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ABSTRACT

The effective use of digital technologies in school settings calls for appropriate professional development 
opportunities that will transform inservice teachers’ knowledge for integrating technologies as effective 
mathematics learning tools. To inform such opportunities, this study examined the contents of published 
mathematics education technology professional development papers over several decades using Sztajn’s 
(2011) standards for high quality reporting in mathematics professional development research studies, 
the Technological Pedagogical Content Knowledge framework, and the Comprehensive Framework for 
Teacher Knowledge. Both the Professional Development Implementation and Evaluation Model and 
Education Professional Development Research Framework are recommended for further guidance on 
reporting key features of mathematics education technology professional development.

INTRODUCTION

The professional development of teachers with regard to technology integration in mathematics is espe-
cially important in today’s society. The present study examined the contents of published mathematics 
education technology professional development papers, and recommends both the Professional Devel-
opment Implementation and Evaluation Model and the Education Professional Development Research 
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Framework; these provide additional direction for reporting important features of mathematics education 
technology professional development. Guskey (2000) defined professional development as “those pro-
cesses and activities designed to enhance the professional knowledge, skills, and attitudes of educators 
so that they might, in turn, improve the learning of students” (p. 16). Guskey’s definition of professional 
development was used throughout this study.

Leading professional organizations have advocated for teachers to receive training related to teaching 
effectively with technology. In 1998, the International Society for Technology and Education (ISTE) 
released the National Education Technology Standards for Students (NETS•S) with the goal of support-
ing effective use of technologies in school settings. ISTE recognized that these new standards called for 
different types of teacher knowledge, and thereafter released the NETS Teacher Standards (NETS•T) 
in 2000. In the 2007 and 2008 revisions, ISTE shifted its focus from skills and knowledge needed to 
operate the technology to a) skills and knowledge for students to effectively use technology and b) skills 
and knowledge for teachers to teach with technology. Likewise, in 2006, the Association of Mathematics 
Teacher Educators (AMTE) stated that, “Mathematics teacher preparation programs must ensure that 
all mathematics teachers and teacher candidates have opportunities to acquire the knowledge and expe-
riences needed to incorporate technology in the context of teaching and learning mathematics” (p. 1).

The United States Department of Education released Title II-D, Enhancing Education Through Tech-
nology Act of 2001, within the No Child Left Behind Act of 2001 (USDOE, 2001), which advocated for 
effective technology integration through teacher training and curriculum development to ensure that by 
2006, each student was technology literate by the end of eighth grade. Likewise, the National Council 
of Teachers of Mathematics (NCTM), in the Principles and Standards for School Mathematics (2000) 
as well as in their 2011 technology in teaching and learning position statement and in their Principles 
to Actions (2014), advocated for technology as an important tool to enhance mathematics instruction.

A strong research foundation is critical for developing effective professional development for tech-
nology integration in mathematics education (Ronau et al., 2015). To advance this foundation, our 
study examined the contents of published mathematics education technology professional development 
literature over the course of several decades.

BACKGROUND

Research about general professional development (i.e., not specific to mathematics or technology) lays 
an important foundation for understanding mathematics education technology professional development 
research. The effectiveness of professional development has been an area of research for many years; 
this research helped frame our definition of professional development. At the core of Guskey’s (2000) 
definition of professional development is improving students’ learning through enhancing teachers’ 
professional knowledge, skills, and attitudes. Similarly, Loucks-Horsley, Stiles, Mundry, Love, and 
Hewson (2010) contended that the core of effective professional development is improving student 
learning and extending teachers’ knowledge directly related to their teaching practices. They describe 
effective professional learning as: “directly aligned with student learning needs; is intensive, ongoing, 
and connected to practice; focuses on the teaching and learning of specific academic content; is con-
nected to other school initiatives; provides time and opportunities for teachers to collaborate and build 
strong working relationships; and is continuously monitored and evaluated” (p. 5). The actions in their 
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Professional Development Design Framework are: Commit to Vision & Standards, Analyze Student 
Learning & Other Data, Set Goals, Plan, Do, and Evaluate Results.

Garet, Porter, Desimone, Birman, and Yoon (2001) have also evaluated professional development 
effectiveness by conducting a national survey on the structural (i.e., organizational) and core (i.e., sub-
stance) features of the Eisenhower Professional Development Program. The structural features included 
the activity type (study group versus traditional workshop), duration (time span and contact hours), and 
degree of teachers’ collective participation (groups of teachers from the same school, department, or 
grade as compared to individual teachers from various schools). The core features (also supported by 
the work of Carey & Frechtling, 1997; Darling-Hammond, 1997; and Lieberman, 1996) addressed the 
focus of the professional development activities and included organizing the content (mathematics or 
sciences); integrating active learning (observing and being observed); planning classroom implementa-
tion; reviewing student work; and presenting, leading, and writing. Further core features that addressed 
the coherence of the professional development included connections with goals and other activities, 
alignment with state and district standards and assessments, and communication with others. Garet et 
al. found that activities that spanned a longer period of time and lasted longer encouraged active learn-
ing as they provided more opportunities for teachers to plan for classroom instruction, observe other 
teachers, be observed teaching, analyze student work, and give a presentation or demonstration. Longer 
activities also promoted coherence through connecting teachers’ goals and teaching experiences, aligning 
activities with standards, and encouraging communication among teachers. Duration had a moderately 
positive influence on teachers’ content knowledge. Garet et al. also found that teachers who reported 
that their content knowledge was enhanced were also likely to report that they changed their teaching 
practices. Cohen and Hill (2000) and Kennedy (1998) also found that when professional development 
focuses on specific content as opposed to general pedagogy, student achievement is more likely to be 
positively affected.

Sztajn (2011) advocated standards for high-quality reporting in mathematics professional develop-
ment research studies. As a result of an ERIC search for articles published between 2000 and 2009 in 
the Journal for Research in Mathematics Education, Sztajn located exactly seven articles pertaining to 
professional development with practicing K-12 teachers. As a result of the wide variation among the 
features reported in these seven articles, Sztajn initially used Loucks-Horsley et al.’s (1998) five inputs 
(i.e., knowledge and beliefs, context, goals, critical issues, and strategies) to organize the features re-
ported, and then selected the following features “as possible candidates for standards on what should 
be reported” (p. 231):

• Espoused learning theories;
• Information about participants and their schools or districts;
• Presence of other change initiatives in participants’ schools or districts;
• Program goals;
• Content focus on mathematics, student thinking, or curriculum materials;
• Collective participation;
• Teachers’ voice in decision making about the MPD [mathematics professional development];
• Time (durations, span, organization);
• Artifacts used; and
• Specific mathematics content topic(s) addressed. (p. 231)
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For further clarification, we describe below the features that are not self-explanatory. The espoused 
learning theories encompass both the teacher and student learning theories that guide the design of 
the mathematics professional development (MPD), and these theories should be aligned to each other. 
Sztajn (2011) contends that these learning theories “should be stated explicitly in research reports” (p. 
228). Therefore, we defined ‘espoused’ as being explicitly stated. Describing other change initiatives 
in participants’ schools or districts aids the reader in understanding how certain school-related issues 
may influence the goals of the professional development. ‘Collective participation’ is defined by Garet 
et al. (2001) as “the degree to which the activity emphasizes the collective participation of groups of 
teachers from the same school, department, or grade level, as opposed to the participation of individual 
teachers from many schools” (p. 920). Finally, descriptions of the specific artifacts and mathematics 
content provide a window for visualizing the activities teachers were engaged in during the professional 
development. Although Sztajn (2011) acknowledges that there are pros and cons to reporting standards 
for mathematics professional development, she contends “reporting standards can enhance comparisons 
among MPDs regardless of the research approach used” (p. 233).

The research questions that guided the present study were:

1.  How has mathematics education technology professional development changed over time in relation 
to reporting Sztajn (2011) key features such as: espoused learning theories used in the design of the 
professional development; information about participants and their schools or districts; presence 
of other change initiatives in participants’ schools or districts; program goals; content focus on 
mathematics, student thinking, or curriculum materials; collective participation; teachers’ voice in 
decision making about the professional development; time (duration, span, organization); artifacts 
used; and specific mathematics content topic(s) addressed?

2.  What types of outcomes have been used to measure effectiveness of mathematics education tech-
nology professional development, have they changed over time, and how do they vary across grade 
levels?

