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Abstract
Background: The lumbar puncture (LP) is a procedural competency deemed necessary by the
Accreditation Council for Graduate Medical Education and the Emergency Medicine and Pediatric
Residency Review Committees. The emergency department (ED) is a primary site for residents to be
evaluated performing neonatal LPs. Current evaluation methods lack validity evidence as assessment tools.

Objectives: This was a pilot study to develop an objective structured assessment of technical skills for neonatal
LP (OSATS-LP) and to document validity evidence for the instrument in regard to five sources of test validity:
content, response process, relation to other variables, inter-rater reliability, and consequences of testing.

Methods: Pediatric residents were videotaped in the fall of 2011 for comparison of faculty evaluation of
resident performance during a neonatal LP using a video-delayed format. Residents completed a demographic
experience survey evaluating relations to other variables. Content and response process validity was obtained
through expert panel meetings and resulted in the following seven domains of performance for the OSATS-
LP: preparation, positioning, analgesia, needle insertion, cerebrospinal fluid (CSF) collection, management of
laboratory studies, and sterility. t-tests assessed significance between level of training, previous intensive care
unit experience, and residents’ self-assessed confidence in comparison with their total performance score. The
inter-rater agreement of the OSATS-LP was obtained using the Fleiss’ kappa for each domain.

Results: Sixteen pediatric residents completed the simulation with six raters evaluating each resident (96
ratings). The domains of sterility and CSF collection had moderate statistical reliability (j = 0.41 and 0.51,
respectively). The domains of preparation, analgesia, and management of laboratories had substantial
reliability (j = 0.60, 0.62, and 0.62, respectively). The domains of positioning and needle insertion were
less reliable (j = 0.16 and 0.16, respectively). Individuals who had completed one or more rotations in the
neonatal intensive care unit (NICU) had a higher total score (12.5 vs. 16.9; p < 0.01). The residents’ own
perception of ability to perform an LP unsupervised did not result in a higher total score.

Conclusions: The OSATS-LP has reasonable evidence in four of the five sources for test validity. This
study serves as a launching point for using this tool in clinical environments such as the ED and,
therefore, has the potential to provide real-time formative and summative feedback to improve resident
skills and ultimately lead to improvements in patient care.
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The lumbar puncture (LP) is an important compe-
tency noted as part of the 2009 Model of the
Clinical Practice of Emergency Medicine and

deemed necessary by the Emergency Medicine and
Pediatric Residency Review Committees.1,2 Residents
are reported to “fail” at the pediatric LP up to 26% of
the time.3 An assessment tool for LPs with validity evi-
dence would allow an educator to provide formative
and summative assessment to the graduate medical
learner. While not widely used in pediatrics, the Objec-
tive Structured Assessment of Technical Skills (OSATS)
is an evaluation instrument commonly used in the surgi-
cal field that outlines the key portions of the procedure
and allows for global assessment of the skill.4 The
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OSATS has been adapted for other emergency medicine
(EM) procedural skills including pediatric rapid
sequence intubation and has documented validity evi-
dence.5 The goal of this pilot study was to develop and
document validity evidence for an OSATS instrument
for neonatal LP (OSATS-LP).

METHODS

Study Design
We developed and prospectively tested the OSATS-LP
rating instrument for assessing the performance of the
LP by pediatric residents in a video-delayed format.5 In
the development and testing of the instrument, we col-
lected four of the five domains of validity evidence: con-
tent, response process, relation to other variables, and
internal structure.6 This educational research study was
reviewed and exempted by the institutional review
board.

Study Setting and Population
This study was conducted at the University of Michigan
Health System (UMHS). The pediatric residency pro-
gram is a 3-year program at UMHS and was comprised
of a total of 62 categorical residents in the time period
of 2011 and 2012. Five residents from the PGY1 class,
five residents from the PGY2 class, and six residents
from the PGY3 class were asked via e-mail to volunteer
in this study. These participants were randomly selected
by using the e-mail list for each class and selecting
every fourth name until the approximately five subjects
per class were recruited. All those who were selected
agreed to participate.

