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Introduction

In the primary grades students are rarely tested on national 
and international tests, but there is ample evidence that 
mathematics performance at this level is not adequate 
(Clarke and Shinn 2004; Clements et al. 2008; Denton and 
West 2002; NRC 2009). Ginsburg et  al. (2008) describe 
differences in students’ knowledge as early as age four and 
provide evidence of a marked difference in mathematical 
understanding between U.S. students and Asian students. 
Several researchers have also demonstrated that students 
who complete kindergarten with an inadequate knowledge 
of basic mathematics concepts and skills will continue to 
experience difficulties with mathematics throughout their 
elementary and secondary years (Duncan et al. 2007; Jor-
dan et al. 2009; Morgan et al. 2009).

In addition, based on the poor performance of fourth 
grade students on national and international tests of mathe-
matics, it is evident that students in the early grades are not 
adequately prepared in mathematics (Clements and Sarama 
2007; Clements et al. 2008; Gersten et al. 2009; NRC 2009; 
Reese et al. 1997). Using large data sets and nationally rep-
resentative samples, several researchers have demonstrated 
that students who complete kindergarten with an inade-
quate knowledge of basic mathematics concepts and skills 
will continue to experience difficulties with mathematics 
throughout their elementary and secondary years (Duncan 
et  al. 2007; Jordan et  al. 2009; Morgan et  al. 2009). This 
research points to the critical need for early identification of 
students who are experiencing difficulties in mathematics 
and, then, to provide immediate and targeted intervention 
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in order to build foundational skills and knowledge (Cher-
noff et al. 2007; Ginsburg et al. 2008).

There is a great need and demand for reliable, efficient, 
and valid primary level mathematics screening and diag-
nostic tools to identify students with mathematics deficien-
cies so teachers can intervene with differentiated lessons in 
order to remediate student deficiencies. Most current tools 
either provide inadequate diagnostic information or are too 
time consuming to administer on a large scale to K-2 class-
rooms (Brendefur et al. 2015).

Mathematics Screeners at the Primary Level

The screening and diagnostic instruments for K-2 math-
ematics currently in use have not demonstrated adequate 
predictive validity against standardized achievement tests 
(Clements et  al. 2008; Fuchs et  al. 2007; Gersten et  al. 
2011). Clements and colleagues have demonstrated that 
most early childhood diagnostic instruments in math-
ematics have been limited to number concepts and do not 
include other important domains that are predictive of later 
success in mathematics. While these screeners are quick to 
administer, they produce an insufficient profile of student 
deficiencies, which results in ineffective interventions that 
are often misaligned to students’ needs. The current Com-
mon Core State Standards for Mathematics (CCSS-M) have 
placed a greater emphasis on a range of mathematical con-
cepts, including teaching geometry and early algebra in the 
K-6 grades (NGA 2010). Screening for only number con-
cepts does not evaluate other important mathematical skills 
necessary to succeed in these recommended standards for 
K-6 mathematics.

In addition, the NRC (2009) has called for better qual-
ity instruments to diagnose students’ level of competence 
in different areas of mathematics. The review of the extant 
research on mathematics skills in the primary grades sup-
ports six key areas that predict students’ later success in 
mathematics: concepts of sequencing, facts, relational 
thinking, context, measurement, and spatial reasoning. 
Each of these areas is critical to the development of math-
ematical competencies and should be evaluated in any early 
mathematics screener or diagnostic instrument (Clements 
et al. 2008; Clements and Sarama 2004).

Current comprehensive multi-item mathematics assess-
ments such as the Test of Early Mathematics Assessment, 
require thirty minutes to an hour to administer (NCRTI 
2011). These comprehensive assessments provide very 
detailed information about student needs, but are difficult to 
administer to a large number of young students in a timely 
fashion. The expenditure of resources with the longer form 
tests at the K-2 level is significant. A 30–45 min screener 
administered to a class of just 20 K-2 students will require 

10–15 h to complete as opposed to a 10 min screener, which 
would require 3.3 h. Screening instruments have the added 
benefit of narrowing the size of the students at-risk pool. If 
general instruction is effective, most students will be found 
not to have any significant mathematical needs, resulting in 
an unnecessary use of valuable time and resources if the 
current, comprehensive assessments were given to all stu-
dents. A multiple-gating system that uses a brief screener 
to quickly identify students who require further evaluation 
makes better use of scarce resources.

