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Abstract

Despite their proven benefits, checklists are minimally used and researched in every-
day domains such as hospitality, retail, and education. A lack of design knowledge
about checklists in these organizations is one of the barriers to checklist use and re-
search. The aim of this research is to develop design knowledge that can serve as a
basis for these organizations to improve checklists for their business processes. After
analyzing widely researched checklists in aviation and healthcare industries, we en-
gineered requirements and developed design principles that contribute to the design

knowledge of everyday organizations.

The design principles were validated on their applicability by conducting six inter-
views with potential end-users in the domains of retail, hospitality, and education.
The validation shows that two design principles seem reusable, one design principle

seems less suitable for reuse, and one design principle seems not suitable for reuse.

This research contributes a set of design principles for checklists to be used in everyday
organizations, which results in a potential rise in checklist use and research in these
organizations. Future research could analyze other domains, validate design principles
in other domains, and use different methods of developing and validating the design

principles.
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Introduction

Checklists are used everywhere, both in personal life and in professional environments. Examples
include checklists for groceries, pre-flight checklists, and the Surgical Safety Checklist developed
by the World Health Organization [1], [2], [3]. Benefits of checklist usage are plentiful. For exam-
ple, they can reduce human error, ensure safety protocols are met, and improve business processes
by making clear which steps are taken and in which order [1], [4], [5].

Organizations that operate in environments where safety management is mandatory are called
High-Reliability Organizations, as described by HROs [6], [7]. In these organizations, checklists
are used to ensure safety protocols are being properly followed, thus preventing accidents from
happening. Examples of these HROs are organizations that are operating in nuclear power, off-
shore drilling, aviation, military special operations, and healthcare [8]. These HROs operate in
unforgiving social and political environments, and their technologies are risky and present poten-
tial for error. Learning through experimentation is not feasible due to the scale of the possible
consequences of said errors. Furthermore, these organizations use complex processes to manage
complex technologies [9] and have a preoccupation with the possibility of failure [8] For these
reasons, we can assume that HROs rely heavily on checklists. Additionally, extensive research
has ensured that the development of checklists for HROs follows certain design conventions and
frameworks [10], [11], [12], [13], [14].

However, checklists are also used in organizations that do not have the characteristics of HROs.
For example, restaurants often use checklists to ensure every customer is treated in the same man-
ner to maintain a certain quality [15]. Education organizations can rely on checklists for ensuring
that teachers give the correct instructions to students [16]. Retail organizations can use checklists
to improve their customer experience or to increase productivity and efficiency. For these organi-
zations, which we call non-HROs, it is less of an issue if the entire protocol is not always strictly
followed, as the consequences of possible errors are less serious. As becomes clear from their

usage, these organizations have different views on checklists than HROs.
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1.1 Problem Statement

Despite the proven benefits of checklists, their adoption varies between domains. We see a notable
difference in checklist use and research between HROs and non-HROs. This section discusses
the barriers to checklist use and research in non-HROs and defines the problem statement of this
research.

First, non-HROs may have certain cultures that do not value the use of checklists, because there
is less emphasis on whether protocols are strictly followed, since deviating from protocol has less
consequences, compared to HROs [6], [7], [9]. These organizations may not have a culture of
safety and continuous improvement and are therefore less reliant on checklists.

Furthermore, the design knowledge of checklists in non-HROs is lacking. The available de-
sign knowledge of checklists is tailored to the aviation and healthcare industries [10], [12], [13],
[17], [18] so there are no standard design principles that can be used for non-HROs. Therefore,
non-HROs resort to developing checklists based on experience of their own employees or limited
existing theories, if there is any.

Lastly, there is a tight coupling between digital technologies and checklist use, and checklists
are often used in environments where organizations rely on digital technologies for executing their
business processes. Since non-HROs are less dependent on digital technologies than HROs due to
the unforgiving social and political environments HROs operate in, checklist use in non-HROs is
also lower [19]. These barriers to checklist use and research lead to the following issues, which
form the problem statement of this research.

1. Checklists in non-HROs are less frequently used than they are in HROs [20]. Checklists reduce
human error, provide accountability and monitoring, and can be used to train new employees [21].
HROs invest heavily in training on the use of checklists [22]. Due to their ineffectiveness, checklists
tend to be seen as unnecessarily bureaucratic by employees of non-HROs. Furthermore, especially
in hospitality organizations, employees tend to develop a feeling of redundancy towards checklists.
Additionally, hospitality organizations tend to have no IT infrastructure where checklists can be
used effectively, as the checklists are not flexible and can not be adjusted once implemented [19].

2. Less research is conducted on the design, development, and validation of checklists in non-
HROs than research is conducted in HROs. Research is focused on HROs, with the largest focus
being on the aviation and healthcare organizations [5], [8], [23]. Non-HROs are forced through
trial-and-error and by applying practical knowledge to develop checklists, because research on
checklists for their specific processes is lacking.

Due to the high number of potential barriers to checklist use and research in non-HROs, analyz-
ing, validating, and evaluating all potential barriers is outside the scope of this research. Instead,

this research focuses on the lack of design knowledge about checklists for non-HROs.
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1.2 Research Aim

We aim to develop design knowledge about checklists for non-HROs. A lack of general design
knowledge within non-HROs is one of the many barriers to use and research of checklists in non-
HROs. One way of developing design knowledge is by developing design principles for checklists
specifically for these types of organizations. By developing a set of standard design principles that
can be used by non-HROs, we mitigate this barrier and promote checklist use and research in these

organizations.

Research aim

the aim of this research is:
* to develop design knowledge about checklists for non-HROs,
* by developing design principles for checklists,

* which can serve as a basis for non-HROs to improve checklists for their specific
business processes,

* so that we promote checklist use and research in non-HROs.

1.3 Research Questions

This research is guided by a main research question (MRQ). The MRQ is derived from the problem

statement and research aim, and is divided into four sub-research questions (SQs).

Main research question (MRQ)

How can we develop design principles for checklists to be used in non-HROs?

The MRQ addresses the lack of design knowledge about checklists for non-HROs. By developing
design principles, we broaden the design knowledge about checklists to be used in non-HROs.
Non-HROs can use these design principles as a starting point when developing checklists for their
specific business processes. Furthermore, these organizations can use the design principles to

evaluate their current checklists, and modify them where needed.

Sub-research question 1 (SQ1)

Why are checklists specifically used in HROs like aviation and healthcare?
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While we can assume HROs rely on checklists, it is important to know if there are domain-specific
characteristics that can be attributed to organizations such as aviation and healthcare. Based on a
multivocal literature review, characteristics of these organizations and concepts of checklists used
in these organizations are identified, where various checklists in industry are compared with each
other. The outcome of this research question is a critical synthesis, elaborating on domain-specific
characteristics of the aviation and healthcare industries and concepts of checklists used in these
organizations, which serve as a basis for the process of modeling these characteristics and concepts.
Furthermore, we construct a meta-model [24], [25], [26] which displays the abstract components
of checklists used in HROs.

Sub-research question 2 (SQ2)

What concepts and characteristics are currently included in checklists for non-HROs?

After we have identified concepts and characteristics of checklists in HROs, we identify these
for non-HROs, based on 6 semi-structured interviews with domain experts from non-HROs. We
discuss the concepts of the meta-model with the domain experts. The outcome of this research

question is a concept map, which displays the components of checklists used in non-HROs.

Sub-research question 3 (SQ3)

Which requirements should a checklist to be used in non-HROs fulfil?

SQ3 aims at engineering requirements based on the same 6 semi-structured interviews that were
used for addressing SQ2. The design goals of the design principles, the scope, and the target audi-
ence are determined. The outcome of this research question is a list of requirements that checklists
to be used in non-HROs should fulfill.

Sub-research question 4 (SQ4)

Are the developed design principles for checklists in non-HROs applicable?

Based on the meta-model of concepts and characteristics of checklists used in HROs, the concept
map of checklists used in non-HROs, and on the requirements, design principles for checklists in
non-HROs are developed. Design principles should be validated and are done by conducting struc-
tured interviews with potential end-users. The design principles are tested on their applicability
[27].
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1.4 Research Context and Outline

In order to gain a better understanding of the concepts and research methods used in this research,
we explain the broad background against which this research is conducted. We do this by dis-
cussing the current state of knowledge in industry. Furthermore, we discuss the application of

design principles in our research.

1.4.1 Checklists In Industry

One of the most used and researched example of a checklist in industry is the Surgical Safety
Checklist, developed by the WHO [3]. This checklist was developed to decrease the implications
that arise after a surgical operation has been executed, by helping medical practitioners in remem-
bering how to correctly execute such an operation. The checklist guarantees patient safety before,
during, and after a surgical operation [1]. Figure 1.1 shows the full checklist. Some things stand
out: the checklist is not too complex, is divided into different sections based on layout and color
coding, and checkboxes are used to encourage users of the checklist to complete the checklist as
a whole. Furthermore, an audience is suggested for every section, denoted with parentheses. Fur-
thermore, the bottom of the checklist notes that additions and modifications to fit local practice are
encouraged, which is in line with the statement that "... medical checklists will only live up to their
potential to improve the quality of patient care if their development is improved and their designs
are tailored to the specific needs of the users and the environments in which they are used." [10, p.
223].

