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Abstract This study examines primary grades teachers’

instructional decisions in their mathematics classroom

during their participation in a year-long professional de-

velopment program on formative assessment. Teachers

participated in 40 h of face-to-face workshops followed by

40 h of classroom-embedded activities that were facilitated

in an asynchronous online format. Inductive analysis of

teachers’ online discussion forum posts and their frequency

of using an internet-based formative assessment system

indicated significant variance in teachers’ use of the for-

mative assessment tool. Some teachers used the assessment

system regularly and reported modifying instruction based

on the data collected through formative assessment.

However, some teachers demonstrated difficulty deter-

mining how the assessments aligned to specific

mathematics standards, and how the assessment should

inform their use of curriculum. Implications for future re-

search include the need to triangulate data from instruc-

tional plans, surveys, and classroom observations, while

implications for practice include the need to more explic-

itly support teachers’ instructional planning process using

specific curricular resources.

Keywords Elementary school � Mathematics �
Instructional planning � Formative assessment � Online

professional development

Overview

Various teaching practices have empirical support to im-

prove student achievement in mathematics (National

Council for Teachers of Mathematics 2014; National

Mathematics Advisory Panel 2008). One of these practices

is the process of formative assessment and subsequent in-

structional decisions based on the data (Wiliam 2007a).

Formative assessment takes place when teachers collect

data about student learning, analyze the data, and make

instructional decisions and differentiate instruction based

on their data (Koellner et al. 2011; Wiliam 2007b, 2010).

Instructional Decision Making and Formative
Assessment in Mathematics

Researchers have noted that the process is most valuable to

the teaching and learning processes when the data are

closely examined to modify instructional goals, instruc-

tional activities, and instructional pedagogies (Black et al.

2004; Heritage 2007). Teachers who have applied forma-

tive assessment practices in their classroom have demon-

strated increased alignment of instructional activities to

students’ abilities as well as gains in students’ mathematics

achievement (Polly et al. 2014a; Black and Wiliam 1998;

Fuchs and Fuchs 1986; Wiliam 2007b).

Yet, as with any new instructional practice or pedagogy,

implementation of formative assessments can be prob-

lematic (Martin et al., accepted; William 2010). Teachers

report that it is difficult to establish a routine and find time

to collect formative data and make decisions about in-

struction based on their data (Abrams 2007; William 2010).

In most cases, while teachers report that they value for-

mative assessment, nearly all assessments that teachers use
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are summative in nature, such as end of unit tests (Andrade

and Cizek 2010). There is a need to examine how to best

support teachers’ use of formative assessment practices in

mathematics.

This study analyzes primary grades teachers’ process of

making instructional decisions as part of the formative

assessment process in their mathematics class while com-

pleting online professional development activities. This

study examines teacher-participants’ instructional deci-

sions that were part of the formative assessment process.

Professional Development to Support Instructional
Decision Making and Formative Assessment

This study is grounded in the theoretical construct of

learner-centered professional development (LCPD) [Haw-

ley and Valli 2000; National Partnership for Excellence

and Accountability in Teaching (NPEAT) 2000; Polly and

Hannafin 2010]. LCPD principles are rooted in research on

teaching and learning and stem from the American Psy-

chological Association (APA) Learner-centered Principles

(APA Work Group 1997). LCPD views align with con-

structivist views on teacher-learning and hold that profes-

sional development is most effective when teachers:

• complete activities that address concepts related to

student learning deficiencies (Hawley and Valli 2000),

• actively engage activities that deepen both knowledge

of content and pedagogy (Borko 2004; Heck et al.

2008),

• have ownership or choice about some aspects of their

professional learning (Hawley and Valli 2000)

• collaborate with others such as fellow teachers

(NPEAT 2000),

• participate in comprehensive programs that have dura-

tion and occur over a long period of time (Garet et al.

2001),

• implement their new knowledge and skills in their

classrooms and then reflect on their experiences and

associated data (Loucks-Horsley et al. 2009).

While LCPD principles are research-based, these guideli-

nes do not guarantee that teachers will automatically enact

the emphasized knowledge and skills from professional

development seamlessly without trouble (Polly and Han-

nafin 2011; Wang et al. 2013). Still, research studies that

have examined programs that align with LCPD have found

empirically based positive influences on both teachers’

knowledge and students’ learning (Wang et al. 2013;

Fennema et al. 1996; Higgins and Parsons 2009).

The seminal Cognitively Guided Instruction project in

the 1980s at the University of Wisconsin actively engaged

teachers in professional development where they solved

mathematical tasks, explored ways in which students

solved tasks, and learned about a process of evaluating

students’ mathematical thinking and designing subsequent

mathematical tasks based on students’ performance and the

nature of the mathematical tasks that they were solving

(Fennema et al. 1996). CGI research indicated that the

professional development activities led to teachers’ adop-

tion of the emphasized pedagogies in the project and also

gains in student learning on project-developed assessments

focused on problem solving (Fennema et al. 1996).

