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1
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ABSTRACT

al changes in the classroom situation. The challenge
is to maintain or improve the quality of instruction
and validity of student evaluation in these large
classes.
Among the diverse approaches taken by
agronomist educators,
certain practices
seem to
have gained widespread acceptance.
One evaluation tool is the use of computer-scored achievement
tests. At best this type of testing can result in fast,
fair, and accurate evaluation of student achievement
and readily accessible feedback on the progress of
of the teaching process. At worst it reduces testing
and achievement to the level of rote recall of unconnected facts. This paper discusses ways of increasing the quality and usefulness of computer
scored tests used in agronomic education. It is
based largely on the authors’ experiences with the
introductory soil science course at Virginia Polytechnic Institute and State University (VPI & SU).

Studentevaluation can be greatly facilitated by
using computerscoredand analyzedmultiple choice
tests. Test parameters
can aid the instructor in the
interpretation of student scores, and item analyses
can provide him with valuable feedbackfor improving both teachingand writing. Thecaliber of testing
influencesthe caliber of learning, andat collegelevel
it is moreappropriate to evaluate complexlearning
outcomes
than it is simply to test recall of information. Thereforeweare justified in makingan effort
to evaluateattainmentof higher levels of knowledge
on multiple choice tests and to de~mphasize
rote
memorization.This paper describeswaysof increasing the quality and usefulnessof computerscored
tests by examplesfrom an introductory soil science
course,Theauthorsusetest anditem analysis; define
the variable to be tested; andmakea table of specificationsto assurethat the test reflects a balance,characteristic of the course,of both subject matter and
level of knowledge.Mostof their examplesshowhow
to write better test items, but they also give examples
of waysto reducethe guessingfactor andhowto increasethe value of the distractor. Some
techniques
for writing test items for high-level knowledge
are:
1) using terms in problemsrather than defining the
terms, 2) presentingnovelrather than familiar situations, 3} using problemsthat require applyingknowledge,and4) askingfor interpretations of datarequiring both knowledge
and reasoning.

Computerized Test Analysis
In addition to simply compiling student scores,
the computer can be used to analyze certain qualities of the test itself.
The Learning Resources
Center at VPI & SU analyzes the test parameters
3shown in Table 1 for each test form administered.
Of these parameters,
the mean number right, the
standard deviation of the number right, the KR-20
reliability
estimate (6), and the standard error
measurement warrant particular
attention.
Unless
there is a penalty for wrong answers, the mean number omitted should be near zero. The effectiveness
of the test in ranking examinees according to their
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A.T MANYland-grant

universities,
enrollments
in basic agricultural science courses have increased dramatically
over the past few years.
Classes have jumped in size from 20 or 30 students
to "megalectures"
of several hundred students.
Teaching methods have had to undergo considerable modification in order to cope with fundament-

Table1-A typedcopyof the whole-testanalysis portion of
the output of the LearningResources
CenterTest Scoring
and Analysis Program.(Fall 1974Final Examin
Introductory Soil Science(AGRN
3110),
consistingof 80 test questions.)
Test forms

IContribution
of the Agronomy Dep., Virginia
Polytechnic Institute
and State Univ., Blacksburg, VA 24061.
2Instructor
and professor of agronomy, respectively.
3A user’s guide to the VPI & SU test and analysis system.
Learning Resources Center, Virginia Polytechnic
Institute
and State University,
Blacksburg, VA 24061.
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Totalscorestatistics byforms

A

B

No.of students
Meanno. right
SDof no. right
Meanno. omitted
SDof no. omitted
Reliability estimate (KR.20)
SE of measurement

