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Analysis of the fetal heart rate (FHR) is important for monitor-
ing fetal wellbeing.1–3 Guidelines for interpreting electronic
fetal monitoring (EFM) tracings are provided by the National
Institute of Child Health and Human Development (NICHD)
which defines FHR variability based on its amplitude.4 There
are four categories of variability: (1) absent, FHR variability
with an undetectable amplitude range; (2) minimal, FHR
variability with an amplitude range of 5 or fewer bpm, (3)

moderate, FHR variability with an amplitude range of 6 to
25 bpm, and (4) marked, FHR variability with an amplitude
range greater than 25 bpm.

Although the NICHD classification system provides a frame-
work for FHR assessment, there is still potential for clinicians to
misclassify FHR variability. This can result in the inappropriate
operative intervention (i.e., cesarean procedures) and even
increase the cost of obstetrics and malpractice insurance.2,3
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Abstract Objective This study examined the ability of clinicians to correctly categorize images
of fetal heart rate (FHR) variability with and without the use of exemplars.
Study Design A sample of 33 labor and delivery clinicians inspected static FHR images
and categorized them into one of four categories defined by the National Institute of
Child Health and Human Development (NICHD) based on the amount of variability
within absent, minimal, moderate, or marked ranges. Participants took part in three
conditions: two in which they used exemplars representing FHR variability near the
center or near the boundaries of each range, and a third control condition with no
exemplars. The data gathered from clinicians were compared with those from a previous
study using novices.
Results Clinicians correctly categorized more images when the FHR variability fell near
the center rather than the boundaries of each range, F (1,32) ¼ 71.69, p < 0.001,
partial η2 ¼ 0.69. They also correctly categorized more images when exemplars were
available, F (2,64) ¼ 5.44, p ¼ 0.007, partial η2 ¼ 0.15. Compared with the novices,
the clinicians were more accurate and quicker in their category judgments, but this
difference was limited to the condition without exemplars.
Conclusion The results suggest that categorizing FHR variability is more difficult when
the examples fall near the boundaries of each NICHD-defined range. Thus, clinicians
could benefit from training with visual aids to improve judgments about FHR variability
and potentially enhance safety in labor and delivery.
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Research has revealed poor agreement among clinicians when
classifying FHR tracings5 and that judging FHR variability is
difficult for suspicious and pathological tracings.6 To appreciate
the challenge associated with judging FHR variability requires
some understanding of how individuals categorize information.

Researchers who study category formation and judgment
argue that individuals generate a category prototype through
their experience with exemplars. Each new stimulus is com-
pared with a mental prototype and classification judgments are
based on degrees of similarity. Stimuli that are more like the
prototype are easier to classify. Stimuli that deviate further from
the prototype become more difficult to categorize.7–9 Stimuli
falling near a boundary between two categories are more
ambiguous and can impede the judgment process. Research
also shows that when categorizing ambiguous stimuli, cues, and
visual aids can facilitate performance because they direct atten-
tion to salient information.10–12 According to structural align-
ment theory, when individuals make comparisons features and
relations within one stimulus are systematically matched (i.e.,
aligned) to features and relations in another stimulus, thereby
isolating relevant information.13,14 Thus, an alignable (high-
similarity) comparison standard can improve classification per-
formance by making differences among stimuli more salient.11

Several researchers recently studied the category judgment
process for discriminating among levels of FHR variability.15

They asked a sample of university students to classify images
representing the four NICHD categories of FHR variability:
absent, minimal, moderate, and marked.4 They examined the
classification of FHR variability using two types of images.
Prototypical images depicted FHRvariability at themidpoint of
the four variability ranges and boundary images depicted FHR
variability near theboundaries of the four categories. Also, they
examined performance with and without visual aids incorpo-
rating alignable cues. Their results showed that participants
categorized more images correctly when cues were available.
Further,more images depicting variability near theboundaries
of each range were correctly categorized with the presence of
prototypical cues (i.e., exemplars representing FHR variability
near the center of each range) thanwith exemplars represent-
ing FHR variability falling near the boundaries of each range.