In New Zealand, teachers involved in an early numeracy

project provided primary grades teachers with activities to

explore the nation-wide adopted number framework, develop

skills in conducting diagnostic interviews and assessment of

students, and a model of teaching known as the strategy

teaching model (Higgins and Parsons 2009). Research studies

found that teachers in the project nation-wide demonstrated

use of the strategy teaching model and that student learning

improved during the project (Bishop and Berryman 2005;

Higgins and Parsons 2009; Higgins et al. 2003). Still, re-

searchers found that the large-scale professional development

led to some variation in teachers’ use of the emphasized

knowledge and skills (Higgins and Parsons 2009).

In an earlier learner-centered professional development

program, teachers completed 80 h of activities designed to

support elementary school teachers’ use of reform-based

pedagogies and the curriculum Investigations in Number,

Data, and Space. The professional development activities

included a series of both workshops and classroom-em-

bedded activities and were associated with gains in teach-

ers’ use of learner-centered pedagogies, shifts to more

learner-centered beliefs about teaching mathematics, and

gains in student learning on curriculum-based assessments

(McGee et al. 2013; Wang et al. 2013; Polly et al. 2014b). In

one study teachers needed adequate support in their school

building and time in the professional development in order

to implement the emphasized learner-centered pedagogies

(McGee et al. 2013).

Prior studies from the professional development program

in this study noted that the learner-centered approaches

were associated with teachers’ increased use of formative

assessment and data-based instructional decisions for most

professional development participants (Polly et al. 2014a;

Martin and Polly 2015). There was also a statistically sig-

nificant relationship between the use of formative assess-

ment and student learning outcomes (Polly et al. 2014a).

Research Questions

While formative assessment has potential to impact

teaching and learning in mathematics, there is a need to

further examine teachers’ use of the process of formative
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assessment, including the instructional decision and plan-

ning processes.

Specifically, this study is grounded in the research

questions:

1. What do primary grades teachers report in mathemat-

ics instructional plans created during the formative

assessment planning process?

2. What relationships are found between aspects that

teachers included in their instructional aspects?

3. What differences exist among school districts in the

aspects that teachers included in their instructional

plans?

4. What do primary grades teachers report from their

experiences implementing data-based instruction for

their students?

Methods

This mixed-methods study explores teachers’ instructional

decisions while participating in online professional devel-

opment activities. In this section we detail the methods of

the study.

Participants and Context

Participants in this study include primary grades teachers

who were currently teaching Kindergarten, Grade 1, or

Grade 2, in the southeastern United States. All participants

were part of the second of 3 year-long cohorts of the

Assessment Practices to Support Mathematics Learning and

Understanding for Students (APLUS) project. Further, each

participant taught in one of four of the six participating

school districts across the state. Two districts participated in

the summer workshops but opted not to complete the

classroom-based, asynchronous online professional devel-

opment activities during the school year. Each of the six

districts included a majority of underprivileged schools with

high percentages of students who qualify for the United

States federal free and/or reduced lunch program. This study

includes data from 138 teachers who completed all of the

professional development activities. The Appendix provides

state license in elementary education and was certified to

teach children from Kindergarten through Grade 6.

The APLUS project is a funded project by the North

Carolina Department of Public Instruction. Each cohort lasted

1 year, beginning with 40 h of face-to-face workshops in the

summer followed by approximately 40 h of classroom-em-

bedded online professional development activities during the

school year that were facilitated through an online asyn-

chronous instruction format. ‘‘Appendix’’ section provides a

more detailed overview of the professional development

activities. The face-to-face workshops provided teachers with

opportunities to practice using the internet-based assessment

system, analyze the mathematics embedded in the assess-

ments and related instructional activities, align the assess-

ments and activities to the Common Core State Standards in

Mathematics, practice analyzing sample data sets, and de-

signing instruction based on the data sets. The classroom-

based activities that were facilitated through an asynchronous

online format guided the teachers and supported them to

conduct the assessments, analyze the data, align the data to

related instructional activities, make instructional plans for

their specific students, and reflect about the formative

assessment process. There were three modules for classroom-

based activities, the first focusing on the entire class, the

second on students’ specific needs, and the third synthesizing

all of the goals of the project.

Process of Instructional Decision Making

and Formative Assessment

The APLUS project focused on preparing primary grades

teachers to use formative assessment in mathematics with

an emphasis on number sense concepts in the Common

Core State Standards for Mathematics (CCSSM) (Common

Core State Standards Initiative 2011). All teacher-par-

ticipants were given access to the internet-based Assessing

Mathematics Concepts Anywhere (AMC Anywhere here-

after) formative assessment system (Richardson 2012) as

well as access to the related developing number concepts

(DNC) (Richardson 1998) instructional materials to use in

their classroom. Figure 1 shows a screen capture of the

AMC Anywhere assessment for the Hiding Assessment

where students identify missing numbers. Assessments

focus on number concepts including counting, changing a

quantity be adding to or taking away from a number, de-

composing a number into smaller numbers, finding missing

parts, working with tens and ones, and two-digit addition

and subtraction concepts.

Teachers assess their students one at a time on an in-

ternet-connected device, typically a computer or tablet.

Each assessment takes between 5 and 15 min based on the

responses given. The assessments are generative, meaning

that students’ performance influences subsequent assess-

ment tasks. For the purpose of the professional develop-

ment grant teachers had to assess their students at least

three times at the beginning, middle, and end of year.

