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Introduction
Evidence based medicine has become the standard for modern clinical practice, i.e. physicians 

are expected to deliver care according to the latest insights. Keeping up to date with the latest re-

search �ndings and clinical evidence is however hardly feasible in daily practice. �erefore litera-

ture reviews and guidelines are published, and clinical prediction and decision rules are developed 

to support the utilization of the latest evidence in clinical decision making. 

Several aspects of supporting clinical decision making are discussed in this thesis. First the 

use of an electronic medical record (EMR) in general pediatrics is evaluated. Electronic medical 

records are increasingly being adopted and may play an important role in the provision of clinical 

decision support. Second, the development of clinical prediction rules for the diagnostic manage-

ment of febrile children is described. Finally the integration of an EMR and a clinical decision 

rule in a clinical decision support system, used in a pediatric hospital emergency department, is 

presented. 

�e overall aim of the studies described in this thesis was to investigate the diagnostic process 

of (febrile) children presenting to the pediatric emergency department, and to describe aspects of 

this process as a base for clinical decision support systems.

�e febrile child
Fever is among the most common presenting signs of illness in children attending hospi-

tal emergency departments (EDs). Between 10 and 20 percent of all pediatric visits to hospital 

EDs are due to febrile illness (1-3). Fever in young children causes concern among parents and 

caregivers, and is a diagnostic dilemma for general practitioners and pediatricians (4). Although 

most children will have a benign, self-limiting viral disease, a small proportion will have a serious 

bacterial infection (SBI). Especially young children with fever without apparent source (FWS), 

seem to be at risk for SBI (5, 6). FWS is de�ned as a body temperature � 38°C and no apparent 

source of the fever after history taking by a pediatrician (6). At the ED of the Sophia Children�s 

Hospital, 12% of the children with FWS was diagnosed with a SBI, of whom 50% had pneumonia, 

25% urinary tract infection, and 25% other SBIs (e.g. meningitis, sepsis, bacterial gastroenteritis). 

�e majority of 88%, however, was diagnosed with benign viral disease, mostly (60%) a viral upper 
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respiratory tract infection, or a viral gastroenteritis (15%). �e di�erentiation of children with SBI 

from the vast majority of children with benign illness is a daily challenge for pediatricians working 

in hospital EDs as clinical presentation is often a-speci�c (7, 8).

Over the past decades the management of febrile children has been subject of discussion, 

and various management strategies were proposed against a background of the introduction of 

new vaccines targeted at pathogens responsible for SBI (7, 9-12). For example, after the introduc-

tion of the conjugate vaccine against Haemophilus in�uenza type B (Hib) in the 1990�s, the rate 

of (occult) bacteremia and SBI due to Hib in young children decreased signi�cantly (12-14). A 

further decrease in incidence of SBI is to be expected with the introduction of a conjugate vaccine 

against Streptococcus pneumoniae; an important causative pathogen of pneumonia and meningitis 

(15). �is knowledge warrants a continuing appraisal of the diagnostic process for febrile children 

attending the hospital ED. A more selective diagnostic policy in febrile children seems to be justi-

�ed. �e decreasing risk of SBI but the possible serious consequences of missing an SBI compli-

cates the diagnostic process even more. 

Electronic Medical Record
To date, paper-based medical records are still the usual medium for recording and collecting 

patient data by health professionals. Several drawbacks of the paper record have however been 

identi�ed, such as illegible handwriting, incomplete records, data fragmentation, and poor avail-

ability (16). In addition, paper records often lack overview, which may threaten the continuity and 

quality of care.

Implementation of an Electronic Medical Record (EMR) has the potential to improve the 

quality of patient care as it may enhance availability, readability, and data quality (17). As most 

potential bene�ts of an EMR rely on structured, coded data, the use of structured data entry is 

preferable to the use of free-text. Structured data entry (SDE) applications may o�er additional ad-

vantages as they can: prompt for completeness, provide a better ordering for lookup and retrieval 

of patient information, and perform validity checks on recorded data. Furthermore, structured 

patient data may facilitate clinical research and the application of computerized clinical decision 

support (16-18).

Despite the potential bene�ts, user acceptance will be the major barrier in implementing an 
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EMR. Documenting patient data in a structured format will put an extra burden on already busy 

physicians working under time constraints. Hence, the advantages of structured patient data must 

outweigh the disadvantages of documenting the data in a structured format (19). Functionality and 

user interface are therefore crucial for successful implementation (20, 21).

In this thesis the use of a structured data entry application (OpenSDE) for the documentation 

of patient history and physical examination is discussed. We will focus on the completeness of 

documented patient information as compared to the documentation of the same information in a 

paper record, and the feasibility of an EMR in clinical pediatric practice (aim 1). Furthermore, the 

uniformity in documentation of the same patient data by di�erent physicians is evaluated (aim 2).

Evidence, guidelines and clinical decision rules
Clinical decisions regarding diagnostic and therapeutic strategy are made on a daily basis by 

physicians. Decision making in medicine is often a complicated process, driven by patient and 

population characteristics, clinical �ndings, physician�s experience, and available knowledge or 

evidence regarding the problem at hand. Di�erences in these determinants may lead to variation 

and inconsistencies in decision making in comparable clinical situations.  

�e practice of �evidence based medicine� (EBM) has received increasing attention during 

the past ten years and has become the standard in modern medicine. One of the many de�ni-

tions states that EBM is �the conscientious, explicit, and judicious use of current best evidence in 

making decisions about the care of individual patients. �e practice of evidence based medicine 

means integrating individual clinical expertise with the best available external clinical evidence 

from systematic research� (22). Evidence can be implemented in clinical practice in di�erent ways, 

for example by developing a clinical practice guideline. Guidelines are de�ned as: �systematically 

developed statements to assist practitioner and patient decisions about appropriate healthcare for 

speci�c clinical circumstances� (23). More speci�cally, a clinical prediction rule may be developed 

to estimate the probability of a certain diagnostic outcome being present, for which patients need 

a speci�c diagnostic work-up. When the result of a prediction rule is linked to a management 

recommendation, it becomes a clinical decision rule (CDR): �a clinical tool that quanti�es the 

individual contributions that various components of the history, physical examination, and basic 

laboratory results make towards the diagnosis, prognosis, or likely response to treatment in an 
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individual patient� (24). A CDR can thus be viewed as an individualized guideline, taking patient 

speci�c characteristics into account.

