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Technology, Technion City, Haifa 32 000, Israel 

^ ^ I lhe root of students' frustra 

JL tion with mathematics is that they 
are so frequently wrong" (Wood 1982). We 

accept this thesis, along with the fact that 

taking a written test is not a relaxing ex 

perience. Therefore, as test designers, we 

must make an effort to minimize the 

amount of irrelevant obstacles students 

face when taking a test. 
Several methods of constructing 

achievement tests in mathematics are well 

established (e.g., Merwin 1961; Suydam 
1974), and teachers usually take them very 

seriously. However, the study of students' 
errors can shed light on unforeseen obsta 

cles that sometimes are unintentionally 
added to a test. In this article we share the 

lesson in editing that we learned from such 
a study. Classroom teachers might find the 

results interesting because so much of their 

evaluation of students is based on written 

tests, yet the average teacher cannot afford 

the time and effort involved in a careful 

analysis of students' mistakes and may not 
even notice the kinds of editorial pitfalls we 

present. 

The source of data was a sample of 300 

examinees' answer sheets to items on na 

tional mathematics tests administered to 

graduating high school students in Israel. 

Errors that occurred repeatedly were ana 

lyzed. We looked for a reasonable expla 
nation of the errors' underlying logic. Then 
we constructed a classification model with 

six categories (Movshovitz-Hadar et al. 

1985a; 1985b). The errors were exception 
ally puzzling. At first we thought them 
weird and extremely "illogical" until we 

looked back at the form of the test. There 
we recognized some editorial practices that 

offered a reasonable explanation of the 

kind we were after. To test the explanation, 

we administered revised items in which 
these editorial pitfalls were eliminated. All 

the findings reported here are based on stu 

dents' better performance on the revised 
test items. 

Careless Printing 

Case 1 

In an isoc?les triangle ABC, 
AB = BC = 25 cm; mLABC = 38?. 
AD bisects LB AC. Find the radius 

of the circle circumscribing the triangle 
ADC. 

In figure 1, many students calculated 
the radius of the circle circumscribing 

triangle ABC instead of triangle ADC. In 

searching for the logic behind this mistake, 
we speculated that because in the question 
"ADC" was typed on a separate line and 

because the sentence could reasonably end 

without it, students who were feeling test 

pressure and were eager to start working 
on the problem read it in haste and over 

looked the word in the last line. Indeed, 
this mistake did not occur in a class that 

worked the same problem from a retyped 
paper in which "ADC" was added to the 

previous line. 

Fig. 1 
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Case 2 

Given that log = 2log 3 + \ log 16 ? log 
27 calculate the value of without tables 
or calculators. 

The following quotation from a stu 
dent's workbook represents a very common 

mistake : 

log = log 
321?161/2 

27 

321 ?4 
=-= 318?4 = 276?4 = ??? 

27 

The mistaken exponent of 3 seems to have 

only one explanation: The student read the 
first letter "1" of "log" as the numeral 1 
and considered the expression "21og 3" as 
"21 log 3." It would be advisable to help 
students avoid such mistakes, for instance, 
by putting a multiplication dot between the 
coefficient and the word "log" (e.g., 2 log 
3). 

Misleading Figure 

Case 1 

Triangle PQR is equilateral. A, are two 

points on the continuation of RQ. 
m L APB = 12 [see fig. 2]. 

Prove: (i) LAPQ s lPBR 
(ii) AAPQ - APBR 

The following student's answer demon 
strates a typical error leading to the desired 
conclusion : 

mLPQR = mLPRQ = m L QPR = 60? 

and 

mLAPB = 120? (given) 

implies 
_ 120? - 60? 

mLQPA = mLRPB =-= 30?. 

We know 

mLPQA = mLPRB = 120?, 
therefore 

mLA = mLB = 30?; 
hence 

mLAPQ ^ LPBR Q.E.D. (i) 
and 

PQ^PR (given). 

Therefore, 

AAPQ s ABPR (A.S.A.) 
and 

AAPQ - ABPR (trivial) Q.E.D. (ii). 

The figure that appeared as a part of the 
item (see fig. 2) is a particular case. It repre 
sents symmetry between A and with re 

spect to QR, which implies that LQPA ^ 
ARPE. Such symmetry, however, is not 

given in the problem and must not be as 
sumed. Nevertheless, the third line in the 
answer, where the solution says 
"mLQPA = mLRPB/9 indicates that stu 
dents counted on it. Even though students 
should be educated not to gather infor 

mation from a figure, it is somewhat unfair 
to put superfluous information in a test 
item unless the objective is to test students' 

ability to cope with it. The appropriate 
figure (see fig. 3) is not likely to lead a stu 
dent possessing the level of performance 
demonstrated in the mistaken solution to 
commit an error of the type quoted. (For 
another problematic aspect of this item, see 
case 1 under "Poor Designation.") 

AD = 7 cm. DC is extended to E. CE = 

Fig 2 6 cm, BE = 5 cm. [See fig. 4.] 
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Fig. 4 

(i) Find m L BEC. 

(ii) Calculate the area of the trapezoid 
ABED. 

