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Surgery requires considerable experience and skill. The 
surgical process involves highly complex procedures and 
depends on a multitude of factors that entail the surgeon’s 
awareness and attention to patient-specific abnormalities 
in anatomy and pathology or technical resources. With 
respect to the multifaceted and highly variable processes 
of surgical interventions, a modeling and behavior obser-
vation strategy is necessary to account for this complexity. 
Until today, a concise form of report that is able to repro-
duce surgical process evolution in a detailed and accurate 
way has been missing. A comprehensive observation and 
modeling tool that could record the progress of processes 
such as surgical interventions would be a novel and in-
sightful approach to this challenge.

The availability of expressive process models supports 
a multitude of other application areas in medical engineer-
ing, aside from medical training—most notably the per-
formance of requirements analyses (Neumuth, Tran takis, 
et al., 2009) or the introduction and evaluation of new 
therapeutic standards and surgical assist systems (Strauss 
et al., 2006). Evolutionary models of surgical processes, 
surgical process models (SPMs), can further the under-

standing, reproduction, analysis, training, and teaching of 
surgery. However, to be used in the aforementioned ap-
plication areas, the recordings and observations must be 
accurate and comprehensive.

In the literature, various works have focused on the 
modeling of process sequences in surgery. Some research 
groups have used interviews as the main basis for their 
investigations (Jannin, Raimbault, Morandi, Riffaud, & 
Gibaud, 2003; Raimbault, Morandi, & Jannin, 2005), 
whereas others have proposed the use of dedicated mea-
suring systems, which record partial information about 
surgical process steps (Ahmadi et al., 2006; James, Vieira, 
Lo, Darzi, & Yang, 2007; Padoy et al., 2007). However, the 
most frequently used techniques are based on observers 
and range from data acquisition without software support 
(den Boer et al., 1999; Malik, White, & Macewen, 2003; 
Mehta, Haluck, Frecker, & Snyder, 2002; Strauss et al., 
2006) to observer-based methods that are supported by 
software systems (Neumuth, Jannin, Strauss, Meixens-
berger, & Burgert, 2009). Moreover, several software so-
lutions (Castellano, Perea, Alday, & Mendo, 2008; Hän-
ninen & Pastell, 2009; MacLin & MacLin, 2005) and 
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This work presents the working principle of the observa-
tion support system with the adaptive user interface, shows 
its technical implementation, and presents the results of 
a validation study that demonstrates the accuracy of the 
system. Within the validation study, it is shown that the 
system is applicable to live and video-based observation. 
Furthermore, the study introduces several measurements 
for assessing granularity, content accuracy, and temporal 
accuracy of observed surgical process steps, as well as ob-
server workload. The study is based on simulated interven-
tions from the field of otorhinolaryngology; an application 
to other surgical disciplines or for use in cases of behavior 
research is possible but is not discussed explicitly.

METHOD

Development of Ontology and Materials Used for Testing
Some specific terminology will be used and explained in this sec-

tion. Furthermore, the software that has been used will be presented, 
and its functionality explained.

Surgical process models. Following the Workflow Manage-
ment Coalition’s (1999) definition of a business process, we define 
a surgical process (SP) as a set of one or more linked procedures 
or activities whose instances (are intended to) collectively realize 
surgical objectives within the context of an organizational structure 
defining functions, roles, and relationships. An SP is transformed 
into an SPM, a model representing the surgical intervention. The 
SPM as the core concept of our approach is derived via an observa-
tion protocol and represents partial aspects of the original SP in a 
formal or semiformal way.

The surgeon’s work is rendered as temporally extended process 
steps in the SPM, called activities, which consist of various perspec-
tives (Jablonski & Bussler, 1996). All perspectives conjointly form 
an activity. Each of the activities describes a different point of view 
on a surgical process step: The organizational perspective describes 
who performs a process step, such as “surgeon” or “assistant”; the 
functional perspective describes what is done in a process step, such 
as “cutting” or “suturing”; the operational perspective indicates the 
technical resources that are used to perform a process step, such 
as “scalpel” or “needle”; the spatial perspective describes at which 
location at the patient’s body the process step is performed, such as 
at the “sinus maxillaris”; and the behavioral perspective indicates 
at which point of time a process step takes place; this perspective is 
represented by time stamps.