�e development of a CDR consists of several steps (24, 25). First the need for a CDR for a 

speci�c clinical practice problem must be determined; is there a clinically signi�cant problem? Are 

there inconsistencies in clinical practice? Does practice e�ciency need to be improved? Secondly, 

the outcome and predictor variables must be de�ned. In the case of febrile children, pediatricians 

are interested in presence of a serious bacterial infection (SBI), which requires immediate atten-

tion and treatment. From experience and literature potential predictor variables for the presence 

of SBI are selected, such as age, temperature and duration of the febrile episode (1, 5, 6, 8, 26). �e 

value of a potential predictor variable is not judged on whether the association between the char-

acteristic and the outcome of interest (e.g. SBI) is statistically signi�cant in a group of children, 

but on the predictive value of that characteristic in an individual child, i.e. if the characteristic is 

present, how likely is it that this individual child has SBI? (27). A clinical prediction rule should 

be derived based on systematic clinical observations and measurements (28). Accuracy, reliability 

and discriminative ability of the CDR are determined using the dataset on which the CDR was 

developed, called internal validation. Before the CDR can be widely implemented, it should prove 

to be both accurate and reliable during prospective validation in a broad clinical setting, called 

external validation (29, 30). 

In this thesis we will discuss the development of clinical prediction rules for speci�c diagnostic 

problems in febrile children attending the hospital ED (aim 3 and 4), as well as methodological is-

sues regarding modeling strategies in diagnostic research (aim 5).

Clinical Decision Support Systems
When a clinical decision rule (CDR) has proven to be valid and reliable in a broad clinical 

setting, this does not necessarily mean that the implementation will be successful. �e rule will 

be successful if positive e�ects on patient or process outcome are observed, or when practice 

e�ciency has improved (31). Guidelines and CDRs are mostly presented as paper �owcharts that 

still require the physician to assess whether a certain �owchart applies to a particular patient, and 

if so, what the implications are given the patient�s characteristics and test results. Moreover, it 
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takes approximately �ve years for a guideline to be adopted in clinical practice, and when adopted, 

guidelines are often not followed (31, 32). For example, more than 99% of the Canadian emergency 

physicians reported to be familiar with the Ottawa ankle rule, but only 30% was able to correctly 

remember the components of the rule. Meanwhile, 90% reported using the rule most of the time, 

but only 40% based their decision to order radiography on the rule (33).

Clinical decision support systems (CDSS) are developed to bring clinical evidence to the point 

of care, i.e. the consultation room or the patient�s bedside. 

Many de�nitions of CDSS have been proposed (34, 35). In general a CDSS can be viewed upon 

as a computer system that integrates patient characteristics and available knowledge to provide a 

patient speci�c advice on diagnostic or therapeutic management at the time of physician deci-

sion making. Patient information should therefore be instantaneously available in an electronic, 

computer interpretable format, and the knowledge should be integrated as readily executable 

algorithms. 

A CDSS can have many di�erent functions, from �agging abnormal laboratory values to a com-

plicated, algorithm driven patient speci�c advice on diagnostic or therapeutic management. A few 

examples of CDSS-functionality in pediatric care are given below:

�	 Providing alerts or reminders: A well known example of an alert is a laboratory system �ag-

ging values outside a (age-speci�c) normal range. An example of a reminder-system is the 

computerized generation of a reminder for scheduled immunizations. Parents who received an 

automatically generated reminder for scheduled immunizations (telephone message or letter) 

were 20% more likely to immunize their child than parents who did not receive a reminder (36).

�	 Interpretation of diagnostic tests:  Automated ECG interpretation is a common feature of ECG-

acquisition devices nowadays in adult and pediatric care. Computer interpretation may reduce 

the incidence of ECG interpretation errors and decrease the time necessary to interpret an 

ECG (37). 

�	 Supporting di�erential diagnosis: An example is ISABEL; a web based di�erential diagnostic aid 

for pediatrics. ISABEL showed good clinical accuracy, by displaying the �nal diagnosis in 83 out 

of 87 real cases (95%) (38). �e system however, does not so much generate an advice or alarm, 

but rather combines clinical characteristics with possible diagnoses.

�	 Generation of management suggestions or advice: In this thesis we will provide an example of a 
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CDSS that provides a patient-speci�c diagnostic management advice based on predicted diag-

nostic outcome in children with fever without apparent source. 

Key features of a CDSS to become successful were recently described: A CDSS should provide 

decision support as part of routine work�ow, use a computer system to generate decision support, 

provide actionable recommendations rather than risk indications, and deliver decision support at 

time and location of decision making (39). Directive decision rules seem to be more e�ective than 

assistive, i.e. an explicit patient speci�c recommendation should be given rather than a probability 

(40). As a CDSS uses clinical evidence (e.g. a CDR), to generate these patient speci�c recommenda-

tions, the e�ectiveness of a CDSS will be limited by the validity of the evidence base that is used 

(41).  

In this thesis, two clinical decision support systems are evaluated: the �rst CDSS supports ED-

nurses in determining the clinical urgency of patients attending the ED, and to subsequently man-

age the patient �ow based on clinical urgency. �is CDSS, the Manchester Triage System, was not 

speci�cally developed for determining clinical urgency in a pediatric population. We will discuss 

the validity of this CDSS in pediatric patients (aim 6). �e second CDSS estimates the risk of SBI in 

young children with fever without apparent source attending the ED, and then provides a patient-

speci�c diagnostic management advice. We will focus on compliance with the CDSS and e�ects of 

CDSS application on time spent in the ED by patients and the frequency of diagnostic testing (aim 

7). 
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Aims of the studies presented in this thesis were:

1.	T o compare the completeness and uniformity of patient data in an electronic medical record 

and in a paper record, and to study the feasibility of an electronic medical record in general 

pediatrics.

2.	T o analyze the uniformity in structured documentation of the same patient data, by di�erent 

physicians using a structured data entry application.

3.	T o develop a clinical prediction rule for pneumonia in children presenting with fever and 

cough.

4.	T o assess the diagnostic value of C-reactive protein in the diagnosis of febrile children.

5.	T o predict diagnostic outcome in children with fever without apparent source in the pediat-

ric emergency department, and to compare the use of polytomous regression analyses with 

sequentially applied multivariate modeling strategies to predict diagnostic outcome.

6.	T o validate the Manchester Triage System in a pediatric population.

7.	T o assess the e�ects of application of a clinical decision support system for the diagnostic man-

agement of children with fever without apparent source.

Outline of this thesis
In the �rst part of this thesis (Chapter 2 and 3) the use of an electronic patient record with 

structured data entry, for documentation of patient history and physical examination is described. 

In Chapter 2 a qualitative and quantitative comparison is made between documentation of patient 

data in an electronic and in a paper record. In Chapter 3 the uniformity in documentation of the 

same patient data by di�erent physicians using structured data entry are described.

In the second part of this thesis, the development and (internal) validation of clinical prediction 

rules is described. In Chapter 4 a speci�c clinical prediction rule is developed for children present-

ing with fever and cough, to predict the presence of pneumonia. In Chapter 5 the (added) diagnos-

tic value of C-reactive protein for diagnosing febrile children is assessed. In Chapter 6 the use of 

polytomous regression modeling to improve the diagnostic ability of a prediction rule is discussed. 
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Prediction rules for the presence of serious bacterial infection in children with fever without source 

are developed using di�erent regression modeling strategies. 