However, teachers were told during the summer workshops

that the assessment can be used more frequently or at

different times if they feel that their students have made

growth in one of the mathematics concepts that is assessed.

Following the assessment, there are a variety of reports

including a student report which shows student perfor-

mance over time or a classroom instruction report (Fig. 2)
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which gives teachers a snapshot of the various levels of

performance in the classroom. The symbols in Fig. 2 rep-

resent A: Ready to Apply, P: Ready to Practice, and I:

Needs Instruction. The goal of the classroom instruction

report is for teachers to use this report to help guide their

instructional decisions and activities that they have their

students complete.

During the professional development summer work-

shops teachers spent time exploring the assessments in

AMC Anywhere and learning about the mathematics con-

cepts embedded in the assessments as well as how the

concepts progress and connect to each other. Teachers also

analyzed the DNC resources, aligned both the assessments

and resources to the Common Core State Standards, and

considered how their district’s mathematics curriculum

could also support the formative assessment process.

Teachers learned about the following process during the

workshop: assess students using AMC Anywhere, analyze

data, plan instructional activities based on students’

performance, monitor students’ performance as they com-

plete the instructional activities, and use AMC Anywhere to

do a more detailed assessment when they feel that students

have made a great deal of progress. Further, as part of the

classroom-based professional development activities dur-

ing the school year, teachers were told to assess their stu-

dents three times during the year: at the beginning of the

year in September, the middle of the year in December or

January, and the end of the year in May. This study looked

at teachers’ work during the middle of the school year.

Data Sources and Data Analysis

The primary data sources in this study were participants’

discussion board posts from the second classroom-based

professional development module. This work was facilitated

through an asynchronous online process and was completed

between the fifth and sixth month of the school year (Jan-

uary–February). This module was selected as the primary

data source because the first year of the study indicated that

this module showed the most variance about how teachers

used formative assessment data to make instructional deci-

sions (Martin and Polly 2015). Participants used the AMC

Anywhere formative assessment tool to collect data on their

entire class, analyzed their students’ progress since the be-

ginning of the year, and developed a targeted instructional

plan for their students. Following the implementation of the

instructional plan, teachers were required to respond to some

reflection questions about their experiences.

Data analysis began by examining the discussion board

posts for both the instructional plans and the reflections.

Data were entered into a spreadsheet and coded by themes

using an open coding process (Coffey and Atkinson 1996;

Patton 2015). Once coded, data sources were then orga-

nized by their code in order to group data sources that were

similar. Themes were then created from these data sources.

The original data sources were then revisited in order to

assure that the themes aligned to the data. Further, each

instructional plan was coded quantitatively in a spreadsheet

Fig. 1 Screen capture of the AMC Anywhere assessment: hiding

assessment

Fig. 2 Screen capture of an

AMC Anywhere assessment

report
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for the aspects: clear reference to specific AMC Anywhere

data, alignment to Common Core State Standards in

Mathematics (CCSSI 2011), clear reference to instructional

materials, a clear rationale for their data-based instructional

decisions. For all of the aspects, a 1 was entered if it was

clearly present, and a 0 was entered if it was not present.

The type of instructional activities that was referenced was

also coded. A zero was entered if the activities were gen-

eral and not specific. A 1 was entered if the plan referenced

curriculum-based activities, a 2 was entered if the plan

referenced DNCs activities, and a 3 was entered if the plan

referenced both DNC and curriculum-based activities.

In this study, the analyses were specifically matched to

specific research questions. Question one focused on the

content in the instructional plans, the analyses focused

solely on descriptive statistics. For question 2, correlation

analyses were run to look for relationships between aspects

of instructional plans. Question 3 examined the relation-

ships between aspects of the instructional plan and a one-

way Analysis of Variance (ANOVA) was conducted to

look at differences between districts. Question 4 was a

qualitative analysis of teachers’ views about their experi-

ences and their students’ growth in response to participat-

ing in the professional development project.

Findings

The data analyses indicated various findings related to the

research questions. The findings are organized by research

question in this section.

Question One: Aspects Included in Teachers’

Instructional Plans

Overview

The online activity required teachers to address how they

used data to select and implement specific, differentiated

instructional activities with students in their classroom.

This activity was also completed by teacher-participants

during the summer workshops a few months earlier when

they looked at a sample set of data and selected appropriate

instructional activities from the aligned DNC resources.

Table 1 shows the frequencies of the different aspects in-

cluded in teachers’ instructional plans. All teachers pro-

vided a reference to instructional activities. However the

other aspects were not included by every participant.

Description of Aspects

In 93 instructional plans (67.4 %) teachers made specific

references to data from the AMC Anywhere system. These

references included the specific levels that students had

been identified on, the name of the assessment, and the

working number of students. For example, a Kindergarten

teacher wrote about her data from the Counting Assess-

ment, ‘‘For students who are not ready to apply but with

support they will be ready, I will organize them in a small

group focusing on counting using one to one and moving

the objects to grasp the concept.’’ The response above

provides a specific reference to AMC Anywhere data, but a

general response to the type of instructional activity that

will be used.