Study Protocol
Tool Development. To establish content validity, an
expert panel (one neonatologist, one neonatal intensive
care unit [NICU] hospitalist, two pediatric hospitalists,
and two pediatric EM physicians), using EM texts and
checklists from previous studies, convened to determine
the critical domains for performing a neonatal LP.7

Using a modified Delphi method, the panel determined
seven critical domains: preparation, positioning, analge-
sia, needle insertion, cerebrospinal fluid (CSF) collec-
tion, diagnostic management of laboratory studies, and
creating and maintaining a sterile field. A two-point
anchor for each domain was thought to insufficiently
differentiate degrees of performance. Thus, a three-
point Likert-scale with specific anchors was provided
for each score.

The response process validity was achieved by careful
design and revision of the instrument alongside rater
training. The expert panel also served as raters. These
individuals were trained by first rating and discussing
two videos. For domains in which there was not 100%
agreement, the raters provided reasoning behind their
scoring. Modifications were made to the OSATS-LP
tool, including clarification of instructions, which
modified raters’ future ratings. This process was
repeated with four additional videos. This led to the
final OSATS-LP as shown in Figure 1. The final instru-
ment included seven domains, a global overall rating,
and a total score (sum of all domains).

Data Collection. Sixteen pediatric resident volunteers
were prospectively enrolled. Each resident completed a
demographic and experience survey, including months
in the NICU and pediatric ICU (PICU), and range of pre-
vious LPs, factors hypothesized for improved perfor-
mance. The range of LPs was reduced to having
performed zero to two LPs or more than two LPs. This
provided the basis for the third source of test validity,
relations to other variables.

Each resident was videotaped performing an LP on a
simulation model (Laerdal Baby Stap, Laerdal Medical,
Wappingers Falls, NY). Residents were instructed that
this pilot study was to validate an assessment tool for
neonatal LPs; however, they were not given the OSATS-
LP and did not receive any formalized training in this
simulation. The simulation began with the reading of a
clinical scenario describing a febrile infant requiring an
LP to evaluate for possible meningitis. Residents were
instructed to verbalize what equipment was needed,
their actions during the procedure, and laboratory stud-
ies desired. The residents were permitted to ask ques-
tions for clarification prior to the start of the simulation
only. The six raters reviewed all of the videos (96 rat-
ings). The raters were able to re-watch the videos as
necessary for accurate scoring.

Data Analysis
The inter-rater reliability of the OSATS-LP was deter-
mined by calculating the Fleiss’ kappa.8 Interpretation
of kappa values was as follows: <0, poor; 0 to 0.2, slight;
0.21 to 0.4, fair; 0.41 to 0.6, moderate; 0.61 to 0.80, sub-
stantial; and 0.81 to 1, almost perfect. These measure-
ments provided the fourth source of validity, internal
structure validity evidence, or the inter-rater reliability.
t-tests were used to assess if there was significance
between level of training, previous NICU and PICU
experience, previous performance on LPs, and resident
self-assessed confidence in comparison with their total
performance scores. Statistical significance was set at
alpha = 0.05.

RESULTS

The ratings using the OSATS-LP by year of training are
found in Table 1. There was an increase in the percent-
age of observations deemed to be competent (score of 2
or 3) in the domains of preparation, positioning, needle
insertion, CSF collection, and sterile field, with increas-
ing PGY year.

The domains of preparation, sterile field, and CSF col-
lection had kappa values of 0.60, 0.41, and 0.51, respec-
tively. The domains of analgesia and management of
laboratories had kappa values of 0.62 and 0.62, respec-
tively. Finally, the domains of positioning and needle
insertion had kappa values of 0.16 and 0.16, respectively.

