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D10.2 Report on the results of the initial user test of the radiology search system

Executive Summary
This deliverable describes the first round user–oriented evaluation of the KHRESMOI system
prototype by radiologists. The design aspects, the setup details and the results are presented and
analysed. An iterative approach was followed, using pilot user tests on the 2D image search
prototype and interviews using mockups of the 3D image search system interface. A round
of full user tests followed in the University hospitals of Geneva and the Medical University of
Vienna.

In total, 17 persons participated in the user test. The outcomes of the pilot studies were
used to refine the user study design and the system’s development. The participants performed
guided information retrieval tasks and answered questionnaires on the interaction with the sys-
tem. Usability aspects, such as effectiveness, efficiency and user satisfaction were recorded and
the results were analysed and are presented in this document.

The results indicate that the KHRESMOI system has tools that have the potential to improve
the current visual information search success rate and were found to be novel and useful in
practice. User satisfaction was positive by the majority of the participants and a large amount of
feedback was given. Aspects where the system was less satisfactory to the users were identified
and propositions were made for improvements and additions. The outcomes of this evaluation
will be used to guide future system development.
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1 Introduction
Part of this section has been accepted for publication in [14].

Images are produced in a quickly increasing variety and quantity and are essential in many
aspects of medical diagnosis and treatment planning. Much of the knowledge stored in images is
little exploited as access to the visual image information is rarely possible. Content-based image
retrieval (CBIR) uses the visual content of a set of images as positive or negative examples to
retrieve other images or cases. Over the past 15 years, CBIR has been considered promising
for assisting information search in the medical field and several systems were developed [19].
However, most systems were rather technology–driven and very few applications have reached
the end users or were integrated into the medical professionals workflow [1].

User–centered design (UCD) [25] has been used in industry [8, 11], but also in medical
applications [5]. It is driven by the user requirements and feedback to improve the product’s
usability and the user experience. A few aspects of UCD have also been used for CBIR [6].

UCD in software development includes key elements in order to involve user feedback to
the design and the development of the application. First, investigation and understanding of the
user requirements [7, 24] needs to be achieved to identify the general design directions. User–
centered evaluation is another important part of UCD, which needs to be performed in the early
stages of the development [9] and is seen as an iterative process throughout the development
cycle [11, 5]. The key elements are also described in the ISO standard for the Human–centered
design for interactive systems (ISO 9241-210, 2010).

User–centered evaluation is often performed in the form of empirical usability tests, which
include having a number of target users to interact with the system. Usability of the system is
assessed with factors such as learnability, efficiency, effectiveness, memorability and satisfac-
tion [9]. Various methods exist for conducting these tests, including thinking aloud, direct or
recorded observation of the interaction, survey forms and log analysis. A survey on common
usability testing techniques and tools is presented in [2]. A more detailed description of aspects
to be taken into account when designing a usability test can be found in [12].

An important aspect when designing a usability test is the number of participants required.
Early studies have discovered that a single person is not able to detect all usability problems
but 3-4 are sufficient [22]. In [21] it is suggested that five users are enough, while studies have
questioned this choice [23, 26]. The exact number of participants remains an open question,
though in [20] it is explained that five participants are indeed enough for each iteration of an
iterative user–centered evaluation.

In this report, the design choices, the setup and the results of the first round of the user–
centered evaluation of the KHRESMOI search engine for the radiology use case are presented.
The system combines text and CBIR search to retrieve images and articles from internal and
external data sources. The general research questions that the evaluation tries to answer are:

• Does the KHRESMOI system improve current search for information in radiology (which
is mainly patient–centered or using Google on the Internet)?

• Does it cover unmet information needs and to what extent?

• Which functionalities are more useful and which tools need to be improved, changed or
added?
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2 Methods and Materials
Part of this section has been accepted for publication in [14].

This section describes the methodology followed for designing, setting up and running the
user tests. The datasets used for performing the tasks and the materials used for capturing the
user interaction with the system are presented, as well as the acquired feedback. With regard to
the user profiles and their information needs, described in the KHRESMOI deliverable report
D9.1 [17], two parts of the KHRESMOI system were used: the 2D image/article search and the
3D image search subsystems.

The user oriented evaluation process followed an iterative approach and different prelimi-
nary steps were taken for each system. The 3D image search system was designed to mainly
provide information search in the hospital image data during the clinical duty. Before running
the user tests, interviews with radiologists were arranged in order to design an interface that
would fit in the clinical workflow.

The 2D image/article search system was designed to cover information needs related to
search into external sources. Therefore an interface inspired by the state–of–the–art medical
image and literature search engines interfaces [15, 10] served as a basis for the system prototype.
Pilot user tests were performed to evaluate the basic aspects of the interface and the system’s
functionalities. This also helped detecting shortcomings of the user tests design and refining the
study protocol.

2.1 Interviews and interface design
The goal of the KHRESMOI retrieval system is to add content based retrieval functionality
to the clinical radiologist workflow. We do not aim at replacing existing image management
systems, but instead want to offer additional functionality. In the beginning we were interested
in the workflow radiologists perform and during which they could imagine that KHRESMOI
functionality would be helpful. A few draft layouts for the user interface as shown in Figure 1
were presented to the physicians that would allow the radiologist (1) to work with a query image
(typically this is the image the radiologist is analyzing at the moment) and (2) to browse through
retrieval results. Retrieval results are images that are identified by the retrieval engine, and share
information such as pathological features, local appearance, and anatomical location with the
query image.

The goal of the interviews was to get insights into the various ways radiologists can imagine
integrating the tool into their workflow and what specific functionality would be necessary to
do this. Optimally interviews should be a conversation, in which the needs of the radiologists
and the know-how about what is possible should be discussed. The information extracted from
the first interviews is discussed in Section 3.2.1.

Based on the output of the interviews the user interface for the first 3D image search pro-
totype was designed. This prototype was applied for the user tests, where the users have to
complete specific tasks. The tasks were designed in a way that makes it possible to extract
relevant information about the usability, quality and improvement options for the prototype.
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Figure 1: 3D Mockups generated at MUW, and used during the interviews. (A) Query
case and grid view on query results. (B) Query case and list view on the query results.
(C) Query case, chosen case and given grid view on results. (D) In detail view on query
case and one result case. (E) Same as D with Report displayed. (F) Same as C, but with
visualized query ROI and ROIs in the result view that match the query.

2.2 User study protocol
In order to investigate the research questions described in the introduction section, the following
aspects were taken into account:

1. Success of information finding by radiologists using KHRESMOI.

2. Time to find relevant information using KHRESMOI.

3. User satisfaction of the KHRESMOI system performance.

4. Usability of the KHRESMOI system.

5. Missing useful functionalities in the current system.
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In this user study, the methods of the above mentioned evaluation aspects needed to be
decided. The final selection of methods, after being refined by the preliminary step of pilot user
tests, is presented below:

• Participants were asked to perform information retrieval tasks for which at least one of
the results is known. Therefore aspect no.1 could be evaluated.

• The time taken to fulfill each task was measured. For tasks whose time was fixed, the
time taken to find the first relevant result was measured, instead. This method evaluated
aspect no.2.

• Participants were asked to fill a questionnaire about their experience of using the system.
This allowed to evaluate user satisfaction (aspect no.3) and detect usability problems
found by the participants. Questions were included that requested feedback and proposi-
tions for system improvement (aspect no.4).

• Participants were observed and video recorded while using the system. Possible system
flaws or usability problems that were not consciously detected by participants were iden-
tified through this technique (aspect no.4).

