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Abstract — Objectives: The commonly used methods of chart review, billing
data summaries and practitioner self-reporting have not been examined for
their ability to validly and reliably represent time use and service delivery in
routine dental practice. A more thorough investigation of these data sources
would provide insight into the appropriateness of each approach for measuring
various clinical behaviors. The aim of this study was to assess the validity of
commonly used methods such as dental chart review, billing data, or
practitioner self-report compared with a ‘gold standard’ of information derived
from direct observation of routine dental visits. Methods: A team of trained
dental hygienists directly observed 3751 patient visits in 120 dental practices
and recorded the behaviors and procedures performed by dentists and
hygienists during patient contact time. Following each visit, charts and billing
records were reviewed for the performed and billed procedures. Dental
providers characterized their frequency of preventive service delivery through
self-administered surveys. We standardized the observation and abstraction
methods to obtain optimal measures from each of the multiple data sources.
Multi-rater kappa coefficients were computed to monitor standardization, while
sensitivity, specificity, and kappa coefficients were calculated to compare the
various data sources with direct observation. Results: Chart audits were more
sensitive than billing data for all observed procedures and demonstrated higher
agreement with directly observed data. Chart and billing records were not
sensitive for several prevention-related tasks (oral cancer screening and oral
hygiene instruction). Provider self-reports of preventive behaviors were always
over-estimated compared with direct observation. Inter-method reliability
kappa coefficients for 13 procedures ranged from 0.197 to 0.952. Conclusions:
These concordance findings suggest that strengths and weaknesses of data
collection sources should be considered when investigating delivery of dental
services especially when using practitioner survey data. Future investigations
can more fully rely on charted information rather than billing data and provider
self-report for most dental procedures, but nonbillable procedures and most
counseling interactions will not be captured with routine charting and billing
practices.
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Valid data measuring what actually happens in
dental practice is critically important to practitio-
ners, policy makers, and researchers, serving as a
reference point for important decisions involving
individual practices, dental public health policy,
and dental insurance performance measures. Accu-
rate measures of the type and frequencies of
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services delivered in the practice setting are useful
for quality improvement assessment, practice
improvement goals, comparison with professional
educational objectives, and benchmarking for prac-
titioners performing self-assessment. Data for these
purposes are generally obtained from dental claims
data, chart reviews, national surveys of dentists’
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self-reported activities, or patient report of services
received (1-3). There is little empirical evidence,
however, supporting the reliability or validity of
these sources for measuring what has actually
transpired in the provider—patient interaction.
Further, the accuracy and completeness of these
sources comes into question when they are used for
evaluation, quality improvement or monitoring of
service delivery because each method is subject to
certain limitations (4).

Dental claims and self-report data have been
previously used as single-method data sources in
productivity and time studies to estimate workload
requirements and efficiencies in service delivery
(5, 6). Frequency distribution of dental services and
procedures are routinely collected from surveys of
dental professionals, but self-report is subject to
both over- and under-reporting (7-9) and has not
been compared with any other data source. Gilbert
et al. (10) concluded that the validity of self-
reported dental care from patients ranged from
poor to excellent depending upon the type of
service when compared with dental charts as the
‘gold standard’. One explanation for differences by
service type may be that dental charts themselves
are subject to recording biases, missing data, and
variable charting behaviors among providers and
may also reflect a bias toward billable procedures.
Direct observation was first used in the dental
setting in a Swedish study with trained observers
recording the frequency but not the duration of
procedures in public health dental clinics (11).
However, this study did not compare the direct
observation findings to other data sources. Thus, a
comparison of multiple data sources in a single
study has not been performed for dental care.

Direct observation as the gold standard has been
used in numerous studies in medical practice to
validate information from multiple data sources
including assessing the delivery of preventive
services (12), emergency room services for asthma
care (13), and time-motion studies in rural health
centers (14, 15). Despite its cost and potential
intrusiveness, direct observation may be an appro-
priate standard to establish the validity and inter-
method reliability of common data sources such as
chart audit (CA), dental claims and self-reported
behaviors.