Observation support software system with an adaptive user 
interface. The established way of composing SPMs is to record 
them with the help of specially trained observers. The observer re-
lates terms concerning the several perspectives to each other—for 
example, actions are assigned to single members of the operating 
room staff—in order to create a description of a situation. Herein, he 
is supported by the observation support software, the Surgical Work-
flow Editor, which generates the SPM as an observation protocol. 
The Surgical Workflow Editor is a JAVA-based application used for 
the recording and analysis of SPMs. It stores such information as is 
acquired by the observer, with the help of an interface that displays 
all possible entities needed to record surgical interventions, such as 
surgical instruments and activities.

However, there are some general difficulties in recording SPMs 
on this medium level of granularity. First, a single surgical interven-
tion can consist of up to 300 single-process steps, each of which 
has different perspectives. Second, the observers need to choose the 
proper terms for the different perspectives out of large repositories: 
The designated terminology for the operational perspective might 
comprise about 50 different surgical instruments; the terminology 
for the functional perspective might include about 30 different ac-
tions; and about 20 different anatomical structures might be used 
for the spatial perspective. Third, a preliminary definition of the 

combined hard- and software solutions (Held & Manser, 
2005; Sarkar et al., 2006) have been proposed in the con-
text of behavior analysis.

The procedure of modeling surgical processes by ob-
servation, especially with the objective of performance 
assessment in the context of surgical training (Leong 
et al., 2007; Megali, Signigaglia, Tonet, & Dario, 2006; 
Richards, Rosen, Hannaford, Pellegrini, & Sinanan, 2000; 
Rosen, Brown, Chang, & Hannaford, 2006) or of compar-
ing strategies for surgical treatment (den Boer et al., 1999; 
Strauss et al., 2006), generally focuses on two measure-
ment strategies: high-resolution, sensor-based measure-
ment of the performance of a limited number of surgi-
cal actions—such as, for instance, instrument movement 
trajectories while placing knots—or low-resolution and 
simpler observer- based measurements for surgical inter-
ventions or interventional phases (e.g., Archer & Macario, 
2006; Schuster, Wicha, Fiege, & Goetz, 2007), without ref-
erence to specific surgical process steps. In previous work, 
we proposed an approach that allows for a medium level 
of granularity to be used for the decomposition of surgical 
process steps into categories, as described in the follow-
ing section, in order to accommodate the complexity and 
diversity of information and the high variability of surgery. 
An observation support software, known as the Surgical 
Workflow Editor (Neumuth, Czygan, Strauss, Meixens-
berger, & Burgert, 2009; Neumuth, Durstewitz, et al., 
2006; Neumuth, Jannin, et al., 2009; Neumuth, Strauss, 
Meixensberger, Lemke, & Burgert, 2006), was developed 
for such observation on a medium level of granularity.

Due to the diverse information that can be acquired 
with the observation approach for surgical processes on a 
medium level of granularity, high demands are put on ob-
servers, because, apart from being under continuous time 
pressure during the observation, they also need to deal with 
extensive surgical and anatomical terminologies. For this 
reason, we introduce the usage of ontologies as knowledge 
bases to support the observer by means of an adaptive user 
interface, a situation-dependent edition of the observa-
tion software interface. The use of a knowledge-based 
system is necessary to overcome initially contradictory 
objectives posed by the new observation strategy: On the 
one hand, due to the high variability of surgical processes, 
the recording system needs to be able to deal with a large 
number of surgical terms to achieve expressiveness, and, 
on the other hand, this information needs to be declarative 
to abstract higher resolution information and to allow for 
usability by clinical and nontechnical users.

To our knowledge, there is currently no method available 
that deals with the support of the observer using knowledge-
 based software, although adaptive software interfaces are in 
use in several applications in computer science (Berrais, 
1997; Kuehme, 1993; Love, Jones, Tomlinson, & Howe, 
2008). With the help of such interfaces, the amount of 
terms available in observation situations can be consider-
ably decreased and, thus, reduce the observers’ workload. 
An implementation of the proposed method could also be 
employed to great advantage in other fields of science that 
rely on data gathering as the basis for observation or moni-
toring, such as behavioral or educational science.
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This knowledge base support was designed to facilitate observa-
tions for the recorder and to allow the choosing of the appropri-
ate term that best describes the most recent process step without 
browsing extensive terminology lists. Depending on the entity se-
lected from one perspective, only terms from the other perspectives 
that can be sensibly combined with the preselected perspective are 
shown. For example, if “cutting” were chosen as the functional per-
spective for a surgical activity, the list of surgical instruments would 
be restricted to those that are “able to cut”—for instance, “scalpel” 
and “scissors.” An illustration is provided in Figure 1.