The user tests were conducted in the format of one–to–one sessions, one participant per-
forming the tasks and one observer to facilitate the user test. The details of the session were
also refined after the pilot tests by including and removing tasks, as well as modifying the time
limitations. The final session outline is presented below:

1. Introduction to the KHRESMOI project, the existing search system and the user test goals
(5 minutes).

2. Tutorial video on the system tools and functionalities (5 minutes).

3. Demographic survey (5 minutes).

4. Introductory task, simple use of the tools (5 minutes).

5. Guided user tests in clear scenarios (30-40 minutes).

6. Survey on the satisfaction with the tools and functionalities (10 minutes).

7. Free possibility to use the system (5+ minutes).

8. Survey on the satisfaction with the system, free discussion (10 minutes).

The introduction by the test facilitator intended to help the participant understand the con-
cept of the system and motivate to do the test. Then, the video demonstration of the system
introduced the tools offered by the application. The introductory task was introduced after the
pilot user tests because the video tutorial alone did not contain enough information for the user
to get familiar with the tools available. Throughout the session, the participant was being test
facilitator by the observer to identify potential shortcomings of the system. The observer was
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instructed to have a neutral attitude and was allowed to help only when the participant was
blocked and could not proceed with a task.

The setup of the session included hardware and software preparation but also training ses-
sions of the observer to get familiar with the recording tool and the study purpose. The hardware
used in each session included two Windows computers one for the participant and one for the
observer. The KHRESMOI client was downloaded to the participant’s computer and the record-
ing software was installed on both computers.

At the end of each session the file containing the recordings, the answers to the surveys and
the observer’s notes were acquired. The details of preparing, setting up and running a session
were added into a document to ensure that the experiment can be reproduced under the same
conditions. This document of instructions can be found in Appendix D.

2.3 Tasks and data sets
As mentioned in section 2.2, the user was requested to perform several information seeking
tasks during the session. The design of the tasks took into account that they need to use most
of the system tools and functionalities and cover the information needs of the target user group.
They had to describe realistic scenarios that appear in clinical and academic workflows. De-
pending on the tasks and the subsystem used, different data sources were required. The tasks
and data sets used are described in sections 2.3.1 and 2.3.2.

2.3.1 2D image/article search

For the evaluation of the KHRESMOI system in terms of radiology–related information search
into external sources, the ImageCLEF20121 medical data set was used [18]. This data set
contains more than 75,000 articles from PubMed open access journals and more than 300,000
images that are figures included in these articles. It represents a relatively realistic source for a
medical literature search and especially for an initial test on the system’s scalability and perfor-
mance. More information about this data set can be found in KHRESMOI deliverable document
D2.3 [13].

Two groups of information retrieval tasks were used: Three 2D image search tasks and two
article search tasks. A subset of the ImageCLEF2012 medical image–based and case–based
retrieval task topics was used respectively. The topics for the image–based task were selected
after the log analysis of queries to a radiology image search engine [24], while case-based topics
consisted of cases included in an educational database [18]. The full task descriptions can be
found in Appendix C.

The guided scenarios of the user tests were based on these information retrieval tasks and in-
cluded use of the various tool of the system, such as query–by–text, query–by–image–example,
the personal library, the tray and others.

2.3.2 3D image search

The total anatomical dataset for the 3D image search prototype consisted of a total of 7936 MRI
and CT Volumes with a total size of 470GB including 5817 radiological descriptions as reports.

1http://www.imageclef.org/
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A subset of 117 Lung CT volumes was used for the pathology dataset. The labeled pathologies
for these volumes were PE (panlobular emphysema) and ZE (centrilobular emphysema).

The tasks were defined in order to answer distinct questions that allow quantifying the qual-
ity and features of the prototype.

1. How do the new features and functionalities added with the prototype compare to the stan-
dard tools of radiology. More exactly, how the addition of searching for similar images
compares to only using tools like scrolling and changing of brightness and contrast.

2. This question is about the quality of the retrieval. Does it actually retrieve the desired
pathologies and therefore help the radiologists in answering the question of finding sim-
ilar diseases in the database. The radiologists can also use the radiological report of the
found volumes.

3. Another question concerns the educational aspect of the prototype. The goal is to find
out if it is possible for radiologists to find good examples for certain pathologies using
the new features. This would allow them to create better cases and visual examples for
demonstration purpose.

4. The quality of the anatomy retrieval is also an important part of the prototype. Therefore a
question is designed where radiologists are asked to find similar anatomical regions based
on some random examples.

5. Finally the participants should have time to freely use the system. This could give some
new perspectives and additional information that could be used for further development
of the prototype.

For the first user tests the goal was to decide whether the way the prototype is designed
would be useful for their daily routine. This includes the design of the user-interface and the
representation of the query image, the result list as well as the detail view. Therefore only a
subset of the tasks was necessary in the beginning, which also reduced the time taken for each
user-test. For this purpose the chosen tasks were (1), (2) and (5). The final tasks are described
in detail in Appendix C.

2.4 Recording material
For observation and recording, the commercial software Morae mentioned in [2] was used. This
software allows screen and face video recording of the participants (Figure 2) and also remote
online observing on a different computer (Figure 3). Moreover it facilitates the conduction
of the user tests by displaying the introduction and task description text as well as surveys on
the participant’s computer screen (Figure 4). All the surveys’ answers, observer’s notes and
recordings are saved in a digital format which is compatible with commonly used statistical
packages for result analysis and presentation.
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Figure 2: The interface of the Morae Recorder software, which was installed to the par-
ticipant’s computer. A common study configuration file should be created for all the users
and the recording starts by pressing red button.

Figure 3: The interface of the Morae Observer software, which was installed to the ob-
server’s computer. This tool allows the observer to take notes on the timeline of the record-
ing and use different markers (e.g. found bug, participant comment, participant blocked
etc.) The program in the screenshot is waiting for the recording to begin.
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Figure 4: Screenshot of filling in a survey form using the Morae software.

2.5 Survey forms
Four survey forms were used in this study. The initial demographics survey form was used to
get information on medical experience and computer use of the participants. Two survey forms
were used to evaluate the subsystems’ tools and functionalities usability and one to evaluate
user satisfaction with the global system.

A combination of modified versions of the System Usability Scale (SUS) [3] and the Ques-
tionnaire for User Interaction Satisfaction (QUIS) [4] was used for the user satisfaction and
usability survey forms. Open questions for providing comments on specific aspects of the sys-
tem and suggestions for improvements were added. To get preliminary answers to the research
goals, questions about the novelty, usefulness and intention of use of the tools were included.
The final survey forms, after the refinement during the pilot user tests, can be found at the
Appendices A and B.

3 Results
Part of this section has been accepted for publication in [14].

The user tests took place at the University hospitals of Geneva and the Medical university
of Vienna. Twelve persons (3 females, 9 males) participated in the full user tests round. This
number does not include the participants in the pilot user study and the interviews. They were
all below 40 years old, with eight of them being below 30 and three below 35.

Five persons were interns, four were residents, one associate professor in radiology, one
attending and one with no radiology background. Among the radiology specializations (par-
ticipants could choose more than one field) the most common was thorax (3), radio oncology
(3) and bone(2) while other chosen fields were echocardiography, neuroradiology, cardiac, pe-
diatric, general and emergency radiology. All of the participants reported frequent computer
use (more than once a day) and search for medical information (7 reported more than once a
day, 3 once a day and 2 once a week). Due to technical difficulties, bandwidth problems and
development schedule, not all of the participants were able to perform all the tasks.
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Figure 5: Median values of measuring general user satisfaction about the system in Likert
scale (1=strongly negative, 5=strongly positive).