Another example is a general pre-flight checklist, which aids aircraft controllers in remembering
all necessary and critical steps before take-off [28]. Figure 1.2 shows an example of this general
pre-flight checklist. We see that the pre-flight checklist has some differences when comparing the
checklist with the Surgical Safety Checklist. It does not utilise color coding and users are not
forced to physically check the items. Instead, users are forced to read the checklist items aloud or
in silence. The asterisks before some checklist items are not elaborated on [28].

However, while these checklists seem like a fitting solution for the process they concern, several
problems with checklist use in these domains can be identified. In medical checklists, checklist
problems often concern human factors, such as poor design, inadequate training, duplication with
other safety checks, poor integration with existing workflow, and cultural barriers [10]. In aviation
checklists, problems reported concern the formatting, layout, item organization, and logical coher-
ence [12]. To mitigate these problems, literature suggest recommended requirements for surgical
checklists, ranging from the content and order of the items (max. 7 items per page or section, en-
couraged use of sections) to the physical construction (A5 paper size, robust cover to handle wear
and tear) [18], while aviation checklists should use enough white space and should use a font size
that can be read without effort [17].

The specific requirements are inherently linked to the characteristics of the domain the checklist is

used in. In a comparative review, the aviation and healthcare industries are compared from a patient
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Surgical Safety Checklist

(with at least nurse and anaesthetist)

(with nurse, anaesthetist and surgeon)

[J Confirm all team members have
introduced themselves by name and role.

O Confirm the patient’s name, procedure,
and where the incision will be made.

Has antibiotic prophylaxls been given within
the last 60 minutes?

O Yes
[J Not applicable

World Health | Patient Safety
Organization | awewn

ng room

(with nurse, anaesthetist and surgeon)

Nurse Verbally Confirms:
O The name of the procedure

O Completion of instrument, sponge and needle
counts

O Specimen labelling (read specimen labels aloud,
including patient name)

(m]

Whether there are any equipment problems to be
addressed

Anticipated Critical Events

To Surgeon:

[ What are the critical or non-routine steps?
O How long will the case take?

[J What is the anticipated blood loss?

To Anaesthetist:
[ Are there any patient-specific concerns?

To Nursing Team:

O Has stenllty (mdudmg indicator results)
n confirmed

(] Are there equipment issues or any concerns?

Is essential imaging displayed?
O Yes
O Not applicable

This checklist is not intended to be comprehensive. Additions and modifications to fit local practice are encouraged.

BEFORE STARTING ENGINES
LOG BOOKS AND SEL.... cvesssnseeress CHEGKED
* RUDDER PEDAI.S AND
SEATS....o000vvvnee .ADJUSTED AND LOCKED

* WINDOWS.
o] PANEI.SMASKSIINTERPHONEI
GOGGLE
EMERGENGY LIGHTS.
PROBE HEAT...
WINDSHIEI.D ANTHCE ..
ANTI-SKID
PRESSURIZATION..

* ¥

FLT INSTR/SWITCHES/BUGS.
FUEL PANELAQUANTITY AND
UTION S

* Kk ¥¥

* %

SPOILER LEVER.
THROTTLES.....

UDD
PARKING BRAKE/PRESSURI
SHOULDER HARNESSES ( Opelallve)
FLIGHT FORMS .........
NO SMOKING SIGNS.
SEAT BELT SIGNS (5 Minutes Prior To Departure) .

* % ¥ K EK

PRIOR TO ENG START OR PUSH-OUT

GALLLY POWER
ENGINE IGNITION ..
FUEL PUMPS ..
AUX HYDRAULIC PUNP
ANTI- COLLISION/EXTERIOR LIGHTS.
DOOR ANNUNCIATORS ..

AIR CONDITIONING SUPPLY SWITGHES

. ON
"ON/AS REGUIRED
.ouT

Revised 1/2009

h

To Surgeon, A and Nurse:

O What are the key concerns for recovery and
management of this patient?

© WHO, 2009

Figure 1.1: Surgical Safety Checklist [3].

Figure 1.2: Example of a pre-flight checklist [28].



1.4 Research Context and Outline

safety perspective using aspects such as activities, safety, and equipment [22]. In aviation, there is
a degree of standardization of equipment of aircrafts, while in healthcare, healthcare professionals
have to deal with a wide variety of equipment. Also, aircraft controllers typically perform short
tasks, while the duration of tasks that medical practitioners perform can vary greatly. Furthermore,
failing to follow protocol and thereby the checklist in aviation context can result in fatalities being
over 100 at a time, including the aircraft controllers, while failing to follow the checklist in medical
context generally involves one person, and staff fatalities as a direct consequence is rare. These
specific characteristics make clear that requirements of checklists for HROs should be engineered
based on specific domain characteristics.

There have been efforts to abstract generic checklist types and characteristics based on checklists
in industry [29], [30]. Table 1.1 shows generic checklist types with corresponding characteristics,
benefits, and requirements/limitations. The pre-flight checklist discussed earlier clearly is a se-
quential type of checklist, as the checklist serves as a memory aid to direct attention to one item
or aspect a a time. Note that such a checklist can be any length, but as we have addressed earlier,
brevity increases usability of the list. The Surgical Safety checklist can also be seen as a sequential
checklist, based on the same arguments that are used when addressing the checklist type of the
pre-flight checklist.

Nowadays, research is more focused on addressing the benefits and drawbacks of a transition
from analog checklists to digital checklists [31], [32] with more and more checklists becoming
digital. A recent study examined software usage in 243 restaurants in the United States of America.
Overall, more than 90% of the surveyed restaurants used software for sales analysis, while only 59%
used software for labor scheduling. Furthermore, only 35% used software for training employees
[19]. This suggests that these restaurants do not use digital checklists for essential tasks such as
labor scheduling and training employees, and that these restaurants could benefit from some sort
of standardised checklist that can be modified to their needs. Lastly, the authors of the study state
that "... generic, canned information technology solutions may not be the optimum solution. To
enhance competitiveness, information technology solutions should address the specific needs for
each restaurant firm." [19, p. 268-269]. This sentiment is in line with the sentiment that medical
checklists should be tailored to specific needs of the users and the environments in which they are

used.

Summary of checklists in industry

Checklist requirements are linked to domain-specific characteristics. Issues with check-
lists are also linked to domain-specific characteristics. Recommendations for improving
checklists are often made with specific checklists in mind, without validating whether the
recommendations could also be applied to checklists in other domains. However, there
have been efforts to compare checklists with the intention of mitigating issues that affect
checklists in multiple organizations.




Table 1.1: Checklist types, characteristics, benefits, and requirements/limitations [29, 30].

Type of Characteristics Benefits Requirements/limitations
checklist

Unstructured | * Unstructured list of items * Memory aid to ensure items are present or * Allows only a binary response
laundry list * Can be any length actions are performed (e.g., present/absent)

* Order of the items is not
important; no optimal order to
perform task exists

 Cannot guide multiple steps, or
show dependencies

Criteria of

e List of attributes to be ranked

* Memory aid to insure relevant criteria are

* May be difficult to define rating

merit list and rated considered and ranking values
* Decision aid to make objective judgments
Sequential * Structured list where step * Memory aid to direct attention to one item * Allows only a binary response
sequence of performance matters | or aspect at a time (cannot guide multiple option
* Can be any length but brevity * Decision aid to proceed, remedy or stop task | decision process)
increases usability of the list since order is important and dependent on
previous items
Flowchart/ » Steps or sequences that include * Memory aid to direct attention to one item * Supports only simple categorical
diagnostic branches based on categories or or aspect at a time judgments, not analytic reasoning

options

* Decision aid to proceed, remedy or stop task
* Decision aid to minimize biases

* Decision aid where a categorical choice
supports multiple pathways

NOILONJOWLINI °T
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1.4.2 Checklist Validation

Insights on validating checklists itself can provide information on what constitutes a good valida-
tion of design principles of checklists. The validation of a checklist might be just as important as
developing the checklist itself [8]. A recent study validated a sustainability checklist for restaurants
by first validating the content of the checklist and then validating whether users could comprehend
the checklist items [33]. Validation by interviewing experts is a suitable means of checklist valida-
tion [8], [34]. For validating the content of the checklists, individual items are often graded based
on a Likert scale, where a certain value is needed for the checklist item to be included in the next
revision. Then, it is good practice to test the checklist in industry, for example through qualita-
tive simulation, through real-time observation [8], [11], [35] or by conducting expert interviews
[36]. Validating whether checklist items are comprehensible can be done by examining the use of

language of the checklist items [33].