In Chapter 7 and 8, two clinical decision support systems, used in the pediatric emergency 

department are evaluated. In Chapter 7 the Manchester Triage System, used in the ED to support 

the determination of a patient�s urgency level, is validated. In Chapter 8, the compliance with and 

e�ects of utilization of a clinical decision support system for the diagnostic management of young 

children with fever without apparent source are described. 

In Chapter 9 the results of the studies presented in this thesis are summarized and future re-

search perspectives are discussed. In Chapter 10 the study results presented in this thesis are sum-

marized in Dutch.
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Abstract
Background. Implementation of Electronic Medical Record (EMR) systems promises signi�cant 

advances in patient care as it enhances readability, availability, and data quality. 

Structured data entry (SDE)-applications can prompt for completeness, provide a higher level 

of accuracy and better ordering for lookup and retrieval, and permit validity checks for data quality, 

research and especially decision support.

A generic structured data entry application (OpenSDE), to support documentation of patient 

history and physical examination was developed and tailored for the domain of general pediatrics. 

Objective. To evaluate OpenSDE for its completeness, uniformity of reporting, and its usability 

in general pediatrics.

Methods. Four (trainee) pediatricians documented data of 8 �rst visit patients in the traditional 

paper-based medical record, and immediately thereafter in OpenSDE (electronic record). �e 32 

obtained paper records served as common data source for data entry in OpenSDE by the other 

three physicians (transcribed record). Data entry by two experienced users, containing all patient 

information present in the paper record, served as control record.  Data entry time was recorded, 

and a questionnaire was used for users� experiences with OpenSDE.

Results. Clinicians documented 44% of all available patient information identically in the paper 

and electronic record. 25% of all patient information was documented only in the paper record, and 

31% was present only in the electronic record. Di�erences were found in documentation of patient 

history and physical examination in the electronic record: more information was missing in patient 

history (38%) compared to physical examination (15%). Furthermore, physical examination con-

tained more additional information (39%) than patient history (21%).

�e inter-observer agreement of documentation of patient information from the same data 

source was fair to moderate with kappa values of 0.39 for patient history and 0.40 for physical ex-

amination.

Data entry time in OpenSDE decreased from 25 to less than 15 minutes, indicating a learning ef-

fect. �e questionnaire revealed a positive attitude towards the use of OpenSDE in daily practice.

Conclusion. OpenSDE seems to be a promising application for the support of physician data 

entry in general pediatrics.
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Introduction  
Several weaknesses of the paper-based medical record have been identi�ed, such as illegible 

handwriting, ambiguous and incomplete data, data fragmentation, and poor availability (1). In addi-

tion, the paper record often becomes bulky with time, which leads to lack of overview.  As the paper 

record is still the usual medium for collecting and recording patient data, these weaknesses could 

impede the continuity and quality of care.

Implementation of Electronic Medical Record (EMR) systems promises signi�cant advances in 

quality of patient care as it may enhance readability, availability, and data quality (2). 

In an EMR the use of structured data is preferable to free-text, as most bene�ts of EMRs rely on 

structured, coded data. Structured data entry (SDE) applications can prompt for completeness, pro-

vide better ordering for lookup and retrieval, and permit validity checks for data quality, research, 

and especially decision support (1-3).

Despite potential bene�ts, user acceptance will be the major barrier in implementing EMR sys-

tems, as clinicians will face a change in their practicing habits. �e advantages of coded data must 

outweigh the disadvantages of capturing such data for SDE to become successful in clinical practice 

(4). Functionality and user interface will therefore be crucial for successful implementation (5, 6).

A generic SDE-application for documentation of narrative data was developed (OpenSDE), and 

then tailored for the recording of patient history and physical examination in the domain of general 

pediatrics, a broad specialty (7). �e purpose of this study is to analyze the pediatric OpenSDE for 

its completeness, uniformity of reporting, and applicability in pediatric outpatient care. 

Materials. 
OpenSDE has been developed at the Erasmus Medical Center, department of Medical Infor-

matics, to support the structured recording of patient data in any medical domain (8). 

To record patient history and physical examination, OpenSDE uses a tree of medical concepts 

that represent the available descriptive options. Each node in the tree is described in further detail 

by the nodes of its branches. A sequence of nodes represents a clinical ��nding� (e.g. a cardiac mur-

mur is described by the sequence physical examination/chest/heart/auscultation/ murmur, Figure 

1). �e tree of general pediatrics consists of 8,648 nodes with a maximum depth of nine rami�-

cations. Patient history contained 6,312 nodes, and physical examination 2,336. �e principle of 

OpenSDE is that a generic application is used for di�erent domain speci�c tree structures (e.g. the 
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pediatric cardiologist uses a tree which is more detailed for cardiac history and physical examina-

tion than a general pediatrician).

When recording patient data, OpenSDE displays the tree of clinical �ndings on the left and 

the descriptors (e.g. the branching nodes) of the selected clinical �nding on an entry form on the 

right side of the screen (Figure 1). A comment can be added to any �nding or description, thereby 

facilitating the use of free text. �e user can also de�ne custom entry forms that may contain a 

user-de�ned selection of nodes in the tree for a speci�c medical problem or task.

Prior to this study, data of 100 existing paper-based pediatric medical records were entered in 

OpenSDE by experienced users to evaluate ordering and coverage of a tree that was previously de-

veloped for the domain of general pediatrics (7). Adjustments were made to improve the usability 

of the application in practice, consisting of re-arranging and completing the tree-structure, and 

adding prede�ned, visible (versus on demand) entry �elds for free-text comments. 

Methods.
Two pediatricians and two senior residents in pediatrics voluntarily followed a short standard-

ized education-course on the use of OpenSDE. �ey had never worked with OpenSDE before. In 

the outpatient department of the Sophia Children�s Hospital, they all documented data of 8 �rst-

contact patients (e.g. patients referred to the pediatrician for the �rst time by their general practi-

tioner) in the regular pediatric paper-based medical record, the �paper record�. Immediately after 

departure of the patient, the same patient information was entered in OpenSDE, the �electronic 

record�. �e electronic record was made after departure of the patient to avoid a �checklist-e�ect�, 

resulting in incomparable data (9). �e participants were aware that the electronic records were 

not to be used for patient-care, as the paper record was still the standard.

Methods for comparing paper records with electronic records are not readily available (10). 