Figure 6: Mode values for each participant over the global satisfaction questions in a
Likert scale.

User satisfaction results over key general aspects of the system are presented in Figure 5.
The median for the question about intention to use the system frequently was 4. The same me-
dian was obtained for easiness to use, the ability to use the system without technical support and
feeling confident when using the system. The median for easiness to learn and using the system
without prior training was 5 for both and the general feeling about the system’s consistency
was 3. In order to assess the global satisfaction of each participant the mode over the general
satisfaction questions was taken, measuring the most frequent grade given (Figure 6). Also, for
measuring the consistency of this satisfaction, the frequency of mode was given (Figure 7).

In the following sections a detailed description of the results of each step of each subsystem
prototype evaluation is given.
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Figure 7: Mode frequency for each participant over the global satisfaction questions.

3.1 2D Image/article search subsystem
Two sets of user tests were run in the context of KHRESMOI first round of user–centered
evaluation. The first set was a pilot user study that aimed at finding the most significant bugs
and inconsistencies as well as the user study’s protocol shortcomings. Then the full user tests
were performed after refining the protocol using the results of the pilot study.

3.1.1 Pilot user study

Five persons (2 females, 3 males) participated in two sets of parallel sessions. All were below
30 years old, with two of them being below 25. Two participants had radiology background
(one specializing in bones), one was a non–radiology intern and two were final year students in
medicine. All participants declared frequent computer use. Three persons answered to search
for medical info more than once per day, one once per day, and one answered once per week.
The recruitment of participants was done via personal contacts and people who volunteered to
take part in the study at the radiology department of the University hospitals of Geneva.

The mean time for retrieving the first relevant result during the 2D image search tasks was
158 seconds. This time included choosing image examples, investigating the results and judging
a result as relevant. This time includes only the cases when a relevant result was found. For
case–based retrieval tasks the respective mean time was 179 seconds. The mean number of
results selected as relevant was 5 for the 2D image search tasks and 2.6 for the case–based
search. One participant (one still studying medicine) did not select any relevant results for any
of the tasks.

User satisfaction on the specific system aspects was measured on a Likert scale where 1 was
strongly negative and 5 was strongly positive. Results are given in Figure 8. Questions about
the user’s use intention in academic, research and clinical work respectively obtained medians
of 4. Finally a question regarding the practical usefulness of the novel features of the system
obtained a median of 5 out of 6 due to a design error. This was excluded from the global user
satisfaction evaluation. User satisfaction results over general aspects of the system are presented
in Figure 9.
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Figure 8: Pilot study: Median of measuring user satisfaction over specific system aspects
in a Likert scale (1=strongly negative, 5=strongly positive).

Figure 9: Pilot study: Median values of measuring general user satisfaction about the
system in Likert scale.
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Figure 10: Pilot study: Mode values for each participant over the global satisfaction ques-
tions in a Likert scale.

In order to assess the global satisfaction of each participant the mode over the general sat-
isfaction questions was taken, measuring the most frequent grade given (Figure 10). Also, for
measuring the consistency of this satisfaction, the frequency of mode was given (Figure 11).

All open responses were classed into similar comments. Redundant comments were re-
moved and all comments were transmitted to the development team. Frequent comments in-
clude:

• complaints about CBIR performance were frequent as often several irrelevant results were
ranked highly;

• Zooming into images and basic manipulation such as level/window settings were consid-
ered important but are currently not possible in the interface;

• Displaying more information about the images in the result lists was also requested;

• Other propositions about functionalities such as backspace usage, radiology related func-
tionalities (contrast adjusting etc.) were given;

Below, some of the comments are given in their raw form (translated from French):

• The search for associated articles is interesting at this stage, the search by images would
also be useful if visual results were more relevant.

• As a student, search results have to be extremely relevant because we do not have the
knowledge to exclude bad images on our own.

• It seems reliable more or less, I feel like it has difficulties distinguishing CT scan images
from MRIs.

• More information on the description of images could be interesting to narrow down
searches. A zoom in on an image in the ’details’ section would be useful.
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Figure 11: Pilot study: Mode frequency for each participant over the global satisfaction
questions.

• There is no text below images in the list of result. It would be good to see the description
when you hover the mouse over a result image. Difficult to get a good idea of the image
at a glance when they are so small.

• The tool reacts very well to its use, no delay, no bug, tasks we are asked to do are rapidly
performed.

• Takes 15 minutes to be comfortable.

3.1.2 Full user tests

Eleven out of the twelve persons that participated in the user study tested the 2D image and
article search subsystem. However in two cases the participants did not performed all the tasks
or answered all the questions due to technical difficulties. This resulted to 31 performed 2D
image search tasks out of 33 (11 participants × 3 tasks) and 19 article search tasks out of 22 (11
participants × 2 tasks).

The mean success rate was 80.65% (25/31) for image search tasks and 78.95% (15/19) for
article search tasks. Every task that the user found at least one relevant result was considered
as successfull. The mean time for finding the first relevant result during the 2D image search
tasks was 106 seconds. This time included choosing image examples, investigating the results
and judging a result as relevant. It includes only the cases when a relevant result was found.
For case–based retrieval tasks the respective mean time was 150 seconds. The mean number
of results selected as relevant was 4 for the 2D image search tasks and 3.1 for the case–based
search. This numbers include also the cases that no relevant result was found by the user. User
satisfaction on key aspects of the 2D image search prototype and intention of use was measured
on a Likert scale where 1 was strongly negative and 5 was strongly positive. Results are given in
Figure 12. The median for system response time was 5 (mean 4.5). A median of 3 was reported
for system reliability (mean 3.6). In terms of results quality and presentation the median was 3.5
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Figure 12: Median of measuring user satisfaction over specific 2D image search prototype
aspects in a Likert scale (1=strongly negative, 5=strongly positive).

(mean 3.2) and 4 (mean 4.1) respectively, while ability to correct mistakes and system design
to be used by all levels of users both obtained a median of 4 (means 4.1 and 4).

Question about the user’s use intention in academic work obtained a median of 5(mean
4.2), while the respective questions for research activity and clinical duty obtained medians of 4
(mean 3.9 for both). The question regarding the novelty and practical usefulness of the features
of the system obtained a median of 4 (mean 4.5).

The same procedure with the pilot study was followed for the open responses (see Sec-
tion 3.1.1). The comments were classified into Frontend and Backend–related. The most com-
mon comments can be summarized in the following points:

• Frontend

– Querying, such as advanced text querying and relevant/non-relevant marking of im-
ages; available options should be more explicit and easy to use;

– Basic and radiological–based image manipulation of the selected and query images
should be available;

– Results presentation and views; images should be presented in grid as default and
articles as lists.

• Backend

– Complains about CBIR returning many non relevant results; Non relevant marking
didn’t produce the desired results;

– Modality filtering requests;

– Propositions about Finding articles using images only or using example article (”Find
similar articles”);

Below, some of the comments are given in their raw form:
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• Frontend – Querying

– When the mesh system is on, and is researching for auto completing, it is really hard
to position the cursor in the middle of a term to refine it;

– Non-relevant marking not intuitive. It would be useful to be able to mark images as
non-relevant directly from the results list;

– It is not very obvious when you are able to drag and drop the images to the query
zone (multiple images, results list, personal library, details view etc.);

– Want to see the detail of an image from the query zone (images from the query zone
drag n droppable also to tray);

– Re do ”enter” when modifying query by for example drag and dropping images is
not very comfortable;

– When searching with images in the query zone, it would be useful to have a contex-
tual command (right click) to launch the search easily;

– Globally, the use of AND OR NOT, of text in bracket, and of non relevant marking
of images should be more explicit (also what is default?);

• Frontend – Details View

– In the detail view, the participant would like to have the possibilities: scroll (CTs),
scale, contrast, brightness;

– Didn’t have time to read all the article: better summarization could maybe spare
time to users;

– Abstract translation to German is useful;

• Frontend – Results View

– Thumbnails would be better a little bigger, so that we can already start a quick pre-
analysis at this stage;

– Couldn’t it be that we could resize thumbnail as we want them to be?