1.4.3 Design Principles

One of the goals of this research is the development and validation of design principles. Design
principles are commonly used in design science as a means to formalize design knowledge [37].
Design principles are generalized knowledge contributions [38], which provide knowledge about
creating instances of IT artefacts [39]. They can be used to "... convey design knowledge that con-
tributes beyond instantiations applicable in a limited use context" [40, p. 4039]. Design principles
can thus be used to broaden the design knowledge about the topic on hand, and are developed in
a way so that they can be applied universally within the research topic. For developing the design
principles, we do not necessarily use a definition, since literature describes several definitions that
do not suite this research. Literature states that different categories of design principles can be
identified, as some design principles focus on the purpose of the principle, while other design prin-
ciples focus on the properties of the principle [40]. In this research, we do not use these categories
and corresponding notation. Instead, we make use of shortened versions to increase the readability

and accessibility of the principles, accompanied by textual explanations.

1.4.4 Research Outline

The structure of this research is as follows. The rest of chapter 1 addresses the contributions that
the outcome of this research has. Chapter 2 introduces the research phases, research methods and
addresses threats to validity. In chapter 3, we present a domain analysis of checklists in HROs and
non-HROs. In chapter 4, we define the design principles. Chapter 5 elaborates on the validation of
the design principles. In chapter 6, we discuss implications, threats to validity, and any additional
findings that we discovered. Lastly, chapter 7 concludes this thesis with answering the research

questions, discussing limitations, and giving directions to future work.
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1.5 Contributions

The outcome of this research has several contributions. First, this research provides an overview of
the state of the art regarding checklist concepts in HROs and state of the industry regarding checklist
concepts in non-HROs, which can serve as a theoretical basis for further research regarding check-
lists in non-HROs. Also, this research provides a set of design principles for checklists, based on
academic literature and expert interviews. These design principles can be applied to checklists in
non-HROs, serving as a basis for organizations to develop their own checklists. Furthermore, this
research mitigates one of the barriers to checklist use and research by developing design knowledge
of checklists in non-HROs.

10



2

Research Approach

This section includes the research approach followed and the research methods used. Figure 2.1
gives a high-level overview by showing which research method is used in which phase and which
research question is answered in which phase. Problem investigation and dissemination are not ad-
dressed through a research method. The problem investigation is based on a preliminary literature

review and the dissemination of this research is not based on a research method.

Research phases Problem Investigation i Domain Analysis E Design Solution i Design Validation i Dissemination

E Multivocal : : Expert Interviews :
Research methods ' Literature ' ; P > :
i Review : ; ;

[ Ex;l)ert Interviews 1 ]i

( ' T MRQ ' ' )

Research questions i [ SQ1 ] E [ SQ3 ] i [ SQ4

Figure 2.1: Research phases, methods, and questions

2.1 Research Phases

This research is divided into five phases, that naturally overlap each other. Since we are developing
design knowledge, the phases are based on the design science methodology by Wieringa [36], [41].
An overview of all research activities and corresponding data artefacts can be found in figure 2.2.

Problem Investigation: The first phase consists of a preliminary literature review, which is used

to identify the research problem. Based on the research problem, the research aim is derived and

11



2. RESEARCH APPROACH

— — —>|INITIAL LITERATURE|
( Problem Investigation N > REVIEW 1
|
|
( Review initial literature )— == -_ _ _ RESEARCH 1
| PROBLEM
C \dentify research problem > - - < RESEARCH PROPOSAL Ifwﬁ
( Define research goals )— =" _ _ 5| RESEARCH GOAL 1 :
( Determine research questions )— ol |
'_ _ ] MAINRESEARCH :
QUESTION I —
( Write research proposal )— = | I
prop | |
| |
| |
| |
A B

~

Domain Analysis

guides P>
( Construct literature review protocol )— e LITEEARTCE{?OEC%ELVIEW 1

Perform multivocal literature review )— - - — - — - - - e — -

U 0 - - - - - - - - - - META-MODEL 1
( Create meta-model of checklists in HROs )— ) E—
7 CHECKLIST e [
CONCEPT
( Conduct first round of expert interviews )— =[---
| <> CONCEPT MAP |71
( | 5] EXPERT INTERVIEW [6 A

Create concept map of checklists in non-HROs )— = —
/

(&

s

Design Solution

DESIGN GOAL
Determine design goals - — — — — — o - -
| = = SCOPE 1
DOMAIN
n Compare meta-model with | COMPARISON
neniow esuts :
----- - E—— :

Engineer requirements } —--=-=-= REQUIREMENT 27—

Define design principles >— ;- - - - --—-—-—-—-—-——-=-=--= DESIGN PRINCIPLE I 4]

1

Design Validation
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2.2 Research Methods

the research questions are specified. Additionally, the research approach is further specified.

Domain Analysis: Based on a multivocal literature review, we focus on checklist usage in avi-
ation and healthcare, and on the concepts and characteristics of checklists used in these domains.
The focus is on aviation and healthcare, because research on checklists is most often focused on
these industries [20]. We use academic literature to derive domain-specific concepts of the aviation
and healthcare industries. Grey literature was addressed to find positive and negative experiences
of the use of checklists in industry, which was lacking in academic literature. The result of this
phase is a meta-model, displaying the abstract components of checklists used in HROs.

Design Solution: Based on 6 exploratory semi-structured interviews with domain experts in
non-HROs, we map which concepts and characteristics checklists in non-HROs include. This can
be seen as state of the industry. Expert interviews are used, because they can provide valuable
insights for problem investigation, evaluation, and validation of the design artefact [36]. Further-
more, interviews appear to be one of the most effective techniques for eliciting requirements [42].
The exploratory semi-structured interviews are transcribed using Word Online' and are coded us-
ing NVivo?, following procedures and guidelines explained by [43], [44], [45]. Based on the model
that shows which concepts and characteristics checklists in non-HROs include, we engineer design
requirements. Furthermore, we compare the state of the art with the state of the industry, and
develop design principles for checklists to be used in non-HROs [37], [39], [40], [46].

Design Validation: For validating our design principles, we conduct structured interviews with
6 domain experts that could use the design principles for improving checklists that they are working
with. In order to make a sound comparison, organizations of the same domains as the exploratory
interviews are interviewed. The design principles are validated using a framework by [27], focusing
on applicability of the principles.

Dissemination: The last step of the study is writing about the findings of this research. We
address the outcomes of all sub-research questions and address the MRQ. Furthermore, we ad-
dress the implications of the research, elaborate on limitations, and provide directions for further
research. The outcome of this phase is this thesis report.

Lastly, the Ethics and Privacy Quick Scan of the Utrecht University Research Institute of In-
formation and Computing Sciences was conducted. Whilst the Quick Scan identified issues, this
project was allowed to proceed after additional human scrutiny by the moderator of the Ethics and

Privacy Quick Scan. The full ethics report and the approval mail can be found in appendix B.

2.2 Research Methods

Table 2.1 shows that different research questions are answered by applying different research meth-
ods. Not every research method is suitable for each research question. The research methods are

explained in the next section, justiyfing the choice of the research method.

"https://www.microsoft.com/en-us/microsoft-365/free-office-online-for-the-web
>https://lumivero.com/products/nvivo/
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2. RESEARCH APPROACH

Table 2.1: Research methods used for answering the research questions

Research questions Research methods
Multivocal Expert Interviews
Literature
Review

MRQ How can we develop effective and useful design v v

principles for checklists to be used in non-HROs?

SQ1 Why are checklists specifically used in HROs like | v/
aviation and healthcare?

SQ2 What concepts and characteristics are currently v v
included in checklists for non-HROs?

SQ3 Which requirements should a checklist to be used v
in non-HROs fulfil?

SQ4 Are the developed design principles for checklists v
in non-HROs useful and effective?

2.2.1 Multivocal Literature Review

The domain analysis is done by using academic literature to address why checklists are used in
HROs such as aviation and healthcare organizations. We look at the differences in checklist char-
acteristics, why certain design principles are used, and which domain-specific aspects can be ab-
stracted. The academic literature is used to analyze concepts and characteristics of checklists in
HROs. These are tightly related to the characteristics of the organizations. Because we look for
information on checklists in different domains, we use Google Scholar', as the content on Google
Scholar is not focused on one specific domain. The literature search protocol can be found in ap-
pendix A.1. Grey literature is addressed to gain insights into daily practice of checklists. Certain
guidelines regarding assessing grey literature were followed [47]. The quality assessment criteria
can be found in appendix A.2. The grey literature addressed is mostly focused on negative experi-
ences of checklist use, because the academic literature is lacking in this aspect. The direct output
of the multivocal literature review is a long list and a short list. The long list contains sources that
seem usable for this research, based on title and abstract. Inclusion and exclusion criteria from the
literature search protocol are applied, resulting in a short list. The short list served as a basis for

the domain analysis. Both the long list and the short list can be found in appendix A.3.

