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Medical personnel usually write and design documents 
that inform physicians or patients about procedures or 
therapies. Document design, however, requires skills 
that are not normally applied, resulting in information 
that is often not used properly. This article describes 
a project developed by the Alberta Colorectal Cancer 
Screening Program. The goal was to help patients better 
prepare for their colonoscopies. The process started 
with an analysis of the existing documents, and the 
development of performance specifications based on 
the literature on legibility, reading comprehension, 
memorization and use of information, plain language, 
visual perception, page layout, and image use. 
The project included an iterative process of prototyping 
and testing that resulted in 23 design criteria. Each 
iteration was tested with users to ensure ease of use, 
completeness of information, and accuracy and clarity to 
facilitate adoption. The project helped reduce practice 
variation regarding bowel preparation in the province of 
Alberta, Canada. This project illustrates how information 
design can help healthcare organizations provide 
patient-centred care. Information design helps patients 
engage in their own caring process, by providing 
information that people can use, understand and 

apply. After 15 months of use, the document has been 
downloaded more than 48,000 times, suggesting a good 
physician reception.

1. Introduction: The medical and the 
design problem

1.1 The medical problem to be reduced

Colorectal cancer is a leading cause of death. The ac-
curacy of a colonoscopy depends, partly, on the quality 
of the bowel preparation. Poor bowel preparation results 
in cancelled colonoscopies, failed lesion detection, and 
repeated preparation and colonoscopy.

Inadequate preparation is common in patients, 
particularly in elderly patients and those with more than 
one chronic disease (Wexner et al. 2006).

Some of the reasons for poor bowel prep include: 
patient discomfort and inability to drink the required 
laxative volume, and the timing of the bowel prep (Ness, 
Manam, Hoen, & Chalasani 2001). In addition, nurses 
receive different instructions from different physicians, 
leading to care variation. Research indicates that patients 
must understand what the colonoscopy involves, and 
why it is important (King-Marshall et al. 2016). Patient 
understanding of the importance of a clean colon 
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and how to achieve this goal is key for a success-
ful colonoscopy.

To reduce practice variation, the Alberta Colorectal 
Cancer Screening Program commissioned Frascara-Noël 
to re-design three existing instructional documents to 
help patients prepare their intestines for colonoscopy. 
Each document was related to a different laxative 
currently in use.

1.2 The problem of developing the bowel prep 
information tools

1.2.1 The users and the context in which the document is 
used. In Alberta, Canada, the way in which the infor-
mation is received can vary depending on the setting. 
If one is in a hospital of a large city, then most likely a 
nurse will go through the information with the patient; 
but if one is in a small clinic in a small town, one 
might need to go through the information without the 
help of a clinical expert. Hence, the document needs 
to be brief but complete, and as clear and accessible 
as possible.

Based on conversations with the Program’s team, we 
generated the following question to guide our work: 
How can we convey information to help patients achieve 
an adequate bowel preparation?

To answer this question, we applied an Evidence-
Based Practice design approach. According to Rousseau 
and Gunia (2016), “Evidence-based practice (EBP) is 
a disciplined approach to decision making and action, 
the hallmark of which is attention to evidence quality 
and the use of the best available evidence” (p. 668). 
Evidence-based practice is not restricted to research 
evidence published in scientific journals, but also 
includes specific information that the situation of 
implementation demands, stakeholders’ requirements, 
and professional or practitioner experience (Rousseau 
& Gunia 2016).

2. Methods

To develop the bowel prep instructions for patients we 
used a human-centered, evidence-based, and outcomes-
oriented approach to design (Frascara 2017).

Human-centered design is an approach that involves 
the users of the information tools at the beginning and 
throughout the design process. Human-centered design 
helps understand design problems from the perspectives 
of the users, and with the help of the users.

To involve users in the design process, we used 
thinking-aloud protocols and conducted ten face-to-
face interviews with patients, nurses, physicians and 
system administrators.

Thinking-aloud protocols (Frascara & Noël 2010) 
help to better understand issues that users might 
encounter when reading: what is clear, what is not, what 
slows down reading, and what is looked at and when. 
We asked participants to read the text aloud and to tell 
us what came to their minds while reading. We gave 
participants a pencil to make notes on the document 
while performing the reading task.

For the face-to-face interviews, we developed a 
questionnaire to capture the clarity and accessibility of 
the tool, and people’s thoughts and opinions about it 
(Lewis & Ritchie 2003).