Response to Intervention (RtI) in Mathematics

Tiered models of service delivery, such as response to 
intervention (RTI) models have been adopted throughout 
the U.S. and in an increasing number of countries (NCRTI 
2011). The RtI model requires schools to analyze stu-
dent learning in the context of instruction and to provide 
a responsive system of instruction to meet students’ needs 
(Gersten et  al. 2009; Lyon 1995; NJCLD 2005). A major 
tenet of the RtI model is to conduct universal screening 
to identify students at increased risk for poor outcomes. 
Screening is often seen as the first gate of the RtI process 
(Mellard and Johnson 2008). The development of an effi-
cient mathematics screener is critical for grades K-2 as 
early identification and intervention efforts are much more 
effective than waiting until the child has experienced sig-
nificant difficulties.

Improving instruction is highly depending on the reli-
able identification of students’ mathematical needs. A 
screening assessment followed by a more comprehensive, 
targeted diagnostic assessment is an efficient and effective 
way of informing intervention needs. Through this process, 
instruction and intervention efforts are directly aligned with 
students’ presenting needs (Fuchs et  al. 2007). More spe-
cifically, the evaluation of a student’s learning needs, cou-
pled with intervention and progress monitoring aligned to 
those needs, has been shown to improve student achieve-
ment, on average, by 0.7 standard deviation units (Brophy 
and Good 1986; Fuchs and Fuchs 1986; Hattie 2009; Hattie 
and Timperley 2007; Stiggins 2005).

Multiple‑Gating Approach to Evaluation

Due to resource constraints, school districts are faced with 
larger class sizes and diminishing resources to serve their 
students. At the same time, schools face continued pressure 
to implement data-based decision making that results in 
improved student outcomes. Thus, it is necessary that the 
screening and diagnostic procedures be brief but accurate 
to maximize limited resources. Multiple-gating approaches 
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to assessment offer a potential solution to this demand. 
First introduced by Cronbach and Gleser (1965), multiple-
gating has been adopted for use in numerous domains in 
schools. The goal of multiple-gating is to quickly assess a 
large population, identify the potential risk pool, and then 
confirm and further analyze needs through a longer, diag-
nostic assessment administered only to those initially iden-
tified as at-risk.

Assessment resources are conserved by first administer-
ing a short universal screening procedure to all students in 
stage 1, which identifies students likely to be at risk (Fuchs 
et al. 2012). Because of limited item sampling in stage 1, 
students who are not at-risk may be identified. These errors 
are called false positives, and are common when screen-
ing young children. It is therefore important to conduct 
additional assessment to confirm screening results. Those 
students who have been identified through stage 1 screen-
ing proceed to stage 2, which includes diagnosing student 
needs using a more comprehensive diagnostic tool.

The stage 2 evaluation serves two basic functions: first, 
it creates a more complete picture of each student’s defi-
ciencies, providing more diagnostic information for devis-
ing a remediation program; second, it helps identify false 
positives from the stage 1 screening procedure, thus reduc-
ing the unnecessary expenditures of further resources. 
Multiple-gating can substantially improve the quality of 
educational decision-making. When implemented with 
integrity, it is a highly accurate and cost effective procedure 
(Walker et  al. 2014). Multiple-gating systems have been 
shown to reduce resource consumption by as much as 58% 
as opposed to the use of single stage screening procedures 
(Loeber et al. 1984).

To address these issues within the area of early math-
ematics instruction, we created a two stage evaluation sys-
tem for the early identification of students at-risk for poor 
math outcomes (see Fig. 1) (Brendefur et al. 2015).