We undertook the Direct Observation Study of
Dental Practices (DOS) to better understand the
content and context of dental visits, especially
concerning the delivery of preventive services,
using a multi-method approach to data collection.

Multi-method concordance with direct observation

Within the larger DOS study, this report compares
the content of directly observed patient visits with
data from chart reviews, billing data and provider
self-reported behaviors, to ascertain the concor-
dance among various methods and compute the
sensitivity and specificity of chart and billing data
when compared with direct observation as a gold
standard. Comparison of these multi-method ap-
proaches will provide insight into the appropriate-
ness of each approach for measuring various
clinical behaviors.

Methods

Practice and patient characteristics

The Ohio Practice-Based Research Network, formed
in 1998 (16) was expanded in 2004 with the funding
of the DOS and the creation of CROWN, the
Community Research for Oral Wellness Network.
Dentists on the state of Ohio’s licensure list who
practiced within a 100-mile radius of the Case
Western Reserve University campus in Cleveland
received letters of invitation to participate in the
DOS. Recruitment letters outlined the multi-method
data collection from various sources to characterize
the dental visit, but did not divulge the specific aims
of the study. Out of 2500 invitations, 166 general
practice dentists volunteered, and we enrolled 120
offices based on power calculations to test the
main hypotheses of the overall study. Information
gathered from study decliners who completed a
recruitment survey (n = 306) revealed no substan-
tial differences in age, gender, or practice years
between those dentists who participated and those
who did not, but participating offices were more
likely to employ a hygienist. Sixteen percent of
practices were located in five urban areas, another
16% in rural areas as defined using Census 2000
data (17) and the remainder in suburban settings.
The study coordinator scheduled practice visitation
at mutually convenient times and requested that
patients be scheduled in the usual manner for both
dentists and hygienists. Data were collected on
4 days in each practice between June 2004 and
September 2005. In total, 3751 patient visits were
observed and 92% of the patients approached about
the study agreed to participate.

Multi-method data collection and instruments
Two trained observation teams each included two
dental hygienists, with at least 10 years of profes-
sional experience, and a patient coordinator. One
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hygienist observer followed the dentist and the
other followed the office dental hygienist (DH) in
each practice. Observers were unobtrusively posi-
tioned in the dental operatory to both see and hear
visit interactions but not to participate in any way.
The patient coordinator remained in the waiting
room to recruit patients and obtain informed
consent in accordance with human subjects’
protection and privacy requirements. In addition,
signed informed consent was obtained from partic-
ipating dentists and hygienists. The Case Institu-
tional Review Board approved the study.

Three data collection methods, direct observation,
self-administered surveys, and data abstraction were
used to collect data using the following instru-
ments: (1) direct observation of dentist and hygienist
patient visits used the dental DOC, a modified
version of the medically oriented Davis Observa-
tion Code, which prompted the recording of 24
practitioner behaviors at 30-s intervals (9) and the
postvisit checklist (PVC) for recording the occur-
rence of dental procedures from among a list of 65
procedures; (2) self-administered surveys completed
by patients, dentists, and hygienists; (3) abstraction
of chart information (chart audit, CA) and billing
records (BR) from each observed patient visit.
Observed and abstracted data were entered di-
rectly into a tablet computer, while the paper-based
surveys were optically scanned (18).

A predefined list of 65 items on the PVC and CA
were identical to permit comparison of the ob-
served occurrence and the charted occurrence of
behaviors and procedures. The 65 procedures
included and extended the 25 most-frequent pro-
cedures reported from a dental workload study
which defined 246 tasks/procedures (19). The
procedure definitions were reviewed by the net-
work steering committee members and tested in
practices during the initial pilot study (16). Mod-
ifications to the procedure list and definitions were
made during consensus review by study investi-
gators, network steering committee members, den-
tists in the pilot study and input from the observers
during the training period. Billing codes were
abstracted from patient BRs and translated using
the Common Dental Terminology billing codes,
versions 4 and 5 (CDT-4 and CDT-5) to identify the
billed procedures. From abstracted codes, 7% were
internal office codes with no associated charges
and 2% were erroneous codes that could not be
identified. Seventy-four charts were unavailable for
abstraction. Both dentists and hygienists completed
surveys that included demographic information,
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education, years in practice, self-assessed service
delivery practices and attitudes regarding preven-
tive services.

