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Chapter 18

365 

Using the AMC 
Anywhere Web-Based 
Assessment System 
to Examine Primary 

Students’ Understanding 
of Number Sense

EXECUTIVE SUMMARY

This chapter discusses how technology can be used to support formative assess-
ment in primary grades mathematics classrooms. There is a specific focus on how 
technology can assist teachers in conducting formative assessment, how technology 
may be used to better understand the data produced from regularly engaging in 
this type of assessment, and how teachers use the data to individualize lesson plan-
ning to increase student learning. The chapter specifically examines the Assessing 
Mathematics Concepts (AMC) Anywhere Web-based assessment tool. This chapter 
describes a composite kindergarten classroom. This example is intended to illustrate 
the entire cyclical process of assessing students, analyzing data, and planning and 
implementing instruction based on the data. The chapter concludes with a discussion 
and implications for professional development and future instruction.

Christie Sullivan Martin
University of South Carolina, USA

Drew Polly
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FORMATIVE ASSESSMENT AND STUDENT LEARNING

The process of formative assessment is intended to provide teachers with constructive 
and valuable information about their students’ understanding, which allows them 
to receive continuous feedback and use the data from the assessment to revise and 
modify their instructional plans (Joyner & Muri, 2011; National Council for Teach-
ers of Mathematics, 2000). William and Leahy (2007) note that in the United States 
the term formative assessment is often used to describe assessments that serve as 
predictive benchmarks. When formative assessment is defined in this way the assess-
ment becomes more summative and the impact on student learning is minimalized. 
Harlow and Jones (2004) conducted study students responses to TIMSS questions 
by conducting extensive exploratory interviewing students. The interview questions 
revealed in many cases the summative assessment indicated students’ had greater 
understanding of the material than was reflected in their interview responses. Test 
taking strategies and understanding the questions played a role in both incorrectly 
and correctly responding to questions. Interviewing individuals to assess their 
understanding provided in-depth information; the study concluded recommending 
considerable caution when using the outcomes of international achievement testing 
to decide educational policy changes and allocation of resources. The information 
learned from the interviews in this study supports the need for formative assessment.

Formative assessment is meant to produce data that directly impacts individual 
instruction for each specific learner (Koellner, Colsman, & Risley, 2009); it re-
quires teachers to connect evidence with instruction and understand the trajectory 
of student learning (Andrade, 2010). Harlan (2007) states the process of doing 
mathematics is divided into three strands; problem solving, communicating, and 
reasoning. He suggests that these strands include skills that are embedded in the 
modern curriculum and are not limited to mathematics. The skills noted are informa-
tion processing, reasoning, creative thinking, evaluation, and inquiry skills. Harlan 
asserts formative assessment needs to support and promote these embedded skills. 
More specifically, the assessment should provide teachers with how far students 
have reached in relation to goals, assist teacher in the next steps for learning, help 
students take the next steps, and include students in the decision process. Research 
suggests effective formative assessments include the extensive use of feedback to 
encourage an exchange of learning goals between teachers and students and to move 
forward with instruction that broadens student learning (Baroudi, 2007; Black & 
Wiliam, 1998; Black, Harrison, Lee, Marshall, & Wiliam, 2004; Heritage, 2007; 
Hodgen, 2007; Huinker & Freckmann, 2009). Research studies indicate formative 
assessment has a significant impact on student achievement, especially for students 
who are performing below grade level standards (Fuchs & Fuchs, 1986). Although 



Using the AMC Anywhere Web-Based Assessment System

367

research supports formative assessment as a tool to increase student learning there 
are barriers that prevent it from being a more widely and appropriately implemented.