The results from this initial study suggest that providing
visual aids that incorporate alignable cues can improve judg-
ments about FHR variability, especially when the images fall
near the boundaries of the categories. However, the datawere
obtained from a naïve undergraduate population. Clinicians,
however, spend many years classifying FHR tracings. Because
clinicians have extensive experience examining FHR variabil-
ity, they may have internalized prototypical representations
of the four NICHD-defined categories of FHR variability. Thus,
it is possible that visual aids might be less beneficial for
experienced clinicians. On the other hand, alignable cuesmay
also help clinicians categorize FHR variability, particularly
when examples fall near the category boundaries. Thus, the
goals of this study were to examine the ability of labor and
delivery clinicians to categorize FHR variability with and
without visual aids and to determinewhether experts benefit
from using visual aids when examples of FHR variability fall
near the boundaries of each category.

Methods

Participants
Participants consisted of 33 clinicians working in labor and
delivery (21 nurses, 10 residents, 1 faculty physician, and 1
midwife) from Eastern Virginia Medical School and Sentara
Norfolk General Hospital with experience ranging from 3 to
25 years. All nurses, the midwife, and nine residents were
females, and the faculty physician and one resident were
males.

Fetal Heart Rate Display
The images used in this study were generated with a mater-
nal-FHR simulator created by Belfore et al.16 Static images
were taken from sections of dynamic tracings. An example
image is displayed in ►Fig. 1.

Although FHR variability varies along a continuum, the
NICHD segmented the continuum into the four categories as
shown in ►Table 1. The prototypical images were created by
using a value near the middle of each category of FHR
variability (e.g., the prototypical image of the moderate
category had a variability of 15 bpm). The boundary images
were created by using values near the boundaries of each FHR
variability category (e.g., a boundary image of the moderate
category had a variability of 7 bpm near the lower end of the
category or 20 bpm near the higher end of the category). The
exemplars provided as visual aids were created by taking
snapshots of the values of FHR variability used in the proto-
typical and boundary images and labeling them with the
appropriate category of variability. Theywere placed side-by-
side and under the FHR tracing. The visual exemplars are
shown in ►Fig. 2.

Procedure
The participants were asked to participate by email and the
experiment took place in a conference room at the Sentara
Hospital in Norfolk. The residents and nurses consented
before the start of the study.

Participants were shown sample images of each variability
type to become familiar with the FHR images produced by the
simulator and given the opportunity to practice categorizing
five examples of each cue condition with feedback. The
participants were assigned at random to begin the experi-
ment with one of three sets of cue conditions (see below).

After the practice, the participants were seated at a
computer to begin the experiment. They were presented
with three blocks of images: 180 example images presented
with exemplars (90 with prototypical cues and 90 with
boundary cues) and 90 images without exemplars. Block
order was counterbalanced across participants. There were
10 images created for each category prototype (i.e., absent,
minimal, moderate, and marked) and 10 images near the
boundaries of the categories. Each image was available for
inspection until the participant made a classification deci-
sion. Participants responded by pressing a single key on the
computer keyboard. Specific keys on the computer keyboard
(A, V, M, and L) were labeledwith thewords “absent, minimal,
moderate, or marked” for their convenience. Once
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participants made a response, the next example immediately
was presented. Participants were given an opportunity to
take a 5-minute break after each block. The computer in-
formed them that the session had ended after they have
completed both sets of images.

Design
The results were analyzed using a 3 (visual aid condition) � 2
(image type) analysis of variance (ANOVA) for a within-
subjects design. The within-subjects variables were the pres-
ence of cues and the prototypicality of examples. The depen-
dent measures were accuracy (i.e., the total number of
examples each participant categorized correctly) and re-
sponse times. A Sidak Bonferroni test was used for compar-
isons among means.