Training and standardization for data collec-
tion
The observation teams completed a 4-week training
period for the use of the direct observation instru-
ments prior to the start of the study, using
videotaped patient encounters, followed by field
experience in the dental school faculty practice and
offices of the Network Steering Committee that
would not be part of the DOS. The entire method-
ology was reviewed by a National Advisory Com-
mittee consisting of experts in health services
research who offered suggestions and comments
on validity early in the collection process.
Observer variability was minimized by repeated
standardization of observers through the use of
videotapes of routine dental encounters in practice
situations. The four research hygienists remained for
the entire data collection period. For inter-rater
reliability, the four hygienists watched video-taped
patient/dentist encounters and individually scored
these encounters using a preset list of behaviors
adapted from the Davis Observation Code (9). These
standardizations were repeated at 4- to 6-week
intervals throughout data collection, in addition to
monthly debriefing sessions to discuss on-going
data collection issues. We calculated multi-rater
kappa coefficients from 13 videotape segments
totaling 181 min using sTAaTA (20). Kappa coeffi-
cients for codes common to both the DOC and PVC
were treatment planning, 0.74; oral examination,
0.92; preventive procedures (fluoride treatment and
sealants), 0.83; oral health instruction, 0.77; and oral
cancer examination, 0.69. Reliability of defining and
recognizing standard dental procedures (e.g. extrac-
tions, amalgams, and crowns/bridges) was assured
by the experience and retention of the observer
hygienists and discussions of definitions at each
debriefing and standardization session. Inter-rater
reliability of items abstracted from CAs was deter-
mined by having all six team members perform chart
abstraction on the same sets of charts from a
nonparticipating private office (multi-rater kappa
coefficient for all procedures was 0.87).

Concordance of multi-source data measures

To measure the ability of chart and billing data to
capture the occurrence of common dental proce-
dures, we calculated the sensitivity and specificity
of these methods by comparing them with the



‘true’ occurrence of the procedures as recorded on
the PVC during direct observation (the gold stan-
dard). Sensitivity is the probability that the chart
(or BR) includes the procedure when it was
performed (as detected by direct observation),
while specificity is the probability that the chart
(BR) correctly excludes the procedure when it was
not performed by the dental provider. High sensi-
tivity indicates that the data source is likely to
accurately report the occurrence of performed
procedures, while low sensitivity would suggest
the source will underestimate the delivery of the
service. The probability that a procedure was
performed, given its presence in the chart (or BR),
is reported as the positive predictive value (PPV).
Similarly, the negative predictive value (NPV) is
the probability that a negative chart (or BR)
correctly identifies a visit that did not include the
procedure. Calculating predictive values provides
information for how accurately the data sources
measure the procedures when direct observation is
not available for comparison. The predictive val-
ues, however, are influenced by the underlying
prevalence rate of the procedure.

To quantify agreement between the abstracted
data and direct observations, a kappa statistic was
calculated for the same common dental procedures.
The kappa statistic quantifies the extent to which
the observed agreement is beyond chance (21).
kappa values greater than 0.75 are considered to
represent excellent agreement beyond chance, val-
ues 0.40-0.75 represent moderate agreement, while
values below 0.40 represents poor agreement (22).

After the completion of the observation visit,
providers were asked to characterize their pre-
ventive service delivery practices on a scale of
general frequency (almost always, often, some-
times, rarely, and almost never). For each provider,
we calculated the percent of observed patients who
received preventive services. Because we could not
compare delivery of observed services with self-
report on an individual patient basis, we compared
the mean percent of patients who received pre-
ventive services within three combined categories
of dentist and hygienist self-reported frequency of
delivery (almost always/often; sometimes; and
rarely/almost never). We also compared the overall
observed, charted and provider-reported percent-
ages of patients who received each of the following
six services; oral hygiene instruction, oral cancer
screening examination, caries susceptibility exam-
ination, bacteriostatic mouthwash prescription,
diet/nutrition discussion, and smoking discussion.