103
44.02
11.737
0.08
0.332
0.894
3,827

111
42,89
9.471
0,23
0.536
0.832
3.886
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knowledge is greatest if the mean number right is
halfway between the score expected from chance
guessing and a perfect score. For example, on a test
with an average of five choices per question, chance
guessing should result in 20% correct and thus a
class average of 60% (100% to 20%)/2)+20%) would
be most desirable.
The accuracy with which the
test can rank examinees is enhanced by having a
large standard deviation of the number right (i.e.,
wide spread of scores) and a small standard error of
measurement.
The KR-20 is based on internal
inter-item correlations between the test items and
is an estimate of how similar the scores would be if
the same group of students were tested again on
the same subjects (6). The KR-20is only valid if all
the items measure similar abilities so that students
doing well on one part of the test would probably
do equally well on another. Where this is not the
case, for instance if half the items involved calculations and half involved definitions,
two separate
but more homogeneous tests would provide a more
valid reliability estimate. Also, longer tests tend to
give a more reliable measure of student achievement
than shorter ones. An instructor
may want to consider the reliability
estimate and standard error of
measurement on test scores when making distinctions between students.
The Item Analysis
The computer’s statistical
analysis, then, not
only helps the instructor evaluate student achievement, but also aids him in evaluating how successful he was in constructing the test. This role of
computer scoring is illustrated
in the item analyses
of Example 21 in this paper (Table 2). Given for
each response are the number of students, their percent of the total class, and a discrimination index
(R) showing the correlation between each student’s
response to that item and his total score on the test.
The percent of the class choosing the correct answer
can indicate to the instructor the relative difficulty
of the item. This parameter also provides useful
feedback to the instructor
on misconceptions
(wrong responses) most prevalent in the class.
no students choose a response, no information is
gained by including that response in the item.
The discrimination index (point biserial correlation) is a measure of how well the item discriminates
between the good and the poor students. A correlation of 0.30 or higher for the correct response is desirable.
Negative index numbers are expected for
the wrong response if students marking these incorrect choices received low total scores on the
exam. A low or negative index for the correct response suggests that the poor students tended to

Table2-Theitem analysisfor Example
21. (Adaptedfrom
outputof the LearningResources
CenterTest Scoring
andAnalysisProgram.)
Response
No.students
%ofclass
Disc.index
(R)
t Correct
response.

(1)
7
7
-0.29

(2)
1
1
-0.07

(3)
(4)T (5)
79
15
1
1
77
15
+0.03 +0.57 -0.47

get the item right while the better students tended
to miss it. In our experience a negative discrimination index for the keyed response, or positive indexes for the other responses, generally indicate
1) that the question was misinterpreted
by the
good students (usually justifiably so) or 2) that
error was made on the key. Though the item
analysis may be useful for identifying effective discriminators the statistics are of limited reliability if
the question is too easy or too difficult.
The analysis is not trustworthy if more than 85% or less than
30% of the class got the question correct or if the
class size is muchless than 50 students. In general,
items in the midrange of difficulty provide the most
information on differences in student achievement.
The computer printout includes a list of students
by name and/or identification
number with their
raw scores, percent scores and T-scores. 4 This information, and the printout histogram of the frequency distribution
of raw and T-scores, are very
helpful in assigning letter grades to students and
keeping records of test grades.
The data compiled by the computer are, of
course, only as meaningful as the tests administered.
Writing a good multiple choice test takes considerably more effort than writing short-answer or essay
tests. Thus, much of the time saved in scoring the
test should be devoted to writing the test. This effort is justified both for evaluation and by the observation that the caliber of the exams determines
the quantity and quality of studying invested by
the students. Gronlund (4) states that "the anticipation of a test arouses greater learning activity
and the nature of the expected test channels and
directs the type of learning that takes place." Although the student-teaching relationship in a large
class is generally less personal than in a small class,
the evaluation of student performance and grading
remain important to their motivation and careers.
The agronomist-instructor has, therefore, an obligation to strive to be as scientific about evaluatin~
4The T-score (XT) is calculated by transforming the raw
score (Xo) to its equivalent in a normalized distribution
with a mean of 50 and a standard deviation of 10. XT =
(Ot/O’o) Xo-[Ot/Oo) XO-Xt]; where Ot and Oo are the
standard deviations of the raw scores and T-scores distributions, respectively and ~Oand ~t are the meansof the raw
scores and T-scores respectively (1).
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Table3--A simplifiedtableof specifications
for a 30-item
test in whichhigher-level
learningoutcomes
are emphasized

Subjectarea
Claystructure
Claygenesis
Physicalproperties
of clays
Cationexchange
Anionexchange
Reserve
acidity
Cationexchange
capacity
of soil
Basesat’n
Total

Levelof knowledge
Recall Comprehension
Application Synthesis Total
No.of items
1
3
1
4
1
1
1
3
----

3
3
3
1

1
-3

1
1
15

....

