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List of frequently used acronyms 
 
 
Information Systems and Technology 

IS   = Information System 
IT  = Information Technology 
 

 
Surgery and surgical simulation 

CAS  = Computer Aided Surgery/ Computer Assisted Surgery 
IGS  = Image Guided Surgery 
MAS  = Minimal Access Surgery 
MI-Su   = Minimally Invasive Surgery 
 
Laparoscopic = IGS using a scope in the abdominal or pelvic cavity 
Surgery 
 
OR   = Operating Room 
 
AR  = Augmented Reality (surgical simulator) 
VR   = Virtual Reality (surgical simulator) 

  
 

Overload and human memory architecture 
STM  = Short Term Memory 
LTM   = Long Term Memory  
EM  = Episodic Memory 
SM  = Semantic Memory 
 
WM   = Working Memory 
 
ECO   = Emotional-Cognitive Overload 
ECOM  = Emotional-Cognitive Overload Model 
CLT  = Cognitive Load Theory 
IP  = Information Processing 
 
NFC   = Need For Cognition 
CA with IT  = Cognitive Absorption with Information Technology 
encodedECO  = experience of ECO encoded in episodic LTM 
 
NASA-TLX  = National Aeronautics and Space Administration - Task Load Index 
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1. Introduction 
 
1.1 Overload with information delivered by medical IT 
 

Surgeons are confronted with a congestion of data screens in the Operating Room 
(OR). These screens deliver medical information (Bitterman, 2006). The screens are part of 
videoscopic and image guided technology, information-dense anesthetics machines, 
navigation technology for brain surgery, communication and patient record systems and 
surgical robots, to only name a few. Medical Information Technology (IT) and information 
delivered by medical IT are rapidly becoming the defining elements of surgical procedures 
(Jakimowicz and Cuschieri, 2005). These technologies are designed to advance treatment of 
diseases. However, Bitterman (2006) reported that additional screens and displays impose an 
ever-increasing load on the surgeon. Throughout this dissertation, the term IT-related 
overload is used to characterize overload in the context of IT and therefore in a context 
where information is delivered by IT. IT-related overload has a detrimental effect on 
performance and stress of the surgeon and therefore patient safety (Berguer, Smith, and 
Chung, 2001). Surgical simulation training is a means currently allowing surgeons and 
surgical residents to improve surgical performance. This dissertation aims to increase 
simulation training effectiveness by training against IT-related overload under realistic 
conditions to increase patient safety. 

 
The blooming of new medical IT can be mainly attributed to ceaseless innovation in 

Image Guided Surgery (IGS). IGS is also referred to as Computer Assisted Surgery and 
Computer Aided Surgery (CAS), Minimally Invasive Surgery (MI-Su) and Minimal Access 
Surgery (MAS). These terminologies share the notion of performing surgery with minimal 
access to the patient (Jakimowicz and Cuschieri, 2005). The surgery is performed based on a 
monitor depicting the image of the operating area (Buzink, Goossens, Schoon, de Ridder, and 
Jakimowicz, 2010).  

 
IGS provides an alternative for open surgery where the surgeon has a direct view into 

the open wound. Open surgery is much more invasive. One well-known IGS procedure is 
laparoscopic surgery. IGS has obvious benefits for the patient compared to open surgery in 
terms of minimal tissue damage and shorter hospital stay (Buzink et al., 2010). IGS also has 
significant financial benefits in terms of significantly reduced hospitalization time and 
therefore costs. For example Mir, Cadeddu, Sleeper, and Lotan (2011) reported cost savings 
up to 16% for a minimal access kidney removal over open surgery due to shortened hospital 
stay.  

 
IGS is performed based on a monitor depicting the image of the operating area 

(Buzink et al, 2010). The image is generated via a camera or scope within the body (see 
Figure 1.1) or using imaging technologies from outside the body such as X-ray (see Figure 
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1.2). It makes IGS rely almost exclusively on information delivered by IT. Laparoscopic 
surgery is IGS using a scope in the abdominal or pelvic cavity. 