– When you select ”Text” from the media type displaying options for results, we still
find images in the first place. Couldn’t that be changed, so that when you select one
media type, this type appears first?

– Thumbnails presentation is not great. Everything is a bit mixed up and unclear, there
is no organization, we don’t know about modality, anatomy, or pathology;

– The button to switch mode in the results list (list or grid) is a bit confusing because
it makes you think it is switch between images and articles;

– Articles: would be nice to have the whole title when hovering with the mouse;

– Multiple selection (shift or ctrl) would be nice in the result list (to drag n drop them
all at once to the query zone);

– The button of grid mode in the result list is not reverted back after some clicks;

– Usually expect results as grid if image and as list if articles.
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• Backend

– Marking graphs as non-relevant gives still a lot of graphs in result. This comment
is the same with other types of images: e.g.: marking a given chest x-ray image as
non–relevant does not even exclude the result itself from the resulting results list;

– It would be great to be able to specify the type of image that we want in result list
(x-ray, MRI, CTs, graphs, statistics etc.);

– If i m using std x ray for visualizing a pulmonary parenchyma, then I probably want
std x rays and CTs but no ultrasound or graphs etc.;

– Globally the system is more relevant with textual queries (with or without images)
than with image queries only. This is the case for both article results and image
results. Osteoporosis does not find many images, and only from source 2;

– It is impossible to return article with queries with only image–search. This is maybe
not adapted and we should always be able to search for articles;

– The search over images only does not return anything that I could use. As soon as
I add terms to my query (with or without images), I can find some more relevant
results. Some results are even focused on the same anatomical area, but usually
regards different pathologies;

– I would like to have something like search for similar articles, as it is now for images;

– It would be nice to be able to check ”Only search articles” before the search, so that
he does not have to do one more step by filtering results. Maybe it could spare a bit
of execution time too, which is great.

• General

– Performing the is highly dependent on the user’s skills to analyze de radiological
image, and therefore depends a lot on experience;

– Consistency and integrity of the program, and execution times are good. Real prob-
lem is result relevancy;

– The learning curve of the system is quite rapid;

– During the 2D test, the high number of windows in the perspective is confusing;

– I can trust the image results because they come from scientific articles, in contrast
to images I find from general purpose search engines;

– I understand the concept behind the system. I find the connection of images and
articles useful and this is not currently available with the existing tools. It will be
more useful if the results are better.

3.2 3D Image search subsystem
This section covers the specific results of the 3D image search prototype. First information
about the design and integration of a 3D image search system was acquired with a series of
interviews. Based on the results the 3D prototype was designed. After removing initial bugs
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and refinement of the user test protocol the full usertest were performed. Note that the user tests
focused on the evaluation of the workflow and user interaction. Only a preliminary version of
the image search algorithms was deployed in the system.

3.2.1 Interviews

The interview results are grouped into (1) workflow, (2) 3D frontend and (3) organization.
Workflow results present what is important for the radiologists in order to quickly and effi-
ciently use the system. Futhermore, they describe what information needs to be available at
each time and how it should be presented. This also includes whether or not to display the asso-
ciated report. The 3D frontend examples are shown in Figure 1. In this paragraph the comments
about which layout would work best, what is missing and what should be changed is summa-
rized. Information concerning the organization and setup of the user tests is outlined in the last
paragraph.

(1) Workflow: For the physicians it is important to quickly judge relevant cases. There-
fore they need quick browsing through the thumbnail images. In order to reduce the number
of thumbnail results to a smaller number of relevant cases, text search for the corresponding
reports should be possible. Additional filters like gender, age or modality would also reduce the
number to more relevant search results. Furthermore the reports could also be used for making
differential diagnosis.

Optional improvements regarding the thumbnails were identified: enlargement of the thumb-
nails or having scrollable thumbnail to further facilitate relevance judgement of the results. Op-
tional thumbnail size would also be a possibility, because this can depend on the modality and
pathology that is currently worked on.

In the detail view more extra information would contribute to the decision making of the
physicians, like: gender, age, slice id, modality, sequence information, windowing information
(brightness/contrast), number of images, anatomical position, patient preparation, confirmation
tests (lab tests, biopsy etc).

Keywords and ontology terms extracted from the reports could be shown in either the detail
view or thumbnail view. A search history would be appreciated by the physicians where they
can easily and quickly look up the latest volumes they looked at. Adjusting brightness and
contrast, as well as zooming in and out of the image are very important for the daily routine
of a radiologist. The method called windowing is widely used in different radiology systems
and is an essential tool for any physician. The current settings of the query window should
also be automatically transferred to the detail view in order to make the two volumes instantly
comparable.

(2) 3D frontend: Figure 1 shows six drafts named from (A) to (F) for the first UI design.
The desired thumbnail size tends to be as in (A) and (B).Reports are important especially during
the detail view, as in (C), (E) and (F), although the report should not be overlaid with the image
(E). In this way they can look at the volume and the report simultaneously. A short description
of the report added to the thumbnails view is also appreciated (B). The presentation of the report
to the user should be clearly structured for easy readability including highlighting of important
parts (F).

Marking a region of interest (ROI) should be as simple as possible and the visualization of
the result ROIs (F) could vastly reduce the time needed for the tasks. Indicating the relevance
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of the matching ROIs (e.g. by brightness) could improve and speed up the interpretation of the
results. The physician should be able to easily mark and browse one or more slices of the query
volume.

If different layouts are used, fast switching between them is very important. During brows-
ing the thumbnails additional information should be available, for example: age, gender, modal-
ity, sequence information, number of images, resolution. Primarily the axial view is preferred
by the physicians, options to switch to one of the other two planes can be included.

(3) Organization: A handout for the physicians should be prepared, where the project and
its goals are briefly described. Information concerning the user tests and the analysis of its result
should be mentioned. The hardware and software used for the tests should also be defined, such
that results from different locations are consistent and comparable.

3.2.2 Full user tests

The user interface used for the 3D image search prototype tests is shown in Figure 13.

Figure 13: The 3D prototype used for the user tests. The left pane is the query volume
with an example ROI, the right pane the result pane with the thumbnails and the center
pane the detail view with the report and overlaid matching ROIs.

Six users participated in the user tests on the 3D image search prototype. User satisfaction
on key aspects of the system and intention of use was measured on a Likert scale where 1 was
strongly negative and 5 was strongly positive. Results are given in Figure 14. The median
for system response time was 3 (mean 2.8). A median of 4 was reported for system reliability
(mean 3.4). Results quality and presentation obtained medians of 2 (mean 2.4) and 4 (mean
3.4) respectively. The ability to correct mistakes and to be used by all levels of users obtained
medians of 5 and 4 respectively (means 4.4 and 4).

Regarding the user’s use intention in academic work obtained a median of 5 (mean 4.8),
while the respective questions for research activity and clinical duty obtained medians of 4
(means 4.2 and 3.8 respectively). The question about the novelty and practical usefulness of the
features of the system obtained a median of 5 (mean 4.6).
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Figure 14: Median of measuring user satisfaction over specific 3D image search prototype
aspects in a Likert scale (1=strongly negative, 5=strongly positive).