There were 122 (88.4 %) teachers who made specific

references to instructional materials. These instructional

plans that included references to instructional materials

included items such as place value blocks, counters, and

snap cubes, or visual supports such as ten frames or

problem solving templates.

While all of the instructional plans aligned to concepts

in the Common Core Mathematics Standards, only 4 in-

structional plans explicitly referenced standards. These

instructional plans included either a phrase or just a label of

the Standard. For example, one first grade teacher wrote,

‘‘For my students who scored at a Practice level on missing

addend (1.OA.4), they will spend time playing the cave

game.’’ Data analysis indicated that all instructional plans

aligned to mathematics concepts at their grade level, but

only four explicitly stated a Standard.

Types of Instructional Activities

During the professional development the instructional ac-

tivities referenced all came from the DNC resources, which

were developed by the same individual who developed the

AMC Anywhere assessment. The instructional plans

showed that many teachers did not reference these DNC

materials during their work in the online professional de-

velopment activity. The frequencies of each type of in-

structional activity are detailed in Table 2. These are also

described in detail below.

General Instructional Activities Forty-seven instructional

plans (34.1 %) were limited to general instructional ac-

tivities that were vaguely described. In 31 plans, teachers

had included references to specific instructional materials.

One first grade teacher wrote, ‘‘For my students who need

practice with missing addend addition problems I will have

them use a part-part whole mat to act out problems.’’ While

that answer provides insight into an instructional material

that may support students, the teachers’ response does not

reference any specific activity or actions that students

would work on in order to further deepen their learning.

The other sixteen responses that included general in-

structional activities did not reference specific activities or
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specific materials. For example, one first grade teacher

wrote, ‘‘My students who need more instruction on

counting will spend time with me during small groups

working on this skill.’’ These types of responses were

typically the most brief and the least specific out of all of

the instructional plans.

Curriculum-Based Instructional Activities There were 11

instructional plans (8.0 %) that included references to

specific curriculum-based activities that teachers had in

their classroom. All of these responses made specific ref-

erences to AMC Anywhere data and talked about how a

curriculum-based activity would be used to meet the

specific needs of a small group of students. One Kinder-

garten teacher wrote in her response,

For my students who scored at a Practice level on the

counting assessment for the teen numbers, I will have

them work on the Grab and Count activity from In-

vestigations using groups of numbers that are ap-

propriate to their working numbers.

The quote above indicates the teachers’ attention to the

AMC Anywhere data to select appropriate instructional

activities. Further, the teacher provides a specific activity

from her curriculum and specifies that the activity will be

focused on the students’ working numbers.

A first grade teacher wrote, ‘‘My students who scored at

the Instruction level of the Hiding Assessment will spend

more time working on the On and Off activity with

counters so that they can have more experience with

number combinations.’’ Again, the response included a

reference to the AMC Anywhere data as well as a specific

example of a curriculum-based activity.

Developing Number Concepts (DNC) Instructional Ac-

tivities There were 76 instructional plans (55.1 %) that

referenced instructional activities from DNCs resources.

These types of responses most closely matched the ex-

pectations from the professional development staff, since

teacher-participants had spent time during the summer

workshops analyzing sets of classroom data and aligning

activities from the DNC resources to students’ needs.

These responses were similar to the responses from cur-

riculum-based activities, but referenced DNC activities

instead.

One first grade teacher wrote,

For my students who scored at the Practice level for

the Hiding Assessment I will have them play the cave

game with their working numbers. For students who

scored higher at the Apply level I will have them play

the cave game number with higher numbers to chal-

lenge them.

This response includes a specific reference to students’

levels on the AMC Anywhere assessment as well as a

specific activity from the DNC resources that teachers

examined during the summer professional development

workshops.

Both Curriculum-Based and DNC Activities There were

also four instructional plans (2.9 %) with references to both

curriculum-based and DNC activities. All four of these

Table 1 Frequencies of aspects included in teachers’ instructional plans (n = 138)

Aspects of instructional plans District 1 (n = 35) District 2 (n = 53) District 3 (n = 28) District 4 (n = 22) Total

Instructional activities 35 (100 %) 53 (100 %) 28 (100 %) 22 (100 %) 138 (100 %)

AMC Anywhere data 29 (82.86 %) 31 (58.49 %) 25 (89.29 %) 8 (36.36 %) 93 (67.4 %)

Mathematics standards 0 (0 %) 3 (5.66 %) 0 (0 %) 1 (4.55 %) 4 (2.9 %)

Instructional materials 33 (94.29 %) 46 (86.79 %) 22 (78.57 %) 21 (95.45 %) 122 (88.4 %)

Rationale 21 (60.0 %) 24 (45.28 %) 9 (32.14 %) 16 (72.73 %) 60 (43.5 %)

Table 2 Types of instructional activities referenced in instructional plans (n = 138)

Types of instructional activities District 1

(n = 35)

District 2

(n = 53)

District 3

(n = 28)

District 4

(n = 22)

Total

General description of activities 7 (20 %) 26 (49.06 %) 4 (14.29 %) 10 (45.45 %) 47 (34.1 %)

Specific curriculum-based activities 3 (8.57 %) 5 (9.43 %) 3 (10.71 %) 0 (0 %) 11 (8.0 %)