 
 

 
 
 
 

 

 

 

 

 

 

 

 

Figure 1.1. Laparoscopic surgery 
Laparoscopic surgery requires several small incisions in the abdomen. Surgical instruments and a scope (video 
camera) are placed into the abdominal cavity. The scope is handled by the laparoscope navigator (see left hand). 
The scope illuminates the operating field and sends a magnified image from inside the body to the three 
monitors. The surgeon processes the information delivered by the monitors to perform the operation. He or she 
manipulates the surgical instruments through the operating field. 
 
 
 
 
 

 
Figure 1.2a. Image guided cardiac intervention technology.  
This IT is used to treat cardiac disorders such as cardiac arrhythmia. The intervention is performed by the 
cardiologist using 5 screens depicted on the left. See also the enlargement of X-ray data on the right. The 
cardiologist is assisted by the cardiologist assistant monitoring 9 additional screens (see Figure 1.2b).  
Reprinted with permission of a Top Clinical Hospital. 
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military and commercial pilots must train and be certified in the technical skills that are 
required for the specific aircraft they will fly (Schijven and Jakimowicz, 2002). 

 

Figure 1.4. Virtual Reality simulator (left) and Augmented Reality simulator (right) 
 

 
Recent research has demonstrated that surgical simulators improve surgical skills 

(Schijven, Jakimowicz, Broeders, and Tseng, 2005; Schijven and Bemelmans, 2011; Sturm, 
Windsor, Cosman, Cregan, Hewett, and Maddern, 2008). Surgical trainees that were trained 
using simulation technology outperformed trainees that did not receive simulation training 
(Palter, Grantcharov, Harvey, and MacRae, 2011; Seymour, 2008). Simulation training thus 
contributes to increase patient safety. VR and AR surgical simulation training are typically 
provided in isolated and controlled settings in Skills Labs.  

 
Transfer from isolated training to the socio-technological setting of the OR is 

perceived as cognitively demanding by novices (Prabhu et al., 2010; Stefanidis et al., 2007). 
The transfer has to be smoothened to decrease IT-related overload in the OR. In other words, 
simulation training effectiveness needs to be increased. One possible solution is to further 
integrate simulation into training programs that are closer to clinical practice (Gallagher, 
Ritter, Champion, Higgins, Fried, Moses, Smith, and Satava, 2005).  
 
 
1.3 Research objective, scope, approach and expected contribution 
 
The research objective of this thesis is to resolve an issue that is relevant for both practice and 
theory: 
 

How can IT-related overload be countered more effectively using surgical simulation 
training to improve patient safety than is currently the case in surgical training for 
Minimally Invasive Surgery? 
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The scope of this dissertation is restricted to the individual level of analysis. Overload 
at the team level, organizational level (e.g., Galbraith, 1974; Tushman and Nadler, 1978) and 
societal level (e.g., Davenport and Beck, 2001) are not the focus of this dissertation. 
Organizational implications at the individual level will be discussed in the general discussion 
(Chapter 7).  

 
The primary focus is on surgical training. It is a means which can potentially reduce 

IT-related overload. Surgical training is mostly intended for surgical residents. This 
dissertation argues that they should be provided the opportunity to develop coping strategies 
against IT-related overload not on patients, but during simulation training. Experienced 
surgeons are outside the scope of this dissertation. They may have developed coping 
strategies during clinical practice (Andersen, Klein, Gogenur, and Rosenberg, 2012). 
Throughout this thesis the term immersive training is used to refer to simulation training in 
a realistic socio-technological setting that is reproducing and representing situations closer to 
clinical practice in the OR (see also Stefanidis et al., 2007).  

 
 
Research approach in subsequent chapters 
 

The remainder of this dissertation is organized as follows. Chapter 2 provides 
extensive theoretical background for a theory-driven understanding of IT-related overload. 
Definitions and conceptualizations of overload from the field of Information Systems (IS) are 
discussed first. Medical IT and information are rapidly becoming the defining elements of 
surgical procedures. A systematic literature review (n=37 articles) of IT-related overload in 
the surgical domain is provided. Definitions and conceptualizations, causes and consequences 
are discussed. 
 

