Russell V. Carstensen, PE, NCE

WE GET COMPLAINTS REGULARLY SUCH AS, “| PAS-
SED THE NARTE EXAM FOR ENGINEERING CERTIFI-
CATION. EVERYTHING HAS BEEN SUBMITTED EXCEPT

THOSE PESKY 10 QUESTIONS” -

“Is there any way that this requirement can be deferred, substi-
tuted or eliminated?’ Or, “I believe it is redundant to submit
guestions just to determine if one has been working in the field
andif onehasbeeninvolved. Having submitted all my references
and having passed theexam—what el sedo they really need?’ and
even, “| havetaken examsfor the FCC, FAA and other organiza-
tionsand received certification without submitting ques-
tions to a question pool.”

WEell, no one ever said that becoming NARTE certi-
fied would be easy.

The 10 questions requirement is tough. It is tough
because it demandstechnical competence, creativity and
good writing skills. Furthermore, this requirement de-
mands that the applicant strive to reverse his or her
problem solving skills - that is, pose a hypothetical
problem to an identified solution. Thisdemanding com-
ponent of the NARTE application process evolved as a
multi-faceted evalutiontool. Thequality of thequestions
that an applicant submits reveals to the review commit-
tee:

e How much technical competence is held by the
applicant (content of the questions).

e His or her writing skills (so necessary for the
Engineering disciplines).

 His or her documentation capability, through the
references cited and problems solved.

The other important aspect of question submissionis
the ability of NARTE to accumulate questions for future
examinations. From the questions submitted, we select
certain ones for further development. This ensures that
NARTE examinations will keep pace with current work
practices and technology.

Additionally, sometimes we discover the change in
reference because of the new questions. And often, just
the different approach taken to address a particular sub-
ject, adds value to the testing process. Certainly, many
guestions submitted are closely related to other, valid
guestionsin the question pool, and are rejected for inclu-
sion. But consistently wefind questionsthat improvethe
testing process.

Writing Multiple Choice Test Items

Our objectiveisto set out some conventional wisdom
for the construction of multiple-choice questions. Thecomments
that follow are applicable mainly to multiple-choice tests cover-
ing fairly broad topic areas.

Before proceeding, it will be useful to establish terms for
discussing multiple-choiceitems. The* stem” istheintroductory
guestion or incomplete statement at the beginning of each item,
which is followed by the options. The “options” consist of the
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answer—the correct option—and “ distractors,” theincorrect but
(we hope) tempting options.

Writing Stems
Asarule, oneisconcerned with writing stems that are clear

and concise, answers that are unequivocal and chosen by the
candidateswho do best onthetest, and distractorsthat are
plausible competitors of the answer as evidenced by the
frequency with which they are chosen. In developing
good multiple-choiceitems, two tasks need to be consid-
ered: writing stems, writing options.

We will first describe some basic rules for the con-
struction of multiple-choice stems, because they aretypi-
cally, though not necessarily, written before the options.

1 Before writing the stem, identify the one point
to be tested by that item. In general, the stem should not
pose morethan one problem, although the solution to that
problem may require more than one step.

2. Construct the stem to be either an incomplete
statement or adirect question, avoiding stereotyped phrase-
ology, as rote responses are usually based on verbal
stereotypes. For example, the following stems (with an-
swersin parentheses) illustrate undesirable phraseol ogy:

Q: What isthe biological theory of recapitulation?

A: (Ontogeny repeats phylogeny)

Q: Who was the chief spokesman for the American

System?

A: (Henry Clay)

Correctly answering these questions depends less on
knowledge than on recognizing familiar phraseology.

3. Avoid including nonfunctional words that do
not contributetothebasisfor choosingamongtheoptions.
An introductory statement is often included to enhance
theappropriatenessor significanceof anitem but doesnot
affect the meaning of the problem in the item.

Generally, such superfluous phrases should be ex-
cluded. For example, consider:

The American flag has three colors. One of themis:

(1) Red (2) Green (3) Black

Versus
One of the colors of the American flagis:

(1) Red (2) Green (3) Black
In particular, irrelevant material should not be used to make
theanswer lessobvious. Thistendsto placetoo muchimportance
on reading comprehension as a determiner of the correct option.
4. Include as much information in the stem and aslittlein
the options as possible. For example, if the point of anitemisto
associate atermwithitsdefinition, the preferred format would be
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to present the definition in the stem and severa terms as
options rather than to present the term in the stem and severa
definitions as options.