We did not endeavour to compare the paper and electronic record with a patient-based gold 

standard. �erefore, the paper record was transcribed into a control record containing all writ-

ten information. Two experienced OpenSDE-users (JR, AvG) independently determined which 

clinical �ndings, documented in the paper record, could have been entered as structured data in 

OpenSDE by the participants. Findings in the paper record that could not be structured were en-

tered as free-text. �ese two entries were compared to reach consensus on an optimal electronic 

record, containing all information present in the paper record, serving as �control record�.
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In addition, each (anonymous) handwritten paper record was entered in OpenSDE by the 

other three physicians, the �transcribed record�. Of each record (paper, electronic, and tran-

scribed) we assessed the number of entered details and free-text annotations, and data entry time. 

We corrected data entry time for number of entered details. IRB review was not required.

�e participants received a questionnaire, based on the validated Questionnaire on User Inter-

face Satisfaction (QUIS), a general user evaluation instrument for interactive computer-systems, 

to obtain their subjective opinion on the usage of and experiences with OpenSDE. Four major 

topics (content, lay-out, system, and general response) were rated on a six-point scale (11).

�e collected data were used to analyze 

�	S imilarities and di�erences regarding which patient data were documented in the primary 

paper record versus those entered in OpenSDE, comparing the electronic and control record in 

each case. 

�	I nter-observer agreement in describing patient information from a paper record in an EMR, 

comparing the transcribed and control records in each case for presence of information.

�	U sers� experiences with OpenSDE, and data entry time during the research period (learning-ef-

fect)

Results
32 paper records and a total number of 155 OpenSDE records were obtained: 32 electronic 

records by primary physicians, 91 transcribed records (5 missing) and 32 control records. 

Similarities and di�erences between the electronic and control record

On average, a total number of 212 �ndings were entered for each case. Table I shows the average 

proportion of all entered patient information present in the electronic record, the control record, 

or both. 

In the electronic record, compared to the control record, patient history lacked more informa-

tion (38%) than physical examination (15%). In addition, physical examination in the electronic 

record contained more additional information (39%) compared to the control record than patient 

history (21%). 
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Uniformity of data entry from a common data source

On average three transcribed records were made from each paper record by di�erent physi-

cians. On average 135 (95%CI 56-214) �ndings were recorded in the transcribed records. Table 

II shows to what extent physicians have entered the information available in the paper record, 

have entered additional information, and how much information was missing in patient history 

and physical examination respectively. In the transcribed records, 67% (patient history) and 84% 

(physical examination) of the information was documented by at least 2 participants uniformly. 

Eighty-one percent of the additional information (i.e. information present in the transcribed 

record, but absent in the control record) in patient history and seventy-two percent in physical 

examination was entered by only one participant. All transcribed records missed information and 

contained extra information, the amount of missing and extra information di�ered.

On average 39% of the missing information in patient history was missing in one of the three 

transcribed records whereas in physical examination 66% was missing in one of the three tran-

scribed records. On the other hand, 29% of the missing information in patient history and 14% of 

the missing information in physical examination was missing in all three transcribed records. �e 

average inter-observer agreement statistic (kappa) was 0.39 (95%CI 0.25-0.53) for patient history 

and 0.40 (95%CI 0.28-0.51) for physical examination.

* values represent number of �ndings (percentages)
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Use of free text

�e use of free text is shown in Table III. Free text is divided into free text that could have been 

entered in a structured way in OpenSDE (incorrect use of free text), and free text that could not 

have been entered in OpenSDE, because the tree did not contain the nodes to express the �ndings 

involved (correct use of free text). Each transcribed record contained on average 18 free text entries, 

while a mean of 212 �ndings were recorded. 27.7% of the free text entries were incorrect.   

Users� experiences with OpenSDE and data entry time

Four major topics were questioned: content, layout, system and general response. All partici-

pants returned the questionnaire. �e content of patient history as well as physical examination 

was found to be complete or very complete. Arrangement, legibility of characters and navigation 

through the tree were all judged as good or very good. �e system used during the research period 

* values represent mean percentage (95% CI)

* numbers represent average number of free text entries per case (percentages)
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was found to be reliable, easy to learn and use, and the participating physicians shared the opinion 

that data entry could be performed fast enough.

Data entry time was recorded for both the electronic and transcribed record, and was correct-

ed for number of entered �ndings. �e mean data entry time of the �rst four electronic records 

was 24:22 minutes (range 11:17�50:54). �e second four records took on average 21:50 minutes 

(range 08:57-54:34).

�e mean data entry time for the �rst eight transcribed records was 26:42 minutes (range 

10:32-50:50min). �e last eight transcribed records took on average 17:46 minutes per case (range 

09:43-30:29min). �e average duration of documenting patient data in the paper-based record was 

approximately 9 minutes.

Discussion
�e �rst objective of this study was to compare current documentation in the control record 

with electronic documentation of the same information in OpenSDE. �e electronic record 

contained more patient information than the control record. In the electronic record, physical ex-

amination contained more additional information than patient history. In patient history, however, 

more information was missing than in physical examination. �is could be explained to a great 

extent by the nature of information that is recorded in patient history and physical examination. 

Patient history contains the patient�s narrative whereas physical examination generally consists of 

objective measures and observations, registered in a systematic way. Structured data entry might 

therefore be more suitable for documentation of physical examination (i.e. objective data) than 

for patient history (i.e. subjective data). Walsh states that, as narratives are essential to a patients� 

episode of illness, computers should enable clinicians to capture these narratives easily (12). For 

e�cient capture of physician gathered information, one could consider using a less detailed tree-

structure for recording patient history than for physical examination in OpenSDE (13).

�e presence of 31% additional information (in the electronic versus the control record) is 

probably due to fact that primary physicians made the electronic record immediately after having 

seen the patient. �e nature of structured data entry might be inviting to record more detail (9). 

�e tree structure seems to serve as a reminder about available descriptive options and the entry 

forms provide further detail. For example, when the remark �abdomen no abnormalities� or �heart 

sounds normal� was made in the paper record, this was often further speci�ed in the electronic 
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record (e.g. instead of �heart sounds normal�, �normal rhythm, 1st heart sound normal, 2nd heart 

sound normal, cardiac murmur absent� was recorded). �ese �ndings may be of higher �quality�, 

but also of less importance. Furthermore, the experimental setting itself, and the fact that physi-

cians were not distracted during documentation in the EMR, could have promoted more detailed 

data entry, leading to information bias. 

�e 25% of the patient data that was found only in the control record mostly involved concepts 

requiring relatively much navigation to enter in OpenSDE, but were easy to document on paper. 

For example, medical history was often present in detail in the paper record, whereas in the elec-

tronic record less detailed free-text was often used, although structured options for description of 

medical history were readily available. 