Specific developing number concepts

activities

24 (68.57 %) 21 (39.62 %) 19 (67.86 %) 12 (54.55 %) 76 (55.1 %)

Both specific curriculum-based and specific

developing number sense activities

1 (2.86 %) 1 (1.89 %) 2 (7.14 %) 0 (0 %) 4 (2.9 %)
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instructional plans included specific references to AMC

Anywhere data as well as specific activities from both

curriculum and the DNC resources. In three of these in-

structional plans teachers talked about the DNC activities

as if these were remediation activities only for lower stu-

dents. For example, a first grade teacher wrote:

For the severely struggling student, I would provide

experiences where the student can learn to recognize

small groups in games such as Instant Recognition of

Number Arrangements or Instant Recognition of

Number Shapes. For the somewhat struggling stu-

dent, I would pair him with some other students to

work on independent activities from the Kathy

Richardson Number Concepts kit, such as the Wall

Game & Bulldozer. For my students that are higher

they will do the Investigations activities and problem

solving work in the unit that we are in.

This response indicated that the DNC resources were

specifically for remediation and struggling students, while

the teachers’ curriculum resources were for students who

were performing on grade level or higher. This contradicts

the philosophy of the professional development, curricu-

lum, and the DNC and AMC Anywhere resources. Two

other responses shared these sentiments about DNC serving

as an intervention resource.

There was one instructional plan in which a first grade

teacher noted alignment and similarity between the cur-

riculum-based and DNC activities. In her response she

wrote, ‘‘For my students who scored at the Instruction or

Practice levels on the Hiding Assessment we will spend

time doing Counters in a Cup from Investigations or the

Cave Game. Both work on students’ understanding of

number combinations.’’ In this response the teacher rec-

ognized how both a curriculum-based and a DNC activity

provided similar opportunities for students to develop their

understanding of a mathematics concept.

Question Two: Relationships Between Aspects

Included in the Instructional Plans

Based on the results in Question One, there was a need to

further examine the relationships of aspects that were included

in data plans. Specifically, was the presence or absence of an

aspect (e.g., specific reference to data) statistically sig-

nificantly related to the presence or absence of other aspects?

In order to examine this question, a two-tailed correlation

analyses was run using SPSS. There were statistically sig-

nificant correlations between teachers’ specific reference to

data and their rationale for their instructional activities. Also

there was a significant correlation between their reference to

data and the types of activities that they referenced. Further,

statistically significant correlations existed between teachers’

inclusion of a rationale and the types of activities that they

included in their instructional plans.

Question Three: Differences Between School

Districts

A one-way Analysis of Variance analysis was run in SPSS.

The analysis indicated that the school district was associated

with statistically significant differences between teachers’

inclusion of AMC Anywhere data, F(3,134) = 6.517,

p\ 0.001, g2 = 0.127. Also there was a statistically sig-

nificant relationship among school districts and teachers’

description of instructional activities, F(3,134) = 5.277,

p = 0.002, g2 = 0.106. Lastly there was also a statistically

significant relationship between school district and teachers’

inclusion of a rationale for their instructional plan,

F(3,134) = 2.666, p = 0.05, g2 = 0.056

Pairwise comparison analyses were run to further ana-

lyze differences within districts. There were statistically

significant differences among school districts on several

aspects of instructional plans. District 4 teachers demon-

strated statistically significantly fewer references to AMC

Anywhere data than both Districts 1 and 3 on the specific.

Data analysis also indicated a statistically significant rela-

tionship between the types of instructional activities ref-

erenced between Districts 2 and 3; District 2 included

many more general descriptions of activities.

Question Four: Teachers’ Reflections

on Implementing Their Instructional Plan

Teachers’ reflections on the implementation of their in-

structional plan provide a variety of responses. For this

question data was examined from two of the prompts that

teachers responded to: ‘‘What successes do you see your

students achieving? What challenges do you face when

providing learning experiences using these activities?’’

Findings are detailed below.

Students’ Successes

These prompts were answered by 135 teacher-participants.

The themes identified during data analysis included: AMC

Anywhere growth, students’ fact fluency, and engagement

in activities.

AMC Anywhere Growth In their reflections, 48 of the 135

teachers (35.56 %) reported that they had seen students

grow and perform better with a reference to data in the

AMC Anywhere formative assessment system. A first grade

teacher wrote, ‘‘I love being able to see my students show

improvement now in the middle of the year compared to

the start of the year on the Hiding Assessment.’’
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Some teachers commented about how their students

showed daily growth on AMC Anywhere skills, despite

only using the formative assessment a few times. A Kin-

dergarten teacher wrote, ‘‘Every day I see my students

continuing to become better counters. Even though I have

only assessed my class twice, I see the growth daily during

math workshop.’’

While some responses were specific, most participants’

wrote general comments simply including just a phrase

such as, ‘‘My students have grown on AMC Anywhere’’ or

‘‘they continue to make progress on the assessments.’’

These responses showed a lack of detail and lack of un-

derstanding about students’ growth.

Students’ Fact Fluency Students’ fact fluency with

number combinations, addition, and subtraction, was

mentioned by 37 teachers (27.41 %) in their responses. All

of these responses came from first or second grade teachers

who have more of a focus on number combinations and

fluency than Kindergarten teachers.

