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This article is a continuation of the research on the development and evaluation of innovative item formats for the
NCLEX examinations that was published in the March/April 2009 edition of Nurse Educator. The authors discuss the
innovative item templates and evaluate the statistical characteristics and level of cognitive processing required to answer
the examination items.

Innovative items contain content or functionality that is
not possible in a text-based, multiple-choice question
(item).1 Thus, these item types have the potential for

expanding an examination’s construct representation by
providing opportunities to measure constructs or dimen-
sions that cannot be measured, or cannot be measured well,
using traditional multiple-choice items.2 Innovative types of
items are also considered to have the capacity to tap higher
levels of cognitive processing as compared with traditional
text-based, multiple-choice items. Prior research on the
statistical characteristics and cognitive processing of items
that use alternate formats (innovative items) provided
evidence to support the initial development of these item
types for the NCLEX examinations.3-5 Because the develop-
ment of innovative items is expensive and time-consuming,
examination programs have to carefully consider strategies
and rationale for production and operation of these item
types. The primary purpose of this project was to inform
future directions for item development by investigating the
levels of cognitive processing required to answer various
types of innovative items and the statistical characteristics of
the different item types.

Cognitive Processing
Many methods of evaluating an individual’s knowledge,
skills, and abilities in a content domain such as nursing
practice involve assessing that individual’s cognition or
cognitive processing ability. However, there is a paucity of
research on (a) a taxonomy for categorizing cognitive
processing of items and (b) a methodology for assessing
the cognitive processing required to respond to items.

Taxonomy for Categorizing
Various taxonomies attempt to categorize the different levels
of cognitive processes.6-8 However, there is no consensus
about which taxonomy should be used to categorize the
cognitive processing required to respond to items.9 Some
researchers note that the format of the item (multiple-choice
versus constructed response) may not influence higher
cognitive processing.Other researchers note that the novelty
of the innovative item formatsmay interfere with examinees’
ability to articulate their cognitive processing.10 Because this
study focused on item format and the cognitive processing
needed, it was important to select a taxonomy that was
familiar to the NCLEX stakeholders. Thus, this study used a
variation of Bloom’s taxonomy, which has been used for
more than 6 years to categorize NCLEX items: remember,
understand, apply, analyze, evaluate, and create.6

Methodology for Assessing
The ability to assess how someone thinks has challenged
many researchers. The think-aloud protocol, or verbal
report,11,12 has been used successfully with other research
projects seeking to identify cognitive processing or cognitive
strategies (for example, see Refs. 5,13-18). In this method,
participants are generally asked to verbalize their thought
processes as they proceed through completion of a task.
This verbalization can take place either during completion of
the task (concurrent) or after the task has been completed
(retrospective). Concurrent verbal reports generally garner
more data and are not subject to participants’ inability to
remember detail or the possibility that participants may alter
their description of their thought processes. This study used
a concurrent think-aloud protocol.

While there is confusion on how to best assess a domain
of knowledge and the varying levels of cognitive processing
required for the domain, there is consensus that the ability to
critically think and reason is essential for the assessment of
professionals.17,19 These issues were addressed in this study
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by investigating the thought processes used by nursing
students when responding to various types of items, some of
which were specifically created to require a higher degree of
critical thinking and reasoning.

Procedures
Item templates for various types of innovative items were
developed and tested in part 1 of this multistage research
project.20-22 In this second stage (part 2), the item template
formats were refined (Figure 1). The content for the initial
item development was directed at creating items with the
purpose of expanding the domain coverage of the NCLEX,
either by testing skills and processes that could not be tested
with text-based, multiple-choice items or by improving the
ways in which certain concepts are tested.

Item Writing, Refinement, and Production
The first step in this project was refining the item templates
and producing innovative item variations. A group of subject
matter experts (SMEs) revised items and templates from
part 1 and developed new items. The group was asked to
develop variations of the items that would enable the
researchers to determine how nursing students process the
items and to gather statistical information about the items.

