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The Mathematics Conundrum 
 
Research at Nassau BOCES has indicated that completion of Algebra I by the end 
of the ninth grade is a strong predictor of completing high school in four years. 
Students who do not achieve 65 on the NYS Algebra I Regents by the end of 
ninth grade may lead to summer school or repeat Algebra I in tenth grade. This is 
frustrating for the student and costly for the district. 
 
The students who did not complete Algebra I by the end of ninth grade may be 
the students who take a non-credit remedial course at the community college. 
Students in this course may say that only addition, subtraction, multiplication, 
and division are needed in “real” life, not algebra. They are not aware of the level 
of mathematics thinking that may be needed to be successful on the Civil Service 
principal account clerk test. These students may not recognize mathematics com-
petency as being essential to compete in a modern technological world.  
 
This dilemma may suggest some questions. Does the mathematics dilemma go 
back to elementary school? Do districts provide the same support for struggling 
mathematics students as they do for struggling readers? Do people admit to not 
being good readers as readily as they admit to not being good at mathematics?  
 
Mathematics cognitive development 
Students with average or higher IQ’s and adequate instruction may exhibit mathe-
matics difficulties (Peng, Wang, Namkung, 2018). Students with mathematics 
deficits may have numerical, spatial, and/or memory deficits. 
 
Mathematics achievement is cumulative from early elementary school through 
high school. During this time the performance demands may involve different 
cognitive skills. For younger children, numerical and visual-spatial processing are 
critical to calculation. Verbal processing is important for solving word problems. 
Fluency is an important skill for successful solving of more complex mathematics 
including word problems. Students who have fluency need less cognitive capacity 
to do more complex mathematics.  
 
Different students may have weaknesses in different cognitive skills needed to be 
a successful mathematics student (Peng, Wang, Namkung, p. 457). These cogni-
tive skills include processing speed, phonological processing, visual-spatial, short 
term memory, working memory, attention to the task, inhibiting, updating, and 
switching. “Processing speed is the speed a person can encode, transform and 
retrieve information” (p.436). “Phonological processing refers to the ability to 
manipulate phonological representations” (p.437) such as verbally expressing (4 
+ 5) / 3 as “the sum of four plus five divided by three.” The student needs to re-
trieve “9” from long term memory and hold this information in short term 
memory to solve the problem (p.437). Visual-spatial refers to the representation, 
transformation, generation, and recall of  symbolic, non linguistic information 
(p.438). Short term memory refers to the recall of early mathematics skills such 
as counting and single digit arithmetic. Working memory refers to the ability to 
simultaneously store and process information (p. 438-439). “Attention refers to 
the appropriate allocation of cognitive resources to relevant stimuli “ (p.439). 



Department of Curriculum, Instruction and Technology 
Contact Us:  Data Warehousing, Meador Pratt, Ed.D., Supervisor II 
Phone: 516-608-6612 • Email: mpratt@mail.nasboces.org 

 

Executive functions include inhibiting, updating , and switching (p. 440). Inhibiting refers to choosing 
an appropriate response in terms of inhibiting a dominant response for a subdominant response. Updat-
ing is the “process of encoding and evaluating incoming information for the relevance to the task at hand 
and subsequent revision of the information held in memory” (p.440). Switching refers to the ability to 
switch between strategies.  
 
“Inefficient lower level skills may create a “bottleneck’ that constricts information flow to high levels of 
processing” (Peng, Wang, Namkung, p.443). Thus, the student with weaknesses on lower level mathe-
matics skills will struggle more with higher level cognitive skills and the gap in mathematics proficiency 
will become wider. Short-term memory and processing speed are considered lower level mathematics 
skills. Working memory, attention, and executive functions are considered higher level skills.  
 
A significant difference between students with mathematics difficulties and those with typical develop-
ment seems to be weaknesses in low level skills that impede their progress with higher level skills (p. 
457). Processing speed (fluency) was one of the most common deficits among students with mathemat-
ics difficulties. Processing speed is especially important in early mathematics development. Fluency is 
not only an important skill in elementary school reading. It is also an important skill in elementary 
school mathematics. Processing speed is a fundamental identifier for mathematics difficulties (Peng, 
Wang, Namkung, p. 458; Cozad & Riccomini, p.2). When students “develop fluency their ... ability to 
solve higher-level mathematics problems using those skill will improve” (Cozad and Riccomini, p. 2). 
 
Students with mathematics difficulties also used inefficient and slow strategies in solving word prob-
lems. The cognitive skill of updating and a weakness in solving word problems seem to be related. In 
solving word problems, students need to comprehend the word problem, integrate the information with 
prior learning, and update the information read in the word problem.  
 