Similar to the interview results, the user test results are grouped into (1) workflow and (2)
3D frontend.

(1) Workflow: Changing brightness and contrast was working with the current implementa-
tion, although using windowing would have been preferred by most users. Also using the same
values for the detail view automatically would be very useful, as the physicians always have to
set it for every result image opened in the detail view. The physicians often asked the question,
whether or not some of the results are from the same patient/study as the query image. There-
fore an indication in the result list would be very useful. The shown thumbnail slices should
also be the most similar slice corresponding to the query ROI and not the center slice by default.
This helps to judge about the usefulness of the result volume. Many of the doctors intuitively
tried to use a drag and drop feature from the results view to detail view. Implementing this
would maybe result in a more user-friendly overall experience. Full text search for reports was
requested by most of the test users. This would help to either reduce the number of relevant
results or even make it possible to search for certain pathologies by text.

(2) 3D frontend: Scrolling through a high resolution volume with 500 slices and more takes
a lot of time and is annoying to the user. To make this faster two options were suggested by the
users. (a) Include a scroll bar for the slices on the side of the image or (b) while pressing the left
mouse button scrolling should be possible with moving the mouse. The second type is how it is
usually implemented an many radiology tools. The size of the thumbnails was too small. There
were two suggestions concerning this problem. (a) Displaying larger thumbnails, replacing 4
thumbnails by 1 or (b) by allowing the users to adapt the thumbnail size to their needs. The
latter would increase the flexibility for the tool, because thumbnail size could be application
specific and therefore would need to be changed by the user. Because the loading of the detail
view currently takes a lot of time (between 15 and 40 seconds), the physicians would like to
have a more informative thumbnail view in order to quickly decide if the results are relevant for
them or not. One suggestion was to make the thumbnails scrollable, meaning that for example
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every 10th slice of the volume is available as a thumbnail and can be used for scrolling. Another
was to transform the result view more to the style of the 2D image search prototype, including
text from the report and other information like gender, age, modality and so on.

4 Discussion
Part of this section has been accepted for publication in [14].

A total number of 17 persons participated in the user tests of the KHRESMOI radiology
prototype. The sample of users was relatively young and had a varying level of medical expe-
rience, with the participants being involved into various radiology specializations. Recruiting
radiologists was a difficult task as radiologists are usually on a busy schedule, with a lot of clin-
ical and academic. The number of participating users, even though it was less than what was
aimed at, is mentioned as sufficient in the related literature, in regard to the current development
stage, the specialized type of the system and the goals of the study. More participants would
potentially be an overspend of human resources without resulting to significantly better insight.

Main tendencies on user satisfaction could be identified (Figure 5), which can be used to
guide further technical development on improving certain aspects. In regard to the global as-
pects of the system, users found the system easy to use without the use of technical support.
They felt confident using the system and are positive towards using it frequently. They seemed
strongly positive about the system being easy to use without any prior training, despite the new
tools offered (e.g. CBIR, relevance feedback and ROI marking). They were less satisfied with
the consistency of the system, which is a logical outcome considering the current stage of the
system’s development. The main tendency of the users seems to be strongly positive with the
majority of the users (6 persons) giving a mode grade of 5 with a frequency above 0.5 over the
general satisfaction questions.

4.1 2D Image/article search subsystem

4.1.1 Pilot user study

One of the main outcomes of the pilot study was that a video tutorial alone was not enough
and that a user required exploring himself the new functionalities before proceeding to complex
information search tasks. This can limit the effectiveness of information finding during the early
tasks and makes them less appropriate for performance comparison (text search vs. visual plus
text search). For this purpose, a guided tutorial task after the video was included in the full tests,
where it was asked from the user to perform very simple tasks using the tools (see Appendix
C).

Some task descriptions and questions of the survey were not completely clear and this
caused misunderstanding results retrieved by the participants. It was also observed that par-
ticipants did not read the tasks in full detail and often performed slightly differing actions than
the ones the task asked. This led to rewriting the task descriptions to be shorter and more clear.
Moreover an oral description was given in the full tests, pointing out the important parts of each
task.

Concerning the use of a commercial recording and observation software such as Morae,
both advantages and drawbacks were found. All information that the participant needs for
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performing the test can be found on his screen and no transition to paper is needed. This
helps the user concentrate on the tasks and facilitates an uninterrupted flow of the tests. It
provides results in a unified digital format that is easy to transfer to statistical packages, to
analyze and present in a meaningful way. It allows for indirect observation (as the observer
can remotely observe the user’s screen and face), which removes some of the subject’s stress of
being observed and the incorrect feeling that he is being evaluated.

On the other hand, the use of such a tool increases the hardware (e.g. every session uses
two computers with Internet connection instead of one) and software requirements, adds extra
complexity to the setup of the tests and is prone to software crashes. Moreover, purchasing a
commercial product depends on the available resources. It needs to be noted though, that all
parts of the user test can be performed without the use of such software but require additional
manual work. Overall, it is a helpful solution but it would be advised to also have a paper
version of the user test material available as a backup plan if the software fails.

A general feeling expressed by a few participants was that they felt they were being eval-
uated instead of the system. This feeling can affect the subject’s behavior, performance and
answers, so this aspect was more explicitly clarified when the purpose of the study was ex-
plained in the beginning of each full tests session.

This pilot study was considered as partly internal because participants were chosen through
personal contacts. For this reason, user satisfaction measurements were taken with skepticism,
while feedback on improvements and proposed additions continue to be fully valid. Main satis-
faction tendencies of the system could be observed.

Overall system satisfaction was high as it can be seen in Figures 8 9 and 10, with the ma-
jority of the participants having a mode above neutral and mode frequency above 0.5. However
there was a clear drop in satisfaction about certain aspects, such as the results quality and pre-
sentation (with median 2 and 3 out of 5 respectively) and the development team concentrated
on improving these aspects before the full user tests round.

4.1.2 Full user tests

The overall success in finding relevant images (80.65%) using the KHRESMOI 2D image
search prototype indicates an improvement over the percent (75%) that was reported in [16]
as self assessment of radiologists about their image finding success rate using current tools.
Case–based retrieval, was shown to be a more challenging task (78.95% success rate) which
was expected by the results reported in KHRESMOI deliverable document D2.3 [13].

The average time over the successful tasks for the participants’ to select a relevant result
was less than 3 minutes for both types of tasks (1 minute 46 seconds for image retrieval and 2
minutes 30 seconds for article retrieval). This is also below the average estimated time reported
in [16] (between 5 and 10 minutes) and indicates an added value in terms of time efficiency
when using the KHRESMOI system.

Regarding user satisfaction over the basic aspects of the 2D image search prototype (Fig-
ure 12), participants seemed strongly positive about the system response time. They had a
positive opinion on the ability to correct mistakes and on the fact that the system can be used by
all levels of users. The modification done to the results presentation and retrieval performance
after the pilot study seem to have worked in a positive way, shifting the medians of satisfaction
from 2 and 3 to 3.5 and 4.0 respectively. Participants were neutral over the system reliability,
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which can be explained of the presence of bugs and inconsistencies in the prototype.
The users seemed to find the system novel and useful in practice giving a positive to strongly

positive grade on this aspect (median 4 with a mean of 4.5). The activity that they gave a
preference in intention of use was on academic work which goes along the design purposes.

A lot of feedback was given by the participants on the open questions, post–test discussions
and spoken comments while performing the tests. Some confirmed the outputs of the pilot user
study while many new comments and propositions were introduced.