Once the innovative versions of items were completed,
text-based versions of the same items were created and
refined as much as possible to have ‘‘parallel’’ test forms.
There were some innovative items for which it was not
possible to create a text-based item with any fidelity, so the
items appeared in the innovative format on both test forms.

Pilot Testing
Participants
A total of 103 senior-level nursing students participated in this
study across 6 testing occasions. Participants represented
both baccalaureate and associate degree nursing programs.

Ninety-four percent of the participants were female, and 6%
were male. Eighty-three percent were white-not of Hispanic
origin. Other demographic groups represented were African
American (3%), Asian other (5%), Hispanic (5%), Pacific
Islander (1%), and other (4%). Ten percent were nonnative
English speakers. When rating their level of computer
experience, 86% identified themselves as being experienced
or very experienced with computers. Regarding their experi-
ence with computer-based tests, 97% were at least somewhat
experienced, with 36% experienced and 38% very experi-
enced. Of the 103 participants, 89 took the test under normal
conditions in a computer laboratory, and 14 were tested in
individual think-aloud sessions.

Instruments
Test

Once the innovative itemswere produced and refined, a set of
existing, nonoperational multiple-choice items was selected
so that a representative number of items could be adminis-
tered. In terms of item content, whenever possible, all the
unique items were developed in pair, with 1 item in the
traditional text format and the other in an innovative format.
Each item pair measured identical content. Two fixed forms
were constructed to include a combination of text-based and
innovative items. Each resulting test form contained 70 items,
49 of which were unique to a test form, whereas the re-
maining 21 items were common across both forms. The item
position, regardless if text-based or innovative, was the same
across both forms. Item position was arranged so that the
innovative items were interspersed throughout the test.

Think-Aloud

The research question regarding the levels of cognitive pro-
cessing required for answering various types of items was
addressed by administering the test to a smaller set of parti-
cipants. In this phase, 14 participants were individually tested
using a think-aloud protocol. Participants were asked to ver-
balize their thought processes as they completed each item.

Figure 1. Item template formats.
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Theywere encouraged to explain their reasoning for selecting
the answer to an item before moving on to the next item.

Analysis and Results
Item Performance
The examination was delivered on computer through a
Web-based interface. Once participants logged in, the soft-
ware randomly assigned them to either form A or B. As
participants progressed through the examination, statistical
information was gathered; both classic item statistics and
Rasch calibrations were computed.

Examinee responses from the 89 participants, those who
were not included in the think-aloud sessions, were used to
complete item analyses. A total of 42 participants completed
formA, and 47 participants completed formB.Difficulty values
for items presented in both innovative and text-only format
were generally similar. For cases in which the difference in
difficulty was noticeable, the innovative format was usually
more difficult (approximately 10 items were more difficult in
the innovative format, and 2 items were more difficult in the
text-only format). Item total correlation values were similar
across item formats. When differences were noticeable, the
innovative items tended to have better discrimination (this was
the case for 13 items). However, there were 5 items for which
the text-based items had slightly better discrimination values.
The video interaction items (marking a point in the video)were
generally more difficult in the innovative format. This is not
surprising as there were as many possible response options as
there were video frames in the innovative versions as
comparedwith amuch smaller set of options in the text format.

Rasch item difficulties were calibrated,23,24 and results
indicated that, overall, item difficulties (b-parameters) of the
same-content item pairs were comparable across the 2 item
formats. As seen in Figure 2, most item calibrations fell close
to the reference line. There was a slight trend, however, that

some innovative items were more difficult than their coun-
terparts in text format. When interpreting these findings, one
should bemindful of the sample size limitation in the current
study. Because of the small sample sizes, 7 of the 119 items
calibrated contained no variability in candidate responses.
That is, either all respondents answered an item correctly or
all answered incorrectly. This lack of response variability
rendered the resulting item difficulty estimates unstable.
Figure 2 also contains calibrations of the 21 common items,
ranging from a difficulty of j3.34 to 3.15 logits.