1
--

1
2

1

1

5
5
3
3

2
2
6

1
-7

4
3
30

his student’s performance as he is in evaluating soil
types or crop varieties.
Computer scoring and
analysis of tests can be a valuable tool to achieve
this goal.
Defining the Variable to be Tested
One of the first steps in testing student achievement is to identify the variables to be measured.
Generally, this is best done in conjunction with
planning the behavioral objectives of the course.
Tests may not be the most pleasant aspect of teaching, but they are strong motivators for learning. A
student’s approach to ~tudying is often molded by
what he perceives the tests will be like. Therefore,
an appropriate choice of variables to be measured
by a test is a significant part of the teaching process.
While specific test items deal with particular subject matter areas, they generally measure one or
more general variables or types of learning outcomes. Bloom et al. (2) refers to these as levels
knowledge and arranges them in a hierarchical order.
The least sophisticated of these levels of knowledge
is memorization of information.
In a multiple
choice test this may be further reduced to simple
recall. Insofar as the ability to recognize words and
phrases often has a very short half life and may not
be indicative of a true understanding of the ideas
involved, test items which measure only this low
level of knowledge are of little value. Yet, the authors’ informal observations of teacher-made tests
in agronomy and other fields suggests that the majority of multiple choice test items merely measure
rote memorization. This tendency is often cited by
critics of machine-scored tests who justifiably
consider the memorization of facts by itself to be an
inappropriate
educational objective for a college
course.
However, multiple choice tests can be written to
measure much more sophisticated
educational
objectives.
They can measure understanding of concepts and comprehension of why things happen.

EDUCATION

They can require students to apply principles
in
problem solving, interpret scientific
data, and use
factual knowledge in reasoning and making judgments. If these types of behavior comprise the objectives of the course, then test items should be
carefully
constructed
to measure them. Rote
memorization and recall should be asked for only
where it is a legitimate educational objective.
Making out a table of specifications
before writing the test ensures that the test reflects both the
balance of subject matter and levels of educational
objectives in the course. The procedure also helps
the instructor
guard against a tendency to write
items that test simple recall. Table 3 is the table of
specifications for a test in a soil science course. The
example in Table 3 is relatively simple and more or
fewer distinctions can be made in categorizing both
levels of knowledge and subject matter areas according to the preference of the instructor.
Although
writing a table of specifications
may seem to be a
formality, the authors have found that the practice
has had a useful disciplining effect on test writing.
Even with a table of specifications to guide him, the
instructor
must be on guard against the tendency
to test on "picky" detail, which though educationally insignificant,
often presents the most obvious
possibilities for easily written multiple choice items.

Writing Better Test Items
With the application of a little imagination, questions can be devised to measure almost any type of
educational
objective.
The following discussion
presents a number of guidelines and examples. We
have found these techniques to be effective in constructing multiple choice test items that measure
variables described in our tables of specifications.
Where the variable to be measured is the student’s comprehension of factual information,
the
test item can be written simply. Still, care should
be taken not to use the same phrases or examples as
those in the textbook or lectures.
The student
should comprehend the information
and not just
recognize a familiar sounding sentence.
This is
particularily
true for definitions of terms. Since
the term cannot be easily paraphrased, it should
appear in the stem of the question with a paraphrase of the textbook definition
as one of the
several alternative
answers. This approach is also
consistent with the idea that knowing the nature of
a phenomenon is probably more educationally relevant than knowing its name. Thus, testing knowledge of the definition of mycorrhizae is better approached in Example 2 than in Example 1 below:
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Symbiotic associations
roots are called
(1) rhizobia
(2) nodules
(3) actinomycetes
(4) mycorrhizae