�e second objective was to assess the uniformity of reporting in the transcribed records. �e 

inter-rater agreement statistic kappa was 0.39 (CI 0.25-0.53) for patient history and 0.40 (CI 0.28-

0.51) for physical examination respectively. Although this indicates a fair to moderate strength of 

agreement, it also points out that recording data using structured data entry as currently imple-

mented, even in an arti�cial environment, does not necessarily improve uniformity in coverage. 

In patient history more information was missing in two or three transcribed records of one 

case than in physical examination. Most of the missing information concerned detailed, clini-

cally less relevant information (e.g. number of days attending nursery, occupation of the parents). 

�is detailed information required relatively much navigation and was therefore di�cult to �nd, 

and document in OpenSDE. �e information absent in the transcribed records could have been 

forgotten or neglected. An explanation could also be that free text in the paper records was found 

illegible by the participants, resulting in less complete documentation in the transcribed records. 

Fifty-three out of the ninety-one transcribed records contained on average two �ndings (1.5% of 

135 �ndings) con�icting with the control record. It is unclear whether these discrepancies were 

due to misinterpretation, or erroneous transcription.

Twenty-eight percent of the free text entries could have been entered in a structured way. 

Mostly, these entries concerned the use of free text on a level, high in the tree, where participants 

were able to document their �ndings quick and easy, at the cost of structured entry of the same 

information. For example, one physician documented the presence, duration and setting of wheez-

ing as free text, whereas the same information could have been entered in a structured manner 

(Figure 2). Seventy-two percent of the free text entries were correct, i.e. no structured options 
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were available. Mostly, these entries concerned narrative information as, for example, a descrip-

tion of eating habits in a child with constipation.

Structured data entry applications have already proven to be valuable in concise subject areas 

like sonography, radiology and endoscopy (14-18). Rosenbloom reports that documents generated 

with SDE contained 64% more concepts compared to documents generated with a standard dicta-

tion/transcription model (18). Kuhn et al. reported that for the description of a technical examina-

tion (i.e. upper abdominal sonography) there is evidence of superiority of a structured approach 

over free-text dictation (17). In broad specialties, like internal medicine or general pediatrics, the 

drawbacks of capturing a patients� narrative in coded data may not readily be outweighed by even-

tual advantages. As structured data entry by nature limits individual expression, free text should 

not be fully replaced by SDE (3, 13, 19). 

A learning e�ect could be identi�ed in data entry time, using OpenSDE. Physician data 

entry has proven to be a major barrier in implementation of EMRs (13, 19, 20). To be success-

ful in clinical practice, the time spent on documenting patient data in an EMR must therefore be 

minimized. However, structured data entry may require extra e�ort  (4). Initially, data entry-time 

was increased due to unacquaintedness with OpenSDE. As the average duration of documenting 

patient data in the paper record was 9 minutes, it was still faster than OpenSDE. However, the 

latter contained on average more information, and not all functions in OpenSDE to facilitate data 

entry were used in this study (e.g. templates, customized entry forms).

For EMRs to be accepted in clinical practice they must meet the demands of their user: the 

physician (4-6). �e results of the Questionnaire on User Interface Satisfaction revealed a positive 

attitude towards the use of OpenSDE. All participating physicians shared the opinion that data 

entry could be performed fast enough. �e general response was that OpenSDE could be very use-

ful in clinical practice. 

Currently OpenSDE functionality is being implemented in our Hospital Information System, 

following a pilot in the pediatric emergency department. Explicit information was extracted from 

OpenSDE to generate reports. 

Conclusion
�e electronic records contained approximately 65% of all patient information that was pres-

ent in the control record. Physical examination was found to be more complete and contained 
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more additional information than patient history, indicating that structured data entry is more 

suitable for documentation of objective data. �e participating physicians had a positive attitude 

towards the use of an SDE-application, a conditio sine qua non for successful implementation. 
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Figure 1.

Screen capture OpenSDE:

�e left bottom side of the interface shows the tree of medical concepts and descriptive op-

tions. �e right side of the screen displays an entry form representing the descriptive options for 

the selected concept in the tree (�cardiac murmur�). �e left upper side presents an overview of 

entered data.
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Figure 2.

Screen capture of entry form for �wheezing� :

Example of free text documentation (upper left) and structured documentation (lower right) 

of the same information. Both contain overlapping and non-overlapping information. Free text 

that is also present in the structured information �eld, represents incorrect use.
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Abstract
Objective: OpenSDE is an application that supports structured recording of narrative patient 

data to enable use of the data in both clinical practice and clinical research. Reliability and accu-

racy of collected data are essential for subsequent data use. In this study we analyze the uniformity 

of data entered with OpenSDE. Our objective is to obtain insight into the consensus and di�er-

ences of recorded data.

Methods: �ree pediatricians transcribed 20 paper patient records using OpenSDE. �e tran-

scribed records were compared and all recorded �ndings were classi�ed into one of six categories 

of di�erence.

Results: Of all �ndings 22% were recorded identically; 17% of the �ndings were recorded di�er-

ently (predominantly as free text); 61% was omitted, inferred, or in con�ict with the paper record. 

Conclusion: �e results of this study show that recording patient data using structured data 

entry does not necessarily lead to uniformly structured data. 
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Introduction
Many potential advantages of electronic patient records (EPRs), such as availability of patient 

data for clinical research, decision support, or quality assessment(1, 2), require data to be repre-

sented in a structured manner(3, 4). Structured Data Entry (SDE) is a method by which clinicians 

record patient data directly in a structured format. SDE involves prede�ned �elds for data entry. 

Advantages of this approach are: data are structured at the source, without requiring interven-

tion or correction rounds; data are more uniform; prede�ned entry �elds may predispose users to 

record data in more detail; and SDE o�ers the possibility of enhancing the quality of data(5). 

SDE remains challenging to apply for medical narratives, as data vary per domain, per  patient, 

and over time(6-8). �e medical narrative comprises the medical history, physical examination, 

progress notes, and reports on additional tests and interventions(9). �e narrative is a combina-

tion of patient narrated and clinician-observed data. 

Our objective is to support structured recording of narrative data (in multiple medical 

domains) to enable use of the data in both clinical practice and clinical research. �erefore, we 

developed OpenSDE(10) as an application that o�ers structured data entry in a variety of settings. 

OpenSDE supports data entry using customizable entry forms based on domain-speci�c trees. 

OpenSDE is available in open source(11).