The interview had three main parts. The first part 
explored people’s opinions about reading the new 
document prototype. The second part included a series 
of tasks to evaluate how easy it was to find information 
in the document, and to explore text comprehension and 
memory. For example, after reading the text participants 
were asked the following question: Can you please tell 
us how many days in advance of the colonoscopy you 
need to start preparing your bowel? In the third part 
participants were asked what they would change in the 
document. In this part, a 5-point Likert scale (1 being 
not easy to use and 5 being very easy to use) was 
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employed to evaluate the ease of use of the new docu-
ment. Participants were asked the following question: 
Where would you place the document?

The interviews with the five clinicians took place 
in the participants’ offices and lasted approximately 
one hour. The documents were sent to the participants 
in advance so that they could read them at their 
own pace.

We interviewed five patients: two who had had 
colonoscopies, and three who had never experienced 
a colonoscopy. All patients were over 65 years of age.

To gather scientific evidence with regard to the design 
of the documents we conducted a literature review. In 
general, our review focused on the following information 
design themes:

–– Writing: prospect and framing, organizing text 
rhetorically, segmenting and grouping information, 
amount of content, sentence length and structure, 
tone, conditionals, and word length and frequency.

–– Visual presentation of information: the notion of pros-
pect, cognitive load, hierarchies; word recognition, 

Figure 1.  First page of the original 4-page document. Figure 2.  First page of the 7-page document redesign.
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type size and style to support reading, and other 
issues related to legibility such as column width, line 
spacing, and upper vs lower case letters;

–– Text structure to support navigation and comprehen-
sion: the spatial arrangement of text, text organizers 
and signalling.

We surveyed peer-reviewed journals such as 
Applied Cognitive Psychology, Journal of Experimental 
Psychology, Ophthalmic Physiology Optics, Visible 
Language, and Information Design Journal. When 
an article was considered relevant, we appraised it to 
verify (a) whether the study addressed a clearly focused 
question, (b) how the study design helped address this 
question, (c) the level of rigour of the analysis, and 
(d) whether the data collected justified the conclusion 
and answered the research question. We also reviewed 
the work of expert authors in the information design 
community such as James Hartley, Richard Mayer, Karen 
Schriver, Patricia Wright, and Robert Waller.

This evidence was used to develop 23 design criteria 
to guide the design decisions with regard to the first 
prototypes. The content or clinical knowledge of the 
document was provided by the Alberta Colorectal 
Cancer Screening Program.

2.1 Data analysis

2.1.1 Thinking aloud protocols. In order to analyse the 
thinking aloud protocols and identify problematic areas, 
we aggregated all the participants’ comments and the 
changes they proposed into a visual summary. We paired 
this visual information with the emotions noted while 
participants were reading aloud and when their reading 
was slowed down.

2.1.2 Face-to-face interviews. A deductive approach 
was used to analyse the answers provided in the first 
part of the interview, the questions provided a frame 
for aspects the authors needed to confirm or explore. 

Figure 3.  Double spread of the 
redesign—the text about food 
and drinks is now more visual. 
The new and better performing 
document proves that visual 
simplicity does not equal 
cognitive simplicity.
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For example: Is it easy to see and understand what the 
patient can eat?

In the second part, we measured how much time it 
took participants to find the answer, and the correctness 
of the answers. This helped to arrive at an average time 
necessary to find information.

In the third part of the interview, we collected data 
on reported ease of use for the existing document and 
for the redesign.

3. Some of the design criteria developed 
based on scientific evidence

The redesign focused on facilitating the reading task 
for patients who were preparing themselves for a 
colonoscopy. Facilitation of the reading task increases 
the likelihood that the intended public will read the texts 
and follow the recommendations. “Designing printed 
text with helpful formatting characteristics is advanta-
geous in assisting people in acquiring information from 
printed materials” (Shaver & Wogalter 2003: 830). Some 
of the design criteria and the references they are based 
on are presented below.

3.1 Segmenting the information

The information has to be segmented for understanding 
and learning purposes. Each segment’s topic must be 
announced by a subtitle. “People learn better when 
a multimedia message is presented in learner-pace 
segments rather than as a continuous unit, people learn 
better from a multimedia message when they know 
the names and characteristics of the main concepts” 
(Mayer 2005: 6).

Evidence-based design criterion 1. The texts of a document 
must be segmented in cognitively affordable chunks, clearly 
labeled by subtitles and supported by layout.