Results

Accuracy
Accuracy was analyzed by obtaining the number of correctly
categorized examples in each condition divided by the total
number of example images each condition contained, or pro-

portion of correct responses. A significant effect for image type
was observed, F (1,32) ¼ 71.69, p < 0.001, partial η2 ¼ 0.69.
The participants correctly categorizedmore prototypical images
(mean [M] ¼ 0.91, standard deviation [SD] ¼ 0.10) than bound-
ary images (M ¼ 0.75, SD ¼ 0.11). A significant effect for the
visual aid conditions was also observed, F (2,64) ¼ 5.44,
p ¼ 0.007, partial η2 ¼ 0.15. A Sidak Bonferroni test revealed
that the participants correctly categorized more images in the
prototypical (M ¼ 0.84, SD ¼ 0.11) and boundary visual aid
conditions (M ¼ 0.84, SD ¼ 0.10) compared with the no visual
aid condition (M ¼ 0.81, SD ¼ 0.10).

In addition, a significant interaction was also observed for
image type and visual aid condition, F (2,64) ¼ 3.72, p ¼ 0.03,
partialη2 ¼ 0.10 (see►Table 2). A SidakBonferroni test showed
that for the prototypical images, participants correctly catego-
rized significantly more images with the prototypical and
boundary visual aids comparedwith the no visual aid condition.
The posthoc test, however, showed no significant differences
between the visual aid conditions for the boundary images.

Response Times
A significant main effect for image type was observed, F
(1,32) ¼ 10.27, p ¼ 0.003, partial η2 ¼ 0.24. Participants
took significantly longer to respond to the boundary images
(M ¼ 2.46, SD ¼ 1.00) comparedwith the prototypical images
(M ¼ 2.10, SD ¼ 0.97). No other effects were significant.

Comparison of Undergraduates and
Clinicians

The data obtained from university undergraduates reported
by Ashdown et al15 were compared with the data from the
clinicians and analyzed using a 2 (experience) � 3 (cue

Table 1 Standard variability ranges and the values selected for
the prototypical and boundary bpm variabilities

Variability Prototypical Boundary

Absent 0 bpm 0 bpm

Minimal > 0 and � 5 bpm 3 bpm 1 and 4 bpm

Moderate 6–25 bpm 15 bpm 7 and 20 bpm

Marked > 25 bpm 35 bpm 30 bpm

Abbreviation: bpm, beats per minute.

Fig. 1 Image of moderate FHR variability. The FHR is shown in the top portion of the display while the maternal contractions are shown in the
bottom portion of the window. FHR, fetal heart rate.
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condition) � 2 (image type) ANOVA for a mixed design, with
the cue conditions and the image type (prototypical or
boundary) as the within-subjects factors and the experience
level as the between-subjects factor. Descriptive statistics for
both sets of data are shown in ►Tables 2 and 3.

Image Type
A significant effect for image type was observed, F
(1,72) ¼ 186.6, p < 0.001, partial η2 ¼ 0.72. Both clinicians
and novices correctly categorized more prototypical images
(M ¼ 0.90, SD ¼ 0.10) than boundary images (M ¼ 0.73, SD
¼ 0.11). A significant interactionwas also observed for image
type and cue condition, F (1.82, 131.1) ¼ 9.48, p < 0.001,

partial η2 ¼ 0.12. A plot of the interaction is shown in►Fig. 3.
A test of simple effects showed that for the prototypical
images, participants correctly categorized significantly
more images in the boundary cue condition (M ¼ 0.94, SD
¼ 0.08) compared with both the prototypical (M ¼ 0.90,
SD ¼ 0.09) and no-cue conditions (M ¼ 0.85, SD ¼ 0.12),
and participants correctly categorized more images in the
prototypical cue condition compared with the no-cue condi-
tion. The test of simple effects also showed that for the
boundary images, participants correctly categorized more
images in the prototypical (M ¼ 0.74, SD ¼ 0.12) and bound-
ary cue condition (M ¼ 0.73, SD ¼ 0.10) compared with the
no-cue condition (M ¼ 0.70, SD ¼ 0.12). Moreover, the

