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eEvolving technology has played  
an important part in a common qua-
dratic-function lesson. Having been 
mentioned repeatedly in numerous 
reform documents, a recurring lesson 
has involved changing the parameters 
in f(x) = ax2 + bx + c and studying the 
effects on the graph. 

In both NCTM Yearbooks and 
NCTM Standards documents, technol-
ogy is discussed and explored as a way to 
enrich quadratic function tasks. How-
ever, we will show how advances in tech-
nology have enriched these activities. 

Using quadratic functions as an example, 
see how the evolution of technology has 
altered the expectations of students’ 
understanding and critical thinking.

A Historical Perspective from a to c
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the approach BeFore 
technologY
In the 1959 NCTM Yearbook, Smith 
and Henderson discussed the impor-
tance of inductive reasoning and mak-
ing conjectures while doing proofs. 
They asked students to study the 
effect on the graph of changing each 
coefficient while holding the other 
two coefficients constant (see fig. 1a). 
In 1959, these graphs had to be pro-
duced by hand. Smith and Hender-
son also asked students to study the 
roots of different quadratic functions 
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graphically and collect data from their 
graphs to create a table to study the 
relationship between the product/sum 
of the roots and the coefficients a, b, 
and c (see fig. 1b). 

In a state-of-the-art classroom 
in 1959, students would have cre-
ated graphs by hand on graph paper, 
similar to those in figure 2. Graphing 
by hand is a time-consuming, tedious 
process. To generate enough graphs to 
enable students to make conjectures 
about the effects of a, b, and c, the 
teacher might have asked each student 

or group of students (perhaps by row) 
to draw just one graph in each family. 
In studying the effect of c, for ex-
ample, the students in each of five dif-
ferent rows might have been assigned 
to graph y = x2; y = x2 + 2; y = x2 + 4; y 
= x2 – 2; or y = x2 – 4.

Once all the graphs were com-
pleted, students might have compared 
their graphs. Then the teacher might 
have guided them to the conclu-
sion that changing c causes a vertical 
translation of the graph. The effects of 
a and b could be studied in a similar 
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fashion. However, the time investment 
necessary to complete the graphs by 
hand would have made investigat-
ing the effects of all three coefficients 
during one class period very difficult. 
Also, the challenge of generating 
enough graphs by hand during a single 
class may have rendered such investi-
gations impractical.

technologY and  
the standards 
Thirty years later, authors of the 
Curriculum and Evaluation Standards 
for School Mathematics discussed 
studying the effects on the graph of 
changing parameters in the algebraic 
form (see fig. 3). The advantages 
of the use of technology are high-
lighted. Spreadsheets and graphing 
utilities are suggested, which allow 
students to create accurate graphs 
quickly so that they can study geo-
metric transformations. 

 The technology both extends and 
enhances the activity. Even using circa 
1989 graphing calculators, the activity 
is extended by considering two effects 
simultaneously. It is enhanced by the 
ease with which the calculator draws 
the graphs. Using technology clearly 
makes the time-consuming, tedious 
process of graphing more feasible. 

Spreadsheet Technology
Figure 4 shows a screen shot from a 
spreadsheet in which the effects of 
a are studied. Spreadsheets provide 
a more numerical approach to this 
idea. A spreadsheet from twenty years 
ago would have greatly facilitated 
the construction of a table of values 
from which a graph could be drawn 
by hand. In our experience, produc-
ing the table of values slows down 
the process of graphing by hand. 
Although spreadsheet graphs allow 
color-coding and labels to facilitate 
distinguishing one graph from an-
other, typical graphing calculator tools 
such as a Trace function were not 

available. Moreover, constructing the 
spreadsheet tables involves what may 
be an extra layer of abstraction for 
many students. For example, cell D2 
in the spreadsheet would be defined 
by keying =0.5*A2^2. When students 

want to try a different value for a, they 
must either create a new column or 
make a change to the formula in the 
first cell of the column, then copy it 
down. Each new investigation would 
involve several steps. 

(a)

(b)

Fig. 1 In the 1959 NCTM Yearbook, students were expected to draw graphs and 
construct tables by hand to compare and contrast different parabolas.



Vol. 15, No. 8, April 2010  ●  MatheMatics teaching in the Middle school  461

In 1991, the Professional Standards 
for Teaching Mathematics was released. 
The graphing technology was only 
slightly better than it had been two 
years earlier. Nevertheless, notice the 
great improvement over what might 
have happened in that hypothetical 
classroom of 1959. At that point, using 

the calculator allows all the students to 
generate and view the graphs up close. 
See figure 5’s teaching vignette. How-
ever, notice how busy the graphing 
window becomes with the addition of 
so many graphs. Although this may be 
of no consequence to some students, it 
might be a hindrance to others.