There was no difference in mean scores between
residents who had performed more than two LPs and
those who had performed two or fewer (17.0 vs. 14.5,
p = 0.14). Individuals who had completed NICU rota-
tions had higher mean total score in the OSATS-LP
(12.5 vs. 16.9; p < 0.01). However, individuals who had
completed rotations in the PICU, or those who had pre-
viously performed simulated LPs, were not found to
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have higher scores (15.8 vs. 17.3, p = 0.16) and (16.3 vs.
16.5, p = 0.82), respectively. A resident’s own perception
of ability to perform an LP unsupervised was not associ-
ated with a higher total score.

DISCUSSION

As discussed by Cook and Beckman,9 “validity is not a
property of the instrument, but of the instrument’s
scores and their interpretations.” Interpreting the kappa
values above, the domains of preparation, analgesia,
and management of laboratory studies showed substan-
tial reliability. The domains of CSF collection and steril-
ity showed moderate reliability. Finally, the domains of
positioning and needle insertion were slightly reliable.
For these domains, the raters commented that it was
difficult on the video to view the exact positioning and
needle insertion. If the resident verbalized positioning
and monitoring of the patient, he or she was given
credit. However, if the resident did not verbalize this,
the raters were limited to the visual performance on the
videotape. Nevertheless, five of the seven domains
showed greater than moderate reliability. Previous stud-

ies have considered that the inter-rater reliability for the
tool itself is “good” based on such kappa values.4

LIMITATIONS

This study evaluated only pediatric residents and, there-
fore, evaluation in EM residents is warranted. This
study was also limited by its small sample size. More-
over, this tool was evaluated in a simulated setting and
therefore, applicability to clinical environments needs
further investigation.

This pilot study also documented validity evidence for
the OSATS-LP in four of the five sources of test validity.
However, there were limitations in each of these
sources. Content validity often describes the meticulous
process outlining the steps needed to ensure appropri-
ate representation of the construct. In this study, there
was construct underrepresentation given that that the
OSATS-LP did not assess communication competency,
such as obtaining informed consent and other features
that are important in a clinical environment.10 Further-
more, there was a potential for construct irrelevant vari-
ance if the raters inadvertently used personal constructs

Please circle the number corresponding to the candidate's performance in each category.

Preparation
LP Kit
Sterile Gloves 
Support Staff
BONUS: Extra Needles

1
Does not know necessary 

supplies

2
Knows all of the supplies 

needed and identifies a “holder”

3
Knows all of the supplies 
needed, identifies support 

staff, and has extra supplies

Positioning of the Patient 1
Cannot position patient or find 

landmarks

2
Positions patient, identifies 
anatomical landmarks with 

readjustments

3
Demonstrates

positioning/landmarks, asks 
for repositioning when 

needed, anticipates/monitors 
status of pt

Analgesia 1
Does not use any analgesia

2
Has a plan for analgesia

3
Has alternative plan for 

administering analgesia if 
original method is not 

effective

Needle Insertion Technique 1 2 3
No attention to bevel 

orientation or needle angle/aim
Bevel angled parallel to dural 

fibers, aimed toward umbilicus 
but with significant 

subcutaneous movement or 
more than one insertion attempt

Needle bevel parallel to dural 
fibers, aimed toward 
umbilicus with minor 

readjustments if needed, but 
all in one attempt

CSF Fluid Return/Collection 1 2 3
Does not access CSF fluid or 
attempts to readjust without 

withdrawing needle first

Accesses CSF fluid but does not 
replace stylet when removing 

and reinserting needle.

Accesses CSF fluid, replaces 
stylet when removing and 

reinserting needle

Diagnostic Purpose/Lab 
Management of CSF

1 2 3
Does not obtain a CSF culture Obtains at least a CSF culture 

plus additional labs( i.e., cell 
count/differential, gram stain, 

protein, glucose)

Obtains all pertinent labs 
(culture, cell 

count/differential, gram stain, 
protein, glucose)

Creates and Maintains Sterile 
Field

1 2 3
Does not create or maintain 

sterile field, does not recognize 
when contamination has 

occurred.