of certain

fungi and plant

Example 2.
What are mycorrhizae?
(1) Root excretions
which can make nutrients
more available to plants.
(2) A class of plant-parasitic nematodes.
(3) Microorganisms found in the soil which produce antibiotics useful in medicine.
(4) A mutually beneficial partnership between the
roots of some higher plants and certain fungi.
(5) The microscopic feeder roots or root hair responsible for most nutrient uptake.
To go one step further,
a test item might ask the
student
to recognize
the importance
of a phenomenon, not only to give its definition:
Example 3.
The beneficial effects of mycorrhizae on plant growth
are especially evident where
(1) soil moisture is very low.
(2) soils are of low fertility.
(3) leguminous crops have been grown.
(4) soil compaction has been a problem.
(5) poor irrigation practices have increased soil
alkalinity.
While every scientific
discipline
has its lexicon of
technical
terms which must be mastered,
the emphasis can be placed upon the ability
to use these
terms, not merely to recall
their definitions.
To
answer the question
in Example 4, one must know
about summer fallow,
runoff, evaporation,
etc.,
as
well as to know how they are related.
Example 4.
Summerfallow is used primarily to reduce the loss of
soil moisture by
(1) run-off
(2) evaporation
(3) transpiration
(4) percolation
Using a somewhat novel approach to a subject
favors those students
who most thoroughly
understand the material. For example, in lecture, nitrification might be defined by the reaction:
NH4 nitr°s°m°nas~NO

2-

nitrobacter)NO3-

A common approach
to testing
comprehension
of
this process might be to ask the student to choose
the proper reaction equation from a list of alternatives.
However, a more effective
(and more interesting)
test item of a high level of comprehension
would not repeat
the lecture
presentation,
but
might involve analysis
edge, in Example 5.

and application

of knowl-
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Example 5.
Suppose a new herbicide being tested was found to inhibit the activity of only the particular species of bacteria which forms NO3 in the soil. What compound
would most likely be first to accumulate to a unusually high concentration in a soil treated with this new
chemical?
(1) ammonium
(2) nitrate
(3) amino acid
4~ nitrite
(5) nitrosamine
The caveats about rote memorization and testing
on insignificant
details
are especially
relevant to
matching items. These are really
variations
of the
multiple
choice format and can be easily
adapted
to machine scoring. A series of statements
or questions are listed
in a left-hand
column and labeled
with consecutive
item numbers.
In a right-hand
column the list of alternatives
appears as would the
choices
for any other multiple
choice item. The
matching format is effective
only if the alternatives
are homogeneous enough so that to the intelligent,
but unprepared
student,
each one could plausibly
be matched with any of the items in the left-hand
column. To avoid confusion,
a brief
statement
should appear in the test identifying
the following
items as being of the matching type and indicating
that any given choice may be used any number of
times. Below are illustrations
of a poor series (Example 6) and a good series
(Example 7) of matching
type items.
Example 6.
1. A variety of soybean.
2. A poorly drained soil series
in Indiana.
3. Elements abundant in
dolomite
4. The "fertilizer elements."

(1)
(2)
(3)
(4)