Graphing-Calculator Technology
The figures that follow demonstrate 
the use of graphing calculator tech-
nology to enrich these activities. 
Figure 6, created using a TI-84 cal-
culator, shows both the power and the 
limitations of pre-TI-83. To explore 
the effects of each coefficient on the 
graph, a series of equations must be 
entered with two of the coefficients 
held constant, while the third is var-
ied. Students can compare the graphs 
to see the results from changes in one 
of the coefficients. Each student can 
now consider many graphs simultane-
ously. However, a limitation of this 
approach is that the small graphing 
calculator screen quickly becomes very 
busy with many graphs. Also, after 
three or four functions are entered, it 
is difficult to determine which graph 
goes with which function. 

Figure 7 demonstrates the Trans-
form feature of the TI-83 and TI-84 
series calculators. A single general 
equation (y = ax2 + bx + c) can be en-
tered, and the coefficients dynamically 
changed, one by one, using the left and 
right arrow. An advantage of this  

        

Fig. 2 Studying the effects of a, b, and c on the graph of y = ax2 + bx + c required students to use pencil and graph paper to 
produce many graphs.

Fig. 3 In the 1989 Curriculum and Evaluation Standards, references to spreadsheets 
and other technology emerge in the expectations for students.
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TI-Nspire Technology
The TI-Nspire calculator is a 
second-generation graphing calcula-
tor. One significant change is that the 
linkage between a graph and its alge-
braic representation is now two way. 
As with earlier technology, one can 

approach is that now only one parabo-
la is graphed on the calculator screen. 
Manipulating the coefficients appears 
to cause the parabola to change posi-
tion or form. However, notice that the 
graphical and algebraic representations 
of the function are linked in only one 
direction. Changes must be made to 
the algebraic form, and corresponding 
changes in the graph then observed. 
Many users often asked themselves, 
“What if the linkage could be two 
way?” 

In 2000, Principles and Standards 
for School Mathematics was published, 
which contains this excerpt: 

With access to computer algebra 
systems (CAS)—software on either 
a computer or calculator that carries 
out manipulations of symbolic ex-
pressions or equations, can compute 
or approximate values of functions or 
solutions to equations, and can graph 
functions and relations—students can 
easily explore the effects of changes 
in parameter as a means of better 
understanding classes of functions. 
(NCTM 2000, p. 299) 

The Standards once again visits the 
idea of using a graphing utility to 
explore the effects of parameter 

changes on the graph of a quadratic 
function. For the first time, there 
is an interest in having students 
observe the effect of changes in the 
b coefficient. It is also noteworthy 
that the effect of b is deemed “not as 
obvious.”

Fig. 5 The 1991 Professional Teaching 
Standards refers to students using  
graphing technology.

      
(a)

      

(b)

Fig. 6 Before the availability of the TI-83 calculator, students had to enter a series of 
equations with two of the coefficients held constant and a third varied to explore the 
varying coefficient’s effect on the graph.

Fig. 4 The use of spreadsheets allowed students to quickly generate tables for graph-
ing. In this example, students can study the effects of the leading coefficient. 
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tive dynamic software, which com-
bines geometry and algebra. Teachers 
can save GeoGebra worksheets as 
html files for their students to study 
from any computer that has an Inter-
net connection. Figure 9’s screen cap-
tures show a dynamic worksheet that 
we created to study the effects of a, b, 
and c in y = ax2 + bx + c. Using three 
sliders for a, b, and c separately enables 
students to focus on each parameter 
individually. Moreover, being able to 
trace the vertex when manipulating 
the slider for b might help students 
see the path of the vertex more clearly. 

Having easier access to this tech-
nology is an advantage. Moreover, 
seeing the parabola move on the larger 
computer screen makes it easier to 
see than on the graphing calculator. 
GeoGebra enables the user to move a 
parabola on the screen but not bend 
it. The relationship between the graph 

can be guided to observe the relation-
ship between the vertex form and the 
coordinates of the vertex. Another 
novel feature of the TI-Nspire is a 
slider that automatically changes the 
value of b, but in a way that presents 
only one graph at a time. As the screen 
captures in figure 8 show, at any one 
time, there is only one parabola visible 
on the screen. Moreover, the parabola 
appears to move in response to the 
slider that changes the value of b. In 
our experience, the effect of b is not 
obvious, as the authors of Principles 
and Standards noted (NCTM 2000). 
Nevertheless, middle school students 
are quite capable of discerning the 
effect of the b coefficient when sup-
ported by appropriate tools.

Dynamic Web-Based Software
Teachers can create dynamic work-
sheets using GeoGebra, free interac-

make changes in the algebraic form 
and observe the resultant changes in 
the graph. The new feature is that us-
ers can dynamically change the graph 
by dragging, rotating, or even bending 
it and observe the resulting changes 
in the algebraic representation. It is 
possible to look at the relationship 
between graph and equation from two 
perspectives, with each perspective 
strengthening the other.

