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Abstract: Students make mistakes with hand held devices, so do hand held devices. The
problem is that students often do not realize that technology can make mistakes, and
they simply accept whatever results are given by the technology. This paper classifies
students’ mistakes in handheld devices, and give some examples of mistakes made with
graphing calculators.

There have been many discussions about the mistakes that students make with graphing
calculators and computer algebra systems (Benson, Demmel, Howell, Steward). These
discussions mainly give examples to caution students that calculators and computers may
give wrong or questionable answers. Few classify the mistakes. In this paper, we discuss
four categories of mistakes with graphing calculators and computer algebra systems.

1. ORDER OF OPERATION ERRORS

A very typical kind of mistake is related to the order of operation. Order of operation
erTors can occur in two cases: either due to many students not being as aware of order of
operation as they should be; or due to translation errors from the text book to the
calculator. There is no simple way to tell if students do not understand the order of
operations rules, or if they are having difficulty translating equations from their text
book.

1.1. Students Are Not Familiar with the Order of Operations

When students do not understand order of operation, two kinds of operations can cause
students’ trouble. One involves fractions and the other operations on exponents. The
“pretty print” feature on the TI-89 can really help students see the difference between the
operations they need to perform and the expressions they entered into the calculator.
While the TI-83 and TI-84 will not clearly display these errors, for an expression
involving only addition, subtraction and multiplication, hence students may not notice a
mistake if they are not familiar with order of operation.

Example 1.1. To evaluate 7-8x6 +12+4, they may enter 7—8*6/2+12/4 with TI-
83/84/89. Even if they do not pay attention to the order of operation, they do not get an

error. As for other scientific calculators, they may get an error with a simple model, but
they still can get a correct answer with an advanced one.

* This paper was presented at the 21* International Conference on Technology in Collegiate Mathematics.
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Example 1.2. (Fraction) To evaluate %_—4;—25 , some students would just enter
+

25-4*5/12+6" 2. They can see that the display of TI-89 is different from what they
need to perform. Therefore they can realize that there is a mistake. However, the display
of T1-83/84 will not bring this error to their attention.

Fraction with TI-89

Fraction with TI-83 *55, 3%333333

4x5
Example 1.3. (Exponents) To evaluate A4 = 5000(1 +%) , some students would

enter 5000(1+0.06/4)~4*5. The TI-89’s display can easily bring the error to the
student’s attention, but TI-83/84 do not.

ps )t
Exponents with TI-89 " seee [1 ' _4_] K 26534.1
SEEC L+, Q5 1S
+.867 *
Exponents with TI-83 & 26534.08877
|

1.2, Students Do Not Enter an Expression Correctly into a Calulator

Even if students know the order of operations, they can make mistakes. Students often do
not realize that extra parentheses are needed even if the expression does not have them.

Example 1.3. (Graphing): Graphing equations such as f(x) = 2—+§ without proper
X+

parenthesis (Figure 1), students get the incorrect graph (Figure 2). Students might not
realize the mistake with TI83/84, but they should notice a different dlsplay on the TI-89.

Flotl Plotz Flot3
W EZ24HKAK+D
“We=
“Wa=
xﬁq:
Figure 1 with TI-83 Figure 2 with TI-83
2. SYNTAX ERRORS
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When students made a syntax error, a calculator will either not perform the operation, or
give students an alternative result. In addition, just like there is no simple way to tell us if
students do not understand the order of operation, or if they do not enter an expression
into a calculator correctly, there is a fine line between a syntax error and an order of

. . . (6 .
operation error. For example when calculating sin (—5—) a common student error is to
s

enter sin(6/5* ) into the calculator. This begs the question. Did the student not
understand order of operation, or the syntax of the calculator? One syntax error that can
not be confused with an order of operation error is what we call a “close parenthesis”
error. It appears on the TI-82/83/45/85/86 series, but not the TI-89’s. This is not just a
student error, but an error on the part of TI’s programming. Consider the

function y = sin(x +27) , which is of course equivalent to y =sin(x). Both of the above

functions are distinctly different from y =sin(x) + 2z . Unfortunately if the student

forgets to “close” the parenthesis the TI-83 automatically “closes” the parenthesis at the
end of the expression. If the student tries to graph y =sin(x)+ 27 but forgets to close the

parenthesis (Figure 3), the calculator will then return the standard sin graph (Figure 4)
Flotl F1otz Flot3