Table 2 Means and standard deviations for proportion of correct responses for clinicians

Image type Cue condition Mean Standard deviation

Clinicians Prototypical image Prototypical cue 0.92 0.10

Boundary cue 0.93 0.10

No cue 0.87 0.10

Boundary image Prototypical cue 0.76 0.11

Boundary cue 0.75 0.09

No cue 0.74 0.11

Table 3 Means and standard deviations for proportion of correct responses for novices

Image type Cue condition Mean Standard deviation

Novices Prototypical image Prototypical cue 0.88 0.10

Boundary cue 0.94 0.07

No cue 0.82 0.13

Boundary image Prototypical cue 0.73 0.12

Boundary cue 0.71 0.10

No cue 0.67 0.12

Fig. 2 The left image shows moderate FHR variability with prototypical visual aids placed below and the image on the right shows marked
variability with boundary visual aids. FHR, fetal heart rate.
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difference between prototypical and boundary images was
significant in all three cue conditions, with fewer examples
categorized correctly for the boundary images.

Cue Conditions
A significant effect for cue conditions was observed, F
(2,144) ¼ 25.24, p < 0.001, partial η2 ¼ 0.26. Participants cor-
rectly categorized more images in the prototypical (M ¼ 0.82,
SD ¼ 0.11) and boundary (M ¼ 0.83, SD ¼ 0.09) cue conditions
compared with the no-cue condition (M ¼ 0.78, SD ¼ 0.12).

Experience
A significant main effect for experience was observed, F
(1,72) ¼ 4.9, p ¼ 0.03, partial η2 ¼ 0.06. Overall, the clini-
cians correctly categorized more images (M ¼ 0.83, SD
¼ 0.10) compared with the novices (M ¼ 0.79, SD ¼ 0.11);
however, there was also a significant interaction between
experience and cue condition, F (2,144) ¼ 3.36, p ¼ 0.04,
partial η2 ¼ 0.05. A plot of the interaction is shown
in ►Fig. 4. A test of simple effects showed that the clinicians

(M ¼ 0.81, SD ¼ 0.10) correctly categorized significantly
more images in the no-cue condition compared with the
undergrads (M ¼ 0.74, SD ¼ 0.12). The clinicians also cate-
gorized more images in the boundary (M ¼ 0.84, SD ¼ 0.10)
cue condition compared with the no-cue condition
(M ¼ 0.81, SD ¼ 0.10). The novices correctly categorized
more images in the prototypical (M ¼ 0.81, SD ¼ 0.11) and
boundary (M ¼ 0.83, SD ¼ 0.08) cue conditions compared
with the no-cue condition (M ¼ 0.74, SD ¼ 0.12). Therewere
no significant differences between clinicians and novices in
the prototypical and boundary cue conditions (p > 0.05).

Response Time
A significant main effect for experience was observed for
response times, F (1,72) ¼ 5.78, p ¼ 0.01, partial η2 ¼ 0.10,
in which novices took significantly longer to respond to
images (M ¼ 2.89, SD ¼ 1.62) compared with clinicians
(M ¼ 2.28, SD ¼ 0.99). A significant main effect for image
type was also observed, F (1,72) ¼ 26.52, p < 0.001, partial
η2 ¼ 0.30. Both clinicians and novices took significantly

Fig. 3 Mean proportion of correct responses for image type as a function of each cue condition.