O, Ca, Mg
Wayne
N, P, K,
Brookston

Example 7.
1. highest C.E.C.
(1) Allophane
2. least weathered
(2) Montmorillonite
3. most commonin volcanic
(3) Feldspar
soils
(4) Gibbsite
4. most commonly responsible (5) Kaolinite
for "fixing" P
5. greatest shrink-swell capacity
Problem items involving
calculations
are often
useful in determining
how well students
can apply
certain concepts and principles.
Again, the problem
should be presented from a slightly
different
angle
than that to which the students have been previously exposed. Even with the widespread use of electronic calculators,
the mathematics of the problem
should be kept as simple as possible unless the purpose of the item is to measure mathematical skills.
Information
which the student
might think necessary to work the problem
should
be given if
memorization
of this
information
is not being
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tested. Students who understand the definition
of
pH, the concept of gram molecular weight, and the
meaning of the ionization constant (Kw) should
able to correctly
answer the item in Example 8
with almost no calculations.
Example8.
A soil solution with 1.7 X 10-8gramsof OH-ions per
a solution with 1 X 10-5 grams of
liter
÷
H ions per liter (Note that atw of 0 = 16; atw ofH
1; Av0gadro’snumber= 6.023 X 1023; Kw= 10-14).
(1) is moreacid than
(2) is morebasic than
(3) has a lower pH than
4.~ has the same pHas
(5) both 1 and
The difficulty
of such items can be regulated to
some degree by providing more or fewer facts,
formulas, and hints. Extraneous information may
also be given to increase the difficulty.
In Example
8 "Avogadro’s number" is irrelevant to the solution
of the problem and the knowledgeable
student
should recognize it. It may be best to supply the
information needed to work all the problems of the
test at the end or beginning of the test, especially if
all the items called for calculations can be put on
the same page with that information.
In this way
the student must decide what is relevant to a particular problem and what is not.
The ability to judge the relevancy of information
as well as its truth or fallaciousness, is one of the
main skills tested by essay questions. In a multiple
choice format this ability can be measured by writing items that have true statements for both distractors and correct answers. In Example 9 below, each
choice is a true statement of information the student should be familiar with, but only number 2
explains the phenomenon in question.
Example 9.
Whymaysomeplants growingin a loam soil wilt on a
hot, sunny day following several days of rainy
weather?
(1) Manyplants wilt at about 15 bars soil moisture
tension.
2~_ Atmosphericenergy, instead of soil moisture
energy, maydetermine plant moisture status.
(3) Stomata tend to close in the presence of a
steep water potential gradient betweenthe interior and exterior of the leaf.
(4) In manyplants an increase in temperature affects respiration rates more than rates of
photosynthesis.
(5) Field capacity is often reached on loam soils
within a day or two of a rainstorm
An important aspect of any scientific
study lies
in the understanding of the relationships
between
variables. Although the theoretical
relationships
may be explained verbally in lecture, they can often
also be described graphically.
Perception of important relationships
may, therefore,
be measured

by items having various graphs as possible answers.
They may be very simple choices between "increasing" or "decreasing" or they may involve certain
significant
nuances as in the following example.
Here it is important that the student realize that
plant growth is generally retarded by both very dry
and very wet soil conditions. While only the last
choice illustrates
this relationship, all four curves
have shapes commonly encountered in biological
work, thus minimizing guessing on the basis of
recollection of a familiar shape.
Example 10.
The relationship between the growth of most plants
and soil moisture tension is best illustrated by graph
number__.

0.01

0.1
1.0
10
Soil M~isture Tension (Bars)

0.01

0.1
1.0
10
Soil Moisture Tension (Bars)

0.01

0.1
1.0
10
Soil Moisture Tension (Bars)

0.01

0.1
1.0
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Another method to determine understanding
of
relationships is to ask the student to predict the effect of changing certain variables based upon the
principles taught in the course. If a student has
been taught that cultivation of .row crops tends to
destroy granular structure and decrease pore space,
Example 11 would measure his comprehension of
these concepts and of the relationship between bulk
density and porespace.
Example 11.
The bulk density and % pore space of a silt loam on
which corn has been cropped in the conventional
mannerfor the last 12 years are 1.52 g/cc and 43%,
respectively. If you measuredthe variables on an adjacent plot which had been left undisturbed, which of
the following wouldyou expect to find?
Bulk Density

%Porespace

1.52
1.57
1.46
1.56
1.47

43%
48%
45%
39%
40%

(1)
(2)
(3)
(4)
(5)

While graphs, tables, and diagrams can be effectively used as alternative answers to an item, they
can also be used in the question part of an item to
determine the student’s ability to interpret scientific data. This may be done with data familiar to
the student, thus emphasizing that understanding
the data, not memorizing it, is most important.
The figure in Example 12 was adapted from the
course textbook (3), but the interpretations
asked
for in the test item are not those discussed in the
textbook.
Example12.

Moisture

I~ ~7

~o 46.