"https://scholar.google.com
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2.2 Research Methods

2.2.2 [Expert Interviews

Analysis of checklists in non-HROs: The first round of expert interviews addresses checklist
use in non-HROs (SQ2). Non-HROs that will be included are a hospitality checklist provider, a
coffee and lunch shop, a primary school, a grammar school, a brick-and-mortar game shop, and a
second hand clothing shop. We have chosen for organizations active in hospitality, education, and
retail, covering three domains. Other domains such as agriculture, law, information technology,
and creative industries are left out of this research. Hospitality and retail organizations were re-
searched because organizations in these domains are fairly accessible. We chose education because
of convenience sampling, due to time limitations [48]. Data on the type of organization and the
participants is shown in table 2.2. Different organizations from the same domain were interviewed
in order to increase the validity of the interview results. Only employees that were already using
checklists in their work routine were interviewed. Due to privacy concerns, the names of the or-
ganizations are not mentioned, according to the consent form in appendix C. Transcriptions of the

interviews in Dutch can be found in appendix C.

Table 2.2: Data on participants and their organizations for the domain analysis and design solution

Interview| Type of Participant’s role in Location Participant’s check-
non-HRO the organization list experience (years)

1 Education Employee Offline 8

2 Education Employee Offline 16

3 Hospitality Founder Online 21

4 Hospitality Store manager Offline 6

5 Retail Store manager Offline

6 Retail Employee Offline 4

The interviews validate the problem statement and contribute to collecting design knowledge of
checklists [36]. The interviews are semi-structured and follow a protocol which can be found in
appendix C. The interview protocol is based on guidelines described by [49], [50]. The concepts
of the meta-model constructed by answering SQ1 are systematically addressed by the participants.
The output of this set of expert interviews forms the basis of requirements that checklists in non-
HROs should fulfill (SQ3). Prioritization of the requirements is done using the MoSCoW method
[51]. The requirements form the basis on which the design principles will be developed.

Validation of the design principles: The second round of expert interviews focuses on vali-
dating the developed design principles for checklists in non-HROs (SQ4). The developed design
principles are validated by conducting a set of 6 structured interviews with potential end-users.
Table 2.3 shows data of the participants. The design principles are presented to the potential end-

users, are discussed using a framework provided by [27], and are evaluated using a Likert scale.
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2. RESEARCH APPROACH

Table 2.3: Data on participants and their organizations for the design validation

Interview| Type of Participant’s role in Location Participant’s check-
non-HRO the organization list experience (years)

1 Retail Employee Offline 3

2 Retail Employee Offline 2

3 Education Employee Offline 37

4 Education Employee Offline 4

5 Hospitality Store manager Offline 20

6 Hospitality Employee Offline 3

We evaluate the applicability of the design principles because it is necessary that the design
principles can be applied in different domains. Figure 2.3 shows the evaluation criteria of the ap-
plicability of the design principles. The applicability of the design principles will be evaluated by
looking at 1) accessibility, 2) importance, 3) novelty and insightfulness, 4) actability and guidance,
and 5) effectiveness. Accessibility is used to measure if potential users understand the design prin-
ciples. Importance is used to measure the importance of the problems that the design principles
try to mitigate. Novelty and insightfulness address whether the design principles have the poten-
tial to surprise the target audience by conveying knowledge they do not already know. Actability
and guidance address whether the design principles can be carried out in practice. Lastly, effec-
tiveness is used to measure if the design principles can have a positive effect on checklists of the
organization. The framework suggests addressing the variables in consecutive order, starting with
accessibility and ending with effectiveness. By evaluating the applicability of the design principles,
we make sure that organizations from different domains can use the design principles to improve
their checklists, thus promoting checklist use and research in non-HROs.

Summary of research approach

This research consists of five phases: Problem Investigation, Domain Analysis, Design
Solution, Design Validation, and Dissemination. We conducted a multivocal literature
review and two rounds of expert interviews. The multivocal literature review addressed
characteristics and concepts of checklists in HROs. The first round of expert interviews
addressed checklists in non-HROs. The second round of expert interviews addressed the
validation of the developed design principles.
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Accessibility

(Rosemann and Vessey
2008)

(Rosemann and Vessey
2008)

Novelty and
insightfulness

(Drechsler et al. 2015,
Hevner et al 2004,
Agerfalk and Fitz-
gerald 2006)

Reusability of
Design Principles

Actability and
guidance
(Rosemann and Vessey

2008,

Kuechler and
Vaishnavi 2011)

Effectiveness

(Rosemann and Vessey
2008,
Venable et al. 2016)

Figure 2.3: Evaluation criteria of applicability of design principles [27]

17



2. RESEARCH APPROACH

18



3

Domain Analysis

We present a domain analysis in which the usage of checklists in aviation and in healthcare is elab-
orated on. Important concepts are expressed in bold to underline their importance. We compose a
concept table that includes all concepts described below [26]. Furthermore, we construct a meta-
model which displays the concepts of checklists used in aviation and healthcare. After that, we
analyze the exploratory semi-structured interviews with domain experts and elaborate on the usage
of checklists in non-HROs. We conclude this chapter by mapping the concepts of the meta-model
on the checklists used in non-HROs.

3.1 Checklist Usage in Aviation and Healthcare

In the aviation industry, checklists are used primarily for operations where every operation needs to
be executed in the exact order of items, without deviating from protocol. Most aviation checklists
are used as cognitive aids to guide users in remembering tasks, with the goal of reducing human
error due to distraction or fatigue [52], [53]. A distinction in checklist types can be made: nor-
mal checklists are used for routine operations and non-normal or emergency checklists are used
when a problem arises and a need for problem mitigation arises, such as engine failure or sudden
change of weather conditions [5], [22], [54]. Also, a checklist concerns one more processes, which
should be executed correctly and in the right sequence [21], [55]. In case of non-normal checklists,
quick access to the correct checklist is a necessity. To ensure quick access to the correct checklist,
checklists are sorted by their checklist objective [56]. Examples of objectives are safely landing a
crashing plane, checking on disturbances, or locating a fuel leak. Additionally, since airplane fleets
are developed by different organizations in the world, not all checklists are designed to be effec-
tive for every situation [14]. This leads to the introduction of checklist conditions: for example,
the "B-32 Check List" is suitable for use with 100 octane fuel only [14]. To ensure full checklist
compliance, all checklist items are assigned to one or more operators [12], [29]. Furthermore,
electronic checklist systems have been developed to replace paper-based checklists, resulting in
a shift of the representation of checklists [1], [5]. Literature states that "... 65% of the pilots
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3. DOMAIN ANALYSIS

surveyed said that certain procedures they were to use to respond to emergency and abnormal sit-
uations were complicated and difficult to use" [57]. Therefore, it is recommended to divide the
checklist items into sections, so that the operators can understand the checklist more easily [57].

Literature on the design of medical checklists is extensive. Medical checklists should be designed
around different stages of the checklist life cycle: 1) conception, 2) determination of content and
design, 3) testing and validation, 4) induction, training and implementation and 5) ongoing eval-
uation, revision and possible retirement [10]. Like in the aviation industry, most of the medical
checklists serve as cognitive aids in helping medical practitioners remember a task or a series of
tasks [18], [58], [59]. Choosing the correct checklist type is often based on cognitive limitations:
1) we may forget one or more tasks, 2) we remember a task but due to distraction or fatigue we do
not remember to carry it out, or 3) we remember the task, remember to carry it out, but execute
the action incorrectly [22]. Which method should be applied when deciding how a checklist item
should be accomplished, can also vary. For example, an operator can first execute the task and
then confirm, or can first read the task and then do. These are accomplishment methods [10].
Furthermore, while performing a critical part of a surgery, an operator will probably read the task
aloud and then do the task. However, a less important task, like putting on surgical gloves, will
probably be read and be done in silence. These differences in how a task is executed can be classi-
fied as means of accomplishment [10], [35]. Additionally, the item sequence of a section dictates
in which order the tasks of the checklist should be carried out. For example, the item sequence can
be arbitrary, sequential, iterative, or parallel [10], [20]. As with the aviation checklists, medical
checklists can be presented using different modalities. Paper, poster and electronic are examples
of these presentation modalities [1], [10], [20],[35]. More and more paper-based checklists are
being replaced with electronic versions [29].

The previously described concepts are summarised in table 3.1 below. This table serves as a
basis for the meta-model, shown in figure 3.1. The first column lists the concepts as used in the
meta-model, while the second column gives a brief description and some examples. All concepts
are written in capital letters. The concepts in the table are ordered by appearance in the meta-model.

The meta-model consists of 11 concepts. Most concepts are standard concepts without sub-
concepts. Examples are PROCESS, SECTION and CHECKLIST ITEM. CHECKLIST itself is
an complex open concept, consisting of SECTION and CHECKLIST PROPERTY. CHECKLIST
PROPERTY itself is further specified through a disjoint generalisation: each unique CHECKLIST
PROPERTY can only consist of exactly one specific concept. However, when looking at the cardi-
nalities, one CHECKLIST can have zero to many CHECKLIST PROPERTIES. ACCOMPLISH-
MENT METHOD is a complex closed concept; we do know some examples, but the sub-concepts
are not relevant in this context. For more information about the syntax of this type of meta-model,
see [26].
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3.1 Checklist Usage in Aviation and Healthcare

Table 3.1: Concept table of checklists in HROs

Concept Description

PROCESS A set of tasks needed to be executed. Can be predefined, or ad-hoc.

