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Optimizing Physicians’ Instruction of PACS: Application of Cognitive Load Theory 
to E-learning 

ABSTRACT 

This article outlines the strategy used by our hospital to maximize the knowledge 

transfer to referring physicians on using PACS. We developed an e-learning platform 

underpinned by the Cognitive Load Theory (CLT) so that in depth knowledge of 

PACS’ abilities becomes attainable regardless of the user’s prior experience with 

computers.  The application of the techniques proposed by CLT optimizes the learn-

ing of the new actions necessary to obtain and manipulate radiological images. The 

application of cognitive load reducing techniques is explained with several examples. 

We discuss the need to safeguard the physicians' main mental processes in order to 

keep the patient's interests in focus. A holistic adoption of CLT techniques both in 

teaching and in configuration of information systems could be adopted to attain this 

goal. An overview of the advantages of this instruction method is given both on the 

individual and organizational level. 
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BACKGROUND 

The initial deployment of PACS (Picture Archiving and Communication System) 

in a hospital has considerable impact on work methods of all physicians who utilize it. 

The extent of its effect has been reported pertaining to the new way of working of ra-

diologists1-2 and other hospital physicians3. The referring physician can be seen as the 

end-user, a valuable stakeholder in the PACS process, one that is indispensable for 

making the filmless transition a success.  



This digital work flow of radiology4 poses new challenges and opens up new pos-

sibilities. In days gone by film arrived by mail and could be treated like any other 

physical object. With a digital way of working radiological information is presented 

in a digital format making the procurement of radiological information less tangible. 

So, not only the radiologist but also the referring physician has to acquire new skills, 

and learn new tools in order to be able to extract the same amount of information (or 

more) from the now digital radiological images. Moreover, the referring physician has 

to adopt a new paradigm of thinking. Images are no longer situated in the physical 

world but can now be found in the abstract realm of electronic data. Regardless of the 

technological way the images are transferred to the requesting physician (internal 

network, HIS-integration, Web) there are a number of operations the physician has to 

perform in order to visualize the radiological images. Since in most cases these opera-

tions are new to the physician, training should be supplied. In our 1169-bed hospital 

which employs about 4800 people (600 physicians, 1700 nurses,…) providing this 

training was a challenge and scale effects could easily have jeopardized it. 

One of the key concerns of our radiology service’s management was that request-

ing physicians would not use the full potential of the new tools handed to them. Con-

sequently it became a priority to deliver a learning method where physicians could be 

trained in and familiarized with using PACS. This concurs exactly with the rationale 

for providing PACS training mentioned in Protopapas et. al5. 

Both an auditorium presentation and hands-on training sessions were considered 

as potential training methods. They were deemed impractical respectively for reason 

of overly full physicians’ agendas or unachievable amounts of time to be spent by the 

PACS project team. The above issue compelled us to develop a digital learning envi-

ronment accessible both from within PACS and from the hospital intranet. Further-

more it was envisioned that the learning environment had to be easy to use yet had to 

cover all functionality of PACS. Cognitive Load Theory (CLT) was applied in order 

to fulfill the above prerequisites. 



METHODS 

PACS and IT infrastructure 

The initial PACS installed was a General Electric (GE) Centricity PACS version 

2.0 CRS5 SP2. The system can be considered full-featured, including advanced 3D 

possibilities and a web viewing solution for referring doctors.  

PACS’ implementation commenced in May 2004 with actual radiology integration 

and go-live in March 2005. The visible side of PACS for non-radiologists at the time 

was GE Centricity Enterprise WEB 2.0 (version at the time of writing: GE Centricity 

Enterprise WEB 2.1 SP06a).  The web viewer was deployed on July 26th 2005 as an 

integrated add-on to the hospital information system (HIS) and is connected to it 

through a patient-based integration. The web application is ActiveX-based, connects 

directly to the main PACS database and retrieves images from the PACS’ central im-

age repository, guaranteeing full access to all available imagery. Requesting doctors 

access HIS and PACS with hospital standard desktop personal computers ranging 

from older Pentium III–class machines to more recent hardware using various ver-

sions of the Microsoft Windows operating system. Non-Windows personal computers 

(non-standard hospital equipment) can be configured to access PACS by using a Ci-

trix environment. Prior to the installation, all PCs were upgraded to meet the mini-

mum requirements for the PACS web viewer. Older models were replaced or were 

upgraded to a new operating system (at least Windows 2000).  Web browsers were 

minimally upgraded to Internet Explorer 5.5. 

 Technology 

The digital learning environment was created using Microsoft PowerPoint 2003. 