,~~Low
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wouldhave a smaller effect on the amountof
water neededto produce1 ton of alfalfa.
5~ Water use efficiency increased as phosphorous
fertilizer was added under both soil moisture
regimes.
An item like Example 12 obviously cannot be
answered after a quick glance, but must be read
thoroughly and carefully analyzed with respect to
the accompanying figure.
The time needed to
answer items that test a considerable
depth of
understanding should be taken into consideration
when deciding on the length of the test and the
time alloted. Our experience has been that while
40 or 50 simple multiple choice items are appropriate for a 50 rain exam period, only about 30 items
of a more complex nature can be answered by most
students in that time. Having too many items on a
test rushes the students and increases the incidence
of mindless guessing. This especially reduces the
effectiveness of difficult or complex items since the
test-wise student who answers all the simple questions first will be too rushed to think carefully
when he gets around to the items which require
the most thought.
In Example 12 the student must consider the
data from a number of viewpoints and decide which
of a diverse set of statements is supported by the
data. A simpler approach to writing an item involving data interpretation is illustrated by Example 13.
Here only one characteristic
of the data need be
analyzed and the answers can be read much more
rapidly.
However, these data did not come from
the course textbook and the student had no previous exposure to the graph. An important objective
of our soils course is to train young professionals
to be able to interpret data and communicate within the discipline.
To answer Example 13, the student must have a general conception of the meanings of humus production and decomposition and
their relationship
in determining the amount of
Example 13.

Soil

Humus
Decomposition
224

448

672

Humus.

~

PhosphateApplied (Ibs/acre)

Examinethe abovefigure and decide whichof the following statements are supported by the data?
(1) Phosphorousfertilizer was utilized more efficiently at the lowersoil moisturelevel.
(2) Phosphorous, but not water, was a limiting
factor at both levels of moisture.
(3) The response to added water wouldbe greater
at lowerlevels of P.
(4) Comparedto increasing from 224 to 336 lbs.
of P, switchingto the higher level of moisture

0

10

20
30 40
Mean Annual Temp. °C

50

The data used to draw the above figure pertain to
aerobic soils. At what mean annual temperature is
the humuscontent of such soils the greatest?
(1) 10°C _(_~15°C (3)25°C (4)30°C (5)
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humus accumulation in the soil (i.e., the difference
between production and decomposition).
In addition, the item calls for some skill in reading graphs.
Often diagrams are more efficient than words for
describing relationships
in nature. Also, for concepts which were taught verbally, a visual presentation may be useful in establishing
that degree of
novelty necessary to de-emphasize the role of rote
recall. In place of written definitions,
a student
might be asked to match number features on a diagram (e.g., of a soil profile, stem cross section, etc.)
with one or more technical
terms. Example 14,
below, uses a simple diagram to test the student’s
knowledge of the role of respiration
in the carbon
cycle and the primary carbonaceous product of
respiration, CO2.
Example 14.

B

Example 15.
OgB

NsB
OgB
A tracingof a portionof sheet8 of the
Orange
County,Virginia, Soil SurveyReport.
1. The area outlined above represents about
acres.
(1) 25, (2) 250, (3) 575, (4) 900,
2. Point__would be a good pond site.
(1) A, (2) B, (3) C,
3. The A horizon is probably the shallowest at point
(1) A, (2) B, (3) C,
This area is in the ~o region.
(1) Ridgeand valley,
(2) Coastal Plain,
(3) Piedmont,
(4) Highland plateau
The land owner wants to sell several adjacent
homesites with a minimum
of loss in his potential
corn production. The most practical and best
suited area for the homesites wouldbe near point
(1) A, (2) B, (3) C,

Whichof the aboveprocesses represents respiration?
(1) A, C, I, and F
(2) B, F, and D
(3) A, B, G, and H
(4) A, B, C, and H
5~ B, E, F, and I
Where the concepts illustrated
by a diagram (or
data set) are important enough to warrant more
than one test item, a series of questions may be
asked in reference to a diagram in what Gronlund
(5) calls an interpretive exercise. For example,
the ability to utilize soil survey reports is a major
course objective, the following type of item series
might be useful. Note that a copy of the appropriate Soil Survey Report would be available to the
student. Thus, rather than being asked to memorize any information, he is asked to use the published
information to make judgements.