Two comprehensive overload theories are subsequently introduced. First, the 
Cognitive Load Theory (CLT) developed by Sweller (1988) will be discussed. It is a theory 
that originates from psychology and has a strong focus on learning. CLT seems a desirable 
theory for this dissertation that primarily aims to develop effective simulation training. 
Second, the Emotional-Cognitive Overload Model (ECOM) was developed by Rutkowski 
and Saunders (2011) based on theory in cognitive psychology. It was recently introduced as 
the very first comprehensive overload theory in the IS field. It has a specific focus on IT-
related overload. Based on these theories a conceptual model is defined. They form the 
theoretical background on which the subsequent chapters build towards a basic immersive 
training program (see Figure 1.5). 
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Chapter 2
IT-related overload theory

Chapter 3.1 & 3.2
Need for immersive 

training

Chapter 3.3
Ground for 

immersive training

Chapter 4
Objective measures

Chapter 5
A basic immersive 
training program

Chapter 6
External validity

Surgical technology Tele-health technology

Chapter 7. Effort from management, IT design, medical staff, and medical associations

 
Figure 1.5. Building blocks of the dissertation 
 
 

Chapter 3 first provides an illustration of medical IT based on observations during a 
set of twelve surgical procedures. Also an outline of the social context of surgery is provided. 
Next two experimental studies are presented. Both studies demonstrate that overload imposed 
by realistic technological and social sources depends on the personal mental organization of 
Long-Term Memory (LTM). An important implication of this is that IT-related overload can 
be anticipated using surgical simulation training. In particular, surgical simulation training 
effectiveness might be increased through training in a realistic context, referred to as 
immersive training. 

 
Chapter 4 proposes and validates thermal imaging technology as an innovative 

physiological marker of IT-related overload. It can potentially be used for objective 
evaluation of training protocols (such as immersive training) aiming to decrease IT-related 
overload and assessment of surgical trainees. 

 
Chapter 5 combines the effort of the previous chapters into a comprehensive 

immersive surgical training program. Its effectiveness is demonstrated beyond conventional 
surgical simulation training in terms of perceived IT-related overload and stress in realistic 
settings. 

 
Chapter 6 demonstrates that medical IT-related overload is not restricted to medical 

staff. It is also a threat to potential users (n=1868) of video contact technology for online 
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consultation of their physician. User group targeting based on encoded experience of 
overload with IT is proposed to help manage such technology driven healthcare innovations. 
Theoretically it demonstrates the external validity of medical IT-related beyond the surgical 
domain. 

 
Chapter 7 provides a general discussion on management of IT-related overload. This 

should be a joint effort of at least the medical staff, hospital management, medical 
associations and medical IT designers. Immersive surgical training is proposed as a 
potentially interesting countermeasure that has to be facilitated by management. Cost savings 
due to improved simulation training are also discussed. 
 
 
Expected contribution to theory and practice 
 

This dissertation is expected to contribute directly to surgical training practice. It aims 
to develop an immersive simulation training program which increases training effectiveness 
and transfer to the high cognitive demands of the OR. Immersive training potentially can be 
used as a means against medical IT-related overload.  

On a theoretical level this dissertation is expected to contribute to research on 
overload in both Information Systems (IS) and the surgical domain. IT-related overload is 
considered a delicate issue in both domains (see Eppler and Mengis, 2004; Berguer et al., 
2001; Bitterman, 2006). A more theory-driven understanding of medical IT-related overload 
however is required as will become apparent in Chapter 2. This dissertation aims to fill this 
gap based on ECOM (Rutkowski and Saunders, 2011) and CLT (Sweller, 1988). 