Fig. 4 Mean proportion of correct responses for each cue condition as a function of experience.
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longer to respond to the boundary images (M ¼ 2.83, SD
¼ 1.58) compared with the prototypical images (M ¼ 2.34,
SD ¼ 1.23). A significant interaction for image type and cue
condition was observed, F (1.84,132.27) ¼ 4.24, p ¼ 0.02,
partial η2 ¼ 0.06. Regarding prototypical images, a test of
simple effects showed that participants took longer to
respond with the boundary cues (M ¼ 2.47, SD ¼ 1.24)
than with the prototypical cues (M ¼ 2.16, SD ¼ 1.00). As
for the boundary images, participants took longer to respond
with the boundary cues (M ¼ 3.07, SD ¼ 1.74) than they did
without cues (M ¼ 2.66, SD ¼ 1.55).

Discussion

The present study examined how well individuals could
discriminate between the four categories of FHR variability
defined by the NICHD: absent, minimal, moderate, and
marked. Clinicians working in labor and delivery took part
in three conditions: no cues, prototypical cues, and boundary
cues. The prototypical cues represented the middle of each of
the four FHR variability categories and the boundary cues
represented the boundaries of each of the four FHR variability
categories.

Image Type
The first goal was to assess whether the classification of FHR
variability is more difficult as the examples deviate further
from the prototype for each category. The results show that
clinicians correctly categorized significantly more prototypi-
cal images compared with the boundary images, which
supports other findings and suggests that examples of stimuli
that are similar to their prototypes are easier to catego-
rize.8,9,17 The participants also took longer to respond to
the boundary images as compared with the prototypical
images. These results support numerous studies that have
found that examples of stimuli that resemble their prototypes
are responded to more quickly.7–9

Cue versus No Cues
The second goal was to examine categorization perfor-
mance when provided with exemplars. Previous research
suggests that cues are able to direct attention to relevant
information and help a person respond faster and
make fewer errors when detecting stimuli in visual
tasks.10–12,18–23 Clinicians in this study categorized more
FHR variability images correctly when they had visual aids.
In addition, for the prototypical images, the clinicians
correctly categorized more images with the prototypical
and boundary visual aids compared with the no visual aid
condition. However, there were no significant differences
between the visual aid conditions for the boundary images
suggesting that categorizing examples of FHR variability
that fall near the boundaries of each range is still a difficult
task. The clinicians were less able to generalize to boundary
images. This result suggests that when the images are
farther away from the prototype within each category
and closer to the boundaries, clinicians may be less able
to rely on memory for making category decisions.

Comparison of Clinicians and Novices
The data obtained from novices in a previous study were
compared with those of the clinicians. The results revealed
that the clinicians correctly categorized more FHR images
than the novices in all conditions, but statistically the advan-
tage was limited to the no-cue condition. Differences in
experience also depended on conditions. For the prototypical
images, clinicians and novices correctly categorized more
images in the boundary cue condition compared with the
prototypical cue condition and both cue conditions compared
with the no-cue condition. For the boundary images, all
participants correctly categorized more images in the proto-
typical and boundary cue condition compared with the
no-cue condition. Thus, it appears that clinicians and novices
alike were able to benefit from the alignable cues. Again,
alignable cues allow individuals to more easily compare
information in examples by making relevant features more
salient and improving category judgments.13,14

The clinicians had more difficulty categorizing boundary
images compared with prototypical images in all three con-
ditions. At the outset, it was expected that experienced
clinicians would be able to focus on the relevant details in
the images and correctly categorizemore boundary images in
the no-cue and prototypical-cue condition, because previous
research suggests that learning with exemplary diversity
facilitates categorization of novel examples that deviate
more from the category prototype.8,9,24–27 The clinicians
had the advantage of years of learning from multiple exam-
ples; thus, they should have been able to organize the FHR
variability categories around mental prototypes acquired
through their experience and outperform the novices at
categorizing boundary images. However, the results suggest
that categorization of the FHR images may require more
perceptual processing, guided by how similar each example
is to the learned prototype of each category,making it difficult
to categorize boundary images when needing to rely on
memory. Thus, the task may be limited to the quality of
one’s perceptual discrimination.