Although OpenSDE supports structured data entry, suggesting that data are structured 

uniformly, the actual concordance in data representation has not yet been explored. Reliability 

and accuracy of collected data are pivotal if data will be collected over long periods of time and 

by di�erent users(12, 13).�erefore, in collaboration with our hospital�s pediatric department, we 

analyzed the uniformity of recorded data when OpenSDE is used to transcribe data from the same 

data source. Of interest in this qualitative analysis is whether recording data using OpenSDE by 

de�nition leads to uniformly structured data. Obtaining insight into the consensus and di�erences 

in data recorded with OpenSDE is particularly important when retrieving routinely collected data 

for clinical research purposes (14). Uniformity in data entry facilitates data extraction and lookup: 

if the same data are recorded in di�erent manners by di�erent clinicians the chance of �nding the 

data (in a particular place in the record) becomes smaller. If, for example, one clinician records a 

penicillin allergy in a structured manner and another clinician records this as free text comment 

in patient history, both places must be checked to see if a patient is allergic to penicillin. �is 

problem becomes even larger when data can be recorded as free text anywhere and one does not 
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know in advance where to expect particular data. Data can easily be overlooked and the chance for 

duplicate data recording also increases. Look up may take more time and increase the workload 

on clinicians which can lead to a decrease in the quality of patient care and a lower success rate of 

the implementation of OpenSDE(15).

�e purpose of this study is to provide qualitative insight into how data are recorded. It is 

important to understand how to format information to make data easier to �nd and clearer to 

interpret (16). We need to understand if the current format that we o�er clinicians to record data 

leads to uniformity. If OpenSDE invites users to record the same data in exactly the same manner, 

retrieval and look up will be more predictable and easier to do for the user. If OpenSDE does not 

lead to uniform data representation we need to investigate what di�erences occur and how these 

di�erences can be minimized.
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Materials
A. OpenSDE

OpenSDE is an application for structured recording of narrative sections of the patient record. 

�e principle of OpenSDE is that clinicians can traverse a tree of prede�ned medical concepts 

and select those concepts that correspond with the relevant medical observations. �e content of 

such a tree is domain speci�c and we refer to the tree of medical concepts as a domain model. In 

this tree structure, the nodes represent medical concepts and the path from the top of the tree to a 

particular node represents the context of a node(10).

Clinicians can select a node in the tree, and the application will display a form associated with 

this node alongside the tree, as shown in Figure 1. Each form presents the selected concept and 

the corresponding descriptors (branching nodes) of the concept(17). For the concepts presented 

on the entry forms, users may indicate whether or not the concept applies (present, absent, or 

unknown) or, when relevant, record a speci�c value (numerical, temporal or free text). Symptoms 

can be described more than once in the context of progression over time, di�erent circumstances, 

or multiple occurrences. OpenSDE also supports the use of free text for particular details not 

covered by the content of the domain model. Users can create custom entry forms (using an inte-

grated form editor) to suit their individual data entry preferences(10, 18).

�e pediatric domain model used in this study was created by modelers with a background in 

pediatrics (second author) and medical informatics (third author). Prior to this study, experienced 

OpenSDE users recorded data of over 100 pediatric paper records in OpenSDE to evaluate the or-

dering and coverage of the pediatric domain model. �e model was then altered to improve both 

ordering and coverage, as well as to facilitate data entry(19).
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Methods
A. Data entry from a common data source

At our pediatric outpatient department we recruited three pediatricians. Prior to this study, 

the experience of these pediatricians consisted of a standardized course on the use of OpenSDE in 

general pediatrics and documentation of ten �rst-contact patients in OpenSDE. 

We randomly selected 20 handwritten paper patient records created for �rst-contact patients 

at the pediatric outpatient department. �ese records belonged to patients that were not under 

care of any one of the three pediatricians involved in this study. We chose �rst-contact patients 

as intake and physical examination data for these patients are fairly standardized. Although the 

patient data are recorded as free text in the paper records, the data are written on semi-struc-

tured forms that contain headings such as �family medical history�, �birth history�, �allergies�, and 

�neurological examination� at which the corresponding medical �ndings can be recorded. Due to 

this �structure� the paper records were comparable in format, degree of detail, and in amount of 

data content. We expected that data entry by three clinicians would provide good insight into the 

nature of di�erences in data representation.

�e three pediatricians transcribed the 20 paper records in OpenSDE, creating a data set of 60 

transcribed records. �e pediatricians were informed about the goal of the study, and knew that 

the transcribed records would be analyzed.

B. Consensus and di�erences

Our main interest in this study is the consensus and di�erences in the representation of struc-

tured patient data. �erefore, we conducted detailed analyses of the transcribed records to iden-

tify the types of di�erences in the transcribed records. We identi�ed six categories of consensus 

and di�erences. To classify the �ndings into one of the six categories we developed the algorithm 

described below and presented in Figure 2.

Per patient we created a list of all �ndings recorded in OpenSDE. For every �nding we ana-

lyzed how it was represented by each of the three pediatricians. If the �nding was represented in 

exactly the same manner in all three transcribed records, the �nding was classi�ed as identical. If 

there was a di�erence in at least one of the transcribed records, we searched through that entire 

transcribed record to establish whether the �nding was recorded elsewhere. If the �nding was 

represented in a structured manner elsewhere, the �nding was classi�ed as structured di�erently. 
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If the �nding was recorded as free text, at the same place or elsewhere in the tree, the �nding was 

classi�ed as free text. 

For those cases where the �nding was not represented in all three transcribed records (either 

identically, as free text, or structured di�erently) we consulted the paper record. If the �nding 

was present in the paper record, we classi�ed the �nding as omitted. If, however, the description 

of the �nding in the paper record con�icted with the description of the �nding in the transcribed 

records, we classi�ed the �nding as con�icting. A last possibility is that (one of ) the transcribed 

records contained a �nding not present in the paper record. In this scenario the �nding was classi-

�ed as inferred. �e classi�cation process was repeated for all �ndings. 

�e �ndings were subsequently classi�ed as normal �ndings (e.g. �no cardiac murmur�) or 

abnormal �ndings (e.g. �constipation�), and were split into patient history and physical examination 

�ndings.
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Results
�e �ndings recorded in the transcribed records were divided into patient history and physical 

examination �ndings and then subdivided into normal or abnormal �ndings. �ese (sub) divisions 

are shown in Table 1: the rows hold the type of �nding (normal or abnormal) and the columns 

represent the part of the record (patient history or physical examination). A total of 1764 �nd-

ings were recorded for all 20 patients. Of these �ndings, 495 are normal patient history �ndings 

and 867 normal physical examination �ndings (totaling 1362 normal �ndings). In total, 77.2 % of 

all �ndings are normal �ndings, which corresponds to a mean of 68 normal �ndings per patient 

(range 23-117).