The Primary Math Assessment (PMA)

The PMA consists of the PMA-Screener (PMA-S) and the 
PMA-Diagnostic (PMA-D). The PMA-S is used to quickly 
identify students at-risk for poor math outcomes. It is a 
research-validated, universal screening tool that assesses 
domains beyond simple number concepts (Brendefur et al. 
2011) and has been administered to over 10,000 students 
per grade level over the past 3 years. The conceptual frame-
work incorporates concepts of number, relationships, con-
text, measurement, and spatial reasoning. Sample items for 
each domain are displayed in Fig.  2. The concepts evalu-
ated by the PMA-S provide a more complete picture of stu-
dent strengths and deficiencies than existing screeners. The 
PMA-S takes approximately 8 min to administer.

The PMA is administered and scored online. The web 
version provides teachers with immediate feedback on stu-
dent performance, making it possible to quickly identify 
students at-risk for poor math outcomes. For each class, 
the web version creates reports, identifying students with 
similar needs to assist the teacher in creating homogenous 
groups for remediation instruction. Also, the web version 
allows for individual student results to be compared with a 
class, school district or state-wide norms.

Students who are identified as at-risk on the PMA-S 
are tested with the PMA-D, a diagnostic test that includes 
64 items. For each of the six dimensions, students can be 
tested on any or all of these more targeted assessments 
to determine more specific areas of need. Based on the 
results of the PMA-S, a student can be tested on the spe-
cific PMA-D area to determine more specific deficiencies 
related to sub-dimensions within measurement (see Fig. 3).

To examine the psychometric properties of the diag-
nostic tool, the PMA-D was administered to over 500 K-2 
students. Each dimension has a strong internal consistency 
and is highly correlated to the screener items. Number 
sequencing has an internal consistency of 0.93 and con-
sists of four sub-constructs: number identification, number 
recognition, number sequencing, and quantity discrimina-
tion. Number facts has an internal consistency of 0.88 and 
consists of fact fluency items for addition and subtraction 

Fig. 1   Primary-Mathematics Assessment (PMA) multiple-gating 
diagram
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problems. Relational thinking has an internal consistency 
of 0.90 and includes number sentences with missing val-
ues and bar model situations. Context has an internal con-
sistency of 0.88 and consists of join, separate, part-whole, 
and compare problem types. Measurement has an internal 
consistence of 0.82 and consists of iteration, partition, and 
transitivity items. The final sub-dimension is spatial rea-
soning with an internal consistency of 0.92. The spatial 
reasoning items consist of composing, decomposing, and 
rotation of two-dimensional geometric figures. The overall 

reliability of the PMA-D for all three grades reported Cron-
bach’s alphas between 0.82 and 0.93, which is considered 
to be high (DeVellis 1991; Nunnally 1978).

Conclusion

Thiede and colleagues (Thiede et  al. 2012) have demon-
strated that teachers are often not able to determine which 
students are at-risk for poor learning outcomes and require 
additional support. The PMA system has the ability to cre-
ate homogenous groups of students who can be grouped by 
their specific mathematical learning needs to aid the teacher 
in providing targeted group instruction. In an environment 
of increasing demands and class size, the ability to produce 
immediate test results, homogenous grouping by need and 
curricular recommendations will support teachers in pro-
viding more efficient and effective intervention to support 
the needs of their students. The PMA has the potential to 
help result in more efficient teaching and improved educa-
tional outcomes.

Funding  This research was supported by the National Institute of 
Health, award number R42HD075523-O1A1.

Open Access  This article is distributed under the terms of the 
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted 
use, distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if changes were 
made.

References

Brendefur, J., Johnson, E. S., Thiede, K. W., Smith, E. V., Strother, S., 
Severson, H. H., & Beaulieu, J. (2015). Developing a compre-
hensive mathematical assessment tool to improve mathematics 

Fig. 2   PMA-S sample items Dimension Administrator says  … Item 
Number Sequencing Show me the number 82.  