 
Finally, IT-related overload, commonly referred to as information overload, has also 

been identified as an important issue across a wide variety of business domains. The results 
of this dissertation and applications of ECOM (Rutkowski and Saunders, 2011) can inform 
overload research in the field of managerial decision making (Farhoomand and Drury, 2002), 
accounting and financial decision making (Rose, Roberts, and Rose, 2004), marketing and 
consumer behavior (Malhotra, 1984), e-learning (Mayer and Moreno, 2003), computer 
mediated communication (Hiltz and Turoff, 1985) such as that in public online spaces (Jones, 
Ravid, and Rafaeli, 2004) and in electronic meetings (Grise and Gallupe, 1999/2000), 
humanitarian emergency response information systems (Muhren, 2011), police officers using 
tablets (Allen and Shoard, 2005), car driving (Or and Duffy, 2007), aviation and air traffic 
control (Seamster, Redding, Cannon, Ryder, and Purcell, 1993), aerospace (Bock, Weigelt, 
and Bloomberg, 2010) and nuclear power operations (Woods, Patterson, and Roth, 2002). 
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two papers. Swanström, Martinec, Klein, Cassera, and Berguer (each 3 articles on overload), 
and Zheng and Smith (both 4 articles) appear to be the most active authors on overload in the 
field of surgery.  
 

All but two articles on overload were published in or after 1997. An increasing trend 
can be observed in the number of articles published on overload in the surgical literature in 
the last decade (see Figure 2.1). Research activity on overload was boosted a few years after 
the widespread diffusion of laparoscopy in the mid 90s (Escarce, Bloom, Hillman, Shea, and 
Schwartz, 1995; Poulsen, Vondeling, Dirksen, Adamsen, Go, and Ament, 2001). 
Laparoscopy further catalyzed an explosive growth of new Image Guided Surgical (IGS) 
technologies (Rattner, 1999). Laparoscopy and other IGS technologies have significantly 
increased cognitive load on the surgeon (Berguer, Smith, and Chung, 2001). The increased 
research interest in IT-related overload seems a natural response to practical developments in 
medical IT in the OR. 

 

 
 
Figure 2.1. Number of articles published on overload in the surgical literature over time 
[note that the number of 2012 is still pending and includes one article that is in press] 

 
 
The authors of the articles discuss overload in a variety of contexts. All but one article 

focus on image guided interventions. Only one article primarily discussed open surgery. This 
article, by Czyzewska, Kiczka, Czarnecki, and Pokinko (1983), was written in the open 
surgery era. As discussed before, image guided procedures are highly IT-based by default. 
They put an increasing cognitive load on the surgeon (Berguer et al., 2001). A total number 
of 20 articles originate from the field of laparoscopic surgery, 7 from endoscopy and 
minimally invasive surgery, 2 from cardiac surgery and 2 from rhino/sinus surgery. The focus 
of the remaining 5 articles is not restricted to a particular context and can be classified under 
the more general label of surgery (3) and robotic surgery (2). Open surgery was the primary 
focus of 1 article. Open surgery was also included as a baseline against which alternative 
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Cognitive load was obliquely referred to as allocation of attentional or cognitive 

resources (Cao, Zhou, Jones and Schwaitzberg, 2007) and multi-tasking (Deka, Kahol, Smith, 
and Ferrara, 2011). Mental strain was defined as an indicator of the individual response to 
stress depending on individual coping mechanisms (Böhm, Rötting, Schwenk, Grebe, and 
Mansmann, 2001). A definition of overload was lacking in the remaining approximate 70% 
of the articles. 
 

Overload was measured in 30 out of 37 articles. The authors used a variety of 
measurement instruments including various self-reported scales, physiological measures, and 
performance measures of the primary and/or secondary task. Self-reported measures were 
used in 18 studies of which half used the NASA-TLX scale. Physiological measures as well 
as primary/secondary/dual task performance measures were both used in 8 studies. 
Sometimes measurement instrument triangulation was performed by including multiple 
measurement instruments of overload within a single study.  
 

