to their thinking 
(e.g., Arzarello et al., 2002; Schack et al. 2013; Walkoe et al., 2017; Yeo & Webel, 
2019). When interpreting students’ understandings, it is again necessary to coordinate 
their spoken and written responses with how they engage with the tool. If one only relies 
on part of that information, it is possible to miss important aspects of a student’s 
developing understanding. We have found that taking a semiotic meditation perspective 
(e.g., Bartolini Bussi & Mariotti, 2008; Jones, 2000; Mariotti, 2000; 2013) of tool use 
provides a way to make sense of teacher noticing of student thinking in tool-mediated 
learning environments. 
 
Our conceptualization of teacher noticing of students’ mathematical thinking in the 
context of using technology tools, the Teacher Noticing of Student’s Work in a 
Technology Tool-Mediated Learning Environment (The NITE Framework), is shown in 
Figure 1. While we acknowledge that all components of noticing are by their nature 
interrelated (Jacobs et al., 2010), we have separated “attention to and interpretation of 
student’s spoken and written mathematical thinking” from “attention to and interpretation 
of students’ engagement with the technology” to highlight the importance of including 
the actions students take with the technology and what they see as a result of these 
actions when attending to and interpreting students’ mathematical thinking. Thus, the 
arrows in the NITE framework indicate the importance of both the horizontal 
coordination of attention and interpretation, as well as the vertical integration of both 
attention and interpretation. The “decide how to respond” component is separated from 
the other components for two reasons: (a) to indicate the importance of balancing 
insight gained from attending to and interpreting both students’ spoken and written 
mathematical thinking and their technology-engagement when making instructional 
decisions; and (b) when deciding how to respond the teacher must consider how to 
position the technology (or not) in their response to support the student in moving 
forward. For our conceptualization, like Jacobs et al. (2010), we emphasize “that the 
ability to effectively integrate these three component skills is a necessary, but not 
sufficient, condition for responding on the basis of children's understandings” (p. 197). 
Hence, integration of the three noticing components while coordinating attend and 
interpret within a technology-mediated learning environment is the goal of this complex 
teaching practice. 
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Figure 1: Teacher Noticing of Student’s Work in a Technology Tool-

Mediated Learning Environment (The NITE Framework; Dick et al., 2021) 

The Relationship Between Noticing and Other Teaching Practices  
 
NCTM (2014) describes noticing and eliciting student thinking as foundational teaching 
practices since together they inform the decisions we make during instruction. 
Specifically, they note that in order to use student thinking to strengthen instruction, it is 
necessary to first notice student thinking. Noticing and eliciting student thinking is 
described as “planning for ways to elicit information, interpreting what the evidence 
means with respect to student learning, and then deciding how to respond on the basis 
of students’ understanding” (NCTM, 2014, p. 53). Deciding how to respond might 
include posing purposeful questions, connecting representations, supporting productive 
struggle, and/or selecting a next task that is aligned with learning goals and builds on 
students’ current understandings. 
 
The NCTM teaching practices highlight the importance of meaningful mathematics 
discourse. This can happen in multiple contexts during a math lesson including through 
routines like think-pair-share, small group work, and during whole class discussions of 
worthwhile tasks. After years of observing math teachers holding effective whole class 
discussions Smith & Stein (2011) described a framework to support teachers in doing 
this work that is referred to as The Five Practices for Successfully Orchestrating 
Mathematics Discussions (or The 5 Practices for short). Thomas et al. (2015) have 
unpacked the ways in which teacher noticing is foundational to The 5 Practices, 
highlighting that attending and interpreting are essential to the important decisions 
related to selecting, sequencing and connecting student work. Below we adapt Thomas 
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et al.’s alignment with the addition of considerations specific to the context of using 
technology-enhanced math tasks. 
 
Table 1: Adaption of Thomas et al.’s (2015) alignment of teacher noticing and The 5 Practices to specifically within technology-
mediated learning environments 

  Teacher Noticing 
  Attend Interpret Decide 

5 
Pr

ac
tic

es
 

Anticipate 

Teachers anticipate by adopting a 
students’ perspective and considering 
the strategies and considering the 
strategies, questions, and difficult points 
that may arise as students complete the 
chosen task. This includes anticipating 
the ways you expect students to 
engage with the technology, where their 
eyes might be drawn, what 
representations they might favor, and 
how they will make sense of their 
actions with the technology. 

  

Monitor 

Teachers monitor the work of students in real-time by 
giving attention to and interpreting their written work and 
their technology engagement (what they do and what they 
see as a result of what they do) in a coordinated way. 
These interpretations provide deeper insight into students’ 
thinking. In addition, some technology platforms allow 
teachers to monitor all students’ work in one place. 

 

Select 

Teachers select particular student examples and technological work that 
will contribute to a broad developmental understanding of the chosen 
mathematical goal or concept. These selections are based on the 
manifest features of student strategies to which teachers have attended 
and interpreted. 

Sequence 
Teachers sequence the selected works by drawing on their TPACK and 
knowledge of mathematical development to construct purposeful order for 
student sharing. 

Connect 

Teachers connect students’ strategies through discussion. Teachers seek 
to identify and explore connections between different selected examples 
as well as encourage connections to the larger goal of the lesson. Skillful 
orchestration of connecting discussions once again draws on a teachers’ 
capacity to attend to and interpret contours of fluid discussions and make 
decisions that enhance the connections among the presented 
mathematics. When students’ work is created using dynamic and/or 
connected representations it is important that this discussion includes the 
examination of these representations in dynamic ways to support 
students’ connection making. 

Adapted from Thomas, Fisher, Jong, Schack, Krouse, & Kasten (2015) 
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Structure of the PTMT-ESP Algebra & Function Materials 
 
The design principles for the PTMT-ESP Algebra & Function materials draw on our view 
of TPACK as transformative, noticing student thinking in technology-mediated learning 
environments as an important practice that requires TPACK, and literature on practice-
based teacher education (e.g., Grossman et al., 2009; McDonald et al., 2013). The 
latter suggests that teachers need opportunities to enact core components of the work 
of teaching in simplified contexts. Our overarching goal is to provide opportunities for 
teachers to need to draw upon and further develop their TPACK. We accomplish this by 
putting teachers in situations where they engage in approximations of practice in the 
context of using technology-enhanced math tasks. 
 
In every PTMT-ESP module teachers will begin by engaging in a technology-enhanced 
math task themselves. By engaging with the task from the perspective of a learner, 
teachers are not only possibly deepening their technological content knowledge related 
to the mathematical focus of the task, but they are also engaged in anticipating student 
thinking by considering the ways that students might engage with the task. Next, 
teachers will have opportunities to examine carefully selected video clips of students 
working on the same technology-enhanced math tasks through the lens of noticing 
students’ thinking. Finally, in the context of the same math tasks teachers will have 
opportunities to engage in approximations of the 5 practices as well as NCTM’s 
effective teaching practices using examples of authentic student work.  
 

 
 

Figure 2: PTMT-ESP Module Design 

For example, in Module 3 teachers first engage with the Desmos Activity, Function 
Carnival, to anticipate student thinking. Next they examine video clips of pairs of 
students working on Function Carnival with the goal of engaging in the practice of 
noticing student thinking on a technology-enhanced task. Then there are additional 
activities in which teachers engage in approximations of practice related to supporting 
productive struggle and monitoring, selecting, and sequencing small groups of students 
as they work on Function Carnival. For a full description of the specific practices 
focused on in each module see the Module Crosswalk document. 

 
Module Crosswalk 
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