In general, the innovative items were more difficult
and had better discrimination than the paired text-based
items. This finding is consistent with previous research on
innovative items and is quite important for item develop-
ment. Understanding the statistical characteristics of
innovative items can assist the NCLEX program to develop
items to targeted difficulty levels.

Cognitive Processing Ratings
Using the modified version of Bloom’s taxonomy6 as a rating
framework, 3 SMEs rated each participant’s interaction with
each item. If the participants stated that they did not know the
answer and were choosing their response by guessing, raters
coded that as G (guess). Similarly, if the participants did not
provide enough material to allow the raters to choose a
cognitive processing level, the itemwas coded as NB (no basis
to judge). Rating focused on the cognitive process the
examinees used when interacting with the item. Raters were
specifically instructed to focus on the examinee’s verbal report
and not on the item content and quantity of respondent’s
words (verbalizations). Finally, raters were cautioned to
carefully focus on the thought process being verbalized, not
the correctness of the rationale or final response.

Subject matter expert raters worked independently and
were blind to item content and format. For ratings on which

Figure 2. Item difficulty calibrations.
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the SMEs disagreed (no 2 raters gave the same rating), a
fourth content expert evaluated the transcript and served as
the arbiter to determine the final cognitive process rating. To
make comparisons between the innovative and paired text-
based items, the cognitive ratings were converted to
numbers using the following scale: remember = 1, under-
stand = 2, apply = 3, analyze = 4, evaluate = 5, and create = 6.
Items coded as G and NB were considered missing.

In general, only slightly more cognitive processing was
used by participants to answer the innovative items as com-
pared with the paired text-based items. There were 26 inno-
vative items that had slightly higher cognitive ratings and 8
innovative items with substantially higher cognitive ratings
(0.5 or greater). There were 16 innovative items developed
specifically to determine if the format requiredmore cognitive
processing than a paired text-based, multiple-choice item.
Of these 16 items, 10 required more cognitive processing.
Three of these 10 had a cognitive processing rating that was
0.5 or greater than their text-based counterparts.

There were 3 innovative items (3 parts of a decision task
item set) that required less cognitive processing. In this 3-part
decision tasks item addressing breath sounds, the text
descriptor of the breath sounds in the item stem was
unfamiliar to the participants. This lack of familiarity caused
the students to process the descriptor and then process the
problem at length, whereas for the innovative item, the
participants selected a breath sound without verbalizing very
muchprocessing. It could be that participantswere not able to
verbalize how they process sound. Another likely explanation
is that the SMEs rated this greater amount of verbalization as
being indicative of a higher degree of cognitive processing.

Another example of an unexpectedly difficult text-
based item was one in which a participant had to identify
the area where an injection should be given. The innovative
item included a picture of potential sites, whereas the text
item included a description of sites. The participants in the
think-aloud verbalized that they did not understand the text
description ‘‘inner surface of the forearm,’’ which seemed to
be quite clear to the SMEs who developed the item.
However, when multiple textbooks were consulted, the
term ventral (or dorsal) aspect of the forearmmay have been
a more correct and familiar term, thus underscoring the
importance of careful item review.

In summary, most of the innovative items that were
written specifically to assess the cognitive processing of item
formats were rated higher based on participants’ think-
aloud. The few instances in which the text-based version of
an item was more difficult could be related to examinees’
lack of familiarity with the content, content errors, or the
ability of the participants to speculate and reason about the
problem without having response options to cue them.13

Also noteworthy was the observed tendency of the SME
raters to rate a participant’s cognitive processing higher if the
participant was verbose. This indicates that additional SME
rater training activities may be needed. In general, many of
the innovative items expected to require higher levels of
cognitive processing did indeed require more processing. It
may be difficult for some examinees to assess their thinking
about sounds as this process seems to be automated. Thus, it
may be difficult to find any differences in cognitive
processing between innovative items and text-based audio

items. Yet, clearly the innovative audio items are more
directly assessing the ability to assess breath sounds and in a
much more realistic manner. Previous research on alternate
items supports these findings.3-5

Similarly, the video interaction items, for the most part,
required more cognitive processing and were more authen-
tic than a paired multiple-choice item. And yet, the re-
searchers expected a greater degree of cognitive processing
differences. As mentioned previously, it could be that the
use of answer options in the multiple-choice item allowed
the participants to verbalize their reasoning more com-
pletely as compared with being faced with no answer op-
tions from which to generate thoughts and rationale.