Results of these two questions provided guidance for the development of a conceptual framework and 
structure for interpreting and reporting mathematics education technology professional development.

CONCEPTUAL FRAMEWORK

To guide the analysis of professional development practices in our current study on mathematics educa-
tion technology professional development over time, we used Sztajn’s (2011) standards for high-quality 
reporting in mathematics professional development research studies to address research question 1. 
We also used the Technological Pedagogical Content Knowledge (TPACK) (Mishra & Koehler, 2006; 
Niess, 2005) framework to address the professional development program goals in research question 
1. Koehler and Mishra (2008) envisioned the TPACK framework as “a flexible knowledge framework 
that teachers need to develop in order to successfully integrate technology in their teaching” (p. 10). To 
understand student and teacher knowledge outcomes (research question 2), we examined the papers in 
our sample through the lens of the Comprehensive Framework for Teacher Knowledge (CFTK) (Ronau 
& Rakes, 2011). The CFTK (Ronau & Rakes, 2011) defines teacher knowledge as a complex interaction 
of six aspects of teacher knowledge (i.e., subject matter, pedagogy, orientation, discernment, individual, 
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and environment) spanning across three dimensions: Subject Matter and Pedagogy (Field dimension), 
Discernment and Orientation (Mode dimension), and Individual and Environment (Context dimension). 
As teachers enhance their knowledge as defined by TPACK, they expand their knowledge of integrat-
ing technology, pedagogy, and content within classroom instruction while simultaneously influencing 
themselves to integrate the six CFTK aspects with regard to technology:

• Subject matter knowledge (e.g., knowledge of how technology influences student learning of 
mathematics),

• Pedagogical knowledge (e.g., knowledge of how to teach effectively with technology),
• Discernment knowledge (e.g., knowledge of how student and teacher cognition and metacogni-

tion is influenced by technology and how technology will influence learning about mathematics),
• Orientation knowledge (e.g., knowledge of how technology influences student affect generally and 

toward mathematics and how using technology influences students’ affect toward mathematics),
• Individual knowledge (e.g., knowledge of how student backgrounds influence how they learn with 

technology), and
• Environment knowledge (e.g., knowledge of how the inclusion of technology changes the learning 

environment and influences learning of mathematics).

In summary, the three frameworks that formed the theoretical perspective with which we analyzed 
the papers in our sample included Sztajn’s (2011) standards for high-quality reporting in mathematics 
professional development research studies, the TPACK framework, and the CFTK framework.

METHODOLOGY

This section shares the techniques and sources of the systematic literature search used to find papers 
addressing mathematics education technology professional development as well as the coding and 
procedures. The present study is part of a larger study that analyzed mathematics education technology 
publications between 1968 and 2009 (Bush et al., 2015; Ronau et al., 2014, 2015).

Literature Search

The literature search was conducted through two stages—the larger study and the present study—using 
a systematic process based on the techniques outlined by Cooper, Hedges, and Valentine (2009) and 
Lipsey and Wilson (2001). The papers for the present study (papers addressing mathematics education 
technology professional development) were from the overall sample of the larger study (papers address-
ing mathematics education technology). In both stages, we defined constructs before coding, defined 
keywords before conducting the literature search, defined a coding process, trained coders, cross-checked 
results, and computed inter-rater agreement. The sample from the larger study was compiled from multiple 
electronic databases (e.g., EBSCOWeb, ERIC, ProQuest Research Library and Digital Dissertations, 
JSTOR). For these publications, the inclusion criteria were:

1.  The paper must examine a technology-based intervention (e.g., technology, calculators, computers), 
and
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2.  It must be about mathematics education (e.g., mathematics, algebra, geometry, visualization, 
representation).

The sample for the larger study consisted of 1,210 relevant papers. Each author/coder was paired 
with each of the other coders (i.e., six coders = 15 coding teams) so that each paper was both coded 
and cross-checked. This coding format created a counter-balanced design with all six coders, providing 
a way to maximize construct validity and inter-rater reliability of the coding. A database with over 200 
variables was used in the coding process, with 91.5% inter-rater agreement (see Ronau et al., 2014 for 
more details of the overall literature search and coding process).

The papers for the current study were filtered from the database created for the larger study, and thus 
met the criteria of the larger study. The filter applied to the database-extracted papers that were coded 
as teacher development. The initial filter sample for the current study consisted of 116 papers. For a 
paper to be included in the present study, it had to address teacher development (Guskey, 2000); that is, 
the training of inservice teachers (those already certified) regardless of whether the experience earned 
college course credit. Papers that addressed teacher preparation were excluded; that is, papers that ad-
dressed the training of both undergraduate and graduate preservice teachers earning initial certification. 
Each paper was read to verify that it met the criteria, and 47 papers were retained for the present study. 
Nine excluded papers discussed a professional development opportunity with an online component 
(e.g., discussion groups, distance learning) where the online component did not provide any evidence 
of teaching and learning mathematics with technology. The other 60 excluded papers presented theory, 
classroom activities, or research on inservice teachers but did not address professional development.

Coding Process

The 47 papers in the present study were fully examined by two authors using Sztajn’s (2011) standards 
for high-quality reporting in mathematics professional development research studies along with the 
TPACK and CFTK frameworks (Mishra & Koehler, 2006; Niess, 2005; Ronau & Rakes, 2011). When 
discrepancies in coding arose, additional authors were consulted. After the papers were coded, a third 
author verified the codes for the TPACK framework.

Each paper was examined for the standards identified by Sztajn (2011) as being important to report 
in mathematics professional development: espoused learning theories; participant information; change 
initiatives; program goals; focus on mathematics, student thinking, or curriculum materials; collective 
participation; teachers’ voice in decision making; time; artifacts used; and mathematics content. We 
allowed the list of information about participants and their schools or districts reported to emerge from 
our examination of the papers. We then combined common characteristics such as undergraduate and 
graduate mathematics courses taken with mathematical content background. With the final list of 20 
reported participant characteristics, each paper was examined and relevant characteristics for each paper 
were recorded. We coded teacher participants’ grade-level bands into categories, similar to how math-
ematics content is often described in terms of specific grade levels (e.g., NCTM, 2000). The categories 
were K-5, 6-8, and 9-12 where the NCTM (2000) PreK-2 and 3-5 grade-level bands were combined. 
Some papers were coded as being in more than one grade-level band (e.g., K-5 and 6-8). The type of 
technology addressed in the professional development was coded as artifacts used and was defined as 
mathematics-specific and content-neutral technology tools, which align with NCTM’s (2011) recom-
mendation. We limited technology to digital technologies; tools such as overhead projectors and physical 
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manipulatives were excluded. The content topic(s) addressed were categorized using the same strands 
as identified in the NCTM (2000) Principles and Standards for School Mathematics: algebra, calculus, 
geometry, number, probability and statistics, problem solving, reasoning and proof, or unspecified 
mathematics content. The program goals were further analyzed using the TPACK framework, including 
Technological Knowledge (TK), Pedagogical Knowledge (PK), Content Knowledge (CK), Technologi-
cal Pedagogical Knowledge (TPK), Technological Content Knowledge (TCK), Pedagogical Content 
Knowledge (PCK), and TPACK. The six aspects of teacher knowledge (i.e., subject matter, pedagogy, 
orientation, discernment, individual, and environment) of the CFTK framework (Ronau & Rakes, 2011) 
were used to define teacher outcomes. In addition, teacher orientation (teacher attitudes, beliefs, etc.) 
was analyzed. Altogether, seven different teacher outcomes were analyzed.

RESULTS

The 47 papers in the present study included 40 research papers and 7 non-research papers (theory devel-
opment, classroom activities, editorials, etc.). Of the 47 papers, 11 (23%), which included nine research 
and two non-research papers, discussed the opportunity for the participants to earn graduate credit hours 
either through a graduate-level course or other professional development opportunity. No papers in this 
sample of 47 papers were published prior to 1980; three were published between 1980 and 1989, 14 
between 1990 and 1999, and 30 between 2000 and 2009. The ratio of professional development papers 
per total number of mathematics education technology papers in the larger study was 3/48 in the 1980s 
(6.25%), 14/320 in the 1990s (4.38%), and 30/818 in the 2000s (3.67%). These percentages are low, but 
not unexpected as Sztajn contends most mathematics professional development “are never studied or 
reported on in research journals” (p. 222). The overall low number of professional development papers 
and the lack of relative increase suggest that little has been published about the effectiveness of math-
ematics education technology professional development.