In their reflections, some teachers who referenced flu-

ency included a reference to AMC Anywhere data in their

comment about fact fluency. A second grade teacher

commented:

The cave game and the bulldozer game and other

activities have helped my students so much with their

fluency and basic facts. Their data on the Hiding

Assessment continues to improve and I know these

activities have a lot to do with that.

The response above highlights the teachers’ feelings that

her students’ growth has been enhanced by their work with

specific games from the DNCs resources that align to the

Hiding Assessment.

Other teachers who wrote about fact fluency did not

reference AMC Anywhere data, but instead talked about

anecdotal or observational evidence that they had about

fact fluency. A first grade teacher noted, ‘‘I have seen

improvement with identifying parts of numbers, especially

in the group of struggling students.’’ Another first grade

teacher noted, ‘‘These games are getting easier the more

that students play them. Their fluency with number com-

binations continues to improve each day.’’

Students’ Understanding of Number Sense There were 38

reflections (28.15 %) that talked about students’ successes

with a reference to a stronger understanding of numbers

and number sense. These responses talked about students’

increased understanding and ability to work with counting,

combinations of numbers, and place value without a

specific reference to fact fluency.

A first grade teacher wrote, ‘‘SUCCESS for my stu-

dents! I see students becoming more and more comfortable

with numbers, how to use them, how to change them to

make a task more accessible. I also see my students

working with 10s with ease.’’ This response talks about the

flexibility that students have developed through their work

in mathematics during the year.

Student Engagement in Activities Some teachers (12,

8.89 %) responded to the prompt about student success

with a reference only to student engagement. Their re-

sponses talked about students enjoying the activities,

staying on task, and being engaged in math workshop or

center time. A first grade teacher wrote, ‘‘The students

were focused and engaged while playing the games.’’

To teachers who responded about student engagement,

success seemed evident by having students focused and on

task during the lesson. Another example comes from a first

grade teacher who commented, ‘‘I have less behavior

problems when I use these activities.’’

Challenges with Implementation

The 135 reflections on implementation included challenges

such as time, varying ability levels of students, and

uncertainty about alignment of AMC Anywhere to stan-

dards or curriculum. These are detailed below.

Time In the reflections, 105 teachers (77.78 %) refer-

enced the challenge of not having enough time to prepare

materials, make a plan on how to implement these ac-

tivities, or time to implement additional activities into their

classroom. The lack of time to prepare materials for these

activities, such as number cards, working mats, and other

materials was referenced by many teachers. One first grade

teacher wrote, ‘‘I just wish that I had time to make and

prepare everything. In the summer all of the cards and

materials were made for the workshops, but for our class-

room we have to put everything together.’’ The barrier of

having to prepare materials was shared by others. A Kin-

dergarten teacher wrote, ‘‘I just need more time to make

and organize everything for these activities.’’

The lack of time to plan on how to implement these

activities was also mentioned by many teachers. These

teachers talked about the barrier of making time to look at

data and differentiate the activities based on students’

needs. One first grade teacher commented, ‘‘I think that

differentiating and finding time planning on how to dif-

ferentiate has been my biggest struggle. There isn’t a lot of

time for that.’’ This teacher and others like her felt that the

time planning new instructional activities based on stu-

dents’ needs was very time consuming and hard to do given

the time allotted.

The last time barrier was in reference to time to im-

plement the DNCs activities along with other instructional
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materials. Teachers with these types of responses wrote

about the tension between trying to implement their dis-

trict’s curriculum, using other resources, and finding time

to also incorporate the DNC activities. A first grade teacher

wrote:

I have a difficult time fitting everything in and al-

lowing my students the time to do teacher directed

games. The workshop model allows them to play the

independent games, but during my small groups, it’s

hard to fit in the teacher directed games AND the

small group material from our district’s curriculum.

This teacher focused her response on the difficulty deciding

which instructional resources to use during small group

instruction when she has access to her district’s curriculum

as well as the DNC activities.

Another first grade teacher wrote, ‘‘My biggest struggle

is consistency of implementation given our attempt to

balance four math programs and the limited math time.’’

This teacher’s school was trying to combine multiple math

programs, including the AMC Anywhere assessment and

aligned DNC resources, and she was unsure about how to

do that.

Varying Ability Levels There were 13 teachers (9.63 %)

who wrote about the struggle in implementing the DNC

resources in a classroom with varying ability levels. These

responses focused on the struggles with differentiation in

their mathematics classrooms in general. ‘‘One of my

biggest struggles is meeting the needs of all of my students

based on their AMC Anywhere data.’’

Another teacher wrote, ‘‘As a teacher, it is often chal-

lenging meeting the different learning needs, levels, and

styles of all students on a daily basis.’’ These teachers’

responses indicated a challenge of using differentiated in-

structional activities based on the varied levels of students’

abilities.

Uncertainty of Alignment There were 17 teachers

(12.59 %) whose responses mentioned an uncertainty about

alignment between the AMC Anywhere assessment and the

DNC resources with the Common Core Math Standards

and their district’s curriculum. One first grade teacher

wrote, ‘‘One of the challenges is the balance of time to

introduce/practice AMC activities as well as teach all of

the Common Core.’’ This response reflects teachers’ per-

ception that the professional development resources did not

align to or address a lot of the Common Core Mathematics

Standards.

