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A framework for secondary mathematics technology-enhanced
formative assessment (TEFA) literacy

Alyssa L. MacMahon and Irina Lyublinskaya

Teachers College, Columbia University, United States of America; alm2295@tc.columbia.edu

Digital tools can be an efficient and effective way to enhance mathematics formative assessment.
Whilst there are a number of theoretical frameworks and standards to help educators understand the
complexities of mathematics pedagogy, technology integration, and formative assessment, there is no
clear definition of what encompasses the integration of these knowledge and skills. This study
proposes a theoretical framework for secondary mathematics Technology-Enhanced Formative
Assessment (TEFA) literacy and an analytic rubric for TEFA literacy that defines levels of literacy
for the essential elements of the framework.

Keywords: Secondary school mathematics, Technology-Enhanced Formative Assessment (TEFA)
literacy, theoretical framework.

Introduction

Research indicates that effective assessment practices lead to an increase in student academic
achievement, motivation, and interest (Xu & Brown, 2016). Formative assessment, or assessment for
learning, refers to classroom practices that elicit evidence about student achievement that is then
interpreted and used by teachers and students “to make decisions about the next steps in instruction”
(Black & Wiliam, 2009, p. 9). The goal of formative assessment is to promote further learning by
using assessment-based evidence to help both teachers and students understand what students have,
or have not, mastered.

Educational technology and formative assessment

In 21 century classrooms, educational technology has been praised for its ability to capture and
streamline vital elements that make formative assessment more efficient (Spector et al., 2016). TEFAs
are defined as digital tools that are used by teachers and/or students to support the formative
assessment process (Looney, 2010) and can perform such actions as eliciting evidence of students’
knowledge, collecting students’ data, and providing feedback. Given the unique features of
mathematics as a discipline and the diversity of available technologies, secondary teachers must
develop a particular set of knowledge and skills for implementing TEFAs. Considering the plethora
of open-source, digital tools specifically designed for mathematics (e.g., Desmos, GeoGebra,
WolframAlpha, etc.), as well as general tools designed for assessment (e.g., Kahoot!, Google Forms,
Quizlet, etc.), it is important that mathematics teachers are able to think critically “about how the use
of technology influences representations of mathematics and how the use of technology influences
pedagogy” (Hollebrands, 2017, p. 82), specifically, if they are enhancing the formative assessment
process for both the students and the teacher.

Educators’ knowledge of assessment
Educators’ knowledge and skills in assessment, often referred to as assessment literacy, is a

multidimensional concept that constitutes their knowledge used to identify high-quality assessment
and skill in designing goal-oriented assessments that produce valid data on student achievement
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(Stiggins, 1991). Developing assessment literacy has long been considered a critical part of teacher
education (Xu & Brown, 2016), mastery of which is often measured against teacher assessment
standards (Gotch & French, 2014). One of the most notable sets of American assessment standards
are the Standards for Teacher Competence in Educational Assessment of Students (American
Federation of Teachers [AFT], the National Council on Measurement in Education [NCME], and the
National Education Association [NEA], 1990).

Since the publication of the 1990 standards, advances in assessment theory and practice led to
development of various American standards that outline the knowledge and skills mathematics
teachers must have for formative assessment (e.g., Brookhart, 2011), content specific assessment
(e.g., Association of Mathematics Teacher Educators [AMTE], 2017), and technology-based
assessment. (e.g., International Society for Technology in Education [ISTE], 2020). However, there
are no standards that directly address TEFA Literacy in secondary mathematics, which we define as
a multidimensional concept that constitutes teachers’ knowledge and skills in identifying/designing
TEFAs that successfully utilise digital tools to enhance the formative assessment process. Moreover,
there are no frameworks that explain what TEFA Literacy entails. The purpose of this study is to
address this gap and propose a Theoretical Framework for Secondary Mathematics TEFA Literacy.

Development of the theoretical framework

The development of the Theoretical Framework for Secondary Mathematics TEFA Literacy was
guided by Jabareen’s (2009) methodology, consisting of eight phases: (1) mapping literature sources,
(2) categorising the literature sources, (3) naming concepts, (4) deconstructing the concepts, (5)
integrating the concepts, (6) synthesising the concepts into an initial framework, (7) validating with
outsiders, and (8) “rethinking” the framework.