Many studies indicate that teachers find it challenging to consistently collect 
sufficient formative assessment data on their students’ mathematical understanding 
(Author, 2014; William, 2010). Abrams (2007) noted several conversations where 
teachers cite that they cannot devote instructional time to formative assessment 
activities as they must cover the standards. Cizek (2010) compares summative and 
formative assessments noting a clear difference in resources and administration. 
Summative assessment resources are plentiful whereas formative assessment requires 
teachers generate and modify tasks to gather information about student learning. The 
research suggests that teachers struggle to integrate formative assessment into their 
classroom instruction and find their resources limited for formative assessment. The 
time needed to create resources, assess students, analyze data, and plan instruction 
accordingly serves as barriers to adequate and appropriate formative assessment. 
Professional development and technology may be the tools necessary to address 
these barriers. Kathy Richardson one of the nation’s leading educators in elemen-
tary mathematics education authored the series Assessing Math Concepts. She is 
the Co-founder and Program Director for Math Perspectives Teacher Development 
Center, through this center the AMC series is technology based.

ASSESSING MATH CONCEPTS (AMC) ANYWHERE 
FORMATIVE ASSESSMENT TOOL

The formative assessments that make up Assessing Math Concepts are intended 
to be a tool to give teachers information about students’ number understanding, it 
is not meant to be evaluative (Richardson, 2012). Student’s individual data being 
generated and used to inform instruction is integral to the process of improving 
mathematical understanding.

AMC Anywhere is the web-based assessment tool based off of Assessing Math 
Concepts (AMC), a paper-based formative assessment tool. AMC Anywhere supports 
data collection and provides teachers with immediate access to web-based reporting 
that shows the instructional level for each their students (Math Perspectives, 2014). 
AMC Anywhere offers administrators and teachers several different reports that 
summarize student results and assist teachers in making data driven instructional 
decisions. Figure 1 is a screen shot from Part 1 of the Hiding Assessment working 
with combinations of the number eight. 

The procedure and the goal for this task are detailed on the left column of the 
screen. The assessment screen is intended for the teacher to use while working with 
the student, students will be working with the manipulatives and thinking through 
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the questions without contacting the screen. The right side of the screen offers five 
possible strategies and an option if the teacher finds the students strategy undetect-
able. The materials and professional development included in this grant and that 
usually accompanies the purchase of this technology offers descriptions of each of 
these strategies and provides video of students using each one. There are a series 
of questions that are part of the combinations of 8 task. This ensures the student has 
many opportunities to reveal their strategies and their understanding.

Math Perspectives (2014) provides the document Guidelines for Using Assessing 
Math Concepts (AMC) which includes the excerpt below:

Assessing Math Concepts determines what children know (or don’t know) about a 
concept, not simply whether or not they got the right answer. Children develop an 
understanding of number concepts at varying times. This means teachers need to 
know what level of understanding each child has reached. Most children in a grade 
level will be at a similar level of understanding, but some children will be “ahead” 
and others “behind” the typical child. This means teachers at a particular grade 
level can begin with the same assessment and then go on or back as needed to 
identify the instructional needs of all the students. 

Figure 1. Hiding assessment
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This emphasizes the importance of learning each students understanding of 
number concepts as the development varies from child to child. It also explains 
that teachers can use AMC assessments in the way that best meets the child’s level 
of development. The teacher may begin at one assessment as a whole class or use 
other classroom data to begin at a different level based on what the student is able 
to do in other mathematics activities.

Once the assessment is complete the teacher can review the data by individual 
student or by class. Administrators can examine data from the entire school and a 
district may use the database to examine data across all schools. AMC assessments 
produce reports for individual students with the letters A, P+, P, P-, I, and N. The 
letters stand for Apply, Practice, Instruction, and Needs prior skill. Each assessment 
provides a description of how those scores are calculated. Table 1 shows a screen 
shot (excluding student name) of the data produced from assessing a student with 
the hiding assessment with the numbers 5 and 6.