3.2 The notion of prospect

Dixon (cited by Wright 1994) has shown that instruc-
tions are followed more accurately when they start by 
giving the reader a high-level description of the task. 
That is, subjects perform better regarding comprehension 
of instructions when a global description of the task is 
provided at the beginning rather than at the end of an 
explanation. “One way of promoting understanding is to 
clarify the goals that subsets of the instructions achieve” 
(Wright 1994: 18). Having a general idea of what one will 
confront improves one’s ability to process information.

For this reason, titles and subtitles are very important, 
and they have to be reader-oriented, rather than 
topic-oriented. For instance, instead of writing “Patient 
information: Screening-related colonoscopy,” we wrote 

“General points about your upcoming colonoscopy.” 
Introducing the topic of a section is of great benefit to 
the reader. “Headings appear to provide a context which 
assists understanding” (Wright & Barnard 1975: 216).

According to Lupker (2005), priming creates a se-
mantic context that facilitates the recognition of the text 
to come. People tend to understand a word more quickly 
if a related concept is shown previously. Semantic 
priming supports aspects of perception and cognition, 
such as word recognition and text comprehension, by 
providing a context or framework that activates semanti-
cally related information.

Evidence-based design criterion 2. Titles that are reader-
oriented contribute to “priming” the reader in connection 
with the content of the ensuing text, and therefore 
facilitate understanding.

3.3 Cognitive load: number of units of information

George Miller (1994) discusses the “magical number 
seven” (plus two or minus two) as the key working 
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memory capacity number. “I would propose to call this 
limit the span of absolute judgment, and I maintain 
that for unidimensional judgments this span is usually 
somewhere in the neighborhood of seven” (p. 90). He 
mentions several studies which propose that seven might 
be the largest number of items, e.g. locations, hierarchies 
or differences in a variety of scales that a person can 
remember with precision. While he proposes seven as a 
median, we are more inclined to take seven as a maxi-
mum, since we have to consider users with low literacy.

John Sweller (1988) was one of the first authors to 
develop a full theory of cognitive load. He discusses how 

“an increased number of statements in working memory 
increases cognitive load” (p. 265) and how overload 
creates difficulties for comprehending and learning.

Evidence-based design criterion 3. To ensure the cognitive 
affordability of the documents, they should have at 
most 7 parts, and each page should never have more 
than 4 sections, clearly separated by subtitles and other 
graphic devices.

3.4 Type size and style to support legibility

For comfortable reading, at 1 meter of reading distance, 
the height of lowercase letters should be between 3 and 
4.5 millimeters, that is 2 to 3 times the size required for 
normal vision (Grether & Baker 1972; Smith 1984).

Duncan and Konz (cited in Smith 1984) report 
that when subjects were asked to read numerals they 
approached them until they were 4.5 times the minimum 
required for error-free reading. Numerals require larger 
sizes because they do not form units such as words which 
can be recognized in a holistic manner (Smith 1984). 
It should be added that type size not only contributes to 
ease of reading, but also to memorization and use of tex-
tual information. As Waller (2011) explains, poor legibility 
of type slows readers down and affects reading accuracy.

Evidence-based design criterion 4. To support good 
legibility of texts, running text should have an x-height 
of 2 mm for 35 cm of reading distance. This is 3 times the 
minimum size for normal vision.

Evidence-based design criterion 5. Multi-digit numbers 
must match the height of capital letters to maintain the 
same ease of reading as the lower-case text.

3.5 Type style

Wogalter and Vigilante (2003) found that text with stand-
ard type widths was preferred over text with narrow type 
widths. The authors found that width affected reading 
speed, with narrower type resulting in significantly longer 
reading times.

Concerning stroke thickness, for a letter to maintain 
a good level of legibility, the thickness of its elements 
must be between one fifth and one eighth of the height 
of the character, and the character’s width should be no 
less than three fifths of its height (Grether & Baker 1972; 
Frascara 2006).

Evidence-based design criterion 6. Running texts should be 
set in medium weight, also called regular, plain or normal.

While the use of italics can be accepted as a way of 
calling attention in a subtle way to a few words within 
continuous prose, long texts in italics significantly 
reduce reading speed. Slattery and Rayner (2009) 
conducted an experiment using eye-tracking technology 
to compare the reading times when using regular texts, 
texts in italics and texts in bold. The authors reported 
that “readers took longer in general to read the target 
words in the italics” (p. 1145). A key aspect to consider 
when using italics is how steep the slope is. Hochuli 
(2008) recommends that “the slope should not be steeper 
than 10°” (p. 21).
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Evidence-based design criterion 7. Italics should be used 
within texts where distinction is necessary; they are not to 
be used for emphasis or to help search-and-find tasks.