An interactive presentation was built so that users can navigate through it. In order to 

avoid an excessive load time, the complete presentation was exported to HTML-

format. Navigation features like clickable buttons and/or interactive elements within 

the presentation were retained. The resulting HTML-files were put on the PACS web 

server and were made accessible from within the web viewing application and from 

the hospital intranet. The opening screen of the digital learning environment can be 

seen in figure 1. 

 



 
Figure 1: Opening screen of the e-learning environment  

 

Cognitive Load Theory 

Learning puts strain on the mental processes of the learner. Thus, learning how to 

use a software application to review radiological images can be considered a mental 

burden for the requesting doctor. Cognitive Load Theory, introduced by Sweller et 

al.6 models different types of strain that occur when people learn. The application of 

the concepts resulting from the extensive research on the subject of cognitive load en-

sures the construction of a learner-friendly instruction system which maximizes learn-

ers’ gains while minimizing mental effort. Mental strain appears when the human 

cognitive architecture processes mental tasks. CLT supposes a human cognitive archi-

tecture consisting of working memory and long-term memory. 

Working memory is of a limited nature, both in capacity and in time. It can only 

keep a certain number of cognitive elements of information in focus. If this informa-

tion is not refreshed it is forgotten after some time. Next to temporarily storing infor-

mation elements, working memory also processes this information e.g. by associating 

interacting elements with each other.  



As a result multiple elements of information are combined into schemas in work-

ing memory and consequently stored in long-term memory. Schemas are groups of 

cognitive elements amalgamated together so that working memory sees them as a sin-

gle information element. An example of this is the way most people perceive cars. An 

inner mental concept exists so that additional reasoning like-“This object has four 

wheels on the outside and a steering wheel on the inside so it must be a car”- is made 

to be obsolete. Much in the same way lower-order schemas can be combined into 

higher-order schemas which take up less working memory space. This process results 

in schemas of different order being stored in long-term memory. 

Furthermore, schemas can be used either consciously where the schema is im-

ported in the working memory or unconsciously where the schema is automatically 

executed. Ordinarily, the second method, schema automation, can only be achieved 

with practice. This makes schema automation the cognitive counterpart of the adagio, 

practice makes perfect. An example used in this context is learning to drive a car. The 

beginning driver needs to consciously import all necessary actions for driving (shift-

ing gears, braking, accelerating,…) into working memory and process each one while 

proficient drivers unconsciously execute them all. 

Cognitive load appears when working memory processes elements of information. 

In a learning situation, this cognitive load can originate from different sources. CLT 

therefore distinguishes three types of cognitive load: 

• Intrinsic load 

• Extraneous load 

• Germane load 

The intrinsic cognitive load is inherent to the material to be learned. It is con-

nected to the complexity of the presented material i.e. the number of interacting ele-

ments in working memory. Interacting elements amplify cognitive load since working 

memory has to retain all elements while using its remaining memory space for build-

ing a schema of the entirety of interacting elements. E.g. if we present the clinician 

with dozens of new image manipulation tools while introducing new terminology and 

new concepts, a high intrinsic cognitive load is likely.  



Extraneous cognitive load is the strain put on mental processes either due to the 

manner of presenting the material or due to extra, non-significant items incorporated 

in the learning material. Designing efficient instructional environments relies heavily 

on its decrease7. So the use of plain text as a method of instruction can result in high 

extraneous load when compared with a visual representation of the same material.  

Germane load is the cognitive load of processing the learning material and inter-

preting the links between the different information elements contained therein. It is 

the cognitive load linked with the construction of mental schemas.  

CLT asserts that the sum of the above cognitive load types cannot exceed working 

memory limits if learning is to take place.7 

We apply the concepts of CLT to the e-learning environment in order to reduce 

the mental burden of learning the features of web-based image viewing. Hence the 

learning potential is maximized. 

 

Levels of Cognitive Load 

Cognitive load occurs when mental tasks are executed. Specifically when learning, 

we can distinguish different levels that cause cognitive load. In our setting, the aim is 

to impart knowledge on the use of PACS by hospital physicians.  

The intrinsic load is then linked to the actual learning to use PACS and its tools 

and extraneous load is connected to the way PACS’ instruction material is presented. 

Germane load is generated while the learner constructs mental schemas of PACS use 

and its tool behavior. This is visualized in the middle part of figure 2. 



 
Figure 2: Levels of cognitive load 

 

 

When using a digital learning environment as training method to convey knowl-

edge regarding PACS, the presentation of the necessary information causes extrane-

ous load in learning PACS. Before being able to fully use the e-learning system, the 

learner has to be familiarized with the concepts underpinning the e-learning system. 

This learning of using the e-learning system again comprises the three different cogni-

tive load types. This is shown on the right of figure 2. 