CHECKLIST Typically a list of action items or criteria arranged in a systematic
manner, allowing the user to record the presence/absence of the in-
dividual items listed to ensure that all are considered or completed
[5].

CHECKLIST Defines all possible properties that a checklist might have. A

PROPERTY checklist can have none or multiple properties, depending on the
situation.

CHECKLIST TYPE Described as the operational use of the checklist. Examples are
normal situations and non-normal situations [54], [10].

CHECKLIST Defines under which conditions a particular checklist should be

CONDITION used [56].

CHECKLIST Sometimes also called purpose. Defines the use of the checklist.

OBJECTIVE Examples are: memory aid, evaluation, teamwork facilitation and
confirmation [10], [35], [20].

CHECKLIST Describes how the contents of a checklist is conceptualised. Exam-

REPRESENTATION ples are: paper, poster and electronic [1].

SECTION Includes one or more checklist items, which are ordered based upon
a particular item sequence [57].

CHECKLIST ITEM Describes the item that needs to be accomplished. Examples are; a
task, a checkbox, an open text area and a Likert-scale. A means of
accomplishment describes how a checklist item should be accom-
plished. Examples are: written, read aloud and read in silence.

OPERATOR Defines the individual or groups of individuals that handle the
checklist items [12], [29].

ACCOMPLISHMENT | Validates with which procedure the checklist item should be accom-

METHOD plished. Examples are Do and Confirm and Read and Do [10], [35].
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3.2 Checklist Usage in Non-HROs

3.2 Checklist Usage in Non-HROs

Table 3.2 maps all concepts of the meta-model in figure 3.1 for each non-HRO that we have in-
terviewed. Each interview addressed one checklist used in each non-HROs. The choice of the
checklist was arbitrary and depended mostly on which checklist was available for examination
or which checklist was used the most in the organization. For quantitative data that presents the
number of occurrences of each instance of each concept, see table 3.3. The processes that the
checklists concerned varied. This is no surprise, since organizations of three different domains
were interviewed. However, five out of six checklists concerned opening or closing (part of) the
location. Regarding process and checklist types, the most common checklist type is “Normal”
and all checklists concern a predefined process type, as opposed to non-normal checklists in case
of emergency or ad-hoc processes.

Regarding checklist properties, we see that only one organization uses a checklist condition.
The researched checklists are most often used as a mnemonic device or as memory aid, but check-
list objectives are varying. The differences seem to be related to the domain of the organization.
We see accountability in both educational checklists and in one hospitality checklist. Account-
ability is not present in the other hospitality checklist or in the retail checklists. Interviewee 3, a
teacher who uses the checklist for oral examination, also talks about other reasons why they use
the checklist: “...in addition to it being a mnemonic device, I also use the checklist to make it
clear to students what choices I make and how I assess the student. This results in transparency
and accountability for the student, which students tend to appreciate.” Interviewee 5 reports that
their checklists are mostly used because of cost reduction. They say the following: “Introducing
our employees to our digital checklists has resulted in employees getting to understand the tasks
they need to execute much faster. Training a new full-time employee this way can save as many
as 25 hours per month, for each new employee”. Some companies use paper checklists and some
companies use digital checklists. Representation is highly dependent on the type of company and
the company’s IT infrastructure. Interviewee 6 describes their choice of representation as follows:
“We choose paper because we don’t see any value in a digital checklist. Besides, paper works best
for us.” Other companies have a strong preference for digital checklists. For example, interviewee
5 states the following: “Our checklists are all digital, because the content of the checklists must
be easy to modify. Also, some checklists are only accessible to users with certain rights, such as
managers. These kinds of things are difficult to realize with paper checklists.”

Only the third interviewee states that they use sections for organizing their checklist. This is as
to be expected, since the corresponding process -oral examination of a modern language- is more
elaborate than other processes reviewed, therefore increasing the number of checklist items. Also,
this process consists of multiple topics, such as fluency of speech and vocabulary. Other processes
reviewed were not divided into different topics. Item sequence varies, based on the process itself.
Checklist items also vary, but most checklist items were either tasks or checkboxes. Regarding

operators, we see a clear difference. For example, interviewee 3 states that they are user, manager
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3. DOMAIN ANALYSIS

and creator of the checklist, since they are the only one using the checklist; Interviewee 4 is team
supervisor, but is only a user of the checklist; Interviewee 1 is store manager, user and manager.
All interviewees stated that the checklist items are first read and then done, as opposed to done
and confirmed. Interviewee 1 states: “Almost always, only one employee is opening the store. So
it would not make sense to confirm the checklist item with the team, since there is no one to confirm
to.” How the checklist items are being accomplished, differs across all interviewed organizations.
Some physically tick off a checklist item when the task is completed, while others read in silence
and only make a mental note when a task is completed. Furthermore, all interviewees stated that
the checklist they use is self-made. Some interviewees used their own experiences as the basis
for the development of the checklist, while other interviewees used existing theories or protocols.
The decision to use own experience or existing theories and protocols is highly dependent on the
process the checklist concerns and on the experience the interviewee has within the related domain.
For example, interviewee 5 states: “Because I have 21 years of experience with using and devel-
oping checklists for hospitality, we know best which requirements such checklists should meet.”
Furthermore, interviewee 3 said: “There is a fair number of books on teaching. So of course, 1
first looked at existing literature and theories. However, I found that the theories were often too

complicated for what I want, so I decided to come up with my own system.”

Summary of domain analysis

Checklists in HROs are primarily used as cognitive aids and to ensure protocol is strictly
followed. A checklist has several related concepts, such as the type, condition, objective,
and representation. There exist different types of checklist items, and checklist items can
be accomplished through different means and by different methods. The listed concepts
are also present in checklists in non-HROs.
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Table 3.2:

Characteristics of checklists in non-HROs

Concept Interview 1 Interview 2 | Interview 3 Interview 4 Interview 5 Interview 6
Domain Retail Retail Education Education Hospitality Hospitality
Process Store closing Store Oral examination Location Kitchen opening Kitchen
opening closing opening
Process type Predefined Predefined Predefined Predefined Predefined Predefined
Checklist type Normal Normal Normal Normal Normal Normal
Checklist - - - - Not applicable in certain -
condition circumstances
Checklist Memory aid, Memory aid | Accountability, Accountability, | Overview, accountability, Memory aid
objective following following protocol, | memory aid onboarding new people,
protocol data analysis, trans- reducing costs, empower-
parency, overview ing new employees
Checklist Electronic Paper Paper Paper Electronic (tablet) Paper
representation PO
Section - - Multiple - - -
Item sequence Arbitrary, Sequential Sequential Arbitrary, Arbitrary, sequential Arbitrary,
sequential sequential sequential
Checklist item Tasks, Tasks, Tasks, checkboxes, Tasks, check- Tasks, checkboxes, open Tasks,
checkboxes checkboxes open text areas, boxes, open text areas, media files checkboxes
scale text areas
Operator Store man- Employee, Teacher, User, Supervisor, Founder, Owner, Manager, | Store man-
ager, User, User Manager, Creator User Creator ager, User
Manager

Continued on next page
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Table 3.2: Characteristics of checklists in non-HROs (Continued)

Accomplishment | Read and Do Read and Do | Read and Do Read and Do Read and Do Read and Do
method
Means of Written Read in Written Read in silence | Written Read in
accomplishment silence silence
Level of Medium - Medium (items can | - High (checklists tailored -
personalization (items can easily be altered) to specific users, user
easily be identification system)
altered)
Level of Self-made, Self-made, Self-made, based on | Self-made, Self-made, based on own Self-made,
standardization based on based existing theories based on own experience based
existing on own experience on own
protocols experience experience
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Table 3.3: Number of occurrences for concepts of checklists in non-HROs

Concept Instance Occurrences
Retail 2
Domain Education 2
Hospitality 2
Process type Predefined 6
Checklist type Normal 6
Checklist condition Not applicable in certain 1
circumstances
Memory aid
Checklist objective
Accountability
Electronic
Checklist representation
Paper
Section Multiple
Sequential
Item sequence
Arbitrary
Tasks
Checklist item Checkboxes

Open text areas

User

Operator Manager

Creator

Accomplishment method | Read and Do

Means of Written
accomplishment Read in silence
None

Level of personalization | Medium
High

Self-made

|| =[N W W W AN~ WA= NN

Based on existing protocols /

Level of standardization .
theories

Based on own experience 4
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4

Design Solution

We present four design principles. The design principles are developed through a simple series of
steps, which can be found in figure 4.1. We use the standardized process modeling language BPMN
[60] for displaying the process. The first two steps, executed concurrently, consist of determining
the design goals, scope, and target audience, and comparing the meta-model in figure 3.1 with the
interview results in table 3.2. After these steps, we engineer requirements based on the outcomes
of the previous steps. Then, we prioritize the requirements by applying the MoSCoW method [51].

The last step consists of defining the design principles by thematically grouping the requirements.

