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How do low-achieving students respond to standards-based instruction in mathematics? 

Are the National Council of Teachers of Mathematics’ (NCTM) Process standards of problem 

solving, reasoning and proof, communication, connections, and representations realistic for 

overcrowded, low achieving classes with few resources (NCTM, 2000)? Encouraged by The 

National Science Foundation Graduate STEM Fellows in K-12 Education (GK-12) Program to 

teach engaging mathematics to all students, we investigated teaching factoring to algebra 

students through algebra tiles, Calculator-Based Ranger motion detectors, real-world scenarios, 

and group challenges. Factoring is an important aspect of revealing and explaining properties of 

quadratic functions (Core Common State Standards, 2010). This paper documents results from 

an action research project from an Algebra I class that was followed by a month-long study of 

the performance of one class of tenth – twelfth grade low-achieving 2
nd

-year Algebra I students 

compared to the performance of a traditionally-taught class of 2
nd

-year Algebra I students from 

the same school. In analyzing test scores, class observations, and attitude surveys, we found 

increased student understanding, enjoyment, and awareness of the usefulness of mathematics 

with the non-traditional teaching tools. This article describes activities that we used as well as the 

impact the standards-based instruction had on students. By standards-based instruction, we mean 

instruction focused on incorporating the NCTM process standards. 

 ALGEBRA TILES 

One of our first attempts at incorporating standards-based tasks in a factoring unit 

involved the use of algebra tiles (see Figure 1). This set of manipulatives, intended to represent 

variables and numerical values, allowed students to arrange the tiles in rectangles that 
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represented polynomial multiplication and factoring. The tile configurations provided visual 

representations that helped students to reason about the mathematics. Explaining perfect square 

trinomials with tiles made sense because the tiles made a square, showing students that the length 

and width were the same (see Figure 2).  Students worked in groups to arrange tiles into a square, 

illustrating that a perfect square trinomial must include two square numbers (See Figure 2). This 

particular representation especially supports the concepts behind the procedure of Completing 

the Square for solving quadratic equations. These activities invited students to be actively 

involved in problem solving, and catered to kinesthetic, tactile and visual learners.  

To assess students’ reactions to using algebra tiles, students were asked to respond to the 

question, “Did algebra tiles help you understand factoring? How?” One student wrote, “Honestly 

If I didn’t start [with] sic tiles I don’t think I would understand right now. They helped by being 

a visual of numbers. Just seeing numbers doesn’t always work, but being able to see the tiles 

made a huge difference.”   Another student said, “…they taught you to think while you did it 

[factoring]…”  We further observed that the tiles helped students conceptually understand both 

multiplying binomials and factoring trinomials. In Figure 3, the product (x – 2)(x + 2) results in 

2x, marked by two green rectangles, cancelling out -2x, marked by two red rectangles. 2x and -2x 

created a zero pair leaving a blue x
2
 tile and four red “-1” tiles, or x

2 
– 4. Many students could 

explain their reasoning rather than relying on the “First Outer Inner Last” (FOIL) algorithm to 

multiply the binomials. Algebra tiles especially helped students to conceptually understand that 

factoring was about finding the factors for a given polynomial, more specifically, the length and 

width of their rectangles. Special education students especially gravitated to the visual 

representation of factoring through tiles. At times in their written work and tests, they would 
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draw tiles to figure out the problems. Thus, teaching with the tiles appeared to promote 

understanding for low achievers.  

CONNECTIONS TO REAL-WORLD DATA 

To make connections to real-world data, we found ways to make factoring meaningful, 

relevant, and realistic (Gravemeijer, 1998). We did this through the use of Calculator-Based 

Rangers (CBRs), which are motion detectors attached to graphing calculators. Special-needs 

students enthusiastically participated in tossing beach balls above CBRs to generate parabolas 

and their equations on graphing calculators. This naturally led to connections between algebraic 

symbols and graphs that the class investigated further using the TRACE feature on TI-83 

graphing calculators. Equations of the parabolas produced by the calculators provided a useful 

medium for introducing a purpose for factoring and quadratic equations; predicting when the ball 

would hit the ground if tossed a specific height.  