Phase 1 consisted of “an extensive review of the multidisciplinary texts” (Jabareen, 2009, p. 53), to
include a spectrum of literature related to Secondary Mathematics TEFA Literacy. The initial pool of
texts included theories, frameworks, standards, research studies, news articles, as well as websites
and blogs. Merriam and Tisdell (2016) recommend that a review of literature begins with checking
texts “that reference specific aspects of a topic” (p. 93). Therefore, the first literature sources were
identified by conducting a broad online search (e.g., Google Scholar, university/college library
collections, ResearchGate, ProQuest, etc.) using various combinations of the related keywords and
phrases. These keywords included, but were not limited to: mathematics, secondary mathematics,
mathematics pedagogy, mathematics assessment, educational technology, technology integration,
TPACK, teaching with technology, assessment, assessment literacy, formative assessment, teacher
education, teacher training, and/or preservice teachers. Additional literature sources were identified
using the strategy of “citation chasing”, in which the researcher tracks down the references from the
existing sources. Note, for the purpose of this framework, the concept of technology is limited to that
of digital tools (i.e., students and teachers interact with computers, laptops, tablets, or smartphones).

In Phase 2, the literature sources were first sorted into seven categories: (1) mathematics pedagogy,
(2) technology, (3) formative assessment, (4) mathematics pedagogy and formative assessment, (5)
formative assessment and technology, (6) technology and mathematics pedagogy, and (7)
mathematics pedagogy, technology, and formative assessment. For example, ISTE’s (2020) standards



were sorted into the “technology” category as they focus solely on technology, while Hollebrands’
(2017) framework was sorted into “technology and mathematics pedagogy”, as it discussed the use
of technology specifically in mathematics classrooms. Next, the literature sources were ranked on a
scale of 1-3. A rank of “1” was given to sources with the highest importance and power based on the
following factors: The literature source provided information directly related to its assigned category,
and the literature source is research-based, fact-based (i.e., empirical study), the information can be
verified by other reliable sources, and/or the author(s) is affiliated with a reputable organisation (i.e.,
the source is reliable). A rank of “2” was assigned to reliable sources that supplemented and/or
expanded upon the information from the sources with a rank of “1”. A rank of “3” was assigned to
sources that had questionable reliability, e.g. information was based on opinions rather than facts,
author’s affiliation or references were missing. These sources were removed from analysis and only
literature sources with rankings of “1” or “2” were used in the next phase.

Phase 3 was dedicated to reading and rereading the selected literature sources to create “a list of
numerous competing and sometimes contradictory concepts” (Jabareen, 2009, p. 54). Concepts, such
as theories, definitions, standards, studies of practice, or examples of practice were identified and
named by their category. This resulted in identifying a number of concepts in each of the seven
categories. Consider Hollebrands’ (2017) framework and AMTE’ (2017) standards, which both
highlight the idea that mathematics teachers must be able to use technology in the classroom so that
it enhances mathematics learning and deepens students’ conceptual understanding. These concepts
were categorised into the “technology and mathematics pedagogy” category.

In Phase 4, each concept was analysed to “identify its main attributes, characteristics, assumptions,
and role” (Jabareen, 2009, p. 54). This included identifying: the type of concept (e.g., theory
definition, standard), the intended purpose or application of the concept (e.g., to provide a model or
strategy, to report findings, or to set a new standard), and the potential role the concept could play in
the theoretical framework (i.e., incorporated directly, a supporting role, or an underlying concept).

In Phase 5, concepts were sorted and filtered using three iterations. As concepts had already been
grouped into the seven categories (noted in Phase 3), in the first iteration, the concepts were sorted
and grouped by “type”. For example, the “technology concepts” that were identified as a type of
standard were all grouped together. Within each of these groups, common themes were identified
from repeated words, phrases, purposes, or strategies, or patterns among potential roles the concepts
could play in the theoretical framework. For example, in the group of standards under “technology
concepts”, a common theme between two different sets of standards was: Teachers need to have a
knowledge of digital tools and the skill to use them in the classroom. Thus, the two concepts were
integrated into this new one. This iteration resulted in a new, shorter list of concepts. The second
iteration consisted of comparing concepts across types, identifying common themes, and integrating
concepts. For example, the concepts in the standards group and the concepts in theories group of the
“technology category” were compared, if there were common themes, these concepts were integrated
into one, new concept. Finally, in the third iteration, the remaining concepts were compared across
categories. For example, in the “technology and mathematics pedagogy category” a common theme
was: Teachers should be able to choose technologies that accurately reflect the mathematics and
enhance the pedagogical activity. These two themes were integrated into one, new concept that



focused on: Teachers’ knowledge to select technology that is aligned to the mathematics content and
the instructional goals. The final list of integrated concepts was used in the next phase.