Multi-method concordance with direct observation

Calculations of means and percents (sensitivity,
specificity, and predictive values) were performed
in spss (23), while multi-rater kappa coefficients
were obtained using sTATA V8 (20).

Results

Participating dentists were similar in distribution
to all Ohio dentists in terms of age (mean + SD;
49.0 + 9.7 years) and years in  practice
(22.1 £ 9.8 years), while female dentists were
slightly over-represented in the study (16.8%)
compared with the state (12%). For the observed
patients, the distribution of ages mirrors the US
population, with almost as many patients over 65
as children 5-18 years (15% in each category) (24).
Eighteen percent of the observed dentist visits were
for acute care (emergency visits), 27.5% for reha-
bilitative procedures (crown/bridge, partial/full
dentures) and 54.5% for primary care (all other
procedures) (25).

From the dentist and hygiene visits combined,
we observed 13 073 occurrences of the procedures
on the PVC, over half of which were accounted for
by the 13 unique procedures included in Tables 1
and 2. The frequency of these directly observed
procedures was compared with the frequency
obtained from CA and BR abstraction to compute
the sensitivity, specificity, kappa coefficients and
predictive values shown in Table 1 for the dentist
visit and Table 2 for the hygiene visit. The
frequency of services recorded by the observer
was higher than the frequency recorded from the
CA or billing data for all procedures and measures
of validity and agreement varied based on the
specific dental service. Sensitivity was high for
single-visit procedures such as extractions, amal-
gams, and composites restorations (81.5-93.7%)
but low for counseling or screening behaviors such
as oral hygiene instruction (21.9%) and oral cancer
examinations (44.3%). For multi-appointment pros-
thetic procedures, sensitivity of CAs was moder-
ate, but BRs were very insensitive to these types of
procedures, as might be expected (19-27%). Sen-
sitivity of chart and billing data was generally
higher among all hygienist-provided procedures,
except oral cancer screenings and oral hygiene
instruction. Overall, CAs showed higher levels of
sensitivity than BRs when compared with direct
observation.

Specificity was high for all dentist procedures
(range 94-100%) resulting in very few false
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Table 1. Validity and reliability of directly observed
common procedures with abstracted data from chart
audits (CA) and billing records (BR)

Table 2. Validity and reliability of directly observed
common procedures in the hygiene visit with abstracted
data from chart audits (CA) and billing records (BR)

DDS Sensitivity® Specificity” PPV® NPV®
procedures (%) (%) Kappa (%) (%)
Oral examination (717)
CA 60 94 057 8 82
BR 42 96 0.44
Oral cancer screening (110)
CA 44 99 049 70 97
BR 0 100 0
Amalgam restoration (158)
CA 81 99 081 8 98
BR 78 99 0.79
Composite restoration (506)
CA 89 95 083 8 97
BR 79 96 0.77
Partial denture (103)
CA 75 98 069 69 97
BR 21 99 0.31
Full denture (118)
CA 68 99 076 92 96
BR 30 99 0.40
Prophylaxis (139)
CA 87 95 065 55 99
BR 79 96 0.65
Single/multiple crown (368)
CA 86 97 083 8 97
BR 53 97 0.66
Extraction (110)
CA 94 99 090 8 99
BR 84 99 0.86
Oral hygiene instruction (64)
CA 22 99 020 37 98
BR 3 99 0.05

The number of procedures observed is in parentheses
after the procedure name.

Sensitivity is the extent to which an observed service
was also recorded in the chart or billing data. PPV is
positive predictive value which is the percent of charted
or billed data that was performed.