Of course, the visual approach to item writing
need not be limited to simple diagrams. Reproductions of photographs or crop distribution
maps can
be used in test items. If the classroom environment
permits, several items on a test might refer to color
slides to be shown at the beginning or end of the
test period. This is particularly
useful for the
identification of plant diseases or crop species, etc.
Actual specimens can also be used in conjunction
with multiple choice tests, if the class size and
logistics
permit suitable access by each student.
For instance, five different
numbered soil monoliths could be set up in the classroom. Several test
items could be written asking students to choose
the soil best suited for septic systems; the soil most
probably from a floodplain;
the soil with a platy
structure;
etc. Even where the use of such visual
presentations is impractical, test items can be made
more interesting and educationally relevant by posing practical problems likely to be encountered on
the job. These "story problems," if they are not
Long and cumbersome, can provide a means of asking a question indirectly enough so as to avoid sug-
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gesting the answer to the less knowledgeable student. This is more similar to the circumstances in
whichinformation is supplied in real life than is the
very simple, direct question. For instance, Example
16 asks a question about soil consistence similar to
Example 17, but more narrowly focuses the student’s attention.
Example16.
Theterms hard, friable, and plastic are usedto describe the consistence of a soil at different ~
respectively.
(1) organicmatter contents
(2) moisturecontents
(3) pHvalues
(4) degrees of compaction
(5) temperatures
Example1 Z
Ahighwayengineer wantedto knowthe consistence
of the subsoil at a certain location on a proposed
highwayroute. Hewentto the spot in question, dug
downto the B horizon, pickedout 6 clods of soil and
mailedtwo in a cardboardboxto each of 3 soils consultants. Withina weekhe got his answers.Oneconclassified the clods as "hard",anothersaid they were
"friable" and the third reported the consistenceas
"plastic". Thediscrepancyin the replies wasprobably
dueto
(1) differencesin subjectivejudgement.
(2) temperaturedifferences.
(3) moisturedifferences.
(4) the use of different systemsof classifyingconsistence by engineers, agronomistsand geologists.
(5) the rapid oxidationof organicmatter.
Reducing the Guessing Factor
The foregoing discussion centered on ways of
making multiple choice test items educationally
meaningful. But even a question well designed to
test a high level of knowledgeof a relevant concept
will be of little value if a large proportion of the responses are the result of chance or test-taking
savvy. Whether the examinee responses are based
on the educational variables meant to be tested or
on irrelevant clues and blind chance is largely determined by the nature of the choices provided.
The numberof choices obviously will influence the
probability of guessing the correct one and the
ability of the item to discriminate between good
and poor students. One of the disadvantages of
True-False items is that there is a 50%chance of
guessing the correct answer. This probability can
be reduced (and often the level of learning outcometested can be increased) by asking the student
to choose whether the statement is true or false
and why. In the example below the probability of
guessing the correct answer has been reduced to
25%and there has been an increase in the amount
of potential feedback on why some students answered the item incorrectly.
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Example18.
Whereall other soil formingfactors are the same,
mineralsoils formedunderdeciduousforests generally havemorehumusin their profiles than soils with
nativegrasslandvegetation.
(1) True, becausewoodytree roots do not oxidize
as rapidlyas fine grassroots.
(2) True, becausedeciduous trees return their
leavesto the forest floor eachyear.
(3) False, becauseorganicmatter decomposes
less
rapidly in grasslandclimatic regions than in
forest climaticregions.
to a grassland,a forest
(4) False, becausecompared
has a greater proportionof its organicmatter
presentin the aboveground
standingvegetation.
Other questions which require only bivariate answers (e.g., yes or no, increases or decreases, etc.)
can be ameliorated by combining several questions
into one to increase the item’s discriminatory power
and reduce the probability of guessing. Another
advantage of this technique is that it often requires
the student to synthesize information learned at
different times during the course. Example19 involves a synthesis of four concepts: (1) the increased solubility of manganesewith lowered pH,
(2) the increased solubility of the reduced form
manganese over the oxidized, (3) the effect
drainage on soil aeration, and (4) the role of anaerobic bacteria in reducing manganese.
Example19.
Examinethe table below. In whichflower pot would
the potential for Mntoxicity be greatest?
Pot no.
(1)
(2) (3) (4) 5~ (6)
Drainhole?
No Yes No Yes No Yes
Soilsterilized? Yes Yes Yes No No No
Soil pH
5.5 6.5 6.5 6.5 5.5 5.5
Note that nine combinations were possible but
only six were presented. The number of choices
for any item is limited by the numberof spaces on
the machine-scored answer form and by the point
at which the advantages with respect to guessing
and discrimination are counterbalanced by the disadvantages of time consuming and confusing complexity. There is no reason to attempt to makeall
items on a test have the same numberof choices.
Even with four to five alternatives to choose
from, a test-wise but unprepared student mayhave
a good chance of guessing the correct answer if the
distractors
contain some commonclues. Writing
effective distractors is perhaps the most difficult
part of constructing multiple choice tests and it is
all too easy to unwittingly "give away" the correct
answer. Care should also be taken to make eacla
item independent of the others so that clues to one
item will not be provided in some other item. Today’s college student is experienced at taking mul-
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tiple choice tests. He knows that a True-False question with words like "always" or "never" is usually
false, that given choices 1, 2, and 3, the middle one
is the best bet; that correct answers are usually
longer, more carefully worded, and qualified, etc.
To be effective, the test writer must be aware of
these and other foibles such as illustrated by the
following item about art history.
Example 20.
Romanesque architecture was
(1) characterized by light, pointed arches.
(2) the forerunner fo the Classic style.
(3) characterized by round, heavy arches.
(4) reminiscent of the massive buildings of ancient
Rome.
(5) 3 and 4.