Research Question One

Research question one (RQ1) addressed how mathematics education technology professional develop-
ment has changed over time in relation to Sztajn’s (2011) standards for high-quality reporting in math-
ematics professional development, including: espoused learning theories used to design the professional 
development; information about participants and their schools or districts; presence of other change 
initiatives in participants’ schools or districts; program goals; content focus on mathematics student 
thinking, or curriculum materials; collective participation; teachers’ voice in decision making about the 
professional development; time (duration, span, organization); artifacts used; and specific mathematics 
content topic(s) addressed.

Learning Theories

Since Sztajn (2011) contends that both teacher and student learning theories “should be stated explicitly 
in research reports” (p. 228), we coded only those that were explicitly stated (n = 20, 43%). The percent-
age of papers that explicitly stated a learning theory increased across the three decades (1980s, 1990s, 
and 2000s): 0%, 28.6%, and 53.3% respectively. This increase is promising because including an explicit 
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learning theory that supports the design of the professional development is necessary for the mathemat-
ics education community to clearly interpret the goals and activities of that professional development. 
When a learning theory was explicitly stated, these included: constructivism, situated learning, social 
constructivism, socio-cultural view of learning, socioculturalism, symbolic interactionism, both situ-
ated learning and legitimate peripheral participation, and both socioculturalism and the Community of 
Inquiry framework. Except for constructivism, which was addressed in five papers, each of the learning 
theories was addressed in exactly one paper.

Participant Information

The type of information provided in the papers about the participants and their school districts varied 
widely. No information was universally reported. The two most common characteristics reported about 
the participants was their teaching grade level (n = 43) and number of participants (n = 37). Other 
characteristics reported more than one time were the participants’ school location (n = 20), number 
of individual schools they represented (n = 15), teaching experience in years (n = 8), gender (n = 8), 
school district’s details (e.g., number of schools in the district, school district student population, school 
districts’ students’ standardized test data) (n = 7), technology background (n = 7), mathematics content 
background (n = 6), experience teaching with educational technology (n = 5), age (n = 3), number of 
years teaching at their current school (n = 3), prior mathematics courses taught (n = 3), and degree (n 
= 2). Other pieces of information, each of which appeared in only one paper, were teachers’ certifica-
tion level, ethnicity, highest degree earned, number of years teaching mathematics, online experience, 
and also whether or not the teachers were newly hired. In summary, the participant information that the 
respective authors chose to share in each of the 47 papers varied widely, with teaching grade level and 
number of participants reported most often.

On average, each paper reported four items of information about participants and their schools or 
districts (see Table 1). The number of items most often reported was two, and three dissertations reported 
nine, 11, and 12 items. Sixteen papers (approximately 34% of the 47 papers) reported only one or two 
specific details about the participants, which made it difficult to interpret the impact of the professional 
development because the details about participants and their schools that may affect the professional 
development program goals could not be determined. For example, the program goals may vary for a 
group of teachers with minimal background in teaching mathematics with technology in general or with 
a specific technology, as compared with a group of teachers who have integrated technology into their 
teaching for several years. Finally, one dissertation that is not reported in Table 1 did not clearly address 
the participants in the professional development, but rather described the teachers in the research study 
associated with the professional development. Although these teachers were also participants in the 
professional development, we could not infer characteristics about all participants in the professional 
development.

The participants represented in the 47 papers were most often a mixed group of middle and high 
school teachers (n = 13 papers), followed by only high school teachers (n = 12 papers), only middle 
school teachers (n = 10 papers), and only elementary school teachers (n = 5). Of the remaining seven 
papers, four did not address the participants’ grade level taught. In two papers, participants were a mix of 
K-12 grade teachers. In one of these two papers, there were eight K-3, seven 4-5, seven 6-8, and ten 9-12 
teachers; and in the second paper, there were 33 5-9 teachers. In a third paper, the group of participants 
was a mix of middle, high school, junior college, and university participants.
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We had difficulty distinguishing between the professional development participants and the partici-
pants of the study reported in some research papers. For example, an author may have conducted a study 
with a subset of the participants who were in the professional development. Often, a list of details about 
the participants in the study was provided, but no list about the professional development participants 
was provided, even when elaborate details about the professional development were reported. Although 
some information about the professional development participants was evident since the research study 
participants were subsets of the professional development participants, further details about the profes-
sional development participants would have allowed the mathematics education community to better 
interpret the results of the research study.

Change Initiatives

The presence of other change initiatives in participants’ schools or districts was seldom reported in the 
47 papers. In the 1980s papers, one paper acknowledged that standards from national organizations and 
committees, along with state curricula, advocate for an increased use of the computer as a problem-
solving tool in the mathematics classroom. The other two papers did not address the presence of other 
change initiatives.

Only three of the 14 papers from the 1990s addressed a change initiative. In one paper, the schools had 
previously invested in a collection of technology devices that would allow them to integrate mathematics 
and science lessons from classroom to classroom through distance learning. Professional development 
was organized to encourage teachers to use the technology devices to further enhance their instruction. 
In the second paper, the school was in the process of revamping the entire mathematics curriculum and 
accepted the invitation from a research group to offer to teachers a professional development opportunity 
that would help support their restructuring efforts. To aid the adoption of new and innovative curricula, 
the professional development focused on deepening teachers’ mathematical content knowledge and tech-
nology curriculum integration. The third paper also focused on supporting the districts’ implementation 
of new curricula—an integrated high school science, mathematics, and technology curricula.

Ten of the 30 papers from the 2000s addressed the presence of other change initiatives. The change 
initiatives reported were to address state standards enhanced by technology (n = 2), national curricular 
recommendations by NCTM enhanced by technology (n = 1), the general need for technology integra-

Table 1. Number of participant characteristics per paper type

Paper Type Number of Participant Characteristics Reported

1 2 3 4 5 6 7 9 11 12

Book Chapter 1 - 1 - - - - - - -

Conference Paper 1 - - 1 - - - - - -

Dissertation - 7 2 4 4 2 2 1 1 1

Journal Article 3 4 4 2 2 1 1 - - -

Master Thesis - - - - 1 - - - - -

Total Number of Participant Items 
Reported

5 11 7 7 7 3 3 1 1 1

Note. N = 46 papers.
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tion (n = 4), or the need for a specific technology integration (n = 2). The change initiative in the tenth 
paper was the organization of teachers into interdisciplinary clusters (math, science/social studies, and 
language arts). Across all decades in our study, the presence of other change initiatives was reported in 
14 (30%) papers. Except for one of these 14 papers, the change initiatives acknowledged the need for 
integrating technology into the teaching and learning of mathematics.

Program Goals

The program goals in the 47 papers were examined using the TPACK framework. These program goals 
varied widely from focusing specifically on helping teachers use a technology tool (TK) to helping 
teachers effectively incorporate technology into lessons they created in order to enhance instruction 
(TPACK). In the 1980s, one professional development paper had program goals that focused on teach-
ers demonstrating the ability to use technology—specifically, handheld calculators and microcomputer 
systems. The second paper focused mainly on teachers’ TPACK as teachers developed computer-based 
activities that demonstrated the correct use of technology, employed a problem solving approach, and 
were pedagogically sound. The third paper addressed TCK, TPK, TK, and TPACK. Along with learning 
how to use a non-scientific calculator as an instructional tool in teaching mathematics (TPACK), the 
teachers also learned how to: use a calculator as a flash card device (TCK), demonstrate the use of the 
calculator for students (TPK), and use the calculator to solve addition and subtraction problems (TK). 
Overall, one paper focused on teachers learning to use the technology, the second focused specifically 
on TPACK, and the third focused on TPACK and several TPACK components.

The program goals of the 14 papers in our sample from the 1990s mainly focused on TPACK. Eleven 
papers described professional development programs with goals centered on TPACK—such as integrating 
technology into teachers’ teaching and their students’ learning of mathematics, integrating technology 
into the teaching of problem solving, or designing curricula for students that builds on the power of tech-
nology to connect mathematical concepts. One of these eleven papers also focused on teachers’ content 
knowledge. Of the three remaining papers, one focused on developing teachers’ skills with technological 
tools (TCK) and expanding their mathematical content knowledge (CK). The professional development 
in the other two papers seemed to focus primarily on the learning of the technology tool itself (TK).