In Table 2 we present the �ndings as classi�ed per category of consensus/di�erence. All 

�ndings could all be classi�ed into one of the six categories of consensus/di�erence according to 

the algorithm. �e �rst row of the table shows that we encountered 90 normal and 79 abnormal 

patient history �ndings which were recorded identically for all three patients. For the physical ex-

amination, we counted 198 normal and 21 abnormal �ndings that were transcribed identically by 

all three pediatricians. Of all �ndings 22% (or 388 �ndings) were recorded identically by all three 

pediatricians. In total, 4.9% of all �ndings were structured di�erently, and in 12.2% of all �ndings 

Table 1: Normal and abnormal �ndings in the patient record

�e results presented in this table represent the number of �ndings per part of the patient record 
(patient history or physical examination) and per type or �nding (normal or abnormal). �e percentage cor-
responds to the percentage of the total number of �ndings. 
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one or two pediatricians recorded the �ndings as free text. Almost one third (31.1%) of all �ndings 

was inferred, and over one quarter (26.7%) of the �ndings was omitted by one or two pediatri-

cians. A total of 55 �ndings (3.1%) were con�icting with the paper record. 

Table 2: Consensus and di�erences in representation of �ndings

In this table the �ndings have been ordered per category of consensus/di�erence. Per category the �nd-
ings are subdivided into patient history and physical examination, and normal and abnormal �ndings. �e 
percentage behind the numbers corresponds to the percentage of the total number of �ndings.
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Discussion
Structured data entry o�ers the possibility to improve the quality of data(5) and standardize 

data collection(20). In this study we investigated the uniformity of recorded data when OpenSDE 

is used to transcribe data from a common data source. We analyzed 60 transcribed records, which 

in total covered 1764 �ndings. Our results show that only 22% of all �ndings were recorded identi-

cally by all three clinicians and in more than three quarters of the �ndings there was di�erence in 

data representation or data content. 

Evaluation of data quality in medical records is a topic of ongoing interest in medical informat-

ics. Evaluation methods and measurement means are not standardized and di�erent studies focus 

on di�erent aspects as di�erent stakeholders pose di�erent requirements on data quality (21) (14).

Evaluating the quality of the data recorded in OpenSDE is associated with one particular dif-

�culty. Data quality, especially completeness and accuracy, can only be measured as a function 

of the question that the data set should answer (22). Winthereik concludes that the goal should 

not be to produce data, which are accurate in and by themselves, but to produce data, which are 

pertinent to speci�c questions (23). However, the idea behind OpenSDE is that data are recorded 

during routine care to be available for patient care and clinical research. �ere is thus no clear 

question that can be used to evaluate whether a routine data set meets the desired quality. We, 

therefore, chose to investigate whether the users at least record the same data in the same manner. 

Although it is di�cult to identify criteria against which quality should be judged (24), we feel that 

uniformity is an important aspect of data quality as it has e�ects on the ease of data look up and 

retrieval, which are important incentives for recording data in a structured manner.

�e results in Table 2 show that only 22% of the �ndings were recorded identically by all three 

clinicians. �is number will become progressively lower as the number of clinicians increases. 

Obviously, when looking at identical recording on a pair wise basis, the percentage will be much 

higher. However, as long as one or more clinicians have recorded the same piece of medical 

information di�erently, a researcher extracting data (or a clinician treating a patient) will have to 

be aware of it. Whether a patient�s penicillin allergy is recorded in a structured manner as allergy 

or recorded as free text somewhere in the record, it is important that this information is not 

overlooked. Hence, to obtain insight in the challenges of data extraction, emphasis is on the nature 

of di�erences when people record the same information. We will discuss these di�erences by 

�rst focusing on the �ndings that are represented di�erently, but where data content is the same 
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(categories: �structured di�erently� and �free text�). We will subsequently analyze those �ndings 

where there is discordance in data content (categories: �inferred�, �omitted�, and �con�ict�).

A. Di�erent representation

In OpenSDE a medical �nding can be represented di�erently either in a structured manner or 

as free text. In 4.9% of all �ndings, clinicians recorded the same �nding di�erently in a structured 

manner. �is can occur, for example, if a patient�s mother has a heart condition. �e heart condi-

tion can be recorded as part of the family history or as reason for giving birth to the patient in the 

hospital instead of at home (which is usual in the Netherlands). Nevertheless, it is still the same 

heart condition which, depending on the context, can be entered at di�erent places in the tree. 

�e heart condition is relevant both for the family history and the birth conditions of the child. 

Hence, the same information can be relevant in more than one context. In such scenarios the �nd-

ing is ideally represented at one place in the domain model with only a reference to this descrip-

tion at the other nodes where the information is relevant. 

A �nding can also be represented as free text at various nodes in the tree, as was the case with 

12.2% of all �ndings. We encountered data for a patient�s father who su�ered from hay fever and 

who was allergic to particular types of food. Instead of recording that the father has food intoler-

ance, the clinician chose to record all of the father�s allergies at the hay fever node as free text. 

Such use of free text makes the search for data more complex and less reliable, as data can be 

recorded anywhere as free text. 

Although �ndings categorized as �structured di�erently� and �free text� are transcribed in 

OpenSDE, i.e., the �ndings are recorded in the patient�s electronic record, they are not transcribed 

by all clinicians in the same manner. �e �ndings are thus not recorded uniformly. Hence, in 

patient care clinicians may overlook data when they only look at one particular data item in the 

tree and do not consult all data about the patient. For bulk retrieval, the lack of uniformity can 

also have consequences. When data are not recorded uniformly, searching for a particular �nding 

requires searching the entire tree of recorded data to ensure that the �nding is not overlooked. 

As it is unpredictable where and how (e.g. abbreviations, codes, spelling or typing errors) �ndings 

can be recorded, look up and retrieval can hardly be automated. �e potential bene�ts of SDE are 

then barely achieved and one should question whether the bene�ts of structuring the data still 

outweigh the e�orts. 
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 In their study, Pringle et al.(25) conclude that subjective data are less consistently recorded 

than objective data. Peat et al.(26) investigated how reliable structured clinical history-taking is 

and conclude that subjective information leads to higher inter- and intraobserver variability. Our 

results show that physical examination �ndings are recorded identically more often than patient 

history �ndings. Furthermore, our results show that clinicians use the free text possibility more 

often for patient history than for physical examination �ndings. Although data are suitable for 

more purposes than free text, patient history often requires more use of free text to cover patient-

speci�c detail. Also, a few lines with the essence of the patient�s story provide more overview at a 

glance than when this story is �scattered� under the various nodes of the tree. �erefore, free text 

should not be fully replaced with SDE, but rather be combined with SDE(2, 27).

B. Discordance in data content

�e largest of the three categories that cover discordance in data content, is the inferred 

�ndings category which constitutes 31.1% of all �ndings. �e majority of these inferred �ndings 

constitutes normal physical examination �ndings; of the 548 inferred �ndings, 39 (7.1%) were ab-

normal, meaning that such abnormalities were not recorded in the patient�s paper record. Inferred 

abnormal �ndings include pain during defecation and a father with hay fever. Regarding the latter 

example, the paper source revealed that the clinician misread its content: the mother�s and father�s 

histories were written directly below each other, where the mother su�ered from hay fever and 

the father from other allergies. Hence, inferred �ndings, as found in step six of the algorithm, may 

include such misreadings of the paper record. 