While most agronomists would have little familiarity
with architecture, probably they would have little
trouble in identifying choice 5 as the correct response. The item contains a specific determiner
(the word Romans is similar to Romanesque) and
an opposite determiner (the arches are probably
either pointed or rounded) to aid the unprepared
student. It also contains the choice "3 and 4"
which, like "all of the above" is the correct choice
more often than not. 5
Not only can such clues be avoided, but we have
found that planting false clues helps to separate the
well prepared student from the unprepared, but experienced test-taker. From the item analysis for
Example 21 (Table 2) it is obvious that the response, "1 and 2" was very attractive to those trying to guess on the item. Most of the students who
missed this item choose response 5 and the highly
negative discrimination index for that response indicates that as a group they scored poorly on the
whole exam.
Example 21.
The______ is usually positively correlated with loss
of soil by erosion.
(1) infiltration rate
(2) aggregate stability
(3) organic matter content
(4) length of slope
(5) 1 and 2

Increasing Feedback Value of Distractors
Finally, distractors can be written that do more
than distract. With data from an item analysis distractors can reveal what errors or misconceptions
are prevalent among the students and thus can serve
as valuable feedback to the instructor. It is worthwhile, therefore, to write distractors that are mean5
For a more complete list of irrelevant clues, see Wood
(8), Gronlund (5), and Wesman (7).

ingful in the sense that they represent particular
learning difficulties. Problems, for example, may
be calculated in several incorrect ways to arrive at
good distractors. In other cases, it may be possible
to ask a question on an open-ended written test and
use some of the common, but incorrect responses
as distractors for a future multiple choice test item.
Example 22.
What is the % base saturation of a soil described in the
table below:
Element
+

H
M|2+
K*
Ca2+
Al*

Grams exchangeable
in the sample

Atw.

13
36
59
70
54

1
24
39
40
27

(1)3.37, (2)24.1, (3129.6, (4)34.2,

(5)51.9

If a large proportion of the class chooses the first
response, the problem most likely lies with inadequate training in calculating precentages, not in
knowledge of base saturation, for 3.37 is 100 times
the reciprocal of the correct answer. The choice of
response 2 indicates that the student failed to convert atomic weight into meq for each element. Students who mistakenly considered A13+ to be included as a base would arrive at a base saturation of
34.2% (response 4). Combining the errors in reasoning which lead to response 2 and 4 would result
in the choice of response 5.