The program goals of the 30 professional development papers written in the 2000s varied widely, 
with TPACK a focus in 23 papers. In 13 of these 23 papers, the main program goal was TPACK—such 
as implementing technology tools in mathematics with emphasis on an inquiry approach to teaching and 
learning, encouraging changes in teaching and learning with the influence of technology and standards, 
and using technology in mathematics teaching that supports and facilitates conceptual development of 
mathematics content. The other 10 papers that included a program goal of enhancing TPACK discussed 
other specific TPACK components: three addressed TK, two addressed TCK, one addressed CK, one 
addressed PCK, one addressed both TCK and PCK, and one addressed TCK, PCK, and CK.

There were seven papers that did not have a program goal focused on TPACK. Two papers focused 
on both TCK and CK, two focused on both TCK and PCK, while the other three focused on PCK and 
CK, or TK only. When CK was a focus in these seven papers, it was apparent that technology was not a 
focus, and the goal was to increase teachers’ mathematical content knowledge of geometry, algebra, and 
calculus; history of mathematics; or geometry. When TCK was a focus, the goal was to develop teachers 
as users of technology or to develop their awareness of technology resources. Goals focused on PCK 
included: to enhance teachers’ knowledge of problem-solving strategies or knowledge of how children 
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think and learn; and to develop teachers as facilitators of teaching mathematics, where technology was 
not a focus. Across all decades included in our study, TPACK was the most common program goal; it 
was evident in 36 papers, 12 of which included additional program goals related to TPACK components.

Focus on Mathematics, Student Thinking, or Curriculum Materials

When analyzing whether the professional development included a focus on mathematics, student thinking, 
or curriculum materials, the most common theme was a content focus on mathematics and curriculum 
materials, and we viewed technology as a curriculum material. The three papers from the 1980s all 
explained that teachers were learning to use technology. Two of these papers reported the integration of 
teaching mathematics with technology; one explicitly referenced using a textbook to help reinforce the 
integration of technology. None of these papers addressed student thinking.

All 14 papers in the 1990s addressed a content focus on both mathematics and technology. Two 
specifically focused on how to use the technology, one focused on simultaneously developing teach-
ers’ technologies skills and mathematical knowledge, and eleven explored teaching mathematics with 
technology. In four of these papers, additional curriculum materials were emphasized. No professional 
development paper in the 1990s addressed student thinking.

All 30 papers in the 2000s addressed professional development that was focused on both mathematics 
and technology, but with varying degrees. More specifically, one paper reported on teachers learning to 
use a technology, two focused on teachers learning to use a technology while simultaneously enhancing 
their content knowledge, one focused on teachers deepening their understanding of school mathematics 
and how to teach mathematics with some emphasis on technology, and two others separately discussed 
teaching and learning mathematics with technology. The remaining 24 papers integrated mathematics 
and technology and discussed appropriate ways of teaching and learning mathematics with technology. 
Four papers addressed student thinking; two analyzed work samples, one focused on observation and 
reflection, and one focused on the discovery approach for teaching. Six of the 30 papers referenced cur-
riculum materials, including NSF-supported curriculum, textbook series, instructor- or teacher-created 
materials, and technology-specific curriculum materials. Overall, the papers in the sample typically 
reported the specific mathematics content and technology, but often did not address additional curricu-
lum materials or student thinking.

Collective Participation

The degree to which the papers addressed collective participation varied across decades. Zero of the three 
papers in the 1980s, eight of the 14 papers in the 1990s, and 12 of the 30 papers in the 2000s addressed 
whether or not collective participation was a component of the professional development. Of the eight 
papers from the 1990s, collective participation was indeed a component in five papers as participants 
were from the same school district (n = 3), same school (n = 1), or a subset of the total participants were 
from the same school (n = 1). In the other three papers, collective participation was not a component as 
teachers were either from different local schools or from schools across the state.

Although collective participation was addressed in 12 papers from the 2000s, it was clearly not a 
component of the professional development in one paper as teachers were not from the same school or 
school district. Of the eleven other papers, five stated that all of the participants were from the same 
school, and three indicated that the participants were from the same school district. In the three remain-
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ing papers, a subset of the total participants (about 36%) were from the same school (n = 1 paper), or 
the participants included small teams of teachers from several different schools (n = 2). Across all three 
decades, whether or not the professional development included collective participation was addressed 
in only 20 of the 47 papers. Of the ten professional development features reported in research question 
one, collective participation was the feature least often addressed.

Teachers’ Voices

The next professional development feature analyzed was teachers’ voices in decision making about the 
professional development. Teachers’ voices were addressed in one of the three 1980s papers as teacher 
participants met prior to the professional development and approved a list of mathematics objectives to 
be taught during a six-week period. Similar to the 1980s, teachers’ voices were addressed in one paper 
in the 1990s where teacher participants decided which specific mathematics content should be the focus 
of the professional development. Teachers’ voices were more prevalent in the 2000s papers, where 24 of 
the 30 papers addressed this feature. Examples of teachers’ voices included teachers creating their indi-
vidual learning plan for 20 of 30 required professional development credit hours; teachers recommending 
specific technology integration; teachers identifying the lack of adequate technology equipment in their 
schools and the professional development responding to their needs; teacher-led collaboration; teachers 
individually receiving direct support from a professional development mentor; and a school-based teacher 
who served as the catalyst of the professional development. The increase of teachers’ voices in making 
decisions about their professional development from the prior two decades to the 2000s is promising.

Time

In the 47 papers, reporting on the professional development time differed widely with respect to dura-
tion, span, and organization. All three papers in the 1980s included one summer session each; one was 
three weeks (or 15 days), one was six weeks, and one was not specified. Only one paper indicated that 
an academic-year component was included, in which the teachers met for three hours on an unspecified 
number of Saturdays. In only one paper, the organization of the professional development was discussed 
and included a daily outline of the topics covered.

Seven of the 14 papers in the 1990s addressed a three-credit graduate-level course, though it was 
mentioned in one paper that earning graduate credit hours was optional. Although the duration in the 
number of contact hours was not provided in these seven papers, one course was offered only during 
summer, whereas three courses were offered only during a fall or spring semester. The remaining three 
courses included both a summer and academic year follow-up component, where the follow-up sessions 
varied and consisted of one, five, or six follow-up days. A comprehensive description of the course was 
provided in only one of these seven papers, and a general agenda was provided in a different paper. Al-
though more than a graduate-level course, one paper in the 1990s described a graduate-level program 
spanning three years, including a four-week summer institute, one course each during fall and spring 
semesters, and a winter institute spanning Thursday evening, all day Friday, and all day Saturday. In the 
six remaining papers of the 1990s, the time span included: summer only (n = 2), summer and one aca-
demic year follow-up session, summer and two academic year follow-up sessions, two months during the 
academic calendar, or was not addressed. Only one of the six papers that included a time span specified 
the duration given in contact hours. A complete daily agenda was provided in four of these six papers.
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In seven of the 30 papers published in the 2000s, some graduate-level credit hours were offered. It 
was explained in three of these seven papers that participants were offered three graduate credit hours. 
Two of these three papers included a 15-week course offered during either the fall or spring semester; 
45 contact hours was specifically reported in one paper. It was unclear in the third paper when the two-
month seminar was offered. Of the four remaining papers that included graduate-level credit hours, the 
duration was not discussed in one paper, 100 contact hours was included in the second paper, three years 
was included in the third paper, and a 30-credit-hour professional development that included two summer 
institutes (total of 10 credit hours) with an unspecified number of follow-up sessions over two school 
years (total of 20 credit hours) was discussed in the fourth paper. This fourth paper did not include the 
contact hours, thus duration was not clearly stated in this paper. However, it was noted that the credit 
hours were optional. In 2 of the 23 remaining papers of the 2000s, the time span was specifically stated 
as fifteen hours and 45 hours. In 18 of the 23 remaining papers of the 2000s, the time span was generally 
stated and included: two and one-half days (n = 1), six days (n = 2), one week (n = 2), two weeks (n = 
2), three weeks (n = 3), 15 weeks (n = 1), one month (n = 1), one year (n = 2), two years (n = 3), and 
three calendar years (n = 1). In the final three papers from the 1990s, the duration was not specified. 
In summary, the number of contact hours was specifically stated in only four papers from the 2000s.