A repeated erroneous solution for this 

item was the following : 

Let BF bisect lCBE. =>CF = FE = 

3 cm, etc. 

Because triangle EBC appears in the figure 
as isosceles (if not equilateral), students 

tended to ignore temporarily the infor 

mation explicitly given in the problem and 

relied on the figure too heavily. Later in 

the solution, using the data BE = 5 cm, stu 

dents did not notice the inconsistency. 
Even though the students' responsibility is 

to check the details carefully, misleading 

information in figures should be omitted. A 

misleading figure may be worse than no 

figure at all. 

Poor Designation 

Case 1 

Triangle PQR is equilateral. A, are two 

points on the continuation of RQ. 
mLAPB = 12CT. [See fig. 2.] 

Prove: (i) LAPQ ^ lPBR 

(ii) AAPQ ~ /\PBR 

Many students mixed the order of and 

when they referred to angles and to trian 

gles. For instance, they wrote lBPR where 

l PBR was treated. We speculated that the 

resemblance of to in sound caused 

much of this mix-up, particularly for stu 

dents who whisper to themselves or use 

inner speech. We found a similar phenome 
non with M and and with Q and U. When 

was replaced by S, this kind of error was 

diminished. So simple, yet so hard to pre 
dict_ 

Case 2 

Eliminate in the formula 

nE 
i = ~?-? nR + r 

Quite a few students wrote this : 

_ nE 1 = 
R(n + 1) 

+ 1 _ E_ 
iR 

1 E 
+ 

- = ?, 
? 

iR 

Here R and r were considered identical. 

(This error, however, may be particularly 

typical of students whose native language 
does not have lowercase letters.) No such 
error occurred when R and r were replaced 

by R and T, respectively. 

Ambiguous Phrasing 

A pool of capacity cubic meters is filled 

by two pipes. During C hours V cubic 
meters of water can enter the pool through 
one pipe, and cubic meters can enter 

through the other pipe. How many cubic 

meters of water can enter the pool in one 

minute through both pipes? 

Here is an excerpt from a student's 

workbook: 

Both pipes are open, therefore the 

amount of water through each multiplied 

by the time (C) equals the capacity N; 
therefore : = ( V + ) 

? C. In one minute 
we get 

(V+ B)C 1 V+ 
C 

X 
60 

~ 
60 

This answer suggests that the student read 

the problem carelessly, making a slight 

change in punctuation, as follows: "A pool 
of capacity cubic meters is connected to 

two pipes during C hours; V cubic meters 

of water (per minute) can enter the pool 

through one pipe and cubic meters (per 

minute) through the other pipe." 
Even though the student's responsibility 

is not lessened by the item's poor phrasing, 
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the following is an alternative phrasing, 
less likely to invite trouble : 

Two pipes are connected to a pool of ca 

pacity cubic meters. One pipe fills V 

cubic meters of water in C hours. The 
other pipe fills cubic meters in C hours. 
How many... ? 

THE ALGEBRA SYSTEM 
Have your students practice what you teach 
with THE ALGEBRA SYSTEM. A neutral judge 
of your students' responses, THE ALGEBRA 
SYSTEM gives your students practice in set 
ting up and solving algebraic word problems. 
Over 2000 different problems in the areas of 
age, rate-time-distance, coin, and investment 

problems. For the TRS-80 Models III and 4, the 
APPLE He (with 80 column board) and the 
APPLE lie, and the IBM-PC. Write for details: 
E. David & Associates, Department AT, 22 

Russett Lane, Storrs, CT 06268. (203)429-1785 

MATH TEACHERS 

PRIVATE SCHOOLS NEED YOU! 
Private schools across the country are 

searching for mathematics, science, and 

computer teachers. And, they are willing to 

pay COMPETITIVE SALARIES for qualified 
teachers. 

MATHFIND AGENCY specializes in 
the nationwide placement of math teach 
ers. The service is free to the teacher. 

Send resume and/or call: 

MATHFIND AGENCY 
1630 Euclid Street 

Santa Monica, CA 90404 
(213) 450-1324 

Ask for Sandra Lipps 
MATHFIND AGENCY Is licensed by the 
California Dept. of Consumer Affairs 

Conclusion 

In the last decade, many mathematics edu 
cators became interested in the origins of 
students' errors (e.g., Hart 1978; Quintero 
1983; Radatz 1980). Surely, the analysis of 
causes of such errors, as well as the evalu 

ation of achievement, presupposes test va 

lidity. However, test validity might be jeo 
pardized if the form of the test invites mis 
takes that could be avoided if editing was 

done more carefully. Sometimes a sophisti 
cated ability to predict errors through an 

examination of subtle aspects of editing is 

required. 

In this article we presented examples of 
students' mistakes in written tests that we 

attributed to four editorial factors^ careless 

printing, poor designation, misleading fig 
ures, and ambiguous phrasing. We believe 
such analyses are a step toward following 
Suydam (1974) in the transition of evalu 
ation from "why" to "how." The more such 
information is obtained and made known, 
the better predictions test designers can 

make. 
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