A theoretical Information Processing (IP) view was included in almost one third of the 
articles (12 out of 37). These authors drew on a wide variety of theories. In fact they used 
even more different theories than there were articles published with a theoretical model. 
These were the Theory of Embodied Cognition (defined using Cowart, 2004), the Human 
Information Processing Model (HIP: Norman and Bobrow, 1975), the Multiple Resource 
Theory (MRT: Wickens, 1984, 1986), the Systems and Error Theory (Reason, 1990), the 
Automaticity Theory of Martiniuk (1976) and of Schneider and Shiffrin (1977), the 
Psychological Refractory Period (PRP: Van Selst, Ruthruff, and Johnson, 1999), top-down 
and bottom-up theories of attention (Pashler, Johnston, Ruthruff, 2001), the Bottleneck 
Theory (Welford, 1967), Working Memory and chunking (Baddeley, 2002; Smith and 
Jonides, 1996), the Theory of Deliberate Practice (Ericsson, Krampe, and Tesch-Römer, 
1993), the Multiple Resource Model in Information Processing (Baddeley, 1996), the Hick-
Hyman Law (Hick, 1952), effort with distress and strain coping in compensatory control 
(Frankenhaeuser, 1986; Hockey, 1997), and research linking cardiac arrhythmia and 
responses of the sympathetic nervous system to mental workload (e.g., Kalsbeek and Ettema, 
1963). The remaining two thirds of the articles were a-theoretical with respect to overload 
and related constructs.  

 
  
Causes of overload 
 

Seven different categories of causes could be identified that contribute to overload of 
the surgeon (see Figure 2.3).  The authors of the original articles were interested in the impact 
of these causes on the load and performance of the surgeon. Sometimes multiple causes could 
be identified within a single article. Causes were sometimes interrelated. For example the 
articles of Lerotic and Yang (2006, 2007) discussed low or high resolution pictorial 
information as a function of the ability of IT to produce this information. Here characteristics 
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of IT influence the characteristics of the information it delivers to the individual. In such 
cases both information and IT were included as a cause. The main four categories of causes 
are IT (31% of the total causes mentioned was primarily related to IT), information (19%), 
individual and task (both 17%). The keywords were underlined to improve readability of the 
text. 

 
IT-related causes often arise from the development of new medical IT (Carswell et al., 

2005) such as Minimally Invasive Surgical (MI-Su) technology (Berguer et al., 2001; Böhm 
et al., 2001; Manukyan, Waseda, Inaki, Torres Bermudez, Gacek, Rudinski, and Buess, 2007; 
Rieder, Martinec, Cassera, Goers, Dunst, and Swanstrom, 2011; Zheng et al., forthcoming), 
navigation technology (Strauss, Koulechov, Rottger, Bahner, Trantakis, Hofer, Korb, Burgert, 
Meixensberger, Manzey, Dietz, and Luth, 2006), surgical robots (Klein, Warm, Riley, 
Matthews, Doarn, Donovan, and Gaitonde, in press; Lee, Rafiq, Merrell, Ackerman, and 
Dennerlein, 2005; Rovetta,  Bejczy, and Sala, 1997) and communication technology (Reddy 
Pratt, McDonald, and Shabot, 2003). Also the integration of IT in the OR is considered in 
studies on display location (Rogers, Heath, Uy, Suresh, and Kaber, 2012; Youssef, Lee, 
Godinez, Sutton, Klein, George, Seagull, and Park, 2011; Zheng, Janmohamed, and 
MacKenzie, 2003), monitor integration (Berguer, Loeb, and Smith, 1997; Cheung, Wedlake, 
Moore, Pautler, and Peters, 2010), monitor quality (Lerotic and Yang, 2006, 2007) and 
presence of existing IT in the OR (Yurko, Scerbo, Prabhu, Acker, and Stefanidis, 2010)., 
Considering that a priori this review was not restricted to IT-related overload, it is remarkable 
that IT forms the largest portion of causes of overload in the surgical literature. 
 