5. Restrict the use of negatives in the stem. Negativesin
the stem usually require that the answer be a false statement.
Because students are likely in the habit of searching for true
statements, this may introduce an unwanted bias.

6. Avoidirrelevant cluesto the correct option. Grammati-
cal construction, for example, may lead studentsto reject options
that are grammatically incorrect as the stem is stated. Perhaps
more common and subtle, though, is the problem of common
elements in the stem and in the answer. Consider the following
item:

What led to the formation of the States’ Rights Party?

a.  Thelevel of federal taxation

b. Thedemand of statesfor the right to make their own

laws

c. Theindustrialization of the South

d. Thecorruptionof federal legislatorsontheissueof state

taxation

One does not need to know U.S. history in order to be
attracted to the answer, b.

Other rulesthat we might list are generally commonsensical,
including recommendationsfor independent andimportant items
and prohibitions against complex, imprecise wording.

Writing Options

After constructing the item stem, next comes perhaps the
more difficult task—to generate options. The ruleslisted below
are not likely to simplify this task as much as they are intended
to guide creative efforts.

1. Besatisfiedwiththreeor four well-constructed options.
Generally, the minimal improvement from a hard-to-come-by
fifth option is not worth the effort to construct it. Indeed, all else
the same, atest of 10 items each with four optionsis abetter test
than atest with nine items of five options each.

2. Construct distractors that are comparable in length,
complexity and grammatical form as the answer, avoiding the
use of suchwordsas“aways,” “never,” and “al.” Adherenceto
this rule avoids some of the more common sources of biased
cueing. For example, we sometimesfind oursel vesincreasing the
length and specificity of the answer (relative to distractors) in
order to ensureitstruthfulness. This, however, becomesan easy-
to-spot clue for the test-wise student. Related to thisissueisthe
question of whether or not test writers should take advantage of
thesetypesof cuesto construct moretempting distractors. Surely
not! The number of studentschoosing adistractor should depend
only on deficits in the content area which the item targets and
should not depend on cue hiases or reading comprehension
differencesin “favor” of the distractor.

3. Options that read “none of the above,” “both a. and e.
above,” “al of the above,” etc., should be avoided when the
candidates have been instructed to choose “the best answer,”
which impliesthat the options vary in degree of correctness. On
the other hand, “none of the above” is acceptableif the question
is factual and is probably desirable if computation yields the
answer. “ All of the above” isnever desirable, as one recognized
distractor eliminates it and two recognized answers identify it.

4. After the options are written, vary the location of the
answer on asrandom abasisaspossible. A convenient method is

tofliptwo (or three) coinsat atimewhereeach possibleHead- Tail
combination is associated with a particular location for the
answer. Furthermore, if thetest writer is conscientious enough to
randomizetheanswer | ocations, students should beinformed that
the locations are randomized. (Test-wise students know that for
some instructors the first option is rarely the answer.)

5. If possible, haveacolleaguewith expertiseinthecontent
area of the exam review the items for possible ambiguities,
redundancies or other structural difficulties.

The above excer pt was adapted with permission from* Test-
ing Memo 4: Constructing Multiple-Choice Tests—Part |7, Of-
ficeof Measurement and Resear ch Services, VirginiaPolytechnic
Institute and State University, Blacksburg, VA 24060

Thispublicationwas prepared with funding fromthe Office of
Educational Research and Improvement, U.S. Department of
Education, under contract RR93002002. The opinions expressed
inthisreport do not necessarily reflect the positionsor policiesof
OERI or theU.S. Department of Education. Permissionisgranted
to copy and distribute this ERIC/AE Digest.

Items Particular to 10 Questions For NARTE

For NARTE-specific submissions:

» The sample questions provided should be representative of
industry practice asyou understand it. The questions can address
areas of your specialty practice.

* Referencesaregivenfor many questionsto assist the student
with self-study. Note that all references must be in the public
domain. (No classified or proprietary references can be used.)

« Solution times need to be indicated for each question. The
times are estimates by both the question originator and the Exam
Committee.

Sample question categories are available in the “Rules of
Procedure Handbook” for each discipline.

Multiple Choice Question Guidelines

Thefollowingisaset of guidelinesfor structuring answersto
multiple-choice questions correctly:

» Some questions have answers with two parts. This tech-
niqueis often used to convert true-false questions into questions
with four or five answers.

» Some questions have answersthat areall correct. Theonly
answer for which credit will be given is*All of the above.” The
important point is that some questions require the applicant to
study all answers.