The question is, In what ways 
might such technology positively 
influence student learning? Figure 8 
demonstrates how the TI-Nspire can 
be used to explore the effects of varia-
tions in the coefficients of a quadratic. 
The graph of y = x2 is first bent to 
study the effect of a, then dragged to 
study the effect of c. Dragging also 
allows the user to explore the vertex 
form of a quadratic function. More-
over, using the Trace feature, students 

          

Fig. 7 On the TI-83 and TI-84 calculators, using the Transform feature with quadratic explorations allows students to make changes 
to the graph and see the results in just one parabola.

          

Fig. 8 Using the TI-Nspire, there is only one parabola visible on the screen at a time. Moreover, the parabola appears to move in 
response to movements of the slider that change the value of b (in c).

 (a) (b) (c)
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and the algebraic form is neither one 
way nor two way, but about halfway 
linked.

Changes can be made to the alge-
braic form, and the user can observe 
the changes to the graphical repre-
sentation. The link from the algebraic 
form to the graphical form is there. 
Although the user can make changes 
to the graph and watch the algebraic 
form, it can be moved only, not bent. 
The link from the graphic form to the 
algebraic form is only partial.

classrooM Videos
We made two short videos of stu-
dents using the TI-Nspire to explore 
quadratic functions. Both videos were 
captured in a class of seventh-graders 
studying algebra 1. There were only 
twelve students in the class, and their 
teacher regularly used a class set of 
TI-84 calculators during instruction.

The Effect of the Coefficient a 
The students used the TI-Nspire to 
study the effect of the coefficient a 
on the graph of a quadratic function, 
similar to the activity demonstrated 
earlier in the TI-Nspire movie. As we 
reviewed this video, we noticed right 
away that the students were intrigued 
by the ability to bend the parabola. 
We think this video also showed the 
ease with which students were able to 
answer questions about their manipu-
lation of the graph. In fact, they easily 
connected narrowing the parabola 
with larger values of a and widening 
the parabola with smaller values of a. 
They also easily connected flipping 
the parabola upside down with nega-
tive values of a. 

Finally, we were pleased with the 
fun that students seemed to have 
with a “match the parabola” game, 
as well as what they seemed to learn 
from it. In the game, a graph was 
drawn by hand on the whiteboard 
where the TI-Nspire screen was be-
ing projected. Students were invited 

Fig. 9 Using GeoGebra, students can use three sliders for a, b, and c in the graph of y 
= ax2 + bx + c separately, which enables them to focus on each parameter separately.
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that graphing calculators did not exist 
twenty-five years ago, one can hardly 
imagine the capabilities of handheld 
technologies twenty-five years into 
the future. Just as it does today, tech-
nology will continue to make things 
that are difficult easier, and things 
that are infeasible possible.
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ing was the ease with which the rest 
of the class seemed to embrace his 
idea. Finally, when another student 
suggested replacing the first student’s 
dot-graph depiction of what he was 
seeing with a continuously drawn 
parabola, and then observed that the 
vertex of the moving parabola was 
moving along the upside-down parab-
ola, these middle school students had 
made an observation that most of our 
graduate students had failed to make 
when using the older technology.

discussion
We think that this historical perspec-
tive on investigating the relationships 
between the coefficients of a quadratic 
function and its graph has demon-
strated that the power of technology 
can be exploited to enrich students’ 
mathematical explorations. Although 
the use of technology has not altered 
the content of these activities, when 
used appropriately, technology holds 
promise for altering the process of the 
activities. 

From 1959 to the present, tasks 
such as conjecturing, discovering,  
and problem solving have been val-
ued in mathematics classrooms. As 
has often been postulated, because 
technology can handle enormous 

computational loads quickly 
and easily, students’ minds 
are freed to consider the 
larger conceptual issues and 
higher-level-thinking tasks 
underlying the mathemati-
cal activity. 

As we have traced the 
progression of technologies 
applied to these activi-
ties, it is clear that it is 

continually evolving. 
When one reflects 

to change the equation on the dem-
onstration calculator to match the 
hand-drawn graph. As they played 
the game, they were able to use the 
knowledge that they had conjectured 
by linking the graph to the equation 
to make decisions about the link con-
necting the equation to the graph. 

The Effect of the Coeffecient b
In the second video, the students 
used the TI-Nspire to study the ef-
fect of the coefficient b on the graph 
of a quadratic function by manipulat-
ing a slider to change the value of b. 
We were hoping that the students 
would be able to go beyond noticing 
that the parabola appears to move 
both horizontally and vertically to 
noticing that the vertex of the given 
parabola is itself moving along a 
parabolic path. To help them see 
this, we had an elaborate extension 
activity planned that uses the spread-
sheet capability of the TI-Nspire, 
but something happened early in the 
initial whole-class discussion of the 
slider activity that took that discus-
sion further than planned. 

We were fascinated by one stu-
dent’s observation that the parabola 
was moving on “an invisible, upside-
down parabola.” Even more intrigu-
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the casio fx-7500g 
was a state-of-the-
art graphing cal-
culator in 1989.