On the graphical user interface aspect, the main comments were related to the image use,
either requesting basic image manipulation features (which was also identified in the pilot tests
but was not yet implemented for the full tests) or were about the image inconsistencies (e.g.
drag and drop not being available on all views, detail views not being available for query im-
ages, non relevant marking being non–intuitive). Advanced text querying seemed to not be
straightforward and several participants either used advanced queries or at least asked about the
availability. These facts may indicate that a more comprehensive interface would be useful for
radiologists.

Regarding the functionalities offered by the prototype, CBIR performance was again one of
the common complains. Moreover, filtering out images of irrelevant modalities that appeared in
the results was also a common request and relevance feedback results were questioned. Propo-
sitions about finding similar articles and finding articles using image examples were made by a
couple of participants.

Overall, the system’s concepts were appreciated, such as the connection of articles and
images and the trustworthiness of the results. An improvement over the results quality would
result in a system with even more practical use. Moreover, even though most of the tasks were
successfully performed the quantity and quality of resources returned in several scenarios was
considered insufficient.

4.2 3D Image search subsystem
In this chapter the results of the 3D image search prototype interviews and full user tests are
interpreted and their implications on the development of the prototype are discussed.

4.2.1 Interviews

From the interviews already a lot of information was gathered. Due to time and work power
constraints not all of them could be included in the first prototype version. Therefore the deci-
sion ones made to implement only one few. The final version is similar to (F) from Figure 1 and
is shown in Figure 13. The user comments were prioritized and resulted in a final list of points
that were included in the prototype:

• Marking one or more ROIs per slice and volume and options to remove the latest or all
ROIs from the volume. Matching ROIs are overlaid in the detail view.

• Changing of brightness and contrast in the query and detail view.

• Options for changing between coronal, axial and sagittal pane.

• Corresponding report and extracted Radlex terms in the detail view.
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• Information about zoom level and current slice ID in the query and detail view.

• A search history is added such that the user is possible to switch to previous detail views
that were cached within the session.

4.2.2 Full user tests

Figure 14 presents the user satisfaction over basic aspects of the 3D image search prototype.
System response time and results quality were the least satisfactory aspects while the partici-
pants were positive about the ability to correct mistakes, the results presentation and the system
reliability.

The users seemed to strongly agree about the system’s novelty and practical usefulness in
practice. The activity that they gave a preference in intention of use was academic work. A
reason behind this choice could be the slow response times, as in clinical duty time saving is
critical.

Using the preliminary search engine backend, the most time consuming process is querying
the database with a volume and a ROI. It takes about 40 seconds until the thumbnail results are
shown in the result view and another 15 seconds for a selected detail view to load. The lack of
quality was the retrieval of matching ROIs, which currently did not satisfy the users needs.

Since some features that were mentioned in the interviews could not be added for the first
prototype, the full user tests also pointed to some of those points indicating their necessity for
the physicians. The following list shows the most important features and changes that were
requested by the physicians during the interviews and user tests that should be implemented in
the future version of the 3D image search prototype:

• Increase thumbnail size by either making them 4 times larger, or by letting the user choose
the thumbnail size.

• Show the most significant slice according to the query ROI as the result thumbnail instead
of always the center slice.

• Include more case relevant information in the result view by adding indicators/text for
gender, age, modality, study/series description and a report summary or important report
keywords. Additional information like patient preparation and confirmation tests (labora-
tory tests, biopsies etc.) would be beneficial.

• Additionally indicate whether the results are from the same user/study as the query vol-
ume.

• Change of brightness/contrast using the windowing method.

• Automatically setting the brightness/contrast values for the detail view to the one from
the query view.

• The overlaid ROIs of the detail view should represent the estimated precision of the algo-
rithm (e.g. matchings with higher probability should have a higher color saturation)

• Implement a drag and drop feature for the result view.
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• Include full text search for reports, highlighting important key words.

• Make scrolling through volumes with a large number of slices more user-friendly by ei-
ther including a scroll bar or by implementing the hold-left-mouse-button scroll function.

• Improve the response time of loading a result in the detail view.

• Improve the quality of the retrieval engine.

5 Conclusion
The design, the setup and the results of the first round of user–centered evaluation of the
KHRESMOI system by radiologists were presented and discussed. User tests were performed
on the two main subsystems, the 2D image/article and 3D image search prototypes. An iter-
ative approach was followed having a preliminary round of user tests and a set of interviews
with radiologists using mockups. Key aspects on usability such as user satisfaction, efficiency,
effectiveness and learnability were used.

The results show an overall positive opinion by the participants while aspects where the sys-
tem lacks in quality were also identified. More importantly, concrete feedback and propositions
by radiologists were given and provided useful insight and directions for further development.

The 2D image search prototype showed signs of being able to improve the current success
rate of visual information finding by radiologists, in a time–efficient way. The results quality
and the consistency in the interface and backend components are the aspects to which further
development should be concentrated. Advanced query options need to be more explicit and the
relevance feedback functionality improved both in the interface and the backend. CBIR poor
performance, which was partly addressed after the pilot tests, needs to be further improved.
Additional radiology–relevant resources need to be included to provide satisfactory retrieval
results.

The 3D image search prototype was found to be very novel and useful in practice by the
users. Participants were less satisfied with the response time. While the performance and
quality for searching for volumes without a ROI was ok (15 seconds), refining the query using
a ROI it took about 1 minute in total, until matching results could be viewed. As expected
for the initial prototype backend, the lack of quality of the matching ROIs was pointed out
by the users. Consequently, these need to be the main directions of improvement for the next
steps of the system development. More image manipulation options were requested and results
representation modifications were discussed. Linking between the two prototypes was proposed
by users, something that is in line with the project plans for the next development steps.

The system concept and added value was understood by most of the participants. Comments
on improving the current system tools were made and additional functionalities were proposed.
The outcomes of this evaluation will be discussed with the technical development team and be
prioritized for future development.
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Appendices
A DEMOGRAPHIC SURVEY

1. Are you ?  

 Male 
 Female 

2. How old are you ?  

 < 20  20-30  30-40 
 40-50  50-60  >60 

3. What is your native language ?  

 English  French  German 
 Spanish  Czech  Other 

4. If you have chosen « other » please specify :  

  
5. Your skills in English are ? <Scale> 

 Basic, can 
comprehend 
simple issues 

       Native language 

6. What is the highest position you have had in a medical service other than radiology ?  

 
7. What is the highest position you have had in a service of radiology ?  

If non-applicable, enter N/A.  

 
8. If you have a work experience in a radiology service, how long have you been working in 

radiology ?  

 N/A  0-3 y  4-6 y  6-10 y  >10 y 

9. If you have a work experience in a radiology service, what field in radiology are you 
specialized in ? 

 Bone  Thorax 
 Nuclear radiology  Interventional radiology 
 Radio-oncology  Echography 
 Emergency radiology  Other 

10. If you have checked « other » please specify : 

 

11. Do you use a computer in your day-to-day life ?  
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 Never  Once a month  Once a week  Once a day  More than once 
a day 

12. Do you use a computer for job or education related tasks ?  

 Never  Once a month  Once a week  Once a day  More than once 
a day 

13. Do you use Google search ? <Scale + free text> 

 Never  Once a month  Once a week  Once a day  More than once 
a day 

14. If you use other search engines, please specify below  

 
15. Do you search the Internet for health related information ?  

 Never  Once a month  Once a week  Once a day  More than once 
a day 

16. If yes, please specify the websites you use below : 

 
17. Do you use Google image search ? <Scale + free text> 

 Never  Once a month  Once a week  Once a day  More than once 
a day 

18. If you use other image search engines, please specify below : 

 
19. Do you use Facebook ? 

 Never  Once a month  Once a week  Once a day  More than once 
a day 

20. If you use other social media network, please specify below : 
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B USABILITY SURVEY

USAB IL ITY O F  T HE  SO F T WA RE  

1. I would like to use this system frequently. 

 Strongly disagree        Strongly agree 

2.  I found the system unnecessarily complex. 

 Strongly agree        Strongly disagree 

3. The system was easy to use. 

 Strongly disagree        Strongly agree 

4. I would need the support of a technical person to be able to use this system. 

 Strongly agree        Strongly disagree 

5. The various functions in this system were well integrated, that is, the program works in a 
harmonious way which is logical to me. 