Artifacts Used

The description of artifacts used differed widely among the 47 papers. We included the technology(ies) 
used in the professional development as an artifact (see Table 2). There were seven technologies reported 
in the three papers from the 1980s: compass software, computer programming, database software, 
graphing software, non-scientific calculators, scientific calculators, and spreadsheet software. As can be 
expected, the variety of technologies reported per decade increased from seven in the 1980s to 15 in the 
1990s, and 26 in the 2000s. Technology that first appeared in the professional development papers for 
the 2000s included: Animate, applets, blogs, digital cameras, Interactive Whiteboards, Microsoft Word, 
movie software, presentation software, SMART Boards, student response systems, tutorial software, and 
videos. The only two technologies used across all three decades were graphing software and spreadsheet 
software. The use of dynamic geometry software increased the most from the 1990s to the 2000s, be-
ing used in the professional development programs from approximately 7% (1 out of 14 papers) to 30% 
(9 out of 30 papers). From the 1990s to the 2000s, there was an increase in both the general use of the 
Internet (from 7% to 17%) and the use of spreadsheet software (from 21% to 30%).

In addition to different technology tools and types, some professional development papers described 
other non-technology-based artifacts used during their professional development. In the 1980s, it was 
cited in two papers that a total of four non-technology-based artifacts were used, including: activity sheets/
worksheets, teacher instructions, a text, and an outline of topics. One paper described only technology-
related artifacts.

There were 14 papers in our sample from the 1990s, and 11 papers cited a variety of non-technology-
based artifacts with the most popular being activities/units (n = 4 papers) and participant-made tasks/
models/projects (n = 3 papers). All other artifacts were only referenced in one paper each and included: 
examples of student work, physical props, teacher worksheets, videotapes, teacher guides, student guides, 
worksheets, supporting literature, reformed curriculum, resources, a textbook, and teacher work samples 
and reactions.
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Table 2. Number of technology types examined, by content strand and decade

Technology Type 1980s 1990s 2000s

Algebra Software 3 2

Animate 1

Appletsa 4

Blogs 1

CAD 1

CAS 1

CBLs 1 3

Compass Software 1

Computer Programing 2

Database Software 1

Data Collection Peripheral Devices, Not Specified 1

Digital Cameras 1

Distance Learning 1 1

Dynamic Geometry Software 1 9

Games Software 2

Graphing Calculators 4 10

Graphing Software 1 3 3

Interactive Whiteboards 2

Internet, General 1 5

Mathematics Software, General 2

Microsoft Word 1

Motion Detectors 1 3

Movie Software 1

Non-Scientific Calculators 1

Presentation Software 4

Probes 1 1

Scientific Calculators 1 2

SMART Boards 2

Spreadsheet Software 1 3 9

Statisticsb Software 1 2

Student Response Systems 1

Tutorial Software 1

Videos 1

Unspecified 1

Note. N = 47 papers.
aApplets are small programs that simulate manipulatives virtually or provide an exploration activity in a digital environment.
bStatistics included computational and instructional software.
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Thirty professional development papers in our sample were written in the 2000s, and 20 papers cited 
non-technology-based artifacts. Nine papers cited lessons/units/activities, six cited participant-made 
lessons/activities, two cited curriculum, two cited assignments, two cited a webpage of resources, two 
cited samples of student work/thinking, and two cited tests. All other artifacts were cited in only one 
paper each and included: books, teacher-created learning plans, teacher presentations, videos of lessons, 
online discussion forums, scaffolding tools, whiteboards, observations, reflections, mentor logs, surveys, 
audio recordings, journal prompts, labs, textbook, and pacing guides.

Mathematics Content

To help provide the overall picture of the technology artifacts reported in the 47 professional develop-
ment papers, we will report the technology type with respect to the specific mathematics content topic(s) 
addressed. First, though, we report the specific mathematics content topic(s) addressed in the 47 papers 
across all three decades (see Table 3). There were four content strands addressed in the three professional 

Table 3. Mathematics content strand by decade

Content Strand 1980s 1990s 2000s

Algebra 6 7

Algebra, Business Math, Calculus, Geometry, Probability, and Statistics 1

Algebra, Calculus, Geometry, and Problem Solving 1

Algebra, Calculus, Mathematical Modeling, Number, Probability, and Statistics 1

Algebra and Discrete Mathematics 1

Algebra and Geometry 1 2 3

Algebra, Geometry, and Calculus 1

Algebra, Geometry, and Data Analysis 1

Algebra, Probability, and Statistics 1

Algebra and Problem Solving 1

Calculus, Data Analysis, Geometry, Mathematical Modeling, Probability, and Statistics 1

Data Analysis 2

Geometry 3

History of Mathematics 1

Data Analysis, Mathematical Modeling, Probability, and Statistics 1

Mathematical Modeling and Statistics 1

Number 1 2

Number and Problem Solving 1

Problem Solving 1 1

Statistics 1

Statistics and Data Analysis 1

6th, 7th, 8th Grade Mathematics 1

Not Addressed 2
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development papers from the 1980s (i.e., algebra, discrete mathematics, number, and geometry). The 
number of content strands reported increased to ten in the 14 papers published in the 1990s, and was 
ten again for the 30 papers published in the 2000s. Also in papers from the 2000s, one addressed 6th, 7th, 
and 8th grade mathematics, while two did not address specific mathematics content.

Across all three decades, one content strand was the focus in 25 papers, two content strands were the 
focus in 11 papers, and more than three content strands in five papers. Algebra was the most frequently 
reported content strand (n = 27) and consisted of: pre-algebra, algebra, algebra I, algebra II, conic sec-
tions, exponential growth, linear algebra, matrix algebra, and trigonometric functions. Geometry was 
the second most common content strand (n = 14). The ratio of papers that addressed algebra per decade 
declined from approximately 71% to 50% from the 1990s to the 2000s. Similarly, the ratio of papers that 
addressed problem solving declined from approximately 21% to 7%; however, data analysis increased 
from 7% to 17%. Two other content strands that slightly increased were number (7% to 10%) and geom-
etry (29% to 30%). All other content strands addressed in more than one paper decreased approximately 
7% or less from the 1990s to the 2000s: mathematical modeling (14% to 7%), calculus (14% to 10%), 
probability (14% to 10%), and statistics (21% to 17%). It is possible that algebra was the most frequently 
reported content strand because algebra proficiency is the mathematics gatekeeper for success in high 
school, postsecondary school, and many career paths (Capraro & Joffrion, 2006; Edwards, 2000; Erbas, 
2005; Stephens, 2005).

Research Question Two

The second research question (RQ2) explored the types of teacher and student outcomes that have been 
used to measure the effectiveness of mathematics education technology professional development re-
search using student outcomes and teacher outcomes from the CFTK framework. Of the 47 professional 
development papers, 35 addressed more than one outcome, which suggests that professional development 
can target multiple areas of growth. For example, professional development might examine both teacher 
knowledge of subject matter and teacher knowledge of orientation (attitudes, beliefs).

Table 4 displays the number of times student outcomes, teacher knowledge outcomes, teacher ori-
entation outcomes, and teacher behavior outcomes were targeted, organized by grade-level band and 
decade. While the total number of professional development papers was 47, the total count of outcomes 
as shown in Table 4 is 122 because many papers had more than one outcome; however, four papers did 
not examine any student or teacher outcomes. Student outcomes were measured in 10 papers with stu-
dent achievement (n = 4), student orientation (n = 4), and student behavior (n = 4) studied most often, 
and student conceptual learning addressed in two professional development papers. Furthermore, eight 
papers addressed both student and teacher outcomes.

There were exactly 28 papers (1, 9, and 18 from the 1980s, 1990s, and 2000s respectively) that ad-
dressed the teacher knowledge outcome; however, this number is not reflected in Table 4 because, again, 
more than one outcome was reported in many of the papers. Subsets of teacher knowledge outcomes 
most often addressed were teacher knowledge of pedagogy (n = 17) and teacher knowledge of subject 
matter (n = 16). Finally, teacher knowledge orientation (n = 10), teacher knowledge discernment (n = 
8), teacher knowledge environmental context (n = 4), and teacher knowledge individual context (n = 1) 
were measured less often.

The teacher orientation outcomes and/or behavior outcome (teaching choices reflect best practices 
and professional activities) were measured in exactly 35 papers (2, 12, and 21 from the 1980s, 1990s, 
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and 2000s respectively) with teacher orientation measured in exactly 29 papers; teaching choices reflect 
best practices and professional activities, in exactly 21 papers.