PSpecificity is the extent to which a service that was not
observed was also not recorded in the chart or billing
records. Negative predictive value (NPV) is the percent
of negative charts or billing records in which the
procedure was not performed.

positives; if a service was not performed, it was not
charted or billed. Specificity for the hygiene-pro-
vided procedures had a wider range, 72-100%;
specificity for the oral examination CA (72%) and
oral hygiene instruction CA (75%) were slightly
lower possibly related to more stringent definitions
of these procedures in the study than practicing
hygienists use when recording tasks in the chart.
Kappa values, representing chance-corrected
agreement between the data sources and direct
observation, were generally moderate to high par-
ticularly for charted information. Lower agreement
was seen between billing data and observation for
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DH Sensitivity® Specificity” PPV® NPV®
procedures (%) (%) Kappa (%) (%)
Oral examination (1366)
CA 93 72 0.48 98 41
BR 81 76 0.25
Oral cancer screening (682)
CA 41 89 0.31 77 63
BR 0 100 0
Prophylaxis (1374)
CA 97 87 0.70 99 62
BR 83 96 0.33
Radiographs (625)
CA 90 89 0.79 8 92
BR 81 92 0.74
Fluoride treatment (328)
CA 89 97 0.87 91 97
BR 80 98 0.81
Sealants (11)
CA 91 100 095 100 99
BR 73 100 0.84
Oral hygiene instruction (553)
CA 50 75 0.26 55 71
BR 5 96 0.01

The number of procedures observed is in parentheses
after the procedure name.

Sensitivity is the extent to which an observed service
was also recorded in the chart or billing data. PPV is
positive predictive value which is the percent of charted
or billed data that was performed.

PSpecificity is the probability that a nonperformed
service is correctly absent from the chart or billing
record. Negative predictive value (NPV) is the percent of
negative charts or billing records in which the procedure
was not performed.

multi-appointment procedures, such that the visit
we observed was not the visit that generated the
final total billing. Not surprising, kappa values
between observation and billing for nonreimburs-
able procedures were extremely low, so that claims
data would not adequately reflect the level of these
frequent services.

Calculating predictive values provides an esti-
mate of how accurately the data sources measure
the procedures when direct observation is not
available for comparison. Overall, the PPV of the
CA were very good except for prophylaxis by the
dentist and oral hygiene instruction by the dentist
or hygienist. The predictive values, however, are
influenced by the underlying prevalence rate of the
procedure as well as the specificity of the method
(CA or BRs). For example, the PPV falls but the
NPV rises as prevalence increases, demonstrated
by the higher PPV but lower NPV of CAs for oral
cancer screenings among hygiene visits compared
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Table 3. Mean percent of patients (+SD) who received an observed preventive service within response categories that
represent how often the provider self- reported delivering that service

Categories of provider self-reported service delivery

Always/often Sometimes Rarely/never
DDS preventive behaviors
Oral cancer screening 16.0 = 14.7 (98)* 12+1.7(2) 0
Smoking discussion® 8.6 + 13.6 (25) 11.1 + 14.5 (37) 10.1 = 15.1 (38)
Nutrition discussion 3.9 + 5.8 (28) 34 + 3.6 (43) 2.2 +4.0 (30)
Oral hygiene instruction 20.2 + 13.7 (98) 56 +£3.3(2) 0
DH preventive behaviors
Oral cancer screening 25.3 +33.7 (93) 1.1+27(6) 0@
Smoking discussion® 27.1 £ 29.0 47) 26.6 + 36.8 (39) 40.3 + 41.7 (14)
Nutrition discussion 13.7 + 13.4 (46) 6.2 = 9.8 (36) 42 +92(18)
Oral hygiene instruction 79.1 + 19.0 (99) 75.0 (1) 0

“Numbers in brackets are percent of providers who responded in that category. For example, 98% of dentists reported
Eroviding oral cancer screening always/often, yet only 16% of those dentists’ patients received an oral cancer exam.
Discussion about tobacco use was assessed only among patients who self-reported as current users or recent quitters

(n = 651).

with dentist visits when both have comparable
sensitivities and specificities. Similarly, the lower
specificities of CAs for oral examinations and oral
hygiene instruction among the hygiene visits
reduced the NPV for those procedures.