 Strongly agree        Strongly disagree 

6. There was too much inconsistency in this system, that is, the program react in a way that I was 
not expecting and surprised me. 

 Strongly agree        Strongly disagree 

7. I would imagine that most radiologists would learn to use this system very quickly. 

 Strongly agree        Strongly disagree 

8. I found the system very awkward to use. 

 Strongly agree        Strongly disagree 

9. I felt very confident on what I was doing, using the system. 

 Strongly agree        Strongly disagree 

10. I needed to learn a lot of things before I could get going with this system. That is, the program 
requires a lot of training before an adequate use. 

 Strongly agree        Strongly disagree 

11. Are there any tools that need to be improved/changed? If yes, how would you like them 
to be changed so that they will be more useful to your searches? 

 
12. Are there any new functionalities/tools that would like this search system to have? 
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SC RE E N PRE SE N TAT IO N 

13. Reading characters on the screen 

 difficult        easy 

14. Add free comments 

 
15. Presentation of images (e.g. size, position, additional information provided) 

 poor        excellent 

16. Add free comments 

 
17. Quality of translation 

 poor        excellent 

18. Add free comments 

 
19. Performing task is straightforward 

 never        always 

20. Add free comments 

 
SYS TE M C AP AB I LI TIE S  (F O R 2D/ARTI C LE  SE A R CH AN D 3D SE A RC H) 

21. Does the system respond quickly to your requests? Are the results delivered quickly enough? 

 too slow        fast enough 

22. Add free comments 

 
23. Do you find the system reliable?  Does it react the way you expect it to?   

 unreliable        reliable 

24. Add free comments 
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25. Are the results satisfactory? Do they match the queries you formulated?  

 Unreliable        Reliable 

26. Add free comments 

 
27. Are the results well presented?. 

 Dislike how results are 
presented 

       Like how results are 
presented 

28. Add free comments 

 
29. How easy is it to correct your mistakes, that is, undo, redo tasks ? 

 Difficult        Easy 

30. Add free comments 

 
31. I think the system is appropriately designed for all levels of user (e.g. containing both simple and 

more advanced features in tools, for beginners and advanced in radiology respectively). 

 Strongly disagree        Strongly agree 

32. Add free comments 

 
33. I think the system provides some tools and features that  can be helpful in my work/research that 

are not available in the current tools I use. 

 Strongly disagree        Strongly agree  

34. Add free comments 

 
35. I would use the 2D image and article search for academic work (preparation of lectures etc.). 

 Strongly disagree        Strongly agree 

36. Add free comments 
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37. I would use the 2D image and article search for research activities. 

 Strongly disagree        Strongly agree 

38. Add free comments 

 
39. I would use the 2D image and article search during clinical work. 

 Strongly disagree        Strongly agree 

40. Add free comments 
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C TASKS

TUTO RIA L T AS K (F O R 2D/ART IC LE  SE AR C H A ND 3D SE A R CH) 
During this session, you will be asked to fulfill tasks using both the 2D/article search and the 3D search tools. 
This task contains simple actions so that you get familiar with the functionalities of the two tools. 

In the 2D/article search tool: 

1. Enter the term “brain” in the query zone and start the search. 
2. Select one image from the results view and find its details in the Details view. 
3. Drag and drop this image to the query zone.  
4. Add 1 positive and 1 negative example image to the query zone from the results view to refine 

your query.  
5. Note: Negative examples can be given by right clicking an image in the query zone and choosing 

“mark as non relevant” 
6. Drag and drop an image from the results view to the Tray. 

In the 3D search tool: 

1. Right click somewhere in the search zone, and select Load a volume. Use the following ID: 
ID_8006000001239002_3_1 

2. When the volume is loaded, try to scroll through it, play with contrast and brightness. 
3. Select one or more regions of interest (ROIs) by selecting an area on a slice of the volume with the 

mouse.  
4. Try to select another ROI on a different slice and to remove other ROIs that you might have 

selected. 
5. When you are satisfied with your selection, hit the Search button. 
6. Browse through results in the results view and select a relevant volume. 
7. Play with the volume loaded in the details view, contrast, brightness.  

2D IM AGE  SE AR C H TA SK S  
Task 1  (max 5 minutes):  

1. Click on "Clear all content" from the File Menu. 
2. Find 3 osteoporosis x-ray images.  
3. Only use textual queries. 
4. Place the images you find into the Tray. 

Task 2 (max 5 minutes): 

1. Click on "Clear all content" from the File Menu. 
2. Find 3 osteoporosis x-ray images.  
3. Use the example images under the tag "image_task_1" in your Personal Library to complement the 

query. 
4. You may mark the results as relevant or non relevant to relaunch the search. 
5. Place any relevant results into the Tray. 

Task 3 (max 5 minutes):  

1. Click on "Clear all content" from the File Menu. 
2. Find 3 images that share the same diagnosis with the example images under the tag 

"image_task_2" in your Personal Library. 
3. You may mark results as relevant or non-relevant to relaunch the search. 
4. Place the image you find into the Tray. 
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ART IC LE  SE AR C H TA SK S  
Task 1 (max minutes):  

1. Click on "Clear all content" from the File Menu. 
2. You have the following: 
3. "A 43-year-old man with painless, gross hematuria. Abdominal CT scan revealed a large left renal 

mass with extension into the left renal pelvis and ureter. " 
4. You can find the images associated with the case are placed in your Personal Library under the 

tag: "case_retrieval_task_1". 
5. Find 3 relevant articles to the case above and place them into the Tray. 

Task 2 (max 7 minutes): 

1. Click on the "Clear all content" from the File Menu. 
2. You have the following: 
3. "A 56-year-old woman with Hepatitis C, now with abdominal pain and jaundice. Abdominal MRI 

shows T1 and T2 hyperintense mass in the left lobe of the liver which is enhanced in the arterial 
phase." 

4. you can find the images associated with the case are placed in your Personal Library under the 
tag: "case retrieval_task_8". 

5. Find 3 relevant articles to the case above and place them into the Tray.  

3D SE A R CH T AS KS  
Task 1 A (Max 7 min): 

• Give a radiological description for the patient using only the given volume with simple image 
processing features (zoom, contrast, brightness). 

• Data: ID_8006000001239002_3_1 

Task 1 B (Max 10 min) 
• Give a radiological description for the patient using one volume and  the pathology image search 

including ROI 
• Data: ID_8006000001239002_3_1  

Task 2 (Max 10 min) 

• Verify one or more of the given pathological descriptions using the image search feature, e.g. find 
similar pathologies 

• Data: ID_8006100001247763_6_1 
• Honey Combing, Emphysm, Milkglass (Milchglastrübung), ... 

FRE E  USE  O F  KHRE S MO I  
 
In this task you may use the systems freely (tool for 3D search or 2D/articles search, or both). 