More precisely, our technical solution consists of three main 
components (see Figure 2): the ontology server that contains the 
knowledge base, the adaptive user interface, and the editor engine. 
The knowledge base contains the concepts and the relations between 
the concepts that are necessary to record a surgical intervention. The 
adaptive user interface is the input mask for the instantiation of items 
by the user and represents the contents of the perspectives. It adapts 
automatically to the current situation, according to the actual user 
input and the knowledge base response. The editor engine adminis-
ters and delegates the central business logic, such as the communica-
tion management with the ontology server, for example.

Surgical application case and simulation scripts. System 
validation used functional endoscopic sinus surgeries (FESS) as an 

different observational codes, as peculiar to the realm of behavioral 
research, is not possible here, due to the sheer number of potential 
combinations of terms from each of the perspectives. And, lastly, the 
display size of the computer screen limits the choice of representable 
items from the terminology.

One possible approach to overcoming these problems is the imple-
mentation of an ontological knowledge base support. An ontology 
is an “explicit specification of conceptualization” (Gruber, 1993), a 
formal representation of concepts and their relations. The perspec-
tives used to describe process steps in our approach, instruments, 
activities, and anatomical structures were defined as ontological 
concepts by domain experts, and logical conjunctions between dif-
ferent elements were described as relations that link terms to one 
another.

Various tools are available to design these logical constructions. 
We used Protégé (Stanford University, 2009), which formalizes the 
concepts and the semantic relationships between the concepts and 
allows for an implementation of enhancing applications, such as 
logical reasoners that test the relations for formal correctness (Racer 
Systems, 2009). In the proposed system, the generated Protégé on-
tology in OWL format (Web Ontology Language) is saved into the 
ontology server and is loaded when the observation support software 
is started.

A B

Figure 1. Functionality of the ontology-based adaptive user interface: After the action “suck” is selected (A), the terminology list for 
surgical instruments is restricted automatically to “suction tubes” (B). In contrast to the static interface of the conventional system, 
the user has to choose the correct instrument from a smaller variety of items.

Ontology
Server

Observation-Specific
Ontology

Surgical Workflow Editor

User Input
Adaptable

User Interface
Editor
Engine SPMs

Application Layer Protocol Resource Flow

Figure 2. Software component infrastructure and data flow for the adaptive knowledge-
based observation support system.
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The simulation was performed on anatomically correct and detailed 
paranasal models, as shown in Figure 5.

For the video observations, each of the three simulation scripts 
was performed once, while being recorded by multiple video cam-
eras. The resulting videos were then cut short and rendered into 
presentations. Two observation experts having significant experi-
ence with the Surgical Workflow Editor generated the SPMs for the 
filmed simulations and converted the protocols to XML format. 
These observations were compared with the simulation scripts as 
references for the validation of the simulation itself.

Data acquisition. Live observation was performed with the help 
of live-acted simulations, which were journalized by the novices. 
In addition, these simulations were documented on video. After the 
recording, the two experts compiled their observations from the 
video documentation of the simulations as references. These were 
again compared with the simulation scripts for the validation of the 
simulation.

Data acquisition was performed in the demonstrator OR at the 
ICCAS of Leipzig University. The overall study took 4 days within 
a time frame of 2 weeks. Following an introductory workshop, all 
the observers had to complete live and video observations with tablet 
PCs thrice for each of the simulation scripts (see Figure 6). The suc-
cession of live and video observations alternated, and the sequence 
of the simulations was randomized. To summarize, it can be said 
that each observer recorded all three simulations thrice, resulting 
in 9 protocols. This holds true for the live and the video recordings, 
accounting for a total number of 18 protocols. Thus, considering all 
6 observers, an overall amount of 108 protocols was achieved.