�e inferred �ndings are predominantly interpretations of routine expressions and interpreta-

tions based on data that are written in the paper record. For a patient su�ering from constipation 

accompanied by blood loss, one clinician recorded that the blood was clear red, whereas the paper 

record made no reference to the color of the blood. Such inferred �ndings, of which this is just one 

example, lead to believe that if there are no data recorded for an observation, then it is probably 

normal. 

Transcribing data includes interpreting routine expressions such as �vesicular breath sounds�. 

When routine expressions are not identically represented in the domain model, some clinicians 

opt to record such expressions as free text, whereas others opt to �translate� the routine expres-

sion into those concepts that approach the meaning of the routine expression (e.g. normal breath 
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sounds). Such translations involve interpreting the routine expression, which can lead to di�erent 

representations and derivations. �is form of discordance can be reduced by adhering to terms 

frequently used in a particular setting when constructing the domain model. 

�e inferred �ndings, especially the inferred normal �ndings, which constitute the majority of 

the inferred �ndings, indicate that OpenSDE induces an e�ect similar to the checklist e�ect(28): 

clinicians are triggered by the available entry �elds to record more data.

Even though OpenSDE triggers clinicians to record particular data, our results also show that 

26.7% of all �ndings were omitted by one or more clinicians. Although the majority of omitted 

�ndings (79%) were normal �ndings, an omission of 26.7% of all �ndings is dissatisfying when the 

purpose of SDE is to improve quality, completeness, and consistency of data. Findings are omit-

ted when clinicians overlook �ndings in the paper record, ignore �irrelevant� �ndings, or when 

recording the �nding in OpenSDE is not straightforward. 

In their study assessing the completeness and accuracy of computer medical records, Pringle 

et al.(25) suggest that �it was clear that practices were selecting areas that they considered impor-

tant to record on their computer systems�. In line with these results, our results suggest that clini-

cians are more inclined to omit normal �ndings than abnormal �ndings, as normal �ndings are 

generally of lesser importance when examining the patient than abnormal �ndings. Nevertheless, 

for the purpose of improving data quality, recording observed normal �ndings is also important.

�e last category that we analyzed involved the con�icting �ndings. Just over 3% of all 

recorded �ndings were in direct con�ict with the data in the paper record. Con�icting �ndings 

include recording previously used medication as current medication, recording a cardiac murmur 

when the patient does not have a cardiac murmur, and recording incorrect numerical values. In 

real life, when clinicians directly record �ndings using OpenSDE instead of transcribing �ndings 

from paper records, the percentage of con�icting data will probably be lower; errors in judgment 

or typographic errors will still be made but transcription errors due to, for example, misreading of 

the paper record, will no longer apply. SDE may, however, introduce a new category of errors, such 

as erroneous selection from checklists.

C. Limitations of the study

Studies such as ours have three particular limitations. �e �rst limitation is that we only 

analyzed the uniformity in the transcribed records. We did not analyze whether the transcription 
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of �ndings in the paper record using OpenSDE was complete. Such a study would provide insight 

into the e�ect of OpenSDE on promoting completeness(29). However, this was not our goal. Our 

interest in this particular study is how people represent patient data using OpenSDE when they 

have the same source of data.

�e source of data is a second limitation. Transcribing �ndings from a paper record involves 

interpreting the recorded interpretations of a colleague. In an ideal situation all clinicians are con-

fronted with the actual patient instead of only with a paper record. However, this is undesirable for 

patient care, as one cannot ask of patients (especially children) to tell their story to several clini-

cians. Besides that, the clinicians will approach the patients di�erently and ask di�erent questions 

to which the patient may give answers that vary, for example, in level of detail. �is introduces bias 

into the study as the source of data is not identical for all clinicians. In addition, the patient may 

also become biased by the questions of a previous clinician when elaborating about his complaints 

to the next clinician. We should also keep in mind our research question: does OpenSDE invite 

users to record data from the same source in a uniform structure? To answer this question it is es-

sential that all involved clinicians consult the same data source. �e results of our analysis give us 

insight into how people can and will represent data and what the di�erences in representation are.

�e third limitation is the number of clinicians included in the study. Even though there was 

not one clinician that outperformed the others in terms of the number of structured �ndings per 

record, an increased number of clinicians may reveal even more di�erences in data representation. 

However, we feel that three clinicians do provide enough insight into how data can be recorded, 

especially as we encountered situations which we had not considered. �ere was one clinician, 

for example, that had four di�erent manners of mapping the same free text term from paper to 

OpenSDE. Nevertheless, these results do give us insight into how data are represented in a routine 

clinical situation and which potential pitfalls this creates for data extraction.
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Conclusion
Structured data entry is intended to improve the quality and consistency of data by obtaining 

the data directly from clinicians in a structured format. To analyze the uniformity of data recorded 

with OpenSDE, we performed a study in which three pediatricians used OpenSDE to transcribe 

20 handwritten paper patient records. Our results show that data recorded using SDE are not nec-

essarily represented in the same manner and nearly two-thirds of the recorded data are discordant 

(i.e., inferred, omitted, or con�icting with data in the paper record). 

In line with other studies our results indicate that even though information is more accessible 

it is not necessarily creditable(30), directly usable(31), or structured uniformly. As a result, data 

collected with OpenSDE cannot unconditionally be used for subsequent purposes such as clinical 

research. Mikkelsen and Aasly take the claim even further and say that inconsistencies in informa-

tion elements used to characterize clinical information represents a potential threat to the safety 

of using EPRs as source of clinical information (14). We did not go as far as to evaluate the actual 

clinical consequences of the di�erences in data representation but based on our di�erences and 

the conclusions of other work, this also requires attention. Studies such as ours increase insight 

into retrieval pitfalls, independent of the system being used. Standardizing data entry and multiple 

search strategies are certainly necessary before aggregated data can be relied upon(25).

Based on the results of this study, we are currently addressing the following two aspects. 

Firstly, we are focusing on increasing the uniformity in data entry by limiting the number of ways 

in which the same information can be recorded, without limiting the level of detail in which data 

can be recorded. Secondly, we are investigating multiple search strategies for data retrieval, to 

increase the probability that all relevant data are actually retrieved. 

�is study has pointed out those aspects in the design of OpenSDE where problems arise both 

during data entry as well as during use of the data. Insight into the di�erence in data recording is 

useful because it helps us improve the design of OpenSDE for data entry, with the aim of improv-

ing the data set and enhancing the potential clinical use of the database(31). �e results of this 

study show that recording data using structured data entry does not necessarily lead to uniformly 

structured data. 

In general what can be learned from this study is that for data lookup and retrieval one must 

be aware of all possible ways in which an item of information may have been recorded. 
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