Tinker found that in some conditions “bold text type can 
be safely used for emphasis in… titles, section headings… 
without loss of legibility” (Tinker 1963: 62). A text might 
need emphasis on a word or two, to attract the reader to 
the main points of a paragraph. Bold text is a preferred 
option for this purpose, and the difference should be 
easily visible, particularly when bold text is used to 
facilitate the location of specific items in a long text.

Evidence-based design criterion 8. Bold type can be used 
within the text where there is a need for emphasis, to 
facilitate quick reference tasks, or for titles that need to be 
made more prominent to state their importance.

3.6 Text structure and navigation to improve 
readability

The connection between readability and comprehen-
sion is discussed extensively by George Klare (1984). 
Readability, rather than being associated with perception 
(as is legibility) is associated with cognition, and there-
fore reading performance varies dramatically between 
the different sectors of society, depending on educational 
level, lifestyle and daily reading activities.

The comprehension of texts (a cognitive act) is tinted 
by emotional tones (Frascara 1999; Sinclair 2002), and 
emotional tones are affected by aesthetic judgments.

Evidence-based design criterion 9. Text composition 
and layout should be designed to support both legibility 
and readability. The visual aspect of a document should 
be adapted to the aesthetic preferences of the users, since 
agreeable looks foster a good disposition in the user 
toward the document.

3.7 The visual organization of a document

Wogalter and Post (cited by Wogalter & Vigilante 2003), 
“found that instructions in a list-type format produced 
better computer-task performance by experienced users 
than instructions that presented the same content in 
a prose-paragraph format” (p. 329). Other researchers 
recommend bulleted lists as superior to prose to draw 
attention to each key point while being brief (Hartley 
2004). The American National Standard Institute (ANSI) 
concurs in recommending “outline format” and “outline 
with bullet format” as superior to “continuous format” 
to enhance readability (ANSI 2002). Desaulniers (1987) 
suggests that while subjects in an experiment spent 
similar amount of time reading information presented 
either in list or paragraph form, there might be a 
higher tendency to skim the text in a paragraph format. 
He states: “the paragraph layout increases the variability 
in reading behaviors, and the tendency to skim, rather 
than simply facilitate an increased reading rate” (p. 58). 
In another study it was found that the presentation of 
information as a flow chart led to easier learning and 
more compliance with the procedures. “The results 
indicate that performance was most accurate with 
the Flowchart format” (Desaulniers, Gillan & Rudisill 
1988: 291).

Evidence-based design criterion 10. The visual organiza-
tion of a document – that is, giving the text a form that 
matches its content – enhances readability, leads to easier 
learning and to more compliance with the procedures.

Evidence-based design criterion 11. Lists tend to be 
more effective than continuous prose when the aim is to 
summarise and highlight information.

In a study discussing legal documents, it was “found 
that consent form comprehension was greater when… 
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the form appeared to be more informal as compared 
to more official looking” (Wogalter, Howe, Sifuentes & 
Luginbuhl 1999: 593). The same can be said of the tone 
of the text and the layout for the design of the bowel 
preparation instruction documents. All the above sug-
gests that formatting can improve the ease of acquiring 
information, allowing readers to find the information 
more easily and more quickly.

Evidence-based design criterion 12. Writing instructional 
texts in a friendlier or more conversational way might be 
more effective than using formal or official language.

3.8 Text organizers

Panels, lines, and charts are devices that help readers 
understand the structure and argument of a document, 
and use the information strategically. Waller & Waller 
(2015) use panels in the redesign of government letters. 
The authors stated “the use of panels also helps get over 
the problem that each panel contains text from a differ-
ent source” (p. 214). Panels and lines are effective devices 
to visually group content in a rhetorically effective way, 
this means organizing the text “into meaningful groups 
that readers will notice, expect, and appreciate” (Schriver 
2013: 390).

Evidence-based design criterion 13. Colour panels, lines 
and charts should be used to organise the text, to commu-
nicate the different parts of the document, identify sections 
and show how they are related.

4. Findings

The interviews and thinking aloud protocols generated 
new knowledge and understanding. For example, that 
evidence-based medicine is not a recipe, and needs to be 
adapted to each individual. We learned that physicians 

consider sentences starting with “Do not” condescend-
ing. They prefer the document to present first what 
needs to be done, and then what is to be avoided. Also, 
we identified that terms such as “average risk patients” 
need to be clearly defined. In addition, we found that 
marginalia and glossaries can be inconvenient when the 
reading task is one of quick reference.