Number Facts What is 11 take away 3?  

Relational Thinking What number should be put in the 
missing space so that each side will 
add up to the same amount?  

Context You have 12 books and your friend has 
5 books. How many more books do 
you have than your friend?  

Measurement How many black pieces would it take 
to be as long as the gray line?  

Spatial Reasoning Are you able to use these three pieces 
to make this shape?  

Fig. 3   The PMA-S and PMA-D relationships

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Early Childhood Educ J	

1 3

intervention for at-risk students. International Journal for 
Research in Learning Disabilities, 2(2), 65–90.

Brendefur, J. L., Thiede, K., & Strother, S. (2011). Idaho’s Primary 
Mathematics Assessment (PMA): Technical Manual. Developing 
Mathematical Thinking Institute Boise, ID.

Brophy, J., & Good, T. L. (1986). Teacher behavior and student 
achievement. In M. C. Wittrock (Ed.), Handbook of research on 
teaching (pp. 328–375). New York: Macmillan.

Chernoff, J. J., Flanagan, K. D., McPhee, C., & Park, J. (2007). Pre-
school: First findings from the third follow-up of the early child-
hood longitudinal study, birth cohort (ECLS-B). First Look. 
NCES 2008-025. Washington, DC: National Center for Educa-
tion Statistics.

Clarke, B., & Shinn, M. R. (2004). A preliminary investigation into 
the identification and development of early mathematics cur-
riculum-based measurement. School Psychology Review, 33(2), 
234–248.

Clements, D. H., & Sarama, J. (2004). Learning trajectories in math-
ematics education. Mathematical Thinking and Learning, 6(2), 
81–89.

Clements, D. H., & Sarama, J. (2007). Effects of a preschool math-
ematics curriculum: Summative research on the Building 
Blocks project. Journal for Research in Mathematics Education, 
38,  136–163.

Clements, D. H., Xiufeng, L., & Sarama, J. (2008). Development of 
a measure of early mathematics achievement using the Rasch 
model: The research-based early maths assessment. Educational 
Psychology, 28(4), 457–482.

Cronbach, L. J., & Gleser, G. C. (1965). Psychological tests and per-
sonnel decisions. Oxford: University of Illinois Press.

Denton, K., & West, J. (2002). Children’s reading and mathemat-
ics achievement in kindergarten and first grade (Vol. NCES 
2002125). National Center for Education Statistics: Washington, 
DC.

DeVellis, R. F. (1991). Scale development. Newbury Park, NJ: Sage 
Publications.

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, 
A. C., Klebanov, P., & Brooks-Gunn, J. (2007). School readi-
ness and later achievement. Developmental Psychology, 43, 
1428–1446.

Fuchs, D., Fuchs, L. S., & Compton, D. L. (2012). Smart RTI: A next-
generation approach to multilevel prevention. Exceptional Chil-
dren, 78(3), 263–279.

Fuchs, L. S., & Fuchs, D. (1986). Effects of systematic formative eval-
uation: A meta-analysis. Exceptional Children, 53(3), 199–208.

Fuchs, L. S., Fuchs, D., Compton, D. L., Bryant, J. D., Hamlett, C. 
L., & Seethaler, P. M. (2007). Mathematics screening and pro-
gress monitoring at first grade: Implications for responsiveness 
to intervention. Exceptional Children, 73(3), 311–330.

Gersten, R., Beckmann, S., Clarke, B., Foegen, A., Marsh, L., Star, 
J. R., & Witzel, B. (2009). Assisting students struggling with 
Mathematics: Response to intervention (RtI) for elementary and 
middle schools (NCEE 2009–4060). Washington, DC: Institute 
of Education Sciences.

Gersten, R., Clarke, B., Dimino, J., & Rolfhus, E. (2011). Universal 
screening measures of number sense and number proficiency 

for K-1: Preliminary findings. Los Alamitos, CA: Instructional 
Research Group.