It seems that students who have both reading and mathematics difficulties have more severe mathemat-
ics gaps compared to typical students than students who have mathematics difficulties only (Peng, 
Wang, Namkung, p.450). For both groups of students numerical working memory seems to be most 
closely identified with the severity of mathematics difficulties. Students taking non-credit college mathe-
matics will often interpret the words of a problem incorrectly. They may incorrectly interpret “What 
number subtracted from 75 is 68?” as  n—75 = 68.    
 
Intervention 
 
The  Peng, Wang, and Namkung research seems to indicate that specific intervention strategies in ele-
mentary school may offset gaps in higher grades. “Given that  [mathematics difficulty] is related to dis-
tinct deficits in processing speed and working memory, especially in the numerical domain, instruction 
for [mathematics difficulty] may emphasize increasing numerical-processing speed such as building flu-
ency (e.g. improving arithmetic facts retrieval during calculations, using/selecting more efficient strate-
gies during word problem solving) to reduce working memory load in solving complex mathematics 
problems “ (p.464). 
 
Mathematics standards (NCTM, Common Core, Next Generation) indicate that students should be fluent 
with addition and subtraction facts by the end of second grade and multiplication and division facts by 
the end of third grade. Students need to not only memorize the facts, they need to understand the facts. 
Students with mathematics difficulties have difficulty remembering the facts and performing computa-
tion (Nelson and Powell, p. 4). They may see 3x4 as 3+4 and provide the answer of “7”. This is an error 
of interpretation of the sign. Another student may answer “9”. This student may have mistaken the an-
swer for 3 x 3 for 3 x 4 which would indicate a weakness in fact knowledge.  
 
For students to develop fluency, they first must develop an understanding of the mathematical concept. 
Then, they need to be accurate in using that concept before building computational fluency. Fluency will 
be developed through focused and purposeful practice (Cozad and Riccomini, p. 2). Fluency includes 
both accuracy and speed. For students to achieve fluency, they need to practice fluency for approximate-
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ly 10 minutes daily. When students have achieved automatic recall, they can maximize their processing 
capacity for reasoning and problem solving (Cozad and Riccomini, p. 4). One of the features of effective 
fluency practice is corrective immediate feedback.  
 
Research has shown that “technology-based practice programs can improve students’ performance in 
mathematics” (Cozad and Riccomini, p.4). One of the strengths of these programs is immediate feed-
back. These programs are “customizable and differentiated to meet the fluency needs of many students 
at the same time” (p.4). The effectiveness of a digital program may depend upon the time the student 
spends on the program, format of the task, response choices, wait time, and correction procedures. A 
student is considered fluent if the item can be answered within three seconds. Students should achieve an 
80% accuracy rate before focusing on fluency (p.15). A well designed digital-based intervention should 
provide for differentiation based on a student’s practice needs.    
 
To provide the appropriate intervention for a student with mathematics difficulties, the teacher needs to 
examine the student’s mathematical thinking by analyzing the misconceptions and error patterns in the 
student’s work (Nelson and Powell, p. 5). To have greater student growth during the intervention, the 
intervention strategy needs to be matched to specific student deficits (p.26). Multiple choice  assess-
ments or checking the student’s final answer will not provide the insight that the teacher needs to pro-
vide the appropriate intervention. Assessments need to include open-ended items. For instance, the error 
that a student makes in a division problem may not be a lack of understanding of division but rather a 
subtraction error. Teachers may notice that students will answer 53—27 as 34 because the student is 
subtracting the smaller digit in each place value from the larger digit. This student does not understand 
regrouping. The student is not regrouping 53 as 40 + 13 and subtracting 20 + 7.  
 
The common teaching strategy of focusing on part-whole for introducing fractions and using the visual 
of a pie seems to lead to fraction misconceptions. Students with mathematics difficulties may have a 
weakness in numerical magnitude judgment. Research (Jordan, et al, 2017) supports the importance of a 
number line approach to teaching whole numbers, integers, fractions, and decimals. Students need to 
understand “that all real numbers, including fractions, are assigned to their own location on a number 
line” (p.626). These students “have an advantage in learning not only fractions but also algebraic con-
cepts” (p. 626). The part-whole (pie) method seems to lead to the misunderstanding of all fractions being 
less than one. Students need to see the numerator and denominator as being part of one number rather 
than two separate numbers. They need to see the placement of this number on the number line and also 
realize that a number such as 7/3 is greater than 2.   
 
 The Instructional Data Warehouse GAP report will indicate assessment items that have the widest gap 
from the Nassau County benchmark. Looking at the WASA report will indicate what choice most dis-
tracted students on the multiple choice items. Examining student papers for the constructed response 
items will reveal the type of errors that students are making. Sorting the papers by categories such as  
English language learners, special education, other low performing students, and proficient or above stu-
dents will indicate the type of errors that each group is making.  
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