Engineer Prioritize Define design (6 >
requirements requirements principles Nt

Determine design
goals, scope, and
target audience

Compare meta-model
with interview results

Figure 4.1: Development process of the design principles

4.1 Comparison of Meta-model with Interview Results

Checklists used in HROs differ from checklists used in non-HROs. Also, there are differences in
how checklists are used between HROs and non-HROs. However, there are also similarities be-
tween checklists in HROs checklists in non-HROs. Aviation organizations do not use sections for
dividing checklist items or groups as much as they should [57], and only one of out all interviewed
non-HROs uses sections. As for representation, we see a clear shift from paper-based checklists
to electronic checklists in both aviation and healthcare organizations, while in non-HROs, we see
mixed results, with only two checklists being electronic. The other four checklists are paper-based.
When examining checklist type, we see that checklists in HROs are both being used in non-normal
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and in normal situations, while the researched checklists in non-HROs all concerned normal, rou-
tine operations. Regarding checklist objective, there is a clear difference. In aviation, most check-
lists are used as memory aid, while in non-HROs, we see that checklist are also used for other

objectives, such as accountability, data analysis, and reducing costs.

4.2 Scope, Design Goals and Target Audience

The design principles that we develop can be applied to checklists for different business processes.
Furthermore, these principles are not tied to any particular type of business process or domain.
However, it is unreasonable to expect that the design principles are applicable to checklists of every
business process. Also, domain-specific characteristics influence whether the design principles can
be applied to checklists. For example, mandatory checklists introduced by compliance institutions,
such as HACCP food safety checklists [61], do not benefit from applying the design principles
as much as self-made checklists, and are therefore left out of the scope of the design principles.
Checklists that are either self-made, based on existing theories, or developed through a combination
of both, can all benefit from applying the design principles. However, due to the complex nature
of checklists [1], it is possible not all design principles can be applied to a certain checklist, or not
all design principles can have a positive effect on the checklist. For example, improving a paper-
based checklist is more difficult than improving a digital version of the same checklist. Coffee and
lunch rooms with few employees tend to use paper-based checklists, due to the simple nature of a
paper-based checklist or the lack of a need for digital checklists.

The design principles contribute to the design goals of the research, whereas the design goals
help in promoting checklist use and research in non-HROs. We defined two design goals. Both
deal with modifying checklists in order to increase their use.

Design goal 1 - Avoid checklist fatigue: Predictable, repetitive tasks can lead to human error
through distraction, as the human mind is not well suited for memorization and repetitive tasks
[32], [62]. Therefore, it is important to design a checklist so that it is simple to carry out. We
avoid checklist fatigue by ensuring every checklist item is relevant, and by removing unnecessary
checklist items. If users are routinely presented with irrelevant or inapplicable checklist items,
users will find a way to deviate from the norm [8].

Design goal 2 - Maximize checklist compliance: Checklist non-compliance occurs if users
do not understand the value of a checklist. It is therefore important to discuss why and how a
checklist is used within the team that is using the checklist [63]. Furthermore, checklists that
do not completely represent the business process it should concern are prone to issues such as
failure to check items for completed tasks, falsely checking items when tasks were not performed,
and inaccurately checking items for incomplete tasks. Therefore, checklists should be sensitive to
context or case and checklists items should be easily measurable.

We define the target audience of the design principles by examining the level of checklist expe-

rience of employees. The design principles should be usable by employees with different levels of
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checklist experience. Employees that have just started working in a company should feel that the
design principles are not too complicated and that the principles can guide them in creating, evalu-
ating and modifying checklists. On the other hand, making the principles too minimal and too easy
to understand will result in employees with substantial checklist experience not seeing the value of
the principles. Therefore, it is important to find a balance between simplicity and complexity. We
do this by making the design principles itself fairly simple, but we elaborate on the principles by

addressing the related requirements.

4.3 Requirements

We have determined the scope, the design goals, and the target audience. Furthermore, we com-
pared the meta-model in figure 3.1 with the interview results in table 3.2. We engineered require-
ments based on the outcomes of these steps. Prioritization of the requirements is done using the
MoSCoW method, because MoSCoW provides accurate results with a medium sized dataset and
is easy to implement [51]. Requirements that were extracted from multiple interviews, or were
deemed important, are marked as either Must have (M) or Should have (S). Requirements that were
rather arbitrary (R18) or not concise (R4) are marked as Won't have (W). Requirements that seemed
interesting, but were extracted from only one source, are marked as Could have (C). For traceability
purposes, the source interview is added to the corresponding requirement. The interview data can

be found in table 2.2. The requirements can be found in table 4.1.

Table 4.1: Requirements for the design principles

ID Requirement Source Prioritization

R1 There should be a possibility to add ad-hoc checklists 3 C

R5 Keeping track of the completion of checklist items 5 C
should be constituted by making the checklist electronic

R6 | The color palette of the checklist should be calm and not | 5 C
overly colorful

R11 | Modifications to the checklist by users should be 5 C
encouraged

R14 | The checklist should be personalized for specific users 3 C

R23 | A checklist condition should be displayed on the 3 C
checklist

R24 | A checklist should have multiple sections 1 C

R3 The checklist layout should be clear 2,6,5 M

Continued on next page
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Table 4.1: Requirements for the design principles (Continued)

R8 The checklist should be easily accessible to all users 1,2,3,4, M
5,6

R12 | The checklist medium should be based on the prefer- 1,4,5 M
ences of the user

R13 | The checklist should be based on existing theoriesoron | 1,2,5 M
own experience

R15 | The means of accomplishment of checklist items should | 1,2, 3, 4, M
be based on the preferences of the users 5,6

R19 | The checklist should concern exactly one process 1,2,3,4, M

5,6

R20 | The checklist should be based on the process type it is 1,2,3,4, M
concerned with 5,6

R22 | The checklist objective should be aligned with the busi- 1 M
ness process it is concerned with

R2 Checklist items should be provided with an additional 3,5 S
explanation by means of text, audio, video or pictures

R7 | Checklist synchronization should be possible 5

R9 | Multiple checklists should be used in a company, all of 5
which should look the same

R10 | There should be an intrinsic motivation to use the 5 S
checklist

R17 | Technical terms should should be avoided if possible 3,4,5

R21 | The item ordering should be based on the process the 1
checklist is concerned with

R25 | The checklist should be open to changes 2,4 S

R26 | Unnecessary items should be kept to a minimum 3,6 S

R27 | Employees should be able to customize checklist items 1,2 S

R28 | All checklist items should use the same sentence 3,5 S
structure

R4 The checklist should feel more human-like to the users 5 A\

R18 | The checklist item types should be at least a task and a 1,2,3,4, | W
checkbox 5,6

4.4 Design Principles

The design principles were defined by analyzing and thematically grouping the requirements. We
included requirements that are marked with Must have (M) or Should have (S) as priority. Require-

ments that are marked with Could have (C) or Won’t have (W) could be included in later adaptations
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of the design principles. The design principles are listed below, with the thematically related re-
quirements as explanation of each design principle. The design principles contribute to fulfilling
the design goals of this research. An overview of the design principles, the design goals and the

corresponding requirements can be found in table 4.2.

Table 4.2: Design principles, design goals, and requirements

ID Design Principle Design Goals Requirements

DP1 | Focus on the user Avoid checklist R2,R8, R10,R12, R15, R17
fatigue

DP2 Keep it simple Avoid checklist R3, R9, R19, R26, R28
fatigue

DP3 Tailor it to the Maximize checklist R13, R20, R21, R22

organization compliance

DP4 | Update where possible | Maximize checklist R7,R25,R27

compliance

4.4.1 Design Principle 1 - Focus On The User

Checklists that are not being used properly are often perceived more as a hindrance by their users
than they are a tool to support business processes. Unclear checklist items or vague tasks could be
a reason for the lack of checklist use. According to R2, checklist items should be provided with
an additional explanation through text, audio, video or pictures, if users do not seem to understand
the checklist items. Additional explanations help new users of the checklist in understanding how
checklist items should be accomplished. R8 states that accessibility of checklists should be taken
seriously. This means making sure the checklist can be used by all users that should use the check-
lists. R10 expresses the need of intrinsic motivation to use a checklist. If a checklist is self-made,
employees are more likely to feel a sense of ownership, which could increase intrinsic motivation.
R12 focuses on whether the checklist should be digital or on paper. Generally, employees should
use a paper format if employees feel an electronic version does not provide any value. Likewise,
they should use an electronic version if checklist synchronization or checklist personalization is
preferred. Furthermore, it is up to employees to decide how they want to tick off the checklist
items, whether physically or mentally, as expressed by R15. This results in more flexibility of us-
ing the checklist, which could increase intrinsic motivation. Lastly, R17 states that technical terms
should be avoided, if possible. A checklist that contains an unnecessary large number of technical

terms does not encourage new users to use the checklist.
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Design principle 1: focus on the user

Intrinsic motivation of employees can ensure checklists are successfully being used as a
tool for supporting business processes. Focusing on the user by modifying the checklist
to the needs and preferences of employees can increase intrinsic motivation of employees
and can help in avoiding checklist fatigue.