In the 2D tool: 

You may search for images or articles, using whichever of the functionalities available. 

 

In the 3D tool: 

• Find similar anatomical region using example Data or any of the search Results (enter ID 
Manually from the Details-View) 
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• Example Data: 
• ID_RA10001171211450_2_1 
• ID_8004900001184356_2_1 
• ID_RA10001173454330_603_1 
• ID_RA10001180048880_16_1 
• ID_RA10001181474240_901_1 
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D INVESTIGATOR INSTRUCTIONS

Before a session the investigator should perform the following actions: 

1) Obtain 2 Windows-based computers (one for the participant and one for the investigator) with 
internet connection (preferably not wifi). 
 
For the participant’s

a. Make sure that it has a conventional mouse, reasonably large, good resolution screen, a 
web camera and a microphone. 

 computer: 

b. Download the demo videos (2D/article and 3D)  from here link  save it on the desktop. 
c. Make sure that all Firewalls are disabled. 

 
Morae: 

d. Install Morae Recorder. 
e. Download the Study Configuration File (the zip with the two files) from here link  and 

save it to the desktop. Important: Do not make any changes to the file! 
f. Run Morae Recorder. Choose between the Study Configuration Files that you 

downloaded. If the participant ID number is even choose 2D-article-3D order. If the 
participant ID number is odd choose 3D-article-2D order. See point j) for details. 

g. Make sure that the web camera is adjusted to record the participants face and test the 
microphone. 
 

 
ezDL 2D: 

h. Download ezdl client from here link  and save it on the desktop.  
i. Start the ezDL client (Java 1.7 has to be installed for the ezDL client to run). Use the 

participant’s account ID to login.  
j. The account IDs that were created for the user tests are in the form username/password: 

xxxxx/xxxxx 
k. Check here link   for available accounts that have not been used yet. Remember to update 

the list with the accounts that you use. 
l. Deselect the TextSearch from the Source Selection Tool (Tools->Source Selection). Only 

MedSearch and ParaDISE should be selected as sources. 
m. Create a custom perspective for the user tests. Start with the Image search perspective 

and add the Personal Library and Tray tools. The layout should look  like this:  
n. Save the perspective 

 
ezDL 3D: 

o. Start the ezdl client from here link   by clicking on the ezDL Icon 
p. The account IDs that were created for the user tests are in the form username/password: 

xxxxx/xxxxx 
q. Make sure that the Image 3D source is selected (Tools -> source selection) 
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r. Create and save a custom perspective that looks like this and save it (for better viewing 
the users are able to enlarge/minimize the query and detail views) 

 
 

 
 
For the investigator’s

a. Make sure that all Firewalls are disabled. 
 computer: 

 
Morae: 

a. Install Morae Observer. 
b. Run Morae Observer. 
c. Connect to the participant’s computer by using its ip address (you can find it the ip 

address of a computer by running cmd in the start menu of windows and then ipconfig – 
the ip address needed is the IPv4) 

 
2) Download the consent form document from here link  and print it. 
3) Make sure there is a way(e.g. a timer) to keep track of the duration of the tasks. 
 
Note: It would be really useful for the investigator to have watched the demo video and played with 
the system before the session so he can better help the participant and understand misuses of the 
system. It would be also useful to have a colleague performing the tasks and play the role of the 
observer to get familiar with the note taking using the markers of the Morae Observer tool.  
 

The 2D article demo video includes among others, demonstration of the following features: 
a. Features/Functionalities of Query by text to retrieve articles. 
b. Features/Functionalities in the Detail view of articles. 
c. Features/Functionalities of Query by text and or/image to retrieve images (Relevance 

Feedback). 
d. The Facet functionalities and the results presentation options in the Results view. 
e. Features/Functionalities in the Detail view of images. 
f. Personal library and Tray drag n drop use. 

The 3D article demo video includes among others, demonstration of the following features: 
a. Features/Functionalities of the Query image view. 
b. Features/Functionalities of the Detail image view. 
c. Features/Functionalities of the Result view. 

 
 

STE P S O F  A  SE SS IO N  
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The steps of a session should be the following, in the following order: 

1) The investigator should make an introduction to the Khresmoi project and the purpose of the   
user study. Key points should be  

a. What are the Khresmoi project goal in radiology use case,  
b. in which stage of the project we currently are (middle of the project – first prototype of 

the system, not finished) 
c. why we are doing the user tests (evaluate/redesign the tool, not

2) At this point, the participant should be asked to sign the consent form. 
 the radiologists) 

 
3) The participant should be asked to watch the video demonstrating the system features. He is 

allowed to pause and rewatch if he wants, as well as ask questions to observers.  
 

4) Once the video is finished and the user is ready to start, he should be asked to press the red 
button in Morae Recorder. The recording will then start. 

 
5) The Introduction of the system will be shown in a prompt box and the completion of the 

demographics survey form should start. 
 

6) Once the user has finished the completion of the demographics survey form he should be asked to 
maximize the Khresmoi system window (ezdl client) to start with performing the tasks. 
  

7) During each task, the investigator should note all required information and observation notes 
using the Observer tool on his computer and call for the end of a task if the time is up before the 
participant completes the task. The observer should have a neutral attitude. He can talk to the 
participant (which will also encourage him to think out loud) but should not do operations for 
him. He may help him when he sees he is blocked and can’t proceed. Observations can be of 
different types: free comments from the participant, free observations from the observers about 
the system or the user study itself, bugs and inconsistencies of the system. When an observation 
is noted into Morae, the observer should define its type in field next to where he entered his text. 
He can also define a score for each observation, but this step is not mandatory. 
 
 

8) Once all the tasks are finished and questionnaires are filled in by the participant, the investigator 
could have an informal interview (off record) with the participant about the overall feeling of the 
use of the system, thoughts etc. The observer should take note of what the participant says during 
this phase of the test, since it is not recorded into Morae. 
 

9) Two files

  

 need to be saved and be collected. The investigator should find the recording file on the 
participant’s computer and save it as well as the observer log on the investigator’s computer. The  
recording file should be saved as radioXy.rdg and the log file should be 
radioXy_observationLog.txt (e.g. radioV1.rdg,  radioV1_observationLog.txt) 
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E CONSENT FORM

 

I hereby give my consent to participate in a scientific study conducted as part of the EU-Project KHRESMOI by 
the Health on the net Foundation. I have been informed about the content, the purpose and the extent of this 
study. I have been given sufficient time to reflect on my participation in the study. All my questions have been 
answered. I understand that my participation is voluntary and can be terminated at any time, without any 
specified reason. I understand that participation in this study does not influence or affect my health status. As 
there are no health-related risks involved, I agree with the absence of an insurance coverage.  

The experiment will take about 1 hour and 30 minutes. It consists of two questionnaires and a number of 
recorded computer related tasks related to search some specific topics with a search engine prototype. The 
principal investigators, as well as all involved project members, pledge to use the collected data only in 
anonymized form and with the utmost discretion. They are required to treat the data and observations 
confidentially. No personally identifiable data is passed or sold to third parties.  

I give permission for the involved project members of KHRESMOI to have access to my anonymized data 
collected during the study. I agree with my data being used for approved research to help advance insights on 
medical information retrieval.  

 

        _____________________________  

        Name organization and researcher 

 

___________________________________ _  _____________________________ _______ 

Date and signature     Date and signature 

           

 

Participant ID – provided by the researcher        

       ______________________________________ 

                      Place 

This form should be signed in two copies. One is retained by a participant, another by the investigator. 

In case of questions, please, contact the principal investigators at 

emal1 and email2 // 0041 22 372 62 50 
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