Postprocessing and analysis. After data collection, the SPMs 
of the simulation scripts, the observations by the experts, and the 
observations by the novices were transferred to a PostgreSQL 8.3 
database (PostgreSQL Global Development Group, 2009). The ap-
praisal followed the three-stage concept of the study. In preparation 
for validation, the observations by the experts and the observations 
by the novices were compared to validate the accuracy of the ob-
servations. Furthermore, each of the observations by the experts 
was compared with its corresponding simulation script to validate 
the simulation accuracy. This was accomplished with the help of a 
special software tool, which represented each recorded activity in 
relation to its respective reference. The experts could then decide 
manually whether or not the novices had recorded the right action, 
instrument, and anatomical structure. The observations by the ex-
perts were employed to retain differences between simulations and 
the observations by the novices, which occurred when actors made 
mistakes during the simulated FESS interventions.

The data acquisition method (live or video recording), the back-
ground of the observers (medical or engineering), and the number 
of the simulation script were regarded as independent variables. As 
for the validation of the accuracy of the knowledge-based observer 
support system, five different dependent variables were analyzed: 
granularity, content accuracy, temporal accuracy, completion time, 
and workload for the observers.

The goal of measuring the granularity of the recorded process steps 
was to determine the ratio of structurally correctly recorded activi-
ties in the observations by the novices in reference to the respective 
observations by the experts. A correct granularity would be a 1:1 re-

example. In Germany, it is one of the most frequently performed 
interventions in surgical otorhinolaryngology: About 50,000 such 
procedures are performed annually (German Federal Statistical Of-
fice, 2008). This minimally invasive, endoscopic intervention in-
volves examining nasal cavities, such as the ethmoid sinuses, and 
removing diseased or obstructive tissue or growths, such as nasal 
polyps. The goal of the FESS is to purposefully remediate diseased 
areas and restore natural drainage and ventilation paths. During the 
intervention, the surgeon generally handles the endoscope with one 
hand, while the other hand performs surgical activities, such as the 
removing of tissue with forceps or exhausting liquids.

The basic purpose of the validation study was to design and act 
out FESS interventions according to simulation scripts, as is shown 
in Figure 3. The simulation scripts were developed by ICCAS In-
stitute in close cooperation with surgeons from the Department for 
Otorhinolaryngology at the University Hospital Leipzig. Three sim-
ulation scripts were developed, each the variant of a different typical 
type of FESS surgery. These simulation scripts contained detailed 
patterns for process steps of FESS interventions for two actors (“sur-
geon” and “assistant”), 16 surgical instruments, 13 functional tasks, 
such as “cut” and “clean,” and seven anatomical and pathological 
structures. Figure 3 shows examples of devised process steps. Each 
simulation script had a total duration of about 20 min and contained 
60–90 single-process steps. As preparation for the validation of our 
system, the three simulation scripts were read aloud and, thus, re-
corded as audio file instructions.

Participants
For the present study, 6 observers, referred to as novices, were re-

cruited to record the SPMs. None of the observers had any previous 
experience with recording or describing surgical interventions, nor 
had they used the software before. The 6 novices were then trained 
to collect data for SPMs in an introductory workshop. Addition-
ally, they were introduced to the topic of FESS interventions, the 
intervention type’s typical progression, its surgical goal, the instru-
ments used, and the anatomical and pathological structures involved. 
Furthermore, the introductory workshop was used to present the 
predefined ontology and its coherent use during the observation to 
the participants.

Out of the 6 novices, 3 had a medical background, studying 
human medicine, whereas the other 3 had an engineering or com-
puter science background. This distinction was made to test whether 
observers without medical background can achieve the same quality 
of results as the medical students, since our experience from the last 
years has shown that nonmedical students have a less tight curricu-
lum and, therefore, more time for extracurricular activities.

Study Design
The presented recording system has been validated in a complex 

study setup. On the basis of simulated surgical procedures, observ-
ers were asked to generate SPMs as precisely as possible, using the 
observation software. Subsequently, the accuracy of the observation 
protocols was compared with the simulation scripts (see Figure 4).

Preparation of data acquisition. The simulation scripts were 
performed by actors that received instructions about the process 
steps from an audio file by means of mp3 players and earphones. 

