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Question / item Mean Mean
Yo %
Control Experimental
1. Find the following limits: -
. £ -x-2
im ———
a w1 Xt 94.08 96.80
 X-x-2
lim
s 34 ]
b. 81.20 94.30*
(p <0.0001)
2. Find the derivatives of the following functions:
a r(g)=(e* +4*)sin(g)) 91.60 9425
b, p(s)=(s*+7s) 94.50 93.40
c _ _cost
O 80.65 90.65*
(p <0.0001)
3. Givenf(#) =3£+1, where ¢ is measured in hours
and ¢ = 0 occurs at 4:00 a.m., graph this function on the
grid below over the interval [-4, 4] which corresponds
to the time period from midnight to 8 a.m. (square grid 86.67

provided for student’s graph)

87.00

Table 4 -- Comparison of Procedural Items

Ceonceptual Items

Test items classified as conceptual are presented in Table 5. These items
tested concepts based in interpretations of the derivative as slope and as rate of change.
Several items included graphical representations of the concepts of differentiation and

integration. Both groups of students had access to graphing calculators.

The only item showing a difference between groups involved a graphical
interpretation of integration. With the TI-89, students in the experimental group could
graph the function defined by an integral on their calculator and then analyze the
resulting graph. Students in both groups struggled equally with the concept of average
rate of change, as well as finding and classifying extrema and points of inflection.

The International Journal of Computer Algebra in Mathematics Education, 2001, Vol. 8, No 2




108] M A Connors and K Snook

inflection for the function y(x). Justify your answer.

Question / Item Mean % Mean %
Contirol Experimental
4. The graph of a function, f{x), is shown below. Sketch ' )
the graph of the derivative of the function, f'(x), on the axis | 84.77 85.00
provided.
f(x)
T ?
~ /
_\/
[ / —t —t—
5. a. Given the function for temperature at time t:
f=3r7+1, what is the average rate of change of | 83.00 82.56
temperature between 5 am. and 8 am. (t=0 occurs at 4
am.)?
b. What is the instantaneous rate of change of
temperature at 6 a.m.? 81.80 82.68
6. Given the function y(x) = 12x>15x on the interval
[0, 2.5}
a. List and classify all extreme vaiues of y(x) over the | 71.87 69.82
given interval.
b. Determine whether or not there are any point(s) of | 74.67 70.80

Table Sa Comparison of Conceptual Items
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~o-ncéinn [ Ttoam Moo N
quauuu I RELAN Ivivaszl ivgais
% Control % Experimental

7. Two functions f"and g are shown below. Choose which
of the following statements best describes the situation | 92.67 90.00
pictured. Provide an explanation of your choice.
(a) 1 is the derivative of g.

(b) g is the derivative of f.

{c) Neither function is the derivative of
(d) I cannot tell or not enough information is given.
I chose ___ (letter above) because:

o

a nthor
e Ui,

; \ 100t
t Y
! .

8. Let , where f(#) is the function

g(x)= [ f()a

whose graph is shown. NOTE: The questions below refer
to the fugftion £(x), not the graphed function f{r).

-1

a. At what values of x do the local maximum and local
. 9
minimum values of g(x) occur? . 51.48 70.05%
b. Where does g(x) attain its maximum value on the (p < 0.0002)
interval [0, k] ==

72.00 67.50

Table 5b — Comparison of Conceptual Items
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Application Items

Test items classified as applications are presented in Table 6. These items
tested students’ ability to interpret the problem, and then determine what calculus
concept to apply to model and solve the problem.

The items classified as applications showed the most significant differences

related rates and radioactive decay. Students in the experimental group understood and -
applied basic calculus concepts to outperform the control group in all six items and
significantly do so in five of those six.

Question / Item Mean Mean
% %
Control | Experimental
9. A particie travels along a path according to a position function of
s(£)=2£*-9++12, where s is measured in meters and 7 is measured in
seconds.
a. Find the particle’s velocity after 2 seconds. 87.30 95.25%
(p < 0.004)
b. Find the particle’s acceleration after 3 seconds. 85.40 94.00*
(p < 0.005)
c. Find the time(s) when the particle is at rest. 7745 §2.50
10. A manufacturer of a soft drink wants to construct a right | 65.625 72.3%
circular cylinder can to hold 375 mi of the soft drink (p < 0.044)
(V=r r* k). Determine the height, 4, and radius, r, in centimeters
that minimizes the total surface area (S4 = 2 7 #* + 2 1 r h) of the
can (include a top and a bottom). Also, show that the dimensions
you find actually minimizes the surface area (Note: 1 ml =1 cm’),
11. Sand is poured onto a conical pile (), _1 ., ) at a rate of 10 67.17 75.48*
37 (p <0.018)
m®/ min. If the width of the base of the pile is always one-third the
height of the pile, find the rate at which the height of the pile is
changing when the pile is 6 m high. Show all your work.
12. A radioactive substance decays at a rate proportional to the | 72.25 90.69*
amount of substance present. The initial amount of the substance is (p <0.0001)
100 grams. After 5 years, there are 85 grams left. Model this
situation with a differential equation. Solve your model to find a
function describing the amount of substance present at any time. Be
sure to define all variables used and solve for afl unknown
constants.

Table 6 — Comparison of Application Items
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5. DISCUSSION

The results of this study support the assertion that appropriate use of a hand-
heid computer algebra system can enhance the teaching and leamning of calculus to-
achieve improved procedural, conceptual and application performance.  Core
undergraduate mathematics courses are content laden. Although the calculus reform
movement c ‘ied for ‘“lcan and iiveiy” courses, changes occurred more often in

nien 100

nt or material (Douglas, 1995; Tucker & LGHZCI, 1995). This

m:
L.

<<<<<<<<<< ~ P Atle n s s e ~miadinond
and implications that touch both pedagogy and content.

Many refo projects included a technology component. Technology is touted
to offer efficiencies that allow students and teachers time for deeper exploration of the
concepts. One example of a realized benefit is in function graphing. Students can
quickly produce a graph on their hand-held calculator and then spend time analyzing
the graph’s properties. By graphing a function and its derivative on the same axes
students gain deeper insights into how these two graphical representations, and
uitimately these two functions, are related. With the latest calculators students can
easily determine and evaluate derivatives, as well as indefinite and definite integrals.
These advantages appear to have offered some significant benefits to students at this
study site. We especially note the significant differences found in the application
problems. In these items students must have a grasp of both the concepts and the
procedures needed to interpret and solve the problem. In the four typical applications
of differential calculus included in this study (motion, optimization, related rates,
- exponential decay), the experimental group significantly outperformed the control
group. With the same syllabus, same textbook and similar classroom environments, the
only differing factor was the integration of the TI-89 hand-held computer algebra
system.

As we continue to integrate technology into the mathematics classroom, we
also need to continue to question its impact and make decisions as to when and how to
integrate technology appropriately. Does integration of this technology mean that we
no fonger need to teach differentiation and integration rules and techniques? How will
students develop an appreciation for when technology is or is not efficient or
appropriate? Will the time saved by technology offer a chance to look at key topics in a
more conceptual manner? How will use of this technology affect students’ procedural
and conceptual knowledge? How does the integration of technology impact the way we
assess students?

Studies like the one presented here will inform instruction and assessment
decisions made by teachers. This study will facilitate continued discussion and
research into these important questions. Additional research is needed to study the
long-term effects of early integration of technology on mathematics majors, as well as
mathematics intensive majors. Follow on studies are needed to determine if technology
is enhancing the mathematical skills and concepts of these mathematics users.
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