SOLUTIONS AND RECOMMENDATIONS

The goal of this study was to examine the contents of mathematics education technology professional 
development published papers to determine whether and how professional development experiences 
have changed over several decades to help teachers implement current and emerging digital technolo-
gies in their classrooms. This analysis, although limited by a small sample size (n = 47), found a wide 
variation among the contents reported in these published papers. To address Sztajn’s (2011) call that 
standards for reporting mathematics professional development are needed, we offer both a framework 
and process for reporting such standards.

Indeed, a major finding of this study is that there are few published papers on mathematics education 
technology professional development as only 47 of 1,210 papers (3.9%) in our overall sample of math-
ematics education technology papers addressed professional development. As we previously stated, this 
percentage is low but not unexpected, as Sztajn contends that most mathematics professional develop-
ment programs “are never studied or reported on in research journals” (p. 222). Even though 47 papers 
is a small sample, it may be highly generalizable to all mathematics education technology professional 
development literature. Shavelson and Towne’s (2002) fifth principle of scientific research is that quality 
research must be replicated and generalized across studies. We recognize that no single study can capture 
the breadth and depth needed to fully explore mathematics education technology professional develop-
ment. However, having only 47 mathematics education technology professional development papers 
across four decades (0% in 1970s, 6.25% in 1980s, 4.38% in the 1990s, 3.67% in the 2000s) represents 
a striking lack of attention in published papers. With leading professional organizations in mathematics 
education, such as AMTE (2006), ISTE (NETS•S, 2008; NETS•T, 2009), and NCTM (2011, 2014), 
calling for further implementation of technology in the teaching and learning of mathematics, it would 
seem appropriate that publications on professional development programs supporting this call would 
appear more often.

A second major finding of our study is the wide variation in the contents reported in our sample of 
mathematics education technology professional development published papers. These variations were 
in the analysis of RQ1, which addressed Sztajn’s (2011) standards for reporting mathematics profes-
sional development. In our sample of published papers, the learning theory that guided the design of 
the professional development was explicitly addressed in 20 (42.6%) papers. The percentage of papers 
that explicitly addressed the learning theory increased across the decades from the 1980s to the 2000s, 
which is promising as it helps practitioners make purposeful decisions about professional development 
to create more effective experiences for teachers in local settings.

There was a wide variation in what information authors chose to report about participants. The two 
most common characteristics reported were their teaching grade level (n = 43) and the number of par-
ticipants (n = 37). Surprisingly, only one or two specific participant details were reported in 16 papers 
(approximately 34%). Reporting little information about the participants does not allow the mathematics 
education community to fully interpret the impact of the professional development, as details about par-
ticipants and their schools may affect the professional development program goals. We support Sztajn’s 
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(2011) claim that a discussion is needed as to what participant information should be shared. Sztajn 
stated that teachers’ “professional experiences, the grade levels at which they teach, the socioeconomic 
background of their students, and whether the schools are private or public and rural, suburban, or urban” 
(p. 228) should be reported. We contend that teachers’ professional experiences and the grade levels at 
which they teach should be expanded to include details about teachers’ certification level, mathemati-
cal content background, total number of years teaching, number of years teaching specific mathematics 
content and when these experiences occurred, number of years teaching in the current school/district, 
experience teaching with mathematics education technology, whether the participation was compulsory 
or voluntary, and whether incentives were given. Shadish, Cook, and Campbell (2002) suggest that 
understanding the sample is critical. Therefore, to more clearly interpret the professional development, 
including its results, further details about the participants must be provided.

Change initiatives in participants’ schools or districts were reported in 14 of the 47 papers (30%). 
With little information provided on change initiatives, it is difficult to determine the school’s or school 
district’s level of investment with the professional development program goals. Because teachers are 
often aware of this level of investment, it may in turn affect their personal commitment to the profes-
sional development. Therefore, we support Loucks-Horsley et al.’s (1998) and Sztajn’s (2011) claim that 
there should be an expectation to report aspects that affect the design of the professional development.

Along with change initiatives, program goals must be reported. From our analysis of the mathematics 
education technology professional development program goals, 36 of the 47 programs goals attempted 
to enhance teachers’ knowledge of technology integration for mathematics, which we coded as TPACK. 
Seven of the 47 papers also focused on developing teachers’ content knowledge (CK). Consistent with 
recommendations made by Corcoran (1995), Cohen and Hill (2000), Kennedy (1998), and Garet et al. 
(2001), these papers attempted to enhance teacher knowledge as a mechanism for improving teacher 
practice and student outcomes.

Within the design and implementation of the mathematics education technology professional de-
velopment programs, all 47 papers included mathematics content and at least one mathematics-related 
technology tool, which we viewed as a curriculum material. In 11 papers, additional curriculum materials 
were reported, and analysis of student thinking was evident in four papers, which aligns with Loucks-
Horsley et al. (2010), who posited that professional development should improve student learning and 
extend teachers’ knowledge as it relates to their teaching practices. Furthermore, Garet et al. (2001), 
Carey and Frechtling (1997), Darling-Hammond (1997), and Lieberman (1996) advocate for professional 
development programs to include teachers reviewing student work to analyze students’ thinking. Hence, 
there is need for professional development that integrates mathematics content, technology, additional 
curriculum materials, and student thinking in order to transform teachers’ knowledge for integrating 
technologies as mathematics learning tools to enhance student learning.

Collective participation was addressed in less than half of the professional development papers (n 
= 20, 43%). Collective participation “provides time and opportunities for teachers to collaborate and 
build strong working relationships” (Loucks-Horsely et al., 2010, p. 5). Bryk et al. (2011) goes further, 
suggesting that such collaboration should include small research trials to collectively answer classroom 
effectiveness questions. With groups of teachers from the same school working collaboratively, the 
effectiveness of the professional development may be more profound (Bryk et al., 2011; Garet et al., 
2001). Including teachers’ voices in the professional development decision-making will also increase the 
effectiveness of the professional development. The dramatic increase of teachers’ voices in the papers 
between the 1990s (7%) and 2000s (80%) is evidence that teachers’ voices are beginning to be heard.
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The professional development time differed widely with respect to duration, span, and organization, 
including one day, one week, three weeks, one year, etc. Garet et al. (2001) found that duration had a 
positive influence on engaging teachers in active learning and conducting coherent professional devel-
opment. Longer activities encouraged active learning, as they provided more opportunities for teachers 
to plan classroom instruction, observe other teachers, be observed teaching, analyze student work, and 
give presentations or demonstrations. Considering the benefits provided by longer activities, which may 
require at least 35 hours (Garet et al., 2001), professional development programs should be designed to 
allow for activities of such length.

Although technology was used as an artifact in each instance of professional development, 33 of the 
47 papers included non-technology artifacts. The technology artifacts most frequently reported in the 
papers were graphing calculators (in 14 papers), spreadsheets (in 13 papers), dynamic geometry soft-
ware (in 10 papers), and graphing software (in 7 papers). The number of technologies increased across 
decades, with 12 new technologies reported in the 2000s.

Typically, authors did not specify in their papers which technology was used to explore each mathemat-
ics content strand addressed. For example, one professional development included teachers learning how 
to use dynamic geometry software and spreadsheet software to teach algebra and geometry. However, 
we were unable to determine whether participants were exploring ways to teach geometry with only the 
dynamic geometry software or with both the dynamic geometry software and spreadsheet software. The 
technology used to explore each mathematics content strand should be clearly stated. Providing specific 
examples of how these technologies were used will also assist the reader in understanding the design 
and implementation of the professional development.

Of the content reported in the published mathematics education professional development papers, 
algebra was the content that appeared most often (n = 27), followed by geometry (n = 14) and statis-
tics (n = 8). Garet et al. (2001) found that when professional development focuses on specific content, 
teachers are more likely to change their teaching practices, while Cohen and Hill (2000) and Kennedy 
(1998) noted that student achievement is positively affected when professional development has a specific 
content focus aligned with practice. Therefore, a specific content focus seems to be necessary to help 
teachers change their mathematics teaching practice and/or enhance student achievement.