Both designers and participants engaged in processes 
of thoughts not previously explored. This made it pos-
sible for participants to propose ideas to improve the 
documents which could not have been identified by 
the designers alone.

The analysis revealed problematic areas and the rea-
sons why they were problematic. All interviewees clearly 
preferred the new versions of the documents over the 
existing ones. The images showing the meal and liquids 
were consistently praised. All participants agreed that the 
new document looked much better than its predecessor.

The quick reference tasks were efficient. Participants 
performed at a very high level in search-and-find tasks, 
finding specific targets very quickly (7.2 seconds average), 
despite the 7-page length of the document.

Regarding ease of use, participants rated the new 
document 4.75 on a 5-point Likert scale, and the existing 
document 3.

Unexpectedly, during the interviews to keep gastro-
enterologists and family physicians focused on the visual 
presentation proved to be difficult. This was because 
they had strong opinions about certain aspects of the 
content. This led to an evaluation of their comments 
and reactions, and consequently to several changes. This 
resulted in a review of the content and of the design of 
the documents, extending the hours budgeted for this 
project by 40%. For example, drinking restrictions were 
objected at this stage, and the new recommendation was 
that it should be 1 day before the colonoscopy, instead of 
4 days. Similarly, to have a light breakfast (toast and tea) 
was now allowed for patients who have a colonoscopy 
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appointment in the afternoon. “You don’t want your 
patient to be weak,” a gastroenterologist said.

The use of interviews after the thinking-aloud proto-
cols was a very useful way of obtaining information about 
the participants’ rationale for their thought processes.

Due to space limitations we describe here only 13 
of the 23 evidence-based design criteria developed for 
this project to optimize decision-making in our design 
process. These criteria provided the basis for the design 
of the documents. This knowledge was combined 
with the learning from the thinking aloud protocols 
and interviews.

We developed 17 iterations, testing the documents 
with users and constantly refining them in consultation 
with content experts.

5. Conclusion

The performance of information documents does not 
hinge exclusively on their content and visual arrange-
ment: it also depends on emotional reactions elicited and 
on the way the documents are used. Thus it is essential 
to generate trust.

During the interviews, potential patients showed a 
clear preference for the colour version of the new docu-
ments. The colour version appeared more trust-worthy. 
Preference substantially affects willingness to read, and 
willingness to read has a high correlation with adherence 
to procedures.

Patient-centred approaches to healthcare require a 
change from applying medical evidence-based informa-
tion to cure a patient, to sharing information between 
researchers and healthcare providers, and between 
healthcare providers and patients, so that patients 
become active partners in the healing process. When pa-
tients are considered active partners in their healthcare, 
and are treated accordingly, they tend to better follow 
instructions and to experience better health outcomes. 

This is generated through a dialogical/conversational 
approach with the patients, rather than one where the 
health practitioners speak from a position of authority. 
It is with this in mind that we tried to develop the design 
of the documents.

Future revisions of existing documents could 
consider dividing the redesign process into two stages: 
first, engaging in a wide consultation with relevant 
knowledge experts, frontline care providers, and patients 

Figure 4.  To aid memory and use, the redesign included a 
summary page. A patient said: “I would stick it on my fridge. 
Very helpful.”
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about the content of existing documents; and second, 
once the content had been agreed upon, moving on to 
the design of the visual presentation of the documents.

Renkema (cited in Janssen & Neutelings 2001) 
listed four characteristics of government documents: 
impersonal, complex, diffuse, and traditional. Although 
in our project the design process took longer than 
expected, given the need to reconsider the documents’ 
content, this resulted in more co-created documents: 
documents which are more personal, simpler, more 
concrete, and more pleasant. This helped to achieve 
patient-centred and clinician-centred health communi-
cations (Bodenheimer & Sinsky 2014) for the Colorectal 
Cancer Screening Program at Alberta Health Centre. 
The new documents have been very well-received by the 
medical personnel. The documents became available 
in September 2017, and within one year the Alberta 
Colorectal Cancer Screening Program received more 
that 48,000 orders. An investigation to assess the impact 
of the new documents on patients who fail to prepare for 
the colonoscopy procedure appropriately is underway.

This article shows how an evidence-based approach 
to the design of documents can corroborate that the 
design profession is a reliable practice. Information de-
sign goes beyond being a craft. This approach facilitates 
the achievement of goals pursued in complex human 
interactions, where perceptual, cognitive, affective and 
behavioural factors play important roles.
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