“WiBsinCE+2n
MW=
WWa=
an=
Figure 3 with TI-83 Figure 4 with TI-83

Students not only need to be reminded of proper order of operation/syntax, they also need
to be aware of the eccentricities of the HHC they are using. Students using the TI-82, 83
must take care to make sure that they properly “close” their parenthesis to avoid this

error. Other syntax errors include entering (sinx)*, and (logx)* into a calculator.

3. IMPROPER SETUP OF HHC

Many authors have given examples that some mistakes are caused by improper setups.
For example, Bogley and Robson (1996) mentioned two common mistakes caused by a
wrong or improper setup of the calculator:

e Using an improper window when graphing;

e Using degrees instead of radians, or vice-versa.

These kinds of mistakes often occur when students graph functions and calculate
trigonometric values. These mistakes are well known and correctable by changing the
setup of the device. So we will not give examples. However, for graphing calculators that
have symbolic functions, such as the TI-89, the setup can include numerous different
modes: Auto Mode, Exact Mode, Approximate Mode, Function Mode, Parametric Mode,
Polar Mode, Sequence Mode, 3D Mode, and Differential Equations Mode. Students can
make mistakes under a combination of all these modes. For example, students might get
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an incorrect result with Degree Auto Mode, while they could get a correct one with
Radian Auto Mode. Therefore, the proper modes in graphing calculators become even
more critical when using the TI-89 in upper level mathematics classes. When using the
TI-89 to perform any calculus operation (limits, differentiation, integration, etc.) that
involve trigonometric or inverse trigonometric functions Radian Mode is required to get
what we expect, not Degree or Gradian Mode. However, selecting the proper mode for a
calculation can be tricky. In the following examples, screenshots were made using the
TI-89 Titanium with the most current operating system (v. 3.10). Errors can also be
made when variables are used that have been assigned specific values in earlier work.

3.1 Radian-Auto Mode vs Degree-Auto Mode, or Approximate-Auto Mode

Example 3.1. Find the derivative of f(x)=sinx. The following screens give different

results under different modes. The result from the Radian-Auto Mode is what we expect.
The result from the Degree-Auto mode is not what we would normally want. Even
worse, if the calculator is in Degree-Approximate mode.

B d¢sin(x),x) cos{x)

Radian-Auto Mode

MAIN BAD ANYH __ FUNC 1730 |
Radian-Approximate Mode The same as the above

.. n-cos(x)
Degree-Auto Mode " 3x(5in00) 156
FUMC 2/
" Ed;(-( sin(x))
Degree-Approximate Mode 01745329252 cos(x)
Maik nrn»gnx [A117d 32310

Similar results occur when students evaluate limits, indefinite integrals, and differential
equations. In general, the Radian-Auto Mode gives the results we expect. Students will
get different results from what we expect (consequently we consider them wrong) if they
forget to change the setup when finding limits, derivatives and integrals and solving a
differential equation in the Degree-Auto Mode, Degree-Approximate Mode, or Degree-
Exact Mode. Readers are encouraged to evaluate the following examples with Degree-
Auto Mode, Degree-Approximate Mode, Degree-Exact Mode, Radian-Auto Mode,

Radian-Approximate Mode, and Radian -Exact Mode: |sin™' 2xdx, limtan™ x.

Xm0

When solving second order differential equations, all modes yield the same answer
provided that the characteristic equations do not have a complex root. However, if the
characteristic equation of a differential equation has a complex root, students will get a
different result from what we expect.