Collectively, these results support previous research inwhich
cues improved performance when categorizing maternal-FHR
images,19,28 and suggest that the categorization of the FHR
variability could be accomplished by pattern recognition.27,29

Both clinicians and novices were better able to categorize the
examples by matching them to the alignable cues. In fact, when
the cues were present, the clinicians had no appreciable advan-
tage over the novices. Moreover, the results showed that when
given the prototypical cues, the novices performed aswell as the
experts categorizing FHR variability without the cues.

Limitations
The main goal of this study was to examine how well individ-
uals discriminate between categories of FHR variability when
viewing static images of tracings. It should be noted that the
FHR images in this study were created with a simulator and
were not exact representations of real tracings. However, this
approach was used because the primary focus was on charac-
teristics of FHR variability and therefore it was imperative to
specify precisely the variability present in the images.
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This paradigm used here differs from standard clinical
practice in another way. When maternity patients are moni-
tored by EFM, the clinicians inspect dynamic tracings of the
FHR. Therefore, the task of categorizing static images of FHR
variability did not resemble the actual dynamic task clinicians
perform on a regular basis in labor and delivery units because
the participants had a limited view (5 minutes of a tracing),
whereas, in hospitals, clinicians have an opportunity to
inspect hours’ worth of data. By narrowing and restricting
the view, participants were not given the opportunity to use
the additional information available in a longer FHR tracing.
The clinicians may have been at a disadvantage because the
context-detecting changes in the FHRvariabilitywere limited.
Another potential limitation was that the experts differed in
their level of experience. Future studies should look at how
the training differs between residents and nurses because
nurses are often the first to inspect the FHR tracings before
calling the physician for further examination.

Theoretical and Clinical Implications
The results of the present study suggest that categorizing FHR
variability is a difficult task because the boundaries of the
NICHD categories are not perceptually distinct. Clinicians
categorized significantly fewer boundary images compared
with prototypical images and only correctly categorized
approximately 81% of the FHR images when no cues were
available. This suggests that the clinicians may have an
internalized prototype of each variability category, but it
may have limited utility when the examples fall near the
border of each category, where categorization is most diffi-
cult. Some FHR images may be too difficult for clinicians to
rely solely on memory for making category decisions. Thus,
even experts could benefit from additional cues to more
reliably categorize FHR variability.

Conclusion

In a clinical setting, the failure to distinguish among different
types of FHR variability may impact the care of the patient.
Clinicians must be able to judge the degree of variability to
determine to which category of the three-tier FHR interpre-
tation system the tracing belongs. If the variability is catego-
rized incorrectly then there is a risk of misdiagnosis and
unnecessary intervention. The present results showed that
when no cues were available, clinicians were able to make
their decisions using an internalized prototype of each FHR
variability category acquired over their years of experience.
However, categorizing examples of FHR variability near the
boundaries of each rangewas still a difficult task. Thefindings
suggest that when images deviatemore from the prototype of
each category and are closer to the boundaries, the task
becomes more perceptual, making it difficult to rely on
memory. When provided with cues, the clinicians may be
able to make their judgments by pattern matching.

For unaided images, clinicians could draw upon their
extensive experience with FHR tracings and be more adept
at making their categorization decisions than novices. How-
ever, the presence of cues had an important impact on

performance. The advantage that clinicians enjoyed over
novices in the no-cue condition was eliminated when cues
were available. Thus, the availability of cues enabled novice
university undergraduates to make categorization decisions
comparable to those of clinicians.

Therefore, the presence of a visual cue can improve
clinicians’ abilities to properly categorize FHR variability
when the tracings are prototypical examples of the catego-
ries, andmayprovide a benefit when the FHR variability is not
prototypical. Because the visuals aids benefitted everyone, it
would be advantageous to examinewhether trainingwith the
visual aids could improve performance. The current study
suggests that the clinicians might benefit from training with
alignable cues on categorizing FHR variability, which could
improve later clinical decision making when monitoring FHR
tracings to enhance the safety in labor and delivery.
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