Creates but cannot maintain 
sterility, knows when 

contamination has occurred, 
takes steps to correct

Creates sterile field and 
maintains sterility throughout 

procedure 

TOTAL SCORE OBTAINED:

Would you allow this student to perform an LP unsupervised and independently on your next patient?

Yes No

OVERALL PERFORMANCE 1 2 3
Not Competent Competent Technically Clearly Technically Superior

Figure 1. Objective Structured Assessment of Technical Skills (OSATS) Global Rating Scale of Lumbar Puncture in the neonate.
CSF = cerebral spinal fluid; LP = lumbar puncture; pt = patient.
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instead of the provided OSAT-LP to evaluate resi-
dents.10

In regard to the response process, there was a poten-
tial for “halo bias” if the raters recognized the residents.
The voices of the residents were not altered, but their
faces were not shown.

When evaluating external variables affecting perfor-
mance, residents who had completed rotations in the
NICU, as expected, overall had higher scores. This was
not seen for residents who had also completed PICU
rotations, likely due to the small sample size. Further-
more, this study did not evaluate how the OSATS-LP
compares with other assessment tools. However, cur-
rently, there are not other validated assessment tools
for neonatal LPs.

Finally, this pilot study did not evaluate the fifth
source of validity: “the impact on examinees from the
assessment scores, decisions, and outcomes and the
impact of assessments on teaching and learning,” as
described by Downing and Haldyna.10 This tool has the
potential to provide formative feedback. There was no
statistical difference in the total scores between resi-
dents who perceived that they could perform an LP
unsupervised compared to those who were not confi-
dent. The discrepancy in perceived and actual ability is
the crux of why assessment needs to be tailored to each
learner.

CONCLUSIONS

This pilot study demonstrates that the Objective Struc-
tured Assessment of Technical Skills for neonatal lum-

bar punctures demonstrates reasonable validity in a
simulated setting in regard to content, response pro-
cess, inter-rater reliability, and relationship to external
variables. Although two domains of performance exhib-
ited less reliability, and despite not evaluating conse-
quences of testing, this study and the Objective
Structured Assessment of Technical Skills for neonatal
lumbar puncture serve as launching points for the
development of a neonatal lumbar puncture assessment
tool.

The authors thank Larry Gruppen, PhD, for providing assistance
calculating kappa statistic. The authors would also like to thank the
University of Michigan Clinical Simulation Center for providing
use of the simulator for this study.
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Table 1
Prior Experience in Procedure and Resident Assessment Using
the OSATS-LP

Variable PGY1 PGY2 PGY3

Range of LPs done 1–2 6–10 >10
NICU 3/5 (60) 5/5 (100) 6/6 (100)
PICU 0/5 (0) 0/5 (0) 6/6 (100)
Procedural
confidence

0/5 (0) 4/5 (80) 6/6 (100)

Preparation* 23/30 (77) 24/30 (80) 32/36 (89)
Positioning* 22/30 (73) 23/30 (77) 28/36 (78)
Analgesia* 30/30 (100) 12/30 (40) 17/36 (47)
Needle insertion* 28/30 (93) 28/30 (93) 33/36 (92)
CSF collection* 24/30 (80) 26/30 (87) 34/36 (94)
Diagnostic
management*

30/30 (100) 30/30 (100) 30/30 (100)

Sterile field* 15/30 (50) 19/30 (63) 35/36 (97)
Total score, mean
(�SD)

15.5 (�3.1) 16.2 (�1.4) 17.3 (�1.1)

*The numerator is the number of observations scoring either
a 2 or 3, and the denominator is the total number of observa-
tions for each postgraduate year (PGY) class.
CSF = cerebrospinal fluid; LP = lumbar puncture; NICU =
neonatal intensive care unit; OSATS = Objective Structured
Assessment of Technical Skills; PICU = pediatric intensive
care unit.
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