Phase 6 is one that is “iterative and includes repetitive synthesis and resynthesis until the researcher
recognizes a general theoretical framework that makes sense” (Jabareen, 2009, p. 54). Analysis of the
final concepts from Phase 5 showed that there were a number of “essential elements” that described
the different knowledge and skills secondary mathematics teachers must have in order to successfully
implement TEFAs. These essential elements were established through an iterative process that
included grouping, analysing, and re-grouping concepts to form a cohesive group that focused on one
fundamental idea. For example, concepts that highlighted the different types of feedback teachers
should provide, how and when feedback should be provided, and how students should participate in
giving and receiving feedback were grouped together. These formed the essential element that
focused on teachers’ knowledge and skill in the fundamental idea of the Feedback Process.

Once the essential elements had been established and named, they were classified into “components”.
In a similar process of grouping, analysing, and re-grouping, the components were developed to link
essential elements with a shared overarching concept. For instance, the essential elements: Feedback
Process (FP), Elicit Student Understanding (ESU), Moving Learning Forward (MLF) are all linked
to formative assessment and were grouped into a Formative Assessment Component. This process
formed the initial framework, named the Theoretical Framework for Secondary Mathematics TEFA
Literacy, and consisted of three components composed of eight essential elements. Other theoretical
frameworks (Angeli & Valanides, 2009; Hollebrands, 2017; Mishra & Koehler, 2006; Xu & Brown,
2016) were analysed to guide development of a visual representation of the initial framework. Further,
qualitative descriptors were developed to define the levels of TEFA Literacy for each essential
element. The descriptors were organised into an analytic rubric using ascending levels of proficiency
that highlight observable knowledge and skill that demonstrate TEFA Literacy (Table 1).

Table 1: Example of the qualitative descriptors for the essential element ESU

Advanced Proficient Partially Proficient Novice
The teacher demonstrates The teacher demonstrates | There is some evidence the The teacher selects or
they are analysing, they are analysing, teacher is analysing, designs questions/prompts
selecting, or designing selecting, or designing selecting, or designing on TEFAs that primarily
questions/prompts on questions /prompts on questions/prompts on focus on rote
TEFAs that strongly TEFAs that emphasise TEFAs that emphasise memorization and
emphasise explanation, explanation and explanation and procedures without
justification, and problem | justification, and very few justification, although connections
solving; almost no questions questions utilize rote many questions still utilize
utilize rote memorization or memorization or rote memorization or
procedures without procedures without procedures without
connections connections connections

Lastly, in Phases 7 and 8, the rubric was validated through an iterative process of content examination
by two experts in the field and inter-rater reliability by two external raters who used the rubric to



evaluate responses to the TEFA Literacy Test for Secondary Mathematics. The test was designed by
the researcher as part of a dissertation study on TEFA Literacy in preservice mathematics
teachers. The framework and rubric were finalised when inter-rater agreement reached 90%.

The theoretical framework for secondary mathematics TEFA literacy

The Theoretical Framework for Secondary Mathematics TEFA Literacy encompasses three main
components that include seven essential elements describing the exchange of knowledge and skills
(Heritage, 2007) necessary for secondary mathematics teachers to effectively engage students in
TEFAs (Figure 1).
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Figure 1: The theoretical framework for secondary mathematics TEFA literacy
Explanation of the framework components and their essential elements

The Mathematics Pedagogy Component (MPC) is focused on teachers’ knowledge and skills
necessary for implementing TEF As that support Development of Students” Mathematical Proficiency
(DSMP) and Understanding Student Learning (USL). At the advanced level, DSMP can be
demonstrated by the mathematics teacher’s analysis, selection, and design of TEFA questions that
promote students' conceptual understanding, procedural fluency, strategic competence, adaptive
reasoning, and productive dispositions (Kilpatrick et al., 2001). For USL, a teacher can demonstrate
an advanced level of proficiency by analysing, selecting, and designing TEFA tasks that provide
appropriate challenges to students while accounting for prior knowledge. This includes teachers’
knowledge of common mistakes and misconceptions and, based on that, skills to design TEFA tasks
that identify these mistakes and misconceptions in order to determine students’ strengths and
weaknesses. Proficiency in DSMP and USL are intrinsically linked to proficiency in the Technology
(TC) and Formative Assessment (FAC) Components. An understanding of technology enables
teachers to select, use, and modify tools that account for students’ prior knowledge and prompt for
evidence of their mathematical proficiencies. Similarly, an understanding of formative assessment is
the basis for selecting and designing TEFA questions that elicit evidence of students’ strengths,
weaknesses, and how to address them with relevant feedback.