Example 3.2. Solve y"—-2y'+10y =0. Its characteristic equation has non-real roots
m=1%3i.
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SdeSolve(y' ' -2y’ +10 'y P
fan. Q=11 sF e masi 3 0+ T P

Radian-Auto Mode TUeCy" by S LOwIE o
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®sdeSolve(y'' -2-y' +10-yp

Radian-Approximate Mode Y =05 (2.718)" cos(3. )

defnlue gt =0 HAgS0, |y

MAIN__

The moral of all these examples is this: For calculations related to calculus, students
should set the calculator in Radian and Auto (or Exact) mode; otherwise they can get
some extremely ugly results, which are different from what we expect.

3.2. Auto Mode vs Approximate Mode or Exact Mode

Just now we discussed that results in the Degree Mode can be very different from what
we expect. However, Approximate Mode can give students a completely wrong answer.

X=»0

Example 3.3. Find lim(l +£) (Li & Wang, 2007).
x

Radian-Auto Mode '2 “ - >

Radian-Approximate Mode ‘13 1 — i
x

Radian-Exact Mode ) 1‘:' 1 + : ,_ -

Although students can get a wrong answer with TI-89 for lim(l +E) , they can get
x

X=>0

lim( 1 +9—4) correctly in any mode. In fact, for a general constant £, they still get a
x

X0

X—o X

. kY
correct answer e* for hm(l+—) )

3.3 Internal Memory

Sometimes, students would assign a special value to x in their graphing calculators. If
they forget to clear the memory, they will just get a numerical value whenever they do a
symbolic calculation. The following screenshot shows that x =16 is stored in the

2
d(x’) » Students can only get 32, instead of 2x. They will

memory, and when calculate

not get what they want.
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"6 x i1é
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4. HHC DO NOT PERFORM SOME CALCULATIONS PROPERLY

Errors caused by improper setup are often correctable. However, for the following
examples, students will get wrong answers no matter what setup they use. This is very
bad because students cannot prevent them. So they must beware of these kinds of
mistakes, and have some idea about the capabilities of the HHC. All of the following
calculations are done in Radian-Auto mode. Among the following examples, some are
new, and some have been published. For completeness and easy reference, we include
them together.

4.1 Graphing Calculators Return a Wrong Answer

Example 5.1(Li & Wang, 2007). How many real solutions does x'2 — 2" = Ohave?
Although the equation has three real solutions, graphing calculators only give two. Here’s
what TI-89 produces.

m solve(x12- 9% 0, x)

“HEVEAITEAZSAY op wo= 1,

s0lue(x*12-2%%=0, %)

Example 4.2. Find lim xIn x*, lim xIn x*, and lim xIn x. These are other examples of
x=0 x—=0*

x=0"

wrong answers with TI-89. The asterisk indicates an incorrect calculation by the
calculator. It seems that TI-89 does not always make a distinction between left-, right-,

and two-sided limits for functions that are internally defined such as In x , \/; , sin”' x,
etc.

ﬁmmmmm

= lim (x-1n(x))
X0

= lim (x-1n(s)) o]
X0~

& lim (x-1n(x)) o]
x>0°*

4935937x + 4935936y =1
4935938x +4935937=2 °

algebraic methods, the solutions of the equation are x =—4935935, y = 4935936,
However, with TI-83/84/85, students will get a wrong augmented

Example 4.3 (Friedberg, Insel and Spence, 2005). Solve { By
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0.999999797404 0

1
matrix,
(O 0 1

J, which means no solution. But the TI-98 does it

correctly.

4.2. Calculators Return the same expression without evaluation, or take too long to
get an Answer.

Example 4.4. dx . This integral can be calculated by hands by

1
(x—l)\/(x—l)2 -1
substitution. But the TI-89 cannot do it, it returns an alternative expression of the integral.

roifod 5 e Sounfr ] )

1
L d
“(x- 1)-Y(x - 1)2- 1] g
]
. [(1»1“-@-2)]“"

2UE=100, 00

dx for constant k.

Problems like this also occur when evaluating f !
(x—k)\/(x—k)2 -1

Similarly, for I(x - k) e R gy » students will be disappointed. The calculation of
Laplace transforms starts out well: f te™"dt (for s>0). However, the calculation of

f t*e™"dr takes nearly ten minutes.
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