Table 3 shows the percent of observed patients
receiving preventive-related services by category of
provider self-report. After placing providers into
three categories based on their self-report of
frequency of preventive service delivery (always/
often, sometimes, rarely/never), we calculated the
mean percent of patients who actually received the
specific service from those providers. For example,
for discussions about diet or nutrition, 28% of
dentists reported always or often talking about this
subject to patients, yet on average, only 3.9% of
these dentists” patients received nutrition counsel-
ing in the observed visits. For some services (oral
cancer screening, nutrition discussion and oral
hygiene instruction), a gradient of service delivery
paralleled self-reported general frequencies, i.e.
providers who self-reported more frequent deliv-
ery of preventive services did provide those
services to a greater proportion of their patients
compared with providers who estimated lower
frequencies by self-report. For example, directly
observed nutrition discussions were most frequent
(13.7%) among DHs who were in the always/often
category, compared with the sometimes category
(6.2%) and the rarely/never category (4.2%). Over-
all, however, self-reported frequency categories
overestimated the actual service delivery. Such
overestimation occurred even for at-risk popula-
tions such as smokers, where comparisons between
self-report and direct observation about tobacco

use were considered only among current and
recent smokers (n = 651) rather than all observed
patients.

Finally, we compared the three data collection
methods for six preventive services. Fig. 1 shows
the percent of patients who received any of the six
services from either the dentist or hygienist as
documented from direct observation (observed)
and chart review (charted) compared with the
percent of providers who indicated they provided
the procedures almost always or often to their
patients (self-report). Thus, if 80% of the observed

Comparison of observed, charted and self-reported behaviors

100

| Self-report
80 O Observed
7 Charted

Percent

Behaviors

Fig. 1. Percent of patients receiving preventive services
from observed and charted data. Self-report represents
the percent of providers who indicated that they ‘almost
always’ or ‘often’ provided that service. For smoking
discussion, eligible patients were restricted to current
smokers or those who had quit within the past year.
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providers (who did in fact account for approxi-
mately 80% of all observed patients) indicated that
they always/often render a particular service, then
we would have expected to see close to 80% of the
total observed patients receiving that service. As
shown, strikingly fewer patients were observed or
charted as receiving these services. For all catego-
ries, self-report frequencies exceeded observed and
charted behaviors.

Discussion

We directly observed 3751 patient visits in 120
dental practices to assess the validity of commonly
used methods such as dental chart review, billing
data, or self-reports of practitioners compared with
the ‘gold standard’ of direct observation. The
dentists observed were similar in age, gender,
and practice years to those on the State of Ohio
registration list and the presenting case mix
included a wide range of procedures. We stan-
dardized the observation and abstraction methods
to obtain optimal measures from each of the
multiple data sources. Prior to this study, multiple
sources of routinely collected dental data had not
been compared with direct observation for reliabil-
ity or validity. We found that compared with direct
observation, charted information and BRs provided
a reasonable but generally lower estimate of
services that are single visit and reimbursable, but
substantially underestimate other nonprocedure
routine services, particularly those related to
prevention. Provider self-reported estimates of
performing six selected preventive-related services
overestimated the delivery of those services,
similar to reports in the medical literature suggest-
ing that self-report practitioner data consistently
overstates services provided (7, 8).

Validity measures are best determined in sam-
ples that reflect the occurrence of the targeted
condition (disease status or behavior) in popula-
tions where the screening test will be used (26).
This study was conducted in community-based
general dental practices, providing realistic
estimates of these measures from practitioners’
observed behaviors which included services with a
range of delivery frequencies. We made no attempt
to affect the data sources (i.e. the chart information
or BRs), but rather optimized the observation
methodology to provide the best possible, although
not perfect, gold standard for comparison. Because
the kappa values for inter-rater reliability demon-
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strated excellent or very good agreement among
the four observers, the multiple observer approach
did not negatively affect the multi-method concor-
dance determination.

For procedures, some categories of the PVC were
necessarily general in nature. For instance, oral
examinations included any activity that was used
to determine the oral health or status of a patient
from simple mouth mirror examinations to Diag-
nodent evaluation, while endodontic treatment
included procedures at any stage of treatment.
Where there was specific interest (as in prevention)
components were broken out and recorded sepa-
rately as well, i.e. fluoride treatments, sealants,
tobacco discussions, nutrition discussions, and oral
cancer screenings.