A second grade teacher wrote, ‘‘Balancing the DNC

activities with the Math Expressions lessons and activities

and teaching the Standards is challenging.’’ This teacher’s

response also speaks to teachers’ perceived separation of

the professional development resources, the Standards, and

their curriculum.

Summary for Question Four

The analysis of teachers’ reflections about their implemen-

tation indicated teachers’ reported successes in terms of their

students’ data in the AMC Anywhere system, students’ fact

fluency, students’ understanding of number sense, and stu-

dent engagement during math activities. All teachers pro-

vided successes that their students had demonstrated.

Teachers also reported challenges related to the lack of

time to prepare materials, plan instruction, and incorporate

related materials. Further, teachers wrote about the chal-

lenge of varying ability levels in their classroom as well as

the barrier of aligning the AMC Anywhere and DNC re-

sources to both the Common Core Mathematics Standards

and their district’s curriculum.

Discussion

There are several findings from this study that warrant

further discussion. The discussion is organized by the

findings of the various research questions: aspects included

in teachers’ instructional plan, their reference to specific

curricular materials, the relationship between the aspects in

instructional plans, differences in teachers’ instructional

plans among school districts, and teachers’ reflections.

Aspects of Teachers’ Instructional Plans

All instructional plans included a mention of instructional

activities and aligned with at least one Common Core State

Standard for Mathematics. Also 88.4 % of the instructional

plans included specific instructional materials. These per-

centages indicated that teachers espoused to use activities

that aligned to their grade level Standards and were

knowledgeable about what activities addressed their Stan-

dards. The most surprising finding, however, was the per-

centage of instructional plans that referred to specific AMC

Anywhere data (67.4 %) and a clear rationale about why

they were choosing specific instructional activities (43.5 %).

The prompt specifically asked teachers to refer to their AMC

Anywhere data and make a clear rationale about their se-

lection of instructional activities. Based on the data analysis,

teachers who did not specifically refer to AMC Anywhere

data or give a clear rationale thought also included a vague

response to the types of instructional activities.

Prior research on learner-centered professional devel-

opment found that the opportunity for teachers to have

ownership of their learning and reflect in very open ways,

such as these prompts, often leads teachers to applying
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their learning differently (Polly 2006). Subsequent research

on scaffolding LCPD models indicated that teachers’

learning was more apparent, but also more structured when

they had a more specific set of procedures to follow (Polly

and Hannafin 2010). In this present study, the asyn-

chronous online mode for guiding teachers through the

module gave teachers freedom about what to include in

their plans. However, the absence of references to data and

clear rationales also indicates a possible need for more

scaffolding and structure from the designers of the pro-

fessional development (Dede et al. 2009).

Types of Instructional Materials Referenced

Out of the instructional plans, 47 (34.1 %) did not

specifically refer to any instructional activities, meaning

that teachers did not demonstrate knowledge of which ac-

tivities would be best suited for students’ specific instruc-

tional levels. In terms of the activities that teachers

referenced, 76 (55.1 %) of the plans included DNC ac-

tivities, 4 (2.9 %) included DNC and curriculum-based

activities, while 11 (8 %) included only curriculum-based

activities. The goal of the professional development was to

support teachers in using DNC activities after assessing

their students’ mathematics understanding. To that end, 80

(58 %) instructional plans aligned with that goal.

The percentage of specific DNC references could be due

to teachers’ dependence on their curriculum resources or

other resources that they have access to (McGee et al.

2013). Further, professional development research cites the

need for learning activities to occur over time with duration

in order for teachers to fully enact all of the emphasized

knowledge and pedagogies, including the use of instruc-

tional materials (McGee et al. 2013; Garet et al. 2001).

Relationships Between Aspects in Instructional

Plans

Statistically significant correlations (p\ 0.001) were

found between specific references to AMC Anywhere data,

a clear rationale for instructional decisions, and references

to specific instructional activities. Specifically, teachers

whose instructional plans did not make specific references

to AMC Anywhere data also had plans that did not include

clear rationales and clear references to specific activities. A

possible explanation is the cyclical formative assessment

process emphasized during the professional development,

which started with assessing students with the internet-

based AMC Anywhere system and analyzing these data.

Teachers who did not use that data to make instructional

plans likely would also not have a clear rationale about

how the data was used to create the instructional plan.

Moreover, these teachers also would not have the necessary

data to choose appropriate instructional activities based on

the data.

This finding indicates that if teachers detoured from the

formative assessment process and did not reference AMC

Anywhere, their instructional plans lacked evidence of both

rationale and specific instructional activities. This all-or-

nothing approach to formative assessment seen in this

study stresses the importance of making sure that teachers

have the knowledge and skills and support needed to

analyze the data that they have collected in order to make

sound data-based instructional decisions. Wiliam (2007b)

emphasizes the importance of all aspects of formative

study, which this study supports with empirical evidence.