The TC focuses on teachers’ analysis and selection of appropriate and capable digital tools to design
TEFAs that are Aligned to the Instructional Goal (AIG) of formative assessment and the mathematical
learning objectives. A mathematics teacher may demonstrate an advanced level of AIG by effectively
analysing and selecting technologies that are appropriate for the mathematical content (i.e.,
mathematical fidelity) while also enabling students to engage in a formative assessment (i.e.,
pedagogical fidelity). For example, an Algebra teacher using a Desmos quiz as a formative
assessment on linear functions should demonstrate that they are selecting or designing questions that
accurately represent linear functions, allow students to show their understanding of linear functions
(e.g., analysing, writing, and drawing), as well as enhancing the formative assessment process (e.g.,
provide instant feedback, collect student data, etc.). Fundamental to mathematics teachers'
proficiency in AIG is their Technology Knowledge (TK). An advanced level of TK includes a
familiarity with a variety of digital tools and how to operate them from both the teacher and student
perspective. Judging the fidelity of the tool depends on the teachers’ proficiency in MPC and FAC.

The FAC focuses on the knowledge and skills that teachers must have to ensure TEFAs are designed
to effectively Elicit Students’ Understanding (ESU), engage them in the Feedback Process (FP), and
Move Learning Forward (MLF). A teacher can demonstrate an advanced level of ESU by consistently
using TEFA questions that emphasise explanation, justification, and problem solving. Accordingly,
questions should avoid an extensive use of computational procedures that rely heavily on
memorization. Essential to the FAC, is engaging students in the FP. A teacher can demonstrate an
advanced level of proficiency in FP by selecting or designing TEFAs that provide targeted feedback
and, when necessary, making plans for supplemental feedback. Crucial to the FP is ensuring that
students are actively engaging with the feedback they receive. Consequently, teachers will need to
apply their skills in USL, AIG, and TK to determine if they should utilise the features within the
digital tool to engage students with feedback, or if a different tool or strategy would be more
appropriate. As the ultimate goal of formative assessment is to move students’ learning forward, a
teacher may demonstrate proficiency in MLF (in connection with proficiency in TK), by effectively
analysing students’ data collected through the TEFA to make appropriate adjustments to instruction.

Discussion and implications

Secondary Mathematics TEFA Literacy is represented by the interaction between all of the essential
elements, where proficiency in one essential element influences one’s ability to demonstrate
proficiency in another. For example, if a teacher is strong in TK, but weak in DSMP and ESU, they
may be able to use the digital tool to collect student data, but these data will not provide evidence of
students’ conceptual understanding, procedural fluency, strategic competence, adaptive reasoning, or
productive dispositions (Kilpatrick et al., 2001). On the other hand, proficiency in one essential
element can promote proficiency in others. For example, a teacher advanced in DSMP may have
better judgement of the pedagogical and mathematical fidelity (i.e., AIG) of digital tools. Further
examples of the connections between the essential elements are found in Figure 2. From both a
practical and a research perspective, the Theoretical Framework for Secondary Mathematics TEFA
Literacy and rubric serve as a conceptual lens of the knowledge and skills that secondary mathematics
teachers need to successfully plan and implement TEFAs. Theoretical frameworks, like this one, can
help teachers and teacher educators develop an understanding of a phenomenon, leading to the



dexterity to apply the concepts to their profession. This framework can guide teacher educators in
course design to develop the knowledge and skills for successful implementation of TEFAs.
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Figure 2: Examples of connections between the essential elements

This framework, including the rubric, also provide educational researchers with a number of tools
that could be used to evaluate TEFA literacy of pre- and in-service mathematics teachers. Much like
the descriptions of assessment literacy (Stiggins, 1991) and TPACK (Lyublinskaya & Kaplon-Schilis,
2022) the qualitative descriptors of the essential elements proposed in this study furnish educational
researchers with tools that may be used in future studies of Secondary Mathematics TEFA Literacy.
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