Several findings of this study may be important
to researchers investigating dental practice. The
sensitivity of the CA and billing data varied based
on the type of service when compared with direct
observation, while specificity was high for all
procedures. Hygiene visit CAs were generally
more sensitive and had greater PPV than the
dentist’s charts. Possible explanations may be
either longer visits allowing for additional charting
time or hygienist training that emphasizes more
consistent charting. Researchers can confidently
measure procedures using methods where the
sensitivity for those procedures was high, but must
appreciate the influence of its prevalence and
specificity when considering the predictive value
of the data source for that procedure. Thus, for
services that are delivered infrequently or not
reliably charted (i.e. lack of documentation does
not mean the service was not performed, such as
counseling services), existing data sources may not
be useful for accurately estimating service delivery.
For these services, future investigation will require
defining and standardizing the recording of those
services.

While absolute estimates from self-report data
were generally high, self-report and direct obser-
vation was often relatively similar, that is providers
who estimated they were performing services at a
higher level were observed doing so compared
with their colleagues. However, tobacco discus-
sions appeared to occur in approximately the same
proportion of smokers regardless of the provider’s
self-reported behavior. High self-report may indi-
cate that many providers are aware that provision
of these preventive services is desirable and have
the intention to perform them or believe they are
currently doing so. Although this first report



comparing direct observation to self-report is lim-
ited by the global frequency estimates given by the
provider, it suggests that further research on
survey methodology used to collect self-report
information from dental providers is warranted.
Further, it will be important to determine where
providers are along the pathway from awareness to
intentions to action, if efforts to improve preventive
service delivery are undertaken.

These concordance findings suggest that
strengths and weaknesses of data collection
methods must be considered when investigating
delivery of dental services especially when using
practitioner survey data. When chart abstraction is
used as a baseline for practice improvement, for
tracking trends in services, or for self-assessment,
researchers and practitioners need to be certain that
measured changes are real and not an artifact of
improved charting. Charting practices may need to
be enhanced and standardized among providers to
obtain the most accurate estimate of any service
when using chart abstraction, whether for research
or practice improvement. The validity of survey
data would be improved through the development
of questions about dental services for specific
patient populations with quantitative response
variables or through the use of weekly return
studies which use daily logs of provided services
(27). Finally, questioning patients about receipt
of services that are seldom charted may be useful
(10, 12).

There is likely to be concern about selection bias
in any Practice-Based Research Network based on
nonrandom sampling of eligible practices. While
this limits generalizability of findings until inves-
tigations are repeated in other geographic areas
with other samples, studies of sufficient size can
provide important data concerning what is actually
happening in practice. Although self-selected,
these practices appear to represent a wide range
of dental offices based on their demographic
profiles. The effect of direct observation on pro-
viders and patients is difficult to quantify and
cannot be completely removed. Observed dentists
and hygienists were unaware of the specific goals
of the study, and while providers may have
attempted to be on their ‘best behavior’, delivery
of many services was not optimal for the recorded
behaviors (e.g. prevention and comfort) (28) and
visit time limitations did not permit providers to
substantially alter their time with patients. Further,
previous studies in family medicine showed little
influence of observers’ presence during observed

Multi-method concordance with direct observation

visits (i.e. Hawthorne effect) (29). Finally, where
chart and observed frequencies differed, other
possible explanations include observers missing
or misclassifying the procedure, misclassification
of chart abstraction or charting of a task that the
provider did not perform.

In conclusion, this comparison of data collected
using multiple methods can be used to determine
which data sources are best suited to collect
different types of practice information depending
on their purpose. Researchers using these data can
decide which methods are best suited to study
specific services. Primary and secondary preven-
tive services appear to be more challenging to
accurately assess through standard data collection
methods than many other services. Because self-
care knowledge is important to oral health (30)
and is transferred to patients through preventive
counseling in the dental care setting, appropriate
methods to measure preventive counseling are
critical to the evaluation of interventions designed
to enhance the effectiveness of counseling on
patient’s self-care regimens.
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