4.4.2 Design Principle 2 - Keep It Simple

Simple, easy-to-understand checklists encourage checklist use and can mitigate the false impression
that tasks are well understood [1], [2]. As R3 suggests, the checklist layout should be clear. Avoid
excessive use of colours. If the use of colours is mandatory, rethink the layout and structure of the
checklist before using colours. If using multiple checklists throughout a company, R9 suggests the
checklists should have the same look and feel. This increases familiarity and makes it easier for
employees to use the checklists [62]. However, checklists that all look the same may contribute
to the uninspiring, bureaucratic image that a checklist can have. Therefore, little elements that
contribute to the nature of the process can help mitigate this image. R19 states that the checklist
should concern exactly one process, as it makes sense that similar process items should be grouped
in one checklist [64]. Cognitive issues arise when a checklist is too long or too complex, as Miller’s
law states that the average person can only keep 7 items in their working memory [62]. Therefore,
R26 states that unnecessary items should be kept to a minimum. Additionally, R28 suggests that
all checklist items should be written with the same sentence structure, as this increases familiarity
and ease of reading, which in turn reduces the time it takes to complete the checklist.

Design principle 2: keep it simple

Simple, easy to understand checklists encourage proper checklist use. Keeping check-
lists simple by developing a clear checklist layout and by ensuring checklists concern one
business process can improve the readability and comprehensibility of checklists. Addi-
tionally, keeping checklists simple can help in avoiding checklist fatigue.

4.4.3 Design Principle 3: Tailor It To The Organization

A checklist not being sensitive to context or case is a frequently recurring problem of checklist use
[1]. Therefore, it is recommended to ensure that the checklist type, item sequencing and checklist
objective are aligned with the business process it is concerned with, as suggested by R20, R21
and R22. This includes integrating checklists with other IT systems and operational processes
that the organization is using or following. Furthermore, checklists should either be based on
existing theories or on self developed knowledge as a result of extensive experience in using similar

checklists, as stated by R13. Tailoring a checklist to an organization can ensure employees see a
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checklist as a valuable tool for supporting their business processes and can reduce non-compliance
of checklists.

Design principle 3: tailor it to the organization

Checklists that are not fully integrated into operational processes of an organization, are
less likely to be properly used. Tailoring checklists to the organization ensures checklists
are relevant and reduces non-compliance of checklists.

4.4.4 Design Principle 4: Update Where Possible

Business processes can change, which means that the checklists that concern these processes should
also change to make sure the checklists are compliant with the business processes. Adjustments
to checklists can be encouraged by creating a culture where feedback about the checklist is given,
making the checklist open to changes, as R25 suggests. Developing such a culture can be realized by
creating feedback loops, in which employees provide input regarding checklist items, the checklist
as a whole or other aspects. In the same manner, employees should be able to customize checklist
items (R27), but only if that is preferred and to a certain extent. Lastly, if multiple instances of the
same checklists are used, synchronization of the instances should be possible, denoted by R7. This

is only viable if the organization is using electronic versions of the checklist.

Design principle 4: update where possible

Due to their relation with the organizations in which they are used, checklists are prone
to change. Creating an environment where checklists are continuously evaluated and im-
proved, can reduce non-compliance of checklists.

Requirements were engineered by analyzing the first round of expert interviews. These require-
ments formed the basis on which the design principles were developed. When examining the re-
quirements for each design principle, we notice that DP3 and DP4 represent less requirements than
DP1 and DP2. One explanation is that the interview protocol favors questions regarding focusing
on the user and keeping it simple. Another explanation is that the participants were more interested
in talking about the technical details of the checklist (DP1 and DP2) and less about the process the
checklist concerned (DP3 and DP4). In order to address whether the design principles can be ap-
plied in different domains, we validated the design principles using a framework [27]. The next

chapter presents the results of this validation.
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Design Validation

In this section, we present the validation of our design principles. The design principles are vali-
dated by conducting structured interviews with 6 potential end-users. The validation focuses on the
reusability of the design principles, according to a framework provided by [27]. For each design
principle, we addressed 1) accessibility, 2) importance, 3) novelty and insightfulness, 4) actability
and guidance, and 5) effectiveness. Participants were asked to rate one statement for each variable
on a Likert scale, where 1 = “Fully disagree”, and 5 = “Fully agree”. The questionnaire can be found
in appendix C. We used a Dutch version of the questionnaire in order to make sure the participants
fully understood the design principles and corresponding explanations. An English version of the
questionnaire can also be found in appendix C. Data of the participants can be found in table 2.3
in chapter 2. We focused on finding participants with different levels of checklist experience to

increase the validity of the results. All statements were positively formulated.

5.1 Interview Results

The results of the questionnaire are displayed in a diverging stacked bar chart, shown in figure 5.1.
It displays the relative frequency of responses per variable for all design principles. The scored
variables are listed on the y-axis, while the relative frequencies of the responses are listed on the x-
axis. By displaying this figure, we get a general indication as to how the variables are perceived by
the participants, without distinguishing between design principles. Full agreement and agreement
is interpreted as positive reactions, while neutral, disagreement and fully disagreement is inter-
preted as negative reactions. Due to readability purposes, Novelty and insightfulness is written as
“Novelty” in the figures. In the same way, Actability and guidance is written as “Actability”.

We see that in general, all variables except Novelty and insightfulness have received positive re-
actions, ranging from approximately 60% to 70%. Overall, Novelty and insightfulness has received
approximately 80% negative responses, with the most responses being fully disagreeing. A reason
for the negative responses for Novelty and insightfulness could be the simplicity of the design prin-

ciples. Experience in working with checklists might have also caused participants to not perceive
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the design principles as novel, as the participants were already familiar with the design principles,
albeit inadvertently.

Effectiveness and Actability and guidance have received the lowest number of positive responses
(60%). When comparing the two variables with each other, we see that Actability and guidance
has received more responses that were fully disagreeing, while Effectiveness has received more
responses that were fully agreeing. Generally speaking, we can state that the design principles are
perceived as easy to carry out. Furthermore, the design principles seem easy to understand and the
problems that the design principles try to mitigate are deemed important. Lastly, the participants

feel that the design principles can have a positive effect on the checklists they work with.

Relative frequency of responses per variable for all design principles
Accessibility
Importance

Actability

Effectiveness

-80% -60% -40% -20% 0% 20% 40% 60% 80% 100%

m Fully Disagree Disagree Neutral Agree Fully Agree

Figure 5.1: Interview results for each variable of all principles

Since the data is ordinal, we analyze the central tendency of the data by computing the median
and the mode. We ignore the mean and standard deviations, because these variables cannot be
computed with ordinal data [65]. The computed median and the mode for each variable can be
found in table 5.1. Each variable consists of 24 items. As expected from figure 5.1, all variables
except Novelty and insightfulness have high (4-5) median and mode values, meaning that all vari-
ables except for Novelty and insightfulness are agreed upon. Regarding statistical dispersion, we
see that all variables have an interquartile range (IQR) of 2, meaning that all variables are equally
spread out over the scale.

To get a better understanding of how the individual design principles are perceived, and to exam-
ine any differences between the variables for the design principles, we split the variables for each
design principle. Figure 5.2 shows the relative frequency of responses for each variable. The vari-
ables are generally perceived as positive, with Novelty and insightfulness again being the exception.
Furthermore, we see that Actability and guidance of DP1 (Focus on the user) and DP3 (Tailor it to
the organization) have received predominantly negative responses. This is contrary to Actability

and guidance of DP2 (Keep it simple) and DP4 (Update where possible), as these variables have
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Table 5.1: Central tendency and dispersion of all variables for all principles

Variable Median Mode Q1 Q3 IQR
Accessibility 5 5 3 5 2
Importance 4 5 3 5

Novelty and 2 1 1 3
Insightfulness

Actability and 4 4 2 4 2
Guidance

Effectiveness 4 5 3 5 2

received positive responses. We could argue that DP1 and DP3 are less concise than DP2 and DP4,
which would explain the lower scores for Actability and guidance. Furthermore, we see that DP3
has received generally negative responses for all variables, with Importance being the only variable
that has received a majority of positive responses. We could argue that participants can see the im-
portance of the problem that this design principle is trying to mitigate, but the manner of wording
and phrasing leads to low Accessibility and Actability and guidance scores. DP3 has received the
highest number of positive reactions on Novelty out of all Novelty scores, but the reactions for this
design principle are still mostly negative. Additionally, we see that Novelty of DP2 has received the
highest number of negative responses out of all Novelty scores, which confirms DP2 is perceived

as the least surprising by the participants.