Surgeon

Right Hand

Left Hand

Time

Suck;
Suction Tube;

Cell. Ethmoidales, Right Side

Cut;
Scalpel;

Cell. Enthmoidales, Right Side

Insert;
Swab;

Cell. Enthmoidales, Right Side

Hold;
Endoscope, Optic;

Cell. Enthmoidales, Right Side

Figure 3. Cutout procedure of simulation script for the functional endoscopic sinus surgeries simulation 
with detailed instruction for the actors.
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Protocol
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VIDEO OBSERVATION LIVE OBSERVATION

Experts ExpertsNovices Novices

Simulation
Video

Surgical Simulation,
Audio Prompted

Surgical Simulation,
Audio Prompted

Simulation
Video

Audiofile

Comparison to
Check Accuracy

Comparison to
Check Accuracy

Comparison to
Check Accuracy

Comparison to
Check Accuracy

Figure 4. Overview of the system validation study showing the data flow from the design of the simulation scripts to the protocols.

Figure 5. 3-D print model of the nasal cavities of a real patient as used in the 
system validation study.
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Cao, Chintamani, Pandya, & Ellis, 2009; Hart & Staveland, 1988) 
was employed, which was specifically intended for operators of 
 human–machine systems and which gathered subjective information 
about physical workload. The TLX includes six subscales: Mental 
Demands, Physical Demands, Temporal Demands, Performance, Ef-
fort, and Frustration. The novices were asked to fill out a question-
naire after each observation.

The statistical analysis was conducted with the help of a GLM 
(Generalized Linear Model) for the independent variables of live or 
video observation, medical or engineering observers, and simulation 
script. All statistical tests were conducted with SPSS 15 (SPSS Inc., 
Chicago) at a significance level of   .05.

RESULTS

In the context of the validation study, the novices had 
to record SPMs in live and video observations according 
to the methods described in the previous section. Data ac-
quisition was performed using the adaptive user interface 
of the Surgical Workflow Editor. The results are presented 
in Table 1.

The observers reached a mean correct granularity of 
92.8%  7.3% (mean  standard deviation). With regard 

lationship between the recorded activity and the respective activity in 
the reference. Incorrect activities were regarded as additional obser-
vations that did not appear in the reference (0:1 relation) or missing 
observations that were missed in the observations by the novices but 
appeared in the observation by the experts as reference (1:0 relation). 
Other possibilities were the logging of single activities as multiple 
activities (increased granularity; 1:m, m  1), the subsumption of 
different activities into a single activity (decreased granularity; n:1, 
n  1), or mixed granularity of activities (m:n; m n, m, n  1).

The content accuracy was determined by a comparison of the con-
tent of perspectives in the observation protocol with the perspectives 
in the particular references. A total correlation was appraised as 1, 
and a deviation as 0. Subsequently, the percentage of correctly ob-
served activities for the respective perspective was determined.

The temporal accuracy identified the absolute value of temporal 
deviation between the duration of activities in the observation and 
reference. The measurement of the completion time is expressed as 
a ratio between the duration of the observation and the duration of 
the simulation. The observation duration measured the expenditure 
of time needed to complete the whole protocol by indicating the 
temporal margin between the start of the recording and the final 
release of the workflow protocol by the observer.

In addition to examining the outcome of the observation, we have 
tested the usability of the observation support system with the adap-
tive user interface. For this goal, the NASA task load index (TLX; 

Figure 6. Data acquisition example. Novices watching the simulation scripts performed by the actors (A) and operating a tab-
let PC (B) to record the surgical process. (C) The surgical process step “dissection of material with a Blakesley” (a specific type of 
surgical pliers) is seen as performed by the actors and on the endoscope screen. (D) The observer selects “Blakesley” or “dissect” in the 
observation support software, and the interface adapts according to the relation between “Blakesley” and “dissect.”
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The objective of this work was the implementation of 
a knowledge-base-driven adaptive user interface for the 
Surgical Workflow Editor observation support software 
that provides assistance to observers who need to deal 
with large terminologies. As we have shown, this method 
constitutes a robust and expressive basis for the observa-
tion of highly variable surgical behavior.

As the sample application for the proposed methodol-
ogy, a validation study for the modeling of surgical inter-
ventions was designed and performed. The study results 
have shown that even inexperienced observers were able 
to attain good results by means of the new tools presented. 
The utilization of this method was nearly equivalent for 
live and video observations. Even lay users and anatomi-
cally or medically inexperienced persons attained good 
results with this method. However, utilizing this method-
ology in other fields, such as behavioral science, is also 
very likely and recommendable.

The results of the validation study for the proposed sys-
tem showed that it is eligible for both video and live obser-
vations, because only a few significant differences were 
found between these data acquisition strategies. A slightly 
higher correct granularity of activities was achieved in 
video observations. Differences between medical and en-
gineering observers were significant for several criteria. 
However, for the accuracy criteria, these differences were 
mostly less than 5%.