 
Figure 2.3. Overview of causes of overload mentioned in the surgical literature 
 

Information-related causes arise from meaning of the information (Schuetz, Gockel, 
Beardi, Hakman, Dunschede, Moenk, Heinrichs, and Junginger, 2008; Zheng Tien, Atkins, 
Swindells, Tanin, Meneghetti, Qayumi, Neely, and Panton, 2011), information structure 
(Wadhera, Parker, Burkhart, Greason, Neal, Levenick, Wiegmann, and Sundt, 2010), amount 
(Reddy et al., 2003; Zheng et al., 2003) and contextuality (Reddy et al., 2003). Several 
information-related causes interact with other causes, particularly IT and task. Information 
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quality (Lerotic and Yang, 2006, 2007) and modality (Berguer, et al., 1997; Cao, Zhou, Jones, 
and Schwaitzberg, 2007; Cheung et al., 2010) partially depend on the IT through which the 
information is delivered. Information relevant to secondary cognitive tasks (Goodell, Cao, 
and Schwaitzberg, 2006; Hsu, Man, Gizicki, Feldman, and Fried, 2008) exists because the 
surgeon is confronted with multiple tasks. 
 

Individual-related causes mainly cover gaps in expertise with new or existing surgical 
technologies and procedures between experts and novices (Andersen, Klein, Gogenur, and 
Rosenberg, 2012; Berguer et al., 1997; Berguer et al., 2001; Böhm et al., 2001; Cao et al., 
2007; Smith, Chung, and Berguer, 2000; Zheng et al., 2010; Hsu et al., 2008; Zheng et al., 
2011). Expertise is usually inferred from experience calculated as the number of procedures 
performed during simulator training or clinical practice. Training is proposed to narrow this 
gap. Alternatively expertise is inferred from the stage of the career or role of the subject such 
as medical student, resident, attending surgeon or primary surgeon. One article (Hedman, 
Klingberg, Enochsson, Kjellin, and Fellander-Tsai, 2007) emphasized individual differences 
in working memory span and visual-spatial ability. Sleep quality was mentioned as a cause in 
two articles (Andersen et al., 2012; Tomasko et al., 2012).  
 

Task-related causes are mostly related to the complexity (Czyzewska et al., 1983; 
Zheng et al., 2003), multi-tasking or distraction (Cao et al., 2007; Deka et al., 2011; Goodell 
et al., 2006; Schuetz et al., 2008; Youssef et al., 2011), and the reality of the training task 
(Yurko et al., 2010).  
 
 
Symptoms and other dependent measures 
 

Various dependent measures were included in the 37 articles that were reviewed. The 
majority of the authors were interested in the impact of overload on performance. In 
particular, 24 articles studied the impact of overload on surgical performance. Most of these 
articles included impaired surgical performance as a manifestation of overload (Rogers et al., 
2012; Klein et al., in press; Tomasko et al., 2012; Zheng et al., 2011; Deka et al., 2011; 
Youssef et al., 2011; McCaskie, Kenny, and Deshmukh, 2011; Zheng et al., 2011; Rieder et 
al., 2011; Yurko et al., 2010; Cheung et al., 2010; Zheng et al., 2010; Song, Tokuda, 
Nakayama, Sato, and Hattori, 2009; Schuetz et al., 2008; Hedman et al., 2007; Lee et al., 
2005; Berguer et al., 2001; Smith et al., 2000; Rovetta et al., 1997; Berguer et al., 1997). Four 
articles treated performance on a dual task as a measure of overload (Hsu et al., 2008; Cao et 
al., 2007; Goodell et al., 2006; Carswell et al., 2005). Two additional articles were interested 
in communication breakdowns rather than surgical performance (Lingard, Espin, Whyte, 
Regehr, Baker, Reznick, Bohnen, Orser, Doran, and Grober, 2004; Wadhera et al., 2010). 

 
Emotional manifestations included stress (Klein et al., 2012; Schuetz et al., 2008; 

Demirtas, Tulmac, Yavuzer, Yalcin, Ayhan, Latifoglu, and Atabay, 2004), anxiety 
(McCaskie et al., 2011) or emotional response in general (Czyzewska et al., 1983). Eight 
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by the central executive are limited but only partially overlapping for the three slave systems. 
That is, part of the limited resources can be attributed to one of the slave systems whereas 
other parts of the resources can be allocated exclusively to a single slave system. The slave 
systems can thus be overloaded separately in their limited capacity to process information. 
This occurs when processing demands exceed the attentional resources allocated to the slave 
system to process the information.  
  