Symmetrically, we remark that learning to use PACS can be considered as part of 

the extraneous load of a higher (learning) task, as visualized by the left side of fig-

ure 2. All three cognitive load levels mentioned above should be subjected to the uni-

versal CLT tenets. 



The medical intrinsic cognitive processes should be safeguarded as much as pos-

sible. Accordingly, it is important that all extraneous load is minimized as much as 

possible. As can be seen in figure 2, PACS’ intrinsic load is essentially part of the up-

per level’s extraneous load. The intrinsic load of PACS is caused mainly by the ven-

dor’s choice of user interface. Mostly the user interface can be tweaked and config-

ured however major changes cannot be attained easily. This makes PACS’ intrinsic 

load inherent to the choice of PACS vendor and to the configuration skills of the 

PACS implementation team. 

 

Load Reduction Techniques 

The digital learning environment is a form of multimedia based learning. Multi-

media learning opens up new ways to present instruction material to the users.  

Extensive research has been conducted in an attempt to reduce cognitive overload 

in multimedia learning. Mayer and Moreno8 define 5 types of cognitive overload and 

propose nine ways to reduce load in these categories. The auditory channel is not ap-

plicable to this version of the e-learning system so four types of cognitive overload 

and 6 propositions for reduction of cognitive load remain viable. 

We distinguish the following cognitive load reduction methods (adapted from 

Mayer and Moreno8): 

• Segmenting: present the information in bite-size segments; let the learner 

control the time lag between these segments 

• Individualizing: accommodate for different amounts of learner experience 

• Pre-training: offer the learner a sneak preview of the characteristics and 

terminology of the different components 

• Weeding: eliminate interesting but extraneous material 

• Signaling: emphasize the most important aspects of the lesson  

• Aligning: present printed words close to the corresponding graphic mate-

rial 



RESULTS 

Application of Cognitive Load Theory 

The resulting e-learning system closely adheres to the CLT concepts. The dynamic 

presentation consists of 126 separate and dynamic slides. All functionality, tools and 

features of PACS are discussed and explained. The load-reduction techniques de-

scribed above are applied and will be discussed according to their occurrence.  

Segmenting 

Information on PACS is presented slide after slide so the learner can decide when 

to switch to the next slide. Information contained on one slide is aimed to be self-

explanatory and addresses a single (sub)-topic. Slides are set up so that all informa-

tion is visible at a single glance without the need for scrolling inside the page.  The 

segmentation effect as described by Mayer and Moreno is specifically triggered by 

this way of presenting information. 

The buttons provided at the bottom of every slide offer the possibility to navigate 

through the presentation and are designed to be intuitive and flexible. This way the 

user can control the time lag between different slides, go back and forward and jump 

to specific parts within the presentation. These different parts are explained below. 

Individualizing 

The structure of the e-learning system, visualized in figure 3, provides people of 

all previous experience levels with a personalized path to learn to work with PACS. 

The arrows in figure 3 represent links between the different slides.  

Three horizontal structures can be distinguished. These structures can be seen as 

the different pathways one can follow when learning to work with PACS. From top to 

bottom we discern the index from where every topic can quickly be accessed, the es-

sential path where only the necessary functionality is explained and lastly a detailed 

pathway of how PACS functions.  

 



 
Figure 3: Structure of the e-learning environment 

 

Starting from the index, which is visualized in figure 4, links generally point to 

screens of the essential pathway. These give an overview of the topic that was se-

lected without going into details. If more information is needed, one can then seam-

lessly follow the more detailed path.  

 
Figure 4: Index slide of the e-learning environment 

 



Given the personal level of previous experience of the user, they can choose to ei-

ther enter the e-learning system from the beginning or by selecting a specific topic 

about which they wish to know more from the index. When entering the system from 

the beginning one can again choose to follow the essential path where the specific in-

ner workings are left to be discovered by the user or one can choose to immediately 

start with the detailed pathway. 

Due to the possibility to switch from the essential pathway to the detailed pathway 

at all times during the learning session, it becomes possible for the learner to adapt the 

learning session to his wishes. 

Together, the three pathways (including the index) cover the complete spectrum of 

learners’ previous experience as adept users looking for a refresher course can simply 

lookup the function of their wishes in the index, computer-minded users can follow 

the essential pathway and be presented with a concise way of getting to know all 

functionality. Nevertheless, users with little to no computer experience can benefit 

from the extensive information found in the detailed pathway. They are guided step-

by-step, where all actions to be taken are explained and where possible, visualized.  

 

 

Pre-training 

The structure itself of the e-learning system comprises a pre-training method. The oc-

currence of overview slides in the essential pathway through the e-learning system 

can be seen in this context. These slides show in essence what will be explained in the 

detailed slides. This way the learner becomes acquainted with the goal of the follow-

ing slides and is mentally aware of what concepts will be handled accordingly. Thus a 

reduction of the germane load of learning to use PACS is obtained. The left screen of 

figure 5 shows an overview screen which is part of the essential path. It explains that 

in the following slide both the “Pictorial index” and the “Worklist” items will be dis-

cussed. 