Ginsburg, H. P., Lee, J. S., & Boyd, J. S. (2008). Mathematics educa-
tion for young children: What it is and how to promote it. Social 
Policy Report. Volume  22, Number 1. Society for Research in 
Child Development.

Hattie, J. (2009). Visible learning: A synthesis of 800 meta-analyses 
relating to achievement. New York, NY: Routledge Publishing.

Hattie, J., & Timperley, H. (2007). The power of feedback. Review of 
Educational Research, 77, 81–112.

Jordan, N. C., Kaplan, D., Ramineni, C., & Locuniak, M. N. (2009). 
Early math matters: Kindergarten number competence and 
later mathematics outcomes. Developmental Psychology, 45, 
850–867.

Loeber, R., Dishion, T., & Patterson, G. (1984). Multiple-gating: A 
multistage assessment procedure for identifying youths at risk 
for delinquency. Research in Crime and Delinquency, 21(1), 
7–32.

Lyon, G. R. (1995). Research initiatives in learning disabilities: Con-
tributions from scientists supported by the National Institute of 
Child Health and Human Development. Journal of Child Neurol-
ogy, 10, 120–126.

Mellard, D., & Johnson, E. (2008). Response to intervention: A prac-
titioner’s guide to implementation. Thousand Oaks, CA: Corwin 
Press.

Morgan, P. L., Farkas, G., Wu, Q. (2009). Five-year growth trajecto-
ries of kindergarten children with learning difficulties in math-
ematics. Journal of Learning Disabilities, 42, 306–321.

NCRTI (2011). The essential components of RTI. 2011, Retrieved 
from http://www.rti4success.org/.

NGA (2010). Common core state standards for mathematics. Wash-
ington DC: National Governors Association and the Council of 
Chief State School Officers.

NJCLD (2005). Responsiveness to intervention and learning disabili-
ties. http://www.ldonline.org/about/partners/njcld.

NRC (2009). Mathematics learning in early childhood: Paths toward 
excel¬lence and equity. Washington, DC: The National Acad-
emies Press.

Nunnally, J. (1978). Psychometric theory. New York: McGraw-Hill.
Reese, C. M., Miller, K. E., Mazzeo, J., & Dossey, J. A. (1997). NAEP 

1996 Mathematics Report Card for the Nation and the States. 
Washington, DC: National Center for Education Statistics.

Stiggins, R. (2005). From formative assessment to assessment for 
learning: A path to success in standards-based schools. Phi Delta 
Kappan, 87(4), 324–328.

Thiede, K. W., Redford, J. S., Wiley, J., & Griffin, T. D. (2012). 
Elementary school experience with comprehension testing may 
influence metacomprehension accuracy among seventh and 
eighth graders. Journal of Educational Psychology, 104(3), 554.

Walker, H. M., Small, J., Severson, H. H., Seeley, J., & Feil, E. G. 
(2014). Multiple-gating approaches in universal screening within 
school and community settings: Practice and methodological 
considerations. In R. J. Kettler, T. A. Glover, C. A. Albers, & 
K. Feeney-Kettler (Eds.), Universal screening in educational set-
tings: Evidence-based decision making for schools (pp. 47–75). 
Washington, DC: American Psychological Association.

http://www.rti4success.org/
http://www.ldonline.org/about/partners/njcld

	Boise State University
	ScholarWorks
	3-1-2018

	Developing a Multi-Dimensional Early Elementary Mathematics Screener and Diagnostic Tool: The Primary Mathematics Assessment
	Jonathan L. Brendefur
	Evelyn S. Johnson
	Keith W. Thiede
	Sam Strother
	Herbert H. Severson

	Developing a Multi-Dimensional Early Elementary Mathematics Screener and Diagnostic Tool: The Primary Mathematics Assessment
	Abstract 
	Introduction
	Mathematics Screeners at the Primary Level
	Response to Intervention (RtI) in Mathematics
	Multiple-Gating Approach to Evaluation
	The Primary Math Assessment (PMA)
	Conclusion
	Funding 
	References