The report indicates the student is applying their strategy effectively for number 
combinations up to 5 and needs additional practice for combinations of six. Kathy 
Richardson authored several books that support AMC and offer teachers specific 
activities that will address the needs of students according to their AMC report. In 

Table 1. Hiding assessment data for an individual student 

5 Counters 6 Counters

Question Show 2, Hide 3 Show 2, Hide 4

How many hiding? 3 4

Strategy Knows Counts on

Question Show 1, Hide 4 Show 4, Hide 2

How many hiding? 4 2

Strategy Knows Knows

Question Show 4, Hide 1 Show 1, Hide 5

How many hiding? 1 5

Strategy Knows Knows

Question Show 3, Hide 2 Show 3,Hide 3

How many hiding? 2 3

Strategy Knows Counts on

Question Assessment ended Show 5, Hide 1

How many hiding? 1

Strategy Knows

Instructional Level: A P
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this grant, the teachers were provided those books and the professional development 
sessions included instructions and hands-on activities for using them to address 
student learning. Table 2 is a student progress report which allows a teacher to view 
a student’s growth over the course of each assessment.

There are many reports that can be generated from AMC Anywhere to assist 
teachers, parents, students, and administrators in understanding their students learn-
ing. These reports are all able to be printed and downloaded to an excel format. The 
data serves to enhance communication and allow all stakeholders to work together 
as a team.

A LOOK AT THE USE OF AMC ANYWHERE IN KINDERGARTEN

Vignette 1: Ruby

Ruby is a first-year Kindergarten teacher in an urban,, high-need school that receives 
federal Title I funding due to the large percentage of students who qualify for free 
and/or lunch programs. She attended a week-long workshop on AMC Anywhere 
during the summer and started the year excited about having access to the forma-
tive assessment system and the aligned instructional materials. “I left the week-long 
workshop realizing more about how Kindergarten students learn about numbers 
and number sense.”

When the school year started, Ruby spent the first few weeks establishing her 
classroom routines and taught the first unit of their mathematics curriculum, Inves-
tigations in Number, Data, and Space (TERC, 2007). During the first few weeks 
of school, her district requires her to do baseline assessments in reading using a 

Table 2. Student progress report 

Hiding Assessment - Part 1: Identifies Missing Parts of Numbers with Models

Date 3 4 5 6 7 8 9 10

10/11/2013 A P I

02/20/2014 A P+ P

05/22/2014 A I

Hiding Assessment - Part 2: Identifies Missing Parts of Numbers without Models

Date 4 5 6 7 8 9 10

10/11/2013 N

02/20/2014 P P

05/22/2014 P+ P A P P P P
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web-based tool, MClass 3D Reading. After the literacy assessments were completed 
and Ruby had settled into the school year, Ruby began doing baseline assessment 
for her students, the Counting Objects assessment.

Ruby assessed students one at a time during math workshop time, which took 
approximately 7 hours to assess all 20 of her students. When Ruby assessed her 
students she had her iPad opened up to the AMC Anywhere website (http://www.
amcanywhere.com). There was a bucket of connecting cubes in front of the students. 
In the AMC Anywhere formative assessment tool, the teacher has to pick the number 
of counters that students will work with based on her knowledge of students. The 
options are 7, 12, 21, and 32 counters.

Ruby picked the start number and makes a pile of that number of counters. 
Ruby then asks, “how many do you think there are?” and encouraged the student 
to estimate the number of cubes in the pile. After the estimate, Ruby then had the 
student count the number of counters, observing to see what strategies they use 
to count each of the cubes. Ruby entered whether the student knew the number of 
objects, knew after having to recount, or didn’t know the correct number of cubes. 
Following that, the next screen (Figure 2) asked Ruby to enter information about 
how the student determined how many cubes there were.

Figure 2. Screen capture of AMC Anywhere Counting Objects Assessment
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On the next screen Ruby entered whether or not students knew the rote counting 
sequence and could say the numbers in order. Based on all of the information, Ruby 
was given the students’ level for that given number. In most cases, the AMC Any-
where system told Ruby to change numbers to make the task easier or harder for 
students. This gave Ruby the option to reassess the student or end the assessment 
there. When Ruby was assessing if she picked a starting number that was too easy 
or too hard for the student the assessment took up to 15 minutes to complete. If the 
starting number matched the student’s skill level the assessment took as few as 5 
minutes to complete. After the entire class was assessed, Ruby looked at the Class 
Instruction Report (Figure 3).