Observers who have to deal with large terminologies 
can be adequately supported by engineering systems for 
recording surgical processes. This work presented a meth-
odology for the application of a knowledge-base-driven 
adaptive user interface for observation support software. 
This adaptive user interface represents terminology infor-
mation depending on the current situation, and the sys-
tem is employed to support the user in modeling surgical 
interventions.

Due to the refinement of surgical activities into different 
perspectives, which is required because of the variability of 
surgical processes, a multitude of possible combinations of 
terms emerges. In the moments of recording, the observer 

to granularity, video observation was 8.6% more accurate 
than live observations. Furthermore, medical students re-
corded surgical behavior with 8.4% more accurate granu-
larity than did engineering students. In contrast, decreased 
granularity was more frequent in live observation proto-
cols. No mixed granularity was observed.

The total content accuracy was 92.3% for the medical 
group, whereas the engineering group achieved 93.5%. 
Arguably, the main differences originated from the op-
erational perspective. The temporal fidelity of the activi-
ties in the observation protocols showed a comprehensive 
mean error of 2.0  1.6 sec and no statistically significant 
difference between the groups.

Only slight disparities were observed between the ob-
server populations with regard to completion time, as is 
shown in Figure 7. However, the difference between the 
data acquisition strategies live and video observation in 
this respect was highly significant ( p  .001).

Interestingly, all workload criteria were rated as more 
demanding for live observations than for video observa-
tions. Nevertheless, the differences were not significant, 
with the sole exception of temporal demand ( p  .001). 
Observers with an engineering background rated the 
overall workload higher than did medical observers, in 
all regards.

The results for the different simulation scripts showed 
small differences between the means. The observation of 
simulations for one of the scripts showed slightly less ac-
curacy concerning granularity and content accuracy.

Between-subjects effects, such as the combination of 
data acquisition strategy and observer population, were 
not significant.

DISCUSSION

In the research field of medical engineering, the em-
ployment of observational strategies is highly relevant—
for instance, to obtain SPMs as a base for performing 
requirements analyses for surgical assist systems or the 
evaluation of newly developed surgical instruments.
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Figure 7. Study results for the completion time (left) and temporal accuracy (right) in 
seconds. The boxplots provide medians and sample ranges for observations by medical and 
engineering students in live and video settings.



OBSERVATION SUPPORT WITH AN ADAPTIVE USER INTERFACE    1057

The analysis of the NASA TLX index has shown that the 
observation support system with the adaptive user interface 
is an appropriate means for both data acquisition strategies. 
As was expected, live observations placed higher workload 
demands on the observers than did video observations. 
This disadvantage of live observations might be compen-
sated for by the significantly lower completion time for the 
live observations, which decreases study costs. Neverthe-
less, it was also shown that the observational workload was 
significantly higher for nonmedical observers. However, 
we attribute these results to the fact that the engineering 
students had to cope with two new challenges, the obser-
vation support software and the medical background they 
needed to acquire, whereas the medical students had only 
the software as a new challenge, whereas the medical back-
ground was known to them beforehand.

The method for the generation of SPMs presented in 
this article provides a well-founded basis for the obser-
vation of surgical behavior, as we have shown with the 
help of a clinical example. The validation study was con-
ducted on the basis of an intervention in otorhinolaryn-
gological surgery. Similar accuracy would be expected if 
the results of this study were generalized to other types of 
surgical interventions, which should be experimentally 
substantiated.

In addition, an adaptation of the Surgical Workflow Edi-
tor software for nonsurgical application fields that require 
structured observation of behavior is conceivable. Due to 
the configurability of the software and the possibility of 
adjusting the ontology, the implementation of this tool can 
be extended to include a wide range of possible future study 
fields from diverse areas, such as sociobiology and psychol-
ogy. Sociobiology—or, more specifically, ethology—deals 
with ethograms, catalogues of discrete behavior, which 
could be described with explicit reference to their purpose 
with the help of this tool. As for psychology, for instance, 
usages in the fields of behavioral psychology and educa-
tional research can be conceived of, as well as industrial or 
organizational psychology. More specifically, applied be-
havioral analysis, organizational learning, problem solving, 
the development of educational technology, and scientific 
management could benefit from the implementation of the 
ontology and the software presented here.
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