Limitations
Limitations to be considered when viewing the results of this
study are, first, sample size and its impact on the statistical
properties of the items, and the degree to which these
properties can be compared across test forms. Second is
the categorization schema used for rating cognitive process-
ing. Although the framework used has a strong foundation in
the literature, its ability to fully address the cognitive processes
pertinent to nursing practice may be limited. A final limitation
is the variation among the think-aloud participants in their
ability to verbalize their thought processes. Some participants
may have engaged in higher levels of cognitive processing but
simply were unable to adequately verbalize this.

Recommendations for Further Research
As with many research studies, the answer to some ques-
tions lead to further questions. As noted previously, results
from this study provide important information to help make
decisions regarding further pursuit of innovative items for
the NCLEX programs.

Future studies should include LPN/VN participants to
ensure similar findings regarding cognitive processing and
item statistical characteristics. Additional studies should eval-
uate the use of Bloom’s taxonomy to categorize cognitive
processing. There may be other taxonomies that would
be more sensitive to critical thinking skills and higher-order
thinking skills and would thus allow for differences in
cognitive processing to surface. Moreover, future studies
should consider examinees with various cultural, ethnic,
and educational backgrounds.

Conclusion
Effective clinical decision making is an essential skill for the
newly licensed nurse. A large component of the effective
clinical decisionmaking is the ability to think critically and to
understand complex issues. The introduction of innovative
items that use sound and video should extend the domain of
nursing practice that is being assessed as well as to assess
some areas more authentically. Additionally, some of the
item formats (such as video) are designed to assess the
nursing skill and critical thinking in a qualitatively different
way. The statistical properties of these innovative items are
comparable to multiple-choice items. There seems to be
evidence to support the development of innovative items for
the NCLEX program. However, it is important to note that
the investigation of various types of innovative item formats
for the NCLEX is still at the research level. Additional
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research and policy discussions will be needed to determine
whether any of these innovative item formats will be
incorporated into the NCLEX.
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Copper Surfaces Effective in Controlling MRSA

Results of international laboratory tests and clinical trails indicate that copper and copper alloys (such as
brass and bronze) can help control the growth of Methicillin-resistant Staphylococcus aureus (MRSA). An
international conference focusing on this issue was held in Athens, Greece in November of 2008. Scientists
from the U.S., the U.K., Germany and Greece presented evidence in support of incorporating copper surfaces
into healthcare environments to help to reduce infection risk as a method to protect public health.

The U.S. Copper Development Association (CDA) is leading international efforts in this area of research.
CDA has registered copper and copper alloys as antimicrobial agents with the Environmental Protection
Agency. Independent laboratory tests demonstrated that copper, brass, and bronze were 99.9 percent effective
in killing certain disease-causing bacteria, including. CDA has also initiated clinical trials to compare the
amount of bacteria on stainless steel, plastic and aluminum surfaces in intensive care units with that the
amount of bacteria found on the same surfaces made with antimicrobial copper alloys. CDA proposes that
copper alloys can lessen both cross-contamination and infection rates. The clinical trials are funded by the
U.S. Department of Defense under the Telemedicine and Advanced technologies Research Center.

Source: Medical NewsTODAY. January 6, 2009. International Copper Industry Defines Role In The Fight
Against Hospital Infections. Available at http://www.medicalnewstoday.com/articles/134436.php. Accessed
on January 22, 2009.
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