After looking at the Classroom Instruction Report, Ruby met with her fellow 
Kindergarten teachers. They met and used the data and the organization of their 
reports to revise her small groups for her mathematics classroom. “The Classroom 
Instruction Report quickly lets me see which students should be grouped with each 
other and what numbers they should be working on with various tasks.” Ruby and 
her colleagues used the Investigations activities that were part of their district pac-
ing guide, as well as activities from the Developing Number Concepts (Richardson, 
1998) resource books, which align directly to the AMC Anywhere assessment tool. 
These activities from Developing Number Concepts were integrated into her math-

Figure 3. Classroom Instruction Report, Counting Objects, Task 1
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ematics workshop where students worked in small groups or pairs on various ac-
tivities.

Based on the workshop Ruby was encouraged to assess students anytime she 
noticed that a student was making significant process in the primary mathematics 
concept that they were working on. In Kindergarten, that concept is typically related 
to students counting objects. In Ruby’s case, however, due to the demands of also 
assessing in literacy and her typical teaching responsibilities, only assessed her 
students every nine weeks at the end of each quarter of the school year.

At the end of the year, Ruby had assessed all of her students four times. Based 
on both the data in the AMC Anywhere system and her observations she noticed 
tremendous growth between students’ counting skills in August and at the end of the 
year. “Having access to AMC Anywhere to quickly assess and analyze my students’ 
performance made the process of formative assessment so much easier. I couldn’t 
imagine doing this process using just paper and pencil.”

Example 2: Karen in Kindergarten

Karen is in her tenth year as a Kindergarten teacher in an urban high-need elementary 
school located in a major city. Karen also attended a week-long workshop on the 
AMC Anywhere formative assessment tool and the process of using data to drive 
her mathematics instruction. Like Ruby, Karen’s school district uses the Investiga-
tions in Number, Data, and Space curriculum and she supplements her instruction 
with other resources.

By using the AMC Anywhere formative assessment tool at the end of each quarter 
or every nine weeks, Karen had obtained assessment data that was organized in her 
Classroom Instruction Report. Heading into the final nine weeks of the school year, 
her students accelerated and demonstrated growth on the assessment at different 
rates. With nine weeks left in the school year, 7 of Karen’s 19 students were still 
working on counting concepts, and her 12 other students had scored at the Apply 
level of the counting objects assessment, and were now working on number com-
binations. While this varying range of abilities and the idea that students needed 
to spend their mathematics time working on different concepts was something that 
Karen had determined through her anecdotal notes and her informal observations 
of students, the data in the AMC Anywhere formative assessment tool confirmed 
her observations.

Based on the Classroom Instruction Report, Karen organized her math class-
room into four groups. Following a mini lesson on addition word problems, Karen’s 
students went into their groups. During the remaining 45 minutes of her 60 minute 
math block, Karen saw 3 of her 4 groups of students. While Karen was not with 
students they were working independently on addition word problems and some 
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activities that specifically aligned to the concept from AMC Anywhere. Her seven 
students who were still working on counting concepts had an activity in which they 
had a paper bag full of cubes, dumped them onto a working mat, and then worked 
on counting them in a variety of ways, including lining them up and counting them, 
or counting them while moving each one individually. This group of students had 
10, 25, or 30 counters in their bag depending on their AMC Anywhere data. The 
twelve students who were working on number combinations were completing an 
activity with a partner in which they had 5, 7, or 10 plastic chips in cups. Students 
counted how many total chips they had and then one student hid some chips under 
their upside down cup. The other student then had to look at the number of visible 
chips and tell them how many chips were hiding. For example, in a cup with 7 
chips, if a student saw 4 visible chips, they would be expected to say, “There are 3 
chips hiding.” This game continued with students taking turns on who would hide 
the chips and who would determine how many chips were hiding. During the time 
students were working independently Karen worked with a small group on various 
mathematics concepts. In most cases she would reinforce the small group mini les-
son, and occasionally she would revisit skills.