Differences Among School Districts

The data analysis on the aspects included in teachers’ in-

structional plans indicated variance among districts. Part of

this could be explained by the additional supports that oc-

curred during the school year and district contexts. Few in-

structional plans from District 4 included specific references

to AMC Anywhere data (36.36 %), which was statistically

significantly lower than both Districts 1 and 3. District 4

teachers had apparently participated in the professional de-

velopment with a reasonably strong sense on how to make

instructional decisions based on data, but not about how to use

the AMC Anywhere data to make specific instructional plans.

District 2 teachers’ instructional plans included statisti-

cally significantly more general references to instructional

materials than Districts 1 and 3. District 2 teachers in

nearly half of their instructional plans (49.06 %) referenced

general instructional resources, as did District 4 (45.45 %).

In both Districts 2 and 4, while they have access to a strong

mathematics curriculum, there are a large number of

schools whose administration allows teachers to use

whatever resources they choose.

The differences between districts in terms of the in-

structional materials that were referenced indicate a possible

variation in each district with the summer professional de-

velopment workshops. Since different facilitators from the

project staff led the workshops, different amounts of im-

portance may have been put on using DNC or curriculum-

based resources. This finding supports prior professional

development research which cited that teachers’ context and

environment significantly influences their enactment of

skills and knowledge emphasized during learning activities

(Glazer et al. 2009; Polly and Orrill 2012; Loucks-Horsley

et al. 2009).

Teachers’ Reflections of Their Experiences

Teachers’ reflections indicated that most of them observed

gains in student learning on the AMC Anywhere
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assessments as well as their fact fluency and flexibility with

numbers during class activities. Prior research studies on

students’ learning indicate that all students demonstrated

some growth during the year (Polly et al. 2014a). Teachers

felt that their participation in the professional development

program and their use of the formative assessment system

was leading to student learning, which has been shown to

increase teacher buy-in and quicker adoption of empha-

sized pedagogies (Polly and Hannafin 2011; Fennema et al.

1996; Loucks-Horsley et al. 2009). The project’s targeted

focus on number sense and concepts that are historically

troublesome to students gave teachers a chance to see an

immediate impact of the project and the formative

assessment process on student learning.

Teachers also noted that students were engaged with

activities and many teachers and in some reflections stu-

dent engagement was associated with learning. While

students being actively engaged in mathematical tasks are

positive by-products of this project, it was interesting to

note the number of responses that talked about student

engagement and decreased behavior problems when asked

about learning. These responses caused us to think about

whether or not the professional development adequately

addressed what actually constitutes student learning in

mathematics.

Implications for Research

While this study signifies a step into exploring the process

of how teachers analyze data and use the data to make data-

based instructional needs, subsequent research is needed.

First, the document analysis of teachers’ instructional plans

provided evidence about what aspects of the instructional

plan teachers focused their attention on, and what types of

instructional activities they espoused to or planned to use.

Future studies should also include interviews with teachers

in order to gain a more focused look at the specific pro-

cesses and steps that teachers go through.

Another area of future research is to look at the in-

structional plans, teachers’ actual uses of the instructional

activities, and student learning outcomes. While other

studies from this project have found that teachers’ use of

the AMC Anywhere assessment system and formative

assessment processes are positively influencing student

teaching there is a need to examine which specific practices

and teacher factors have the greatest likelihood to increase

students’ learning (Polly et al. 2014a; Borko 2004).

Lastly, as seen in this study some teachers included

curriculum-based resources as well as the DNCs resources

in their instructional plans. The formative assessment

system provides direct and explicit alignment to the DNC

resources, but not the curriculum-based resources. There is

a need for follow-up research to see how teachers address

the alignment and potential tension between DNC re-

sources and other instructional resources that teachers use.

Concluding Thoughts

This study found that all teachers in the project were able

to successfully conduct formative assessment, analyze

data, and plan to use some sort of instructional activities as

a follow-up. However, there was a great deal of variance

about teachers’ ability to clearly articulate references to

specific outcomes in the data, their rationale for selecting

activities, or specific activities that were associated with

available resources. Differences also existed among school

districts, which brought forth the question about additional

supports in some districts compared to others.

Teachers’ reflections indicated that they noticed growth

in students’ learning using the formative assessment system

as well as during class activities. Teachers also noted the

time intensive nature of formative assessment as well as the

difficulty reconciling their use of the DNC resources as-

sociated with the professional development, their curricu-

lum-based resources, and other resources that they had

access to.

Future studies should extend this work by including

additional data sources such as teacher interviews about

their specific process of conducting formative assessment.

Further research is also needed to examine the interplay

between teachers’ specific use of aspects of formative

assessment, their use of instructional resources, and student

learning outcomes.

Appendix

Overview of professional development activities

Summer professional development workshops

Teachers learn about the mathematical concepts embedded in the

AMC Anywhere system

Teachers participate in, analyze, and discuss the assessments in

the AMC Anywhere system

Teachers use the AMC Anywhere system to assess other adults

during role playing scenarios

Teachers use the AMC Anywhere system to assess students

participating in a summer program

Teachers participate in, analyze, and discuss the instructional

activities in the Developing Number Concepts (DNC) resources

Teachers analyze a set of classroom data to identify trends and

patterns in the data set

Teachers analyze a set of classroom data and collaboratively

select instructional activities that address various levels of

student performance
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