The limited capacity to process new information by the Working Memory comprises 
the core of Cognitive Load Theory. Cognitive load is the manner in which resources are 
focused and used during learning and problem solving (Chandler and Sweller, 1991, p.294). 
Load becomes too high when one or more slave systems exceed their limited capacity (Paas, 
Renkl, and Sweller, 2004; Sweller et al., 1998; van Merriënboer and Sweller, 2005).  
 

Cognitive Load Theory assumes that Working Memory capacity is never exceeded 
when dealing with familiar information. This is information that is stored in Long-Term 
Memory under the form of cognitive schemata during learning. By constructing and 
combining schemas, different pieces of information can be treated as a single element in the 
Working Memory. This drastically reduces the Working Memory load. Existing schemas can 
be automated through extensive practice. Information can then be processed automatically 
rather than consciously in Working Memory. This again frees Working Memory capacity. 
Instructional design should encourage the construction and automation of cognitive schemata 
(Paas et al., 2004; Sweller et al., 1998; van Merriënboer and Sweller, 2005). 
 
 
Types of Cognitive Load 
 

Cognitive Load Theory distinguishes between three types of cognitive load. These are 
intrinsic cognitive load, extraneous cognitive load, and germane cognitive load. The types of 
load differ based on the nature and contribution to construction of cognitive schemata. 
Intrinsic cognitive load relates to the intrinsic structure of the information. It cannot be 
influenced by instructional design. Intrinsic cognitive load depends on the number and 
interaction of information elements that have to be processed simultaneously. Low 
interactivity allows the Working Memory to process the elements serially. This imposes 
lower levels of load. High interactivity requires simultaneous processing of information in 
Working Memory. This imposes higher cognitive load. Extraneous and germane cognitive 
load are a function of the way in which information is presented. They are influenced by 
instructional design and are not an intrinsic part of the information itself. Extraneous load 
does not contribute to schema construction or automation. It is considered ineffective load. 
Germane or effective load relates to information and activities that do add to schema 
construction and automation. Intrinsic, extraneous and germane cognitive load are additive. 
That is, they draw from the same limited resources. Total load should not exceed available 
resources for meaningful learning to occur. Cognitive Load Theory prescribes that the total 
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load should be aligned with the cognitive architecture and extraneous load should be 
minimized (Paas et al., 2004; van Merriënboer and Sweller, 2005). 
 

Cognitive Load Theory has demonstrated that characteristics of the task, information 
and individual interact. They influence the level of cognitive load and therefore the learning 
curve and transfer of performance. Task characteristics include task format, complexity, use 
of multimedia, instructions and time pressure. Characteristics of the information are amount 
and interactivity of information items. Characteristics of the individual influencing load 
include her level of expertise and spatial ability (see Paas, Tuovinen, Tabbers, and van 
Gerven, 2003; Sweller, 1988). For example equal information interactivity imposes different 
levels of load on the individual depending on his or her level of expertise. Highly experienced 
individuals process complex and highly interacting elements as a single chunk in the 
Working Memory. Less experienced individuals confronted with the same information 
however have less organized schemata and process the information elements as single items 
in Working Memory. Consequently they experience higher levels of load (Kalyuga, Ayres, 
Chandler, and Sweller, 2003). These findings have led to several instructional design 
principles which are outlined in Paas, Tuovinen, Tabbers, and van Gerven (2003).  