 



Figure 5: Two consecutive slides: left slide part of the essential path, right slide part 

of the detailed path 

 

Pre-training is also used when the concepts and functionality of the e-learning system 

are explained at the start of a learning session. By providing the learner with the be-

havior of the different buttons within the e-learning system its concepts are introduced 

before they have to be actually used. This lowers the germane cognitive load of work-

ing with the e-learning system.  

Weeding and Aligning 

The concept of both weeding and aligning has been thoroughly applied in figure 5. 

It shows two consecutive screens from the e-learning system explaining basic screen 

layout. The first screen is part of the essential pathway while the second screen is part 

of the detailed pathway. The second screen focuses directly onto the worklist feature 

while graying out the rest of the window information. This gives the learner the op-

portunity to concentrate on what will be explained on the more detailed subject. The 

cutting away of extraneous information, weeding, which would otherwise complicate 

the visual image offered to the learner, renders the remaining screen calmer and re-

moves visual clutter. This results in a lower extraneous load of learning the use of 

PACS. 



The aligning technique is used in conjunction with the above method. As men-

tioned, cognitive load diminishes when related images en text are presented close to 

each other. This is illustrated on the second screen of figure 5, where weeding has 

made the extraneous material invisible and where the relevant text concerning the re-

maining visual image is presented close to this image. This way two effects can be 

achieved. First, unnecessary visual scanning is eliminated by combining text and im-

ages, and second, no mental processing is necessary to handle the unnecessary visual 

information. 

 

Signaling 

The important aspects of the current screen are highlighted using a red box. The 

occurrence of this bright colored rectangle draws the attention to the information con-

tained therein. The left screen of figure 5 uses this technique to highlight specific 

pieces of information. 

DISCUSSION 

Adoption of CLT 

In this article, the authors try to acquaint the reader with the concepts of Cognitive 

Load Theory. We believe that by taking the learners’ interests at heart we are able to 

produce a more robust training system which heightens the possibility of knowledge 

transfer with minimal mental effort for the learner. It is our understanding that in a 

complex environment like the healthcare environment it is imperative that the main 

actors, the physicians, are safeguarded from extraneous cognitive load. This is espe-

cially important as it is in the patient’s interest that all attention is directed towards his 

problems and not to the mental task of what actions are to be taken in order to visual-

ize the radiological images.  

We believe that it would be wise to adopt CLT techniques in other healthcare 

training schemes so that the physician’s mental effort is directed where it is supposed 

to be most beneficial. 



Furthermore, not only training systems should be subjected to CLT techniques. If 

possible, any extraneous load to the medical mental processes should be avoided. It is 

therefore imperative that a PACS or any other healthcare information system is scored 

regarding the mental effort needed to operate it. In order to maximize available work-

ing memory an assessment program should be set up prior to the procurement of in-

formation systems.  

 

Advantages 

The use of the e-learning has advantages which can be situated on the personal 

level. The system is accessible at all times from every hospital-supplied computer on 

campus (and off campus through secure Virtual Private Network or VPN). This way, 

physicians can use it on their own time, eliminating the need to reschedule their agen-

das to fit in PACS lessons while they can absorb the information at their own pace.  

On an organizational level, once the e-learning environment has been developed 

and deployed, the organization no longer has to invest time and resources in providing 

training.  

However, using a digital learning environment puts the responsibility for learning 

with the individual physician. 

Future 

Further steps in researching CLT concepts in the healthcare environment are  

necessary. Next to the development of a program for cognitive load assessment in 

healthcare software mentioned above, another possible research path is testing 

whether the proposed e-learning system effectively diminishes cognitive load and 

whether knowledge transfer is heightened. Additional research on the e-learning sys-

tem will encompass a feasibility study of the inclusion of audible information.  



CONCLUSION 

An approach to instructing physicians on working with PACS by means of a Cog-

nitive Load based e-learning environment was constructed. The application of CLT 

techniques ensures that the mental effort necessary to process the new information is 

minimized. Thus physicians are not required to spend large amounts of time studying 

the new functionality. The different load-reducing techniques provide a basis for 

structuring both content and visualization. 

The use of a digital learning environment leads to personal advantages for the 

learning physician while on an organizational level providing instruction does not be-

come a continuous effort. 

Ultimately we posit that the adoption of CLT techniques both in educational set-

ting as in production environments could lead to diminishing mental load levels for 

physicians; a result that can only be beneficial for both patient and physician. 
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