RQ2 examined the types of outcomes addressed in the current literature on mathematics education 
technology professional development. Our results show that professional development on mathematics 
education technology has focused on teacher outcomes (40 of 47 papers), with teacher orientation ad-
dressed in 30 papers, teacher knowledge pedagogy in 21 papers, and teacher knowledge subject matter 
in 18 papers. Although teaching that exemplifies what the authors described as “best practices” was the 
focus of 17 papers, all professional development should define and emphasize best practices. Furthermore, 
eight papers addressed both teacher and student outcomes with student achievement, student behavior, 
and/or student orientation addressed in seven of these eight papers. With few published papers focused 
on both teacher and student outcomes, we recommend that professional development include experiences 
for teachers to assess the effectiveness of the strategies they are learning and measure this effectiveness 
through their students’ learning when they employ these new teaching practices.

Overall, the results of our study revealed a number of recommended standards for professional 
development that are not consistently addressed in published papers but are important components in 
the professional development process, as determined by this study’s literature review and conceptual 
framework. The inconsistency in reporting standards illuminates a need to more explicitly address profes-
sional development as a treatment. Therefore, we developed a new model for professional development: 
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the Professional Development Implementation and Evaluation Model (PDIEM) (see Figure 1). Because 
Sztajn’s standards for reporting professional development, which were a component of the conceptual 
framework of our study, were informed by Loucks-Horsely et al.’s (2010) Professional Development 
Design Framework (PDDF), our PDIEM expands upon the ideas expressed in the PDDF by emphasiz-
ing continuous interaction among and between phases, components, and inputs within the model; col-
laboration among communities of practice; the implementation of improved classroom instruction; and 
cyclical evaluation of the professional development.

The Design and Development phase contains three major components that require in-depth analysis 
in the design of professional development. These components—Common Vision and Standards; Needs 
Assessment; and Set Goals, Design Strategies, and Design Activities—are interconnected and inform 
each other. These components interact and continue to inform each other, evolving during this phase and 
throughout subsequent phases. Current levels of Knowledge, Orientation, Context, and Critical Issues 
(KOCCI) among stakeholders serve as a lens to focus the professional development. The KOCCI inform 
the three major components, including delineation of a challenge space, specified by Bryk, Gomez, and 
Grunow (2011) as the challenges at the instructional, institutional, and system/field levels. The challenge 
space provides a structure by which individual, specific interventions are focused on a larger, common 
problem space. Common Vision, guided by the appropriate standards, is important for systemic and 
systematic change, and a necessity for both professional development designers and participants. Needs 
Assessment emphasizes that the professional development goals must focus on the common vision and 
KOCCI based on the teachers’, schools’, and school districts’ needs—that is, the context in which pro-
fessional development participants teach. Set Goals, Design Strategies, and Design Activities provides 
a collective focus on the KOCCI, including critical issues (e.g., implementing state standards, school 
accountability, achievement gap, technology implementation, etc.) among participants, providers, and 
other stakeholders. This component also emphasizes the importance of specifying measureable goals 
and designing strategies and activities that are aligned with the vision, needs, and goals that will be used 
to support the professional development.

The Whole Group Engagement phase integrates elements of effective professional development 
engagement with specific content and practices. This phase is guided by the design of the professional 
development, develops the knowledge and skills of the participants, creates a community of learners, 

Figure 1. Professional development implementation and evaluation model
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and serves as a catalyst for united efforts toward teacher-led research in the classroom. The Classroom 
Implementation phase draws from the Networked Improvement Communities’ (NIC) Plan, Do, Study, 
Act cycles (PDSA) (Bryk, Gomez, & Grunow, 2011; Martin & Gobstein, 2015). For example, individual 
teachers can begin testing an idea with individual or small groups of students, then the results from 
these trials can be scaled up to the entire classroom. Moreover, multiple teachers try out the idea in their 
classrooms and share results among themselves. In this model, research is both accessible to teachers and 
powerful for generating knowledge. Whole group engagement should be cyclically integrated with class-
room implementation (see also Collaboration, Enactment, Reflection, and Adaptation as in Blumenfeld 
et al., 2000). The integration of whole group engagement and classroom implementation more naturally 
provides opportunities for developing, practicing, reflecting on, and examining the challenge space as 
an integral part of the professional development, as well as part of the normal classroom instruction. 
Professional development that included classroom implementation and whole group engagement was 
rare in the present study (n = 3). However, the integration of these two phases into a strong professional 
development framework has the potential to transform professional development: it can engage teach-
ers in inquiry about their practice by bringing research into the classroom and supporting immediate, 
positive change in classroom instruction and student learning.

Evaluation in PDIEM informs the design and development of the professional development. Evalu-
ation is a continuous process throughout the professional development; it has both a formative and 
summative aspect to its assessment of the professional development. The evaluation feedback within 
and between phases and components fuels the evaluation of whether the goals or challenge space were 
addressed throughout the professional development, as well as whether the strategies and mechanisms 
are working as intended.

Networked Improvement Communities (NICs) can provide an overarching structure for the execution 
of the professional development (Bryk et al., 2011; Martin & Gobstein, 2015). NICs are intentionally-
designed social organizations that are:

Focused on a well-specified common aim; guided by a deep understanding of the problem, the system 
that produces it, and a shared working theory to improve it; disciplined by the methods of improvement 
research to develop, test, and refine interventions; and organized to accelerate interventions into the 
field and to effectively integrate them into varied educational contexts (Carnegie Foundation, 2015).

NICs help solve complex educational problems through an infrastructure with a sustained focus on 
common goals and continuous improvement.

Creating and delivering appropriate and effective professional development is important for support-
ing teaching and learning; however, of almost equal importance is sharing the results. We draw from the 
analysis of the professional development papers in this study, in which a number of research reporting 
components were missing. Reporting on professional development using robust research designs is 
critical to building a knowledge base on the effective components of professional development. Profes-
sional development for teachers typically has two outcomes that are overriding concerns of stakeholders: 
teacher outcomes and student outcomes. Only ten professional development papers in our study reported 
on student outcomes, and of those ten, eight also reported teacher outcomes. As a guide for integrating 
both teacher and student outcomes, we introduce a model for research on professional development, 
Education Professional Development Research Framework (EPDRF), in Figure 2.
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The ovals represent latent constructs and the rectangles represent manifest variables or measures. This 
is a modeling system that comes from path analysis and structured equation modeling (SEM), a helpful 
structure when trying to describe relationships between variables in studies (Burne, 2012). Note that the 
meaning of the ovals, rectangles, and arrows is very specific when using this model. For example, the 
construct of teacher knowledge predicts the measure of teacher knowledge; that is, the more a teacher 
knows (Knowledge), the higher the score on a test (Measure). The latent construct of Professional 
Development Design influences Professional Development Implementation, which influences teacher 
knowledge, etc., and this influence is represented by the arrow connecting two latent constructs. In SEM, 
these arrows represent equations with numerical solutions that describe the strength of the relationships 
in the model. For example, the differential influence of Teacher Knowledge and Teacher Orientation 
on Teacher Practice can be determined. Each of the relationships, as represented by the arrows, can be 
tested; and, the results not only may reveal strong and weak relationships, but also negative values. Ex-
amples of Professional Development Design Quality Measures may include alignment (with CCSSM, 
across professional development components, with stakeholder needs); connections to classroom and 
student work; or structures that support change, inquiry, or collaboration. Professional Development 
Implementation Quality Measures may include focus on specific content, technology, or grade band(s); 
activities that engage participants in meaningful work, collaboration, or leadership; duration, span, 
and organization; or level of engagement during activities. Teacher knowledge measures may include 
mathematics content assessments (DTAMS, MKT), assessments of teacher knowledge of student think-
ing and learning, teaching practices, or classroom environment. The TPACK five-stage developmental 
process (recognizing, accepting, adapting, exploring, and advancing) (Niess, Sadri, & Lee, 2007) has 
also been used. Teacher Orientation measures commonly used include assessments of attitude, anxiety, 
and efficacy. A number of classroom observation tools are now available to capture teacher practice; 
however, other measures have been used, such as teacher engagement in the professional community, 
leadership in schools, or participation in professional learning activities. Some studies have also used 
state tests and/or departmental tests.

Figure 2. Education Professional Development Research Framework
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When conducting research on professional development, attending to a strong, explicit research design 
is critical—whether quantitative, qualitative, or mixed methods (“Quality Measures” in Figure 1; Ronau 
et al., 2014, 2015), which include a conceptual framework, clear purpose, research questions, research 
methodology, and validity and analysis. Furthermore, research on professional development should be 
designed to provide valid and reliable information about key constructs of the study (represented by 
the ovals in Figure 2). A research study may analyze only one or two relationships (represented by ar-
rows in Figure 2) to gain a deeper understanding of professional development. Such research studies by 
themselves, however, paint an incomplete picture of the professional development research field.