The use of the AMC Anywhere formative assessment tool, especially the Class-
room Instruction Tool provided Karen with the opportunity to examine her students’ 
mathematical thinking, and also look at ways to group her students based on the 
data that she had collected. Karen commented, “I have such a wide range of abili-
ties in my classrooms, that having access to a few different assessments in the AMC 
Anywhere system, and a way to group my students made the process of formative 
assessment and choosing small groups activities so much easier.”

DISCUSSION AND IMPLICATIONS

Formative assessments serve multiple purposes and offer greater coherence among 
the varied uses of assessments that inform teacher’s decisions about instruction 
(Abrams, 2007). Summative assessments may fail to capture a student’s true un-
derstanding of a concept as noted by the Harlow and Jones (2004) study of TIMSS 
results. The combination and appropriate use of formative and summative assess-
ments produces more comprehensive data about each individual learner. Stiggins 
(2007) notes that the principle challenge in schools today is to ensure that sound 
assessment practices permeate every classroom and are used to benefit students. 
As mentioned earlier, the research indicates that time, resources, and proper train-
ing continue to be barriers in meeting this challenge (Author, 2014; Abrams, 2007; 
Cizek, 2010; William, 2010). The AMC Anywhere web-based assessment system 
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uses technology as a way to address the barriers and allow formative assessment to 
be implemented in the primary grades mathematics classroom.

The teachers that comprise the basis of this chapter were part of an MSP grant that 
included an extensive year-long professional development. The professional develop-
ment and the requirements of being a participant in the grant encouraged teachers 
to fully engage with the program and use the assessments within their instructional 
time. Zemelman, Daniels, and Hyde (1998) suggest effective teachers understand 
the importance of a systematic approach to assessments and they emphasize forma-
tive assessment. The training and continuous follow up gave the teachers the tools 
necessary to systematically use the AMC program and analyze the data produced 
to directly impact their instruction. Formative assessment should be a central focus 
in teacher education and professional development due to its challenging nature and 
impact on teaching and learning (Popham, 2008; Shepard, 2006; Stiggins, 2002).

AMC Anywhere provided assistance to teachers as they assessed their students, 
it addressed issues of time constraints, and presented data on both the individual 
students and class that was straightforward and immediately applicable for lesson 
planning. The program continuously evaluated the data as an assessment was taking 
place and prompted teachers if the assessment was too easy or too difficult. This 
information provided during an assessment served to limit using assessment time 
inefficiently. Student and class reports could be generated at any time and teachers 
were able to share their results during their planning meetings with their colleagues. 
The AMC Anywhere tool served as a resource that reduced time, increased feed-
back and collaboration, and offered teachers insight in assessing understanding of 
number sense,

Formative assessment continues to be a challenge for teachers and a tension ex-
ists between formative and summative assessments as there is limited instructional 
time (Baroudi, 2007). The AMC technology tool implemented in this grant showed 
promise for addressing challenges noted in the research; however, the tool is used in 
primary grades that are excluded from high stakes standardized summative assess-
ment. Future research should continue to examine how technology may address the 
challenges of implementing formative assessment in higher grades, across content 
areas, and the professional development necessary to make these efforts effective.
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KEY TERMS AND DEFINITIONS

AMC Anywhere: A web-based version of the formative assessment Assess-
ing Math Concepts (AMC). AMC includes a continuum of nine assessments that 
identifies what a child knows and still needs to learn.

Data-Driven Instruction: The implementation of measureable goals and collec-
tion of data to determine students’ progress for the purpose of guiding instruction.

Formative Assessment: Activities, both formal and informal, conducted by 
teachers to obtain data on student learning and understanding. The data is used to 
modify teaching and learning to improve student achievement.

Math Perspectives Teacher Development Center: Is an organization that works 
with schools and districts to organize effective teaching and learning of mathematics.

Number Sense: The ability to organize a framework of number information that 
fosters an understanding of number relationships and problem solving.