The CBR activity motivated low-ability as well as high-ability students to think critically 

about the meaning of roots of an equation. One of the most disinterested students came alive as 

he rapidly tossed the ball to investigate the graph. This activity led another high ability but 

equally disinterested student to ask why the factors of a particular quadratic equation had 

negatives [ i.e. (t - 3)(t - 8)] when the corresponding quadratic equation resulted in positive 

solutions.  Thus, this standards-based activity, which focused on representations and 

understanding, differentiated to the plethora of ability levels within the same classroom. 

REALISTIC QUADRATIC EQUATIONS 

 Opening the class with realistic quadratic scenarios further sparked student interest and 

discussion about factoring. The scenarios were realistic in the sense that they were accessible and 

catered to the prior knowledge of students in the class (Gravemeijer, 1998). Three applications 
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that students enjoyed all involved the position function for a free-falling object: h = -16t
2 

+ vot + 

s where h represented the height in feet of the object after t seconds, vo represented the initial 

velocity in ft/sec, and s represented the initial height of the object. The contexts included a free-

fall survivor, a stuntman shot from a cannon, and a football toss. The free-fall problem 

demonstrated the occurrence of quadratics in real life. The stuntman scenario afforded students 

an instance of when factoring a monomial out of a polynomial might be useful. Finally, the 

football scenario provided an example of factoring a trinomial with a leading coefficient other 

than one. We began class on three separate days by first prompting short class discussions of 

these topics, and then looking at the related mathematics, detailed in the following section.  

Stunt Man Example  

“In 1940, Emanuel Zacchini of Italy was fired a record distance of 175 feet from a 

cannon while performing in the United States. Suppose his initial upward velocity was 80 feet 

per second. His height can be represented by h = -16t
2
 + 80t” (“Chapter 5”, n. d.).  

This scenario prompted several students to give examples of when they had seen 

someone shot from a cannon. As a class, students then found the roots of 0 and 5 seconds by 

factoring -16t out of the right side of the equation and setting the height equal to zero. The stunt 

man would have hit ground level in 5 seconds. 

Free Fall Problem: 

 “Russian Lieutenant I. M. Chisov flew his Illysuchin 4 on a bitter cold day in January 

1942. He was attacked by 12 German Messerschmitts. Chisov bailed out at 21,980 feet because 

he thought that that was his best survival option. He free fell to escape the German fire. His plan 

was to open [his parachute] at 1000 feet high from the ground. He lost consciousness during his 

freefall. He landed on a steep ravine with 3 feet of snow and plowed through the snow until 
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coming to rest at the bottom. He awoke 20 minutes later. He ‘only’ had a concussion of his spine 

and a fractured pelvis” (“Chuteless Jumps”, 2001-2003). Chisov’s height with respect to time 

could be represented by  h = -16t
2
 + 21,980. 

 On the day in which this free fall example was presented, one student (Chuck) said that 

he didn’t know anything about free falling, but that he wanted to do it. Another student 

contributed that the shape of the path of his fall would be curved. A third student ventured a 

guess that Lt. Chisov’s fall would have taken 3.5 seconds. Chuck thought he would have hit the 

ground in a little over a minute. The factorization of the quadratic equation of Chisov’s height 

yielded a fall of approximately 37 seconds, a result obtained from a graphing calculator.  

Students entered y = -16t
2 

+ 21,980  into the TI-83 and traced the curve to an approximated x 

value (time) of 37 seconds when y (height) was 0 feet, or at ground level. Thus, with technology 

as a tool, students learned to factor with applications and visualizations in mind. 

Football Factoring Task 

 Assume you threw a football ball straight up from ground level at 90 ft/sec. You jumped 

to 11 feet high to catch it. How many seconds would it take?  

To solve this problem, h = 11, vo = 90, and s = 0 in the position function h = -16t
2 

+ vot + 

s.  For purposes of teaching factoring, the position function was manipulated to have a positive 

leading coefficient, resulting in the quadratic equation, 0 = 16t
2
 – 90t + 11 (“Applications”, n. d.; 

Tipler, 1991).   

 When the football problem was presented, students predicted the initial velocity at which 

they could throw a ball, based on one student tossing a football across the classroom to another. 