Relative frequency of responses per variable for all design principles
DP1 - Accessibility
DP1 - Importance
DP1 - Novelty |
DPI - Actability
DP1 - Effectiveness
DP2 - Accessibility
DP2 - Importance
DP2 - Novelty .
DP2 - Actability
DP2 - Effectiveness
DP3 - Accessibility
DP3 - Importance
DP3 - Novelty L
DP3 - Actability
DP3 - Effectiveness
DP4 - Accessibility
DP4 - Importance
DP4 - Novelty |
DP4 - Actability
DP4 - Effectiveness

-100%  -80% -60% -40% -20% 0% 20% 40% 60% 80% 100%

u Fully Disagree Disagree Neutral Agree Fully Agree

Figure 5.2: Interview results for each variable of all design principles, split by design principle
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To make a direct comparison of the design principles, we computed the average Likert scores for
each design principle, as shown in table 5.2. We weighted “Fully disagree” as -2, “Disagree” as -1,
“Neutral” as 0, “Agree” as +1 and “Fully agree” as +2. A score of -12 would mean all responses
are fully disagreeing, a score of 0 would mean all responses are neutral on average, while a score
of 12 would mean all responses are fully agreeing. To compute the average Likert score for each
design principle, we divided the scores by the total number of variables for each design principle.
The scores confirm that DP2 and DP4 have the highest number of positive reactions with scores
of 5.4 and 6, respectively. DP1 has an average score of 2.4, while DP3 has the lowest number of

positive reactions with a score of 0.8.

Table 5.2: Average Likert scores of the design principles

ID Design principle Average score
DP1 Focus on the user 24

DP2 Keep it simple 54

DP3 Tailor it to the organization 0.8

DP4 Update where possible 6

5.2 Additional Feedback

Besides scoring each variable, participants provided additional feedback on the design principles
and the variables. Regarding DP2 (Keep it simple), one participant emphasized the importance
of keeping checklists simple and understandable, and could also recognize the importance of the
problem that this principle could mitigate, which is non-compliance of checklists. Furthermore,
two participants were not sure what DP3 (Tailor it to the organization) entailed. It could have
been due to the translation to Dutch (freely translated to Pas aan aan de organisatie), but it most
likely had to do with the unconcise phrasing of the design principle. The participants did not fully
understand what exactly had to be tailored, and fo what it should be tailored. One participant
interpreted the design principle as tailoring the checklist items to the cultural environment of the
organization, while the other participant would tailor the checklist items to the business process

the checklist concerned.
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Summary of design validation

All design principles have received mainly negative responses for Novelty and insight-
fulness, while the design principles have received mainly positive responses for the other
variables. All variables have an interquartile range of 2 and are therefore equally spread
out over the scale. The participants think that Focus on the user and Tailor it to the orga-
nization are more difficult to carry out in practice than Keep it simple and Update where
possible.
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Discussion

In this section, we first discuss our research results by providing implications that can be drawn
from the results. We then address threats to validity of this research, and elaborate on any additional
findings that could be useful for fellow practitioners.

6.1 Implications

Implication 1: Non-HROs are improving their checklists. The participants showed negative re-
sponses regarding Novelty and insightfulness for all developed design principles. This implies that
the developed design principles are not new to the users, suggesting that employees in non-HROs

are already improving their checklists, whether aware or unaware of the design principles.

Implication 2: Some design principles can be applied to checklists in non-HROs. The results
show us that Keep it simple and Update where possible have received positive reactions for all
variables. We are therefore confident that these two design principles can be applied to checklists
in non-HROs in domains other than retail, hospitality, and education, which implies that we have
created design knowledge about checklists for non-HROs. Applying these checklists promotes

checklist use and research in non-HROs.

Implication 3: Some design principles need further research and development. The partici-
pants showed neutral to slight positive reactions to design principles Focus on the user and Tailor
it to the organization. This suggests that these design principles could be applied in other domains,

but should be researched and developed further.

6.2 Threats to Validity

Several threats to validity can be identified. It is therefore good practice to place the results of this
research in the context of its limitations. Construct validity concerns identifying correct operational
measures for the concepts being studied. Internal validity addresses external factors that may have
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influenced the dependent variables. Lastly, external validity concerns defining the domain to which
a study’s findings can be generalized.

Ensuring construct validity can be realized by validating the design principles based on a set of
evaluation criteria by [27]. Furthermore, the multivocal literature review is guided by a literature
search protocol found in appendix A.1 and guidelines regarding assessing grey literature found
in appendix A.2, based on academic sources. Additionally, our research approach is based on a
widely used design science framework [36], and we applied triangulation to ensure our results are
not dependent on one source.

In order to ensure the dependent variables are not influenced by external factors such as wrong
use of methodologies or bias, we validated the concepts found in literature that we used in the rest
of the research by conducting expert interviews. Furthermore, we compared each concept found
in literature with the corresponding concepts found in industry, which ensured we used the same
definition of the relevant concepts.

The threat to external validity is present because we speak of non-HROs as a general concept,
but we do not interview organizations from all domains that can be classified as non-HROs, since
doing so would be out of the scope for this project. In this research project, we leave out domains
as agriculture, engineering, and law, among others. However, we mitigate this treat by comparing
checklists from a broad range of domains with each other, both from academic literature and in-
dustry. The developed design principles are based on this comparison and reflect the concepts and

characteristics of many different domains and organizations.

6.3 Additional Findings

There are outcomes of this research that do not directly contribute to the research aim or fall within
the scope of this research. However, addressing these outcomes can still provide value to fellow
practitioners. We engineered requirements that were not included for developing the design prin-
ciples, marked with Could have (C) or Won’t have (W). These requirements still provide some
insights in how certain non-HROs view checklists as tools for supporting their business processes.
For example, R1 states that a possibility to add ad-hoc checklists should be available, which was
coming from a non-HRO active in hospitality. However, no other non-HROs interviewed shared
this sentiment. It is therefore possible hospitality organizations need to address ad-hoc processes
more than other non-HROs. Furthermore, R4 states that checklists should feel more human-like
to the users. While this requirement is not concise, it does show that employees of this organiza-
tion are prone to checklist fatigue and should make sure using checklists is paired with intrinsic

motivation.
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Conclusion

Checklist use and research in non-HROs is minimal, despite proven benefits of checklist use. One
of the barriers to checklist use and research is the lack of design knowledge about checklist design
in non-HROs. The aim of this research was to develop this design knowledge, that can serve as
a base for non-HROs to improve checklists for their specific business processes. We developed
design knowledge by developing design principles, based on requirements we engineered. This

research was guided by our MRQ and four SQs, which are answered below.

7.1 Answering the Research Questions

Why are checklists specifically used in HROs like aviation and healthcare?

Aviation and healthcare heavily rely on checklists for their routine operations. We see that most
checklists are used as cognitive aids to guide users in remembering tasks, in order to reduce human
error. Checklists are needed in HROs, because human error can have severe consequences in these

organizations.

What concepts and characteristics are currently included in checklists for non-HROs?

Checklists in non-HROs include roughly the same concepts as checklists in HROs. However,
there are some differences in characteristics of checklists in non-HROs and HROs, most notably

the differences in objective and representation.
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Which requirements should a checklist to be used in non-HROs fulfil?

We engineered 27 requirements, which are thematically grouped to represent four design princi-
ples. A checklist to be used in non-HROs should fulfill requirements that concern focusing on the

user, keeping it simple, tailoring it to the organization, and updating where possible.

Are the developed design principles for checklists in non-HROs reusable?

The validation of the design principles shows that two design principles are reusable. One design

principle is less suitable for reuse due to lack of Novelty and insighfulness and Actability and

guidance. One design principle is not suitable for reuse due to overall neutral responses.

How can we develop design principles for checklists to be used in non-HROs?

We constructed a meta-model that displays concepts and characteristics of checklists in HROs
and we discussed these concepts with domain experts in non-HROs. Through a comparison, we
engineered requirements, and developed design principles by defining the scope, design goals, and
target audience of the design principles. We validated the design principles with domain experts in
terms of five evaluation criteria. The results indicate that Keep it simple and Update where possible
are design principles that can be applied to different domains. Focus on the user and Tailor it to
the organization could be applied to different domains, but further research and development is
needed. We therefore recommend applying design principles Keep it simple and Update where
possible to checklists, and further research and develop design principles Focus on the user and

Tailor it to the organization before applying these to checklists.

7.2 Limitations

The outcomes of this research are dependent on several aspects, both methodological and concep-
tual. In this section, we discuss several limitations that may have influenced the outcomes of this
research. First, the process of engineering requirements is a subjective topic and is highly human
dependent [66]. The requirements engineered for this research are impacted -whether positively

or negatively- by human aspects, such as personality, motivation, and communication. Similarly,
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the process of constructing a meta-model is a subjective and human dependent topic, as there are
multiple ways to model the same concepts.

Furthermore, not all domains were addressed to validate the solution due to time limitations. It
is therefore possible that the design principles do not apply to all organizations in all domains. In
the same vein, not all checklists of HROs were analyzed for constructing the meta-model.

Also, due to the complex nature of checklists, it is difficult to ensure a model of the concepts for
all checklists is complete. For example, there could be more types of concepts that are missing in

this meta-model, or we modeled concepts that were not as important as we thought they were.

7.3 Future Work

In this section, we provide directions to future research for fellow practitioners. Validating the
design principles in a wider range of domains with different domain-specific characteristics could
provide useful insights as to how organizations