» Somequestionshavetwo correct answers. If suchaquestion
is used, credit will be given for either correct answer unless
answer €) is“Both @) and d)”, for example, in which case credit
will begivenonly for answer €). Questionsof thistyperequirethe
applicant to study all answers.

» Some questions have very good wrong answers. Wrong
answersmay correspond to anticipated mistakesonthe part of the
examinee. Some wrong answers correspond to mistakes and
misinterpretations made by the question originator or by the
review committee in working out the question. Including good
wrong answers for questions with numerical answersis also one
of the goals of the Exam Committee.

So now you haveit. Go to the Rules of Procedure Handbook
for your discipline and select the technological categories with
which you are most comfortable and begin the writing process.
You will find that it isjust not that hard, so . . .

Enjoy thechallengel @
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Summary of Tips For Preparing 10 Multiple Choice Questions

as Part of the NARTE Certification Application Procedure

to Engineer, Technician or Both.

¢ Avoid the use of negatives in the question “stem.”

¢ Avoid answersthat read “aways’, “never”

¢ Questions should be geared toward the certification type for which you are applying. Identify the question as applicable

¢ Questions should be challenging, yet answerable by a knowledgeable practitioner.
* Questions which relate to real-life work situations or problems are desirable.

¢ Construct the question or statement “stem” by identifying one point to be tested.
¢ Avoid including irrelevant or superfluous information in the question “stem.”

* Provide at least 4 and no more than 5 possible answers. NO True/False questions.

, “none of the above” or “all of the above’.

* Provide the exam category of the question and the time required to answer the question.

* Provide reference documents used for the question, however, do not copy questions directly from areference.
* Review your questions for possible ambiguities, redundancies or other structural difficulties.

Documenting Evidence of On-going Professional
Experience During the NARTE Certification Renewal Process

As standard procedure, NARTE asks those who are renewing their NARTE Certification to confirm that they are still practicing.
Sometimes the information provided is quite interesting and the member is encouraged to write about their discipline for potential

publication in the NARTE News. The following issuch areply:

that | have provided for this year’s NARTE Certification

renewal. | have beenimpressed that NARTE hasrequested
evidence of ongoing experience in the Electromagnetics disci-
pline as a condition for sustaining membership.

My rangeof contribution hasbeenintheareaof Electromag-
netic Vulnerability (EMV) for most of the 25 yearsthat | have
been with Rockwell, or Rockwell Collins Navigation/Commu-
nications divisions. This area has often seemed to be on the
fringeof typical NARTE proceedings, however, commonthreads
are never difficult to find when the task is to protect antenna
ports, clock interfaces, high speed data, etc., from sporadic
energy.

EMV has undergone noticeable change in past decades. At
one time, it almost universally meant the threat of damage to
electronic components. Now, it is common for both hardware
and software (processing) functionsto carry similar weighting
in EMV design plans.

An example of this has been in the direction taken by the
Radio Technical Commission for Aeronautics (RTCA) in the
DO-160 certification test requirements for aircraft. A much
heavier emphasis is being placed on certification methods
where loss of critical stored or transmitted information may
result.

| serve on the SAE-AE2 Committee for Lightning Protec-
tion. We provide technical input to sections 22 and 23 of the

I wish to thank you for recognition of the accomplishments
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DO-160 certification document. These sections pertain to indi-
rect and direct lightning effects, respectively. Atthelast meeting
of the RTCA, Multiple Stroke and Multiple Burst lightning test
waveformswereintroduced for review to section 22 through the
committee proceedings. These waveforms appear in natural
lightning, extending the threat of an encounter beyond that of
device burnout and into the area of critical functional upset.
Therefore, it is an important effort to expand the scope of
certification under this threat.

Other areas of EMV include Nuclear Effects, High Intensity
Radiated Fields (HIRF) including EW, and ESD. | have worked
to provideongoing design guidancefor theseenvironmentsin my
years with the company.

Itisdifficult to go into any significant depth for these areas
in ashort communication, however, it may be significant to say
that as semiconductor and software technologies progress, each
of these areas present challenges that only time will disclose.
There are no current sets of rules, such as shielding, transient
suppressor application, or data protocol that will conquer EMV
onall fronts. Itisanareawherewe constantly |ook toinnovation
and creativity in order to maintain asecure, robust, and competi-
tive stance.

Larry W. Pinkston
Senior Consultant — EMC/EMV
Rockwell Collins Inc.
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