 
 
 
Emotional-Cognitive Model 
 

The Emotional-Cognitive Overload Model (ECOM: Rutkowski and Saunders, 2011) 
builds on the modal model (Atkinson and Shiffrin, 1963) of human memory and the 
associative network theory of Bower (1981). The Emotional-Cognitive Overload Model 
addresses to both the cognitive and emotional consequences of Emotional-Cognitive 
Overload. It assumes a cognitive architecture consisting of a limited capacity Short-Term 
Memory (STM) and an unlimited capacity Long-Term Memory (LTM). The information 
stimulus input for the Emotional-Cognitive Overload Model is information delivered by IT 
(see Figure 2.4). Individuals respond to the information stimulus and place it in Short-Term 
Memory. The Short-Term Memory can process seven plus or minus two chunks at a time 
(Miller, 1956). As also proposed by Sweller (1988), information is reloaded from Long-Term 
Memory into Short-Term Memory to chunk incoming information. Incoming information 
items are organized into personal pertinent chunks. Chunking is the process of encoding, 
recoding or reorganizing multiple separate information items into personally pertinent units 
or chunks based on personal meaning (Miller, 1956).  
 

Information chunks are stored in the Long-Term Memory under the form of cognitive 
schemata. Cognitive schemata are cognitive structures that preserve and organize information 
in Long-Term Memory (Piaget, 1951). Cognitive schemata are crucial when reloading 
information from Long-Term Memory into Short-Term Memory. Highly organized cognitive 
schemata increase the number of information items that can be processed as a single chunk in 
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3. Medical IT-related overload: the role of personal 
mental organization of Long-Term Memory 

 
 
3.1 The socio-technological setting of the OR 
 

As a next step, observations were conducted during twelve medical interventions in 
two Dutch hospitals. The goal was to get a more comprehensive insight into medical 
Information Technology (IT) used during these interventions. Procedures covered the fields 
of laparoscopic surgery (abdominal and pelvis), interventional cardiology and cardiac surgery 
(heart), neuro-surgery (brain), and interventional radiology (e.g., stents). These fields are 
dominated by image guided procedures. An overview of medical IT used during these 
procedures is provided in Table 3.1. Illustrations of the medical IT are provided subsequently. 
The overview and illustrations are not intended to be all-embracing. Use of IT varies as a 
function of the specific procedures performed. It also differs as a function of availability at 
different hospitals and preference of the surgeon. Rather this overview gives a more 
comprehensive insight into IT used in the Operating Room (OR).  

 
The main emphasis is put on laparoscopic surgery which is the focus of this 

dissertation. Other surgical fields are also discussed and demonstrate the high density of 
medical IT across different medical specialisms.  

 
Table 3.1. Comprehensive overview of medical IT specified by type of intervention 
Information Technology Laparo-

scopic 
surgery 

Cardiac 
surgery 

Neuro-
surgery 

Interventi
onal 

cardiology 

Interventi
onal 

radiology 
Pager /Phone/ Intercom x x x x x 
Streaming radio technology x x  x  
Patient Data Management System* x x x x x 
Anesthetics technology* 
- patient vital signs monitor  
and/or flow monitor 

x x x x x 

Scope (e.g., laparoscope,  *  
endoscope, microscope) 

x  x   

Computed Tomography (CT) or X-ray *    x x 
Electrocardiograph (ECG) *    x  

Medication dispense technology 
*
 x x x x  

Ultrasound technology 
*
 x x x x x 

Magnetic Resonance Imaging (MRI) 
*
   x x x 

Heart-lung machine 
*
  x    

Navigation technology    x   
* Illustration provided in Figure 1.1-1.2 & 3.1-3.6 
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The following pictures of medical IT were taken during observations of twelve surgical procedures and interventions unless mentioned otherwise. 
Pictures were taken with permission of the medical staff in charge. 
 
 

        
Figure 3.1a. Minimally invasive intervention radiology  
Bottom two screens : X-ray images (left = live; right = frozen frame) 
Upper right screen: monitoring vital physiological measurements patient 
Upper left screen: MRI images, see Figure 3.1b for details 
 

 Figure 3.1b. Magnetic Resonance Imaging (MRI) 
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Figure 3.2. Patient Data Management System 

 

 
Figure 3.3. Anesthetics technology 
Left: flow monitor (monitoring and regulating medication, sedation) 
Right: monitoring of vital patient parameters (e.g., heart rate, blood pressure) 






























































































































































































































