FUTURE RESEARCH DIRECTIONS

To further the field on reporting professional development programs, we offer both the Professional De-
velopment Implementation and Evaluation Model (PDIEM) and the Education Professional Development 
Research Framework (EPDRF). It is not always the case that the designers of a mathematics education 
professional development will conduct research on their professional development. Nor is it the case that 
the researchers who study a mathematics education professional development also designed it (Sztajn, 
2011). The PDIEM can be used to support the design of professional development, and thus to support 
the Professional Development Design Quality Measures of the EPDRF. The Design and Development 
phase of the PDIEM suggests that researchers should report the common vision among the stakeholders, 
including their vision of teacher knowledge and/or orientation and student knowledge and/or orientation, 
as it pertains to the professional development (see for example, Sztajn, 2011). Details about the needs 
assessment conducted (i.e., current school initiatives, teachers’ voices in decision making, participation 
of other stakeholders) and critical issues that influence the goals of the professional development based 
on the needs assessment (Sztajn, 2011), such as implementing state standards, school accountability, 
achievement gap, or technology implementation, along with the specific professional development mea-
surable goals, must be provided (Desimone, 2009). A description of the activities and strategies used 
to design the professional development should be a component of the report, and include the specific 
mathematics content (Supovitz & Turner, 2000), reform curriculum (Cohen & Hill, 2000), and, when 
appropriate, the technology (Supovitz & Turner, 2000) and the specific content explored with each 
technology. Also embedded in the Design and Development phase is a description of the professional 
development participants (i.e., years of teaching experience; grade level and courses taught; teacher’s 
certification level; mathematical content background; number of years teaching specific mathematics 
content and when these experiences occurred; number of years teaching in the current school/school 
district; experience teaching with mathematics education technology; whether the participation was com-
pulsory or voluntary; whether incentives were given; demographic information about the participants, 
school, and school districts; information about the curriculum used in the school; and information about 
collective participation—see examples in Garet et al., 2001; Guskey & Sparks, 2002; Sztajn, 2011; and 
Supovitz & Turner, 2000), the professional setting (location, contact hours, and days offered; see Garet 
et al., 2001), funding, the professional development facilitators (i.e., the content, pedagogical, and tech-
nological expertise), perspectives on K-12 student learning and instruction, and perspectives on teacher 
learning and adult learning (see Garet et al., 2001).
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We advocate that researchers who study professional development should support the entire profes-
sional development program. Researchers should then study whether the professional development was 
implemented in a way that aligns with its design (see the Professional Development Implementation in 
the EPDRF)—that is, its fidelity of implementation. The facilitator’s ability to explicitly connect what 
the participants are learning with their own classroom practice, the facilitator’s preparation level, and 
the atmosphere and environment of the professional development are examples of factors that influence 
the implementation. Additionally, quality professional development is implemented in ways that are 
sustained and focused on specific topics (Garet et al., 2001).

To inform the field about effective activities, strategies, and structures that contribute to effective 
professional development, the results of the professional development must include measurable and 
meaningful outcomes, including teacher-related outcomes (e.g., knowledge, orientation, and practice) 
and ideally, a measure of their K-12 students’ outcomes. The teacher knowledge and teacher orientation 
measurements may include those suggested in the CFTK model (Ronau & Rakes, 2011), such as content 
knowledge, pedagogical knowledge, knowledge of student orientation, knowledge of student behavior, 
knowledge of the classroom environment, and/or knowledge of discernment. Other suggestions for mea-
suring teacher-related outcomes include teacher knowledge instruments such as DTAMS (Saderholm, 
Ronau, Brown, & Collins, 2010), Mathematical Knowledge for Teaching (Ball et al., 2008), TPACK 
levels instrument (Niess et al., 2009), TPACK Levels Rubric (Lyublinskaya & Tournaki, 2011), teacher 
orientation instruments such as Mathematics Teaching Efficacy Beliefs Instrument (MTEBI) (Enochs et 
al., 2000), Conceptions of Mathematics Inventory-Revised (CMI-R) (Briley, Thompson, & Iran-Nejad, 
2009), or Fennema and Sherman Mathematics Attitude Scales (Fennema & Sherman, 1976).

Teacher Practice can be studied by using different data collection methods including: observation of 
lessons; analysis of syllabi, lesson plans, or other documents; etc. Researchers may consider focus groups 
or interviews with participants, facilitators, and other parties involved in capturing different perspec-
tives on the organization and quality of the professional development implementation. Teacher practice 
observation instruments, such as the Reformed Teaching Observation Protocol (RTOP) (Piburn et al., 
2000; Sawada et al., 2002), or the Instructional Quality Assessment (2006) are possible instruments for 
evaluating teacher practice. An important goal of professional development is to change teacher practice 
by influencing teacher knowledge and orientation. In the EPDRF, this relationship is expressed in the path 
from the construct Professional Development Implementation to the constructs of Teacher Knowledge 
and Teacher Orientation and from those two constructs to that of Teacher Practice. Identifying which 
factors of professional development implementation have strong impact on teacher knowledge and ori-
entation and how those changes can influence teacher practice is necessary. This model shows that with 
appropriate measures, the relationships between constructs can be studied, but only if the measures for 
the constructs are valid and reliable.

Student outcomes can be measured by assessments such as standardized assessments, review of student 
work, observations, interviews, surveys, or other forms of analysis of learning. When researchers study 
professional development, the measures of student outcomes should be aligned with the goals of the 
professional development, along with both valid and reliable to permit comparisons across studies. Only 
when professional development is reported with enough detail that others can replicate successful models 
will the practice of mathematics teachers and the field of mathematics education improve widespread.
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CONCLUSION

The effective use of digital technologies in school settings calls for appropriate professional develop-
ment opportunities that will transform inservice teachers’ knowledge for integrating technologies as 
mathematics learning tools. To inform such opportunities, this study examined the contents of published 
mathematics education technology professional development papers over several decades using Sztajn’s 
(2011) standards for high-quality reporting in mathematics professional development research studies, 
the TPACK framework, and the CFTK framework. The low number of published mathematics education 
technology professional development papers that were in our sample suggests a needed area of attention 
for the mathematics education community. Although mathematics education technology professional de-
velopment is a common practice, too few of these efforts are reported in mathematics education literature. 
Nevertheless, we are encouraged that most mathematics education technology professional development 
papers were focused on TPACK. We recommend both the Professional Development Implementation 
and Evaluation Model (PDIEM) and the Education Professional Development Research Framework (EP-
DRF) for further guidance on reporting key features of mathematics education technology professional 
development. The PDIEM, adapted from Loucks-Horsely, et al. (2010) and Sztajn (2011), accounts for 
the intricacy of the professional development process and its critical phases of design and development, 
whole group engagement, classroom implementation, and evaluation, along with the interactions that 
occur within each phase and between phases. To help promote effective research standards that support 
quality professional development, we presented the EPDRF. Although the EPDRF may appear as a road 
map toward quality professional development research, researchers should also attend to a strong, explicit 
research design, which includes conceptual framework, clear purpose, research questions, research meth-
odology, and validity and analysis. Only through strong, explicit theoretical connections among multiple 
studies, across different settings, conducted with different populations, on well-defined goals and topics, 
will research on professional development have the potential to contribute to improvement of the field.
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KEY TERMS AND DEFINITIONS

Coding Tool: A Microsoft Access database created and used to code all papers, which were a part 
of the larger, more comprehensive study.

Comprehensive Framework of Teacher Knowledge: A model used to organize teacher outcomes 
which includes three components with two outcomes each: Field (composed of two outcomes: Subject 
Matter and Pedagogical Knowledge), Mode (composed of two outcomes: Knowledge of Orientation 
and Knowledge of Discernment Knowledge), and Context (composed of two outcomes: Knowledge of 
Individual and Knowledge of Environment Knowledge).

Content Strands: The different subject areas within mathematics (e.g., algebra, calculus, data analy-
sis, geometry, probability, statistics).

Technological Pedagogical Content Knowledge (TPACK): A model that addresses the specialized 
set of knowledge needed to effectively integrate technology into the mathematics classroom integrating 
appropriate technological, pedagogical, and content knowledge.

Technology: Both mathematics-specific and general instructional technology materials that teachers 
use to teach and students use to learn mathematics.