After factoring the quadratic as a class (2t –11)(8t – 1) and considering that the ball would be 

caught in 5.5 seconds, we challenged students to adjust the equation 0 = 16t
2
 – 90t + 11 to create 
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factorable trinomials. We instructed students to adjust the 90 ft/sec initial velocity and the 11feet 

catch height. Students were not allowed to change the 16 (one-half of gravitational force, g = 32 

feet per second squared) because it represented acceleration due to gravity. A prize was offered 

for the student who could invent the largest number of factorable trinomials and for the shortest 

time. The stipulation was that students had to factor the trinomials. Students created trinomials 

such as 16t
2
 – 28t + 10, meaning the initial velocity was 28 ft/sec and the catch height was 10 

feet, and 16t
2
 – 16t + 4 where the initial velocity was 16 ft./sec and the catch height was 4 feet. 

One student, Janet, who was normally quiet and uninvolved, invented eight factorizations, and 

Max passed her up with nine. The use of meaningful trinomials not only increased student 

knowledge of the usefulness of mathematics, but also their conceptual understanding and 

enjoyment of it as well. 

GROUP CHALLENGES 

 A final set of challenging activities gave meaning to the typically procedural task of 

factoring. In addition, the activities increased students’ willingness to participate, wrestle with 

concepts, and think in mathematics class. For example, students enjoyed practicing factoring 

with puzzles and races. To compare factoring to solving a puzzle, we had pairs of students race 

to put together 50-piece puzzles. Next, we guided students to look at 12x
2
 – 19x – 21 as a puzzle. 

We identified as a class the “puzzle pieces” that must fit together in order to factor the trinomial 

(factors of 12 and 21, and the signs), and then we factored it.  Groups then raced to put together 

(factor) other number puzzles (trinomials) that we put on the board. Every student in the class 

was highly engaged in the puzzle races.  

 Another activity that aided both procedural and conceptual understanding  
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instructed students to invent their own factorable polynomials for a classmate to factor. For 

example, after allowing students to discover patterns for factoring a difference of squares using 

algebra tiles, races were held for students to factor in their heads. We additionally challenged 

students to make up the hardest problem they could think of for the class to factor. Jude, a special 

education student, immediately stated “121x
2
 – 100” and Max immediately factored it. As the 

standards-based factoring unit progressed, Jude’s confidence had increased from quietly 

observing to enthusiastically participating. Max’s immediate response validated Jude’s effort and 

furthered the positive tone of the class. This positive tone transferred directly towards their 

willingness to participate until the end of the class period. Students of all ability levels engaged 

cooperatively in mathematical thought, enhancing the equity of the mathematics instruction. 

RESULTS 

 Success of the standards-based factoring unit was documented in several domains. First, 

the experimental class’s enjoyment and awareness of the uses of mathematics improved 

significantly on an attitude survey given at the beginning and end of the study. In addition, the 

experimental class was found, via the posttest and qualitative measures such as interviews, to 

grow in conceptual understanding of mathematics. Scores on identical, procedural quizzes given 

to both classes remained relatively unchanged. Thus, the experimental class focus on concepts 

did not hinder students’ performance. Rather, the standards-based instruction enhanced students’ 

understanding, willingness to participate and homework completion. 

CONCLUSION 

In conclusion, we found low achieving students to blossom under standards-based 

instruction, which was altogether accessible to them when couched in contexts related to 

students’ prior knowledge. Algebra tiles promoted the problem-solving standard and connections 
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between algebra and geometry. CBRs highlighted both symbolic and graphical representations. 

Realistic scenarios provoked mathematical communication between students and with the 

teachers. Repeated questioning about how and why along with student presentation of solutions 

with justification stimulated reasoning and proof. In addition to meeting the process standards, 

the factoring activities fostered conceptual understanding and construction of knowledge. 

Standards-based instruction provided a way for us to differentiate instruction to equitably meet 

the needs of both low and high ability students. Finally, we felt satisfied that we had answered 

the question, “When are we ever going to use this? ,” before students had a chance to ask it.  

Complete instructional activities from the factoring unit may be obtained from 

www.gk12.ilstu.edu. This study was supported by National Science Foundation Grant # DGE-

0338188.  
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Figure 1. Algebra Tiles. Tiles are named according to their areas and colors. 
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Figure 2. Perfect Square Trinomials with Algebra Tiles 

 

 

 
 

Figure 3. One student’s response to the task, “Explain how to factor a difference of squares. Why 

does this work?” (R=red, G=green) 
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Figure 4. Picture of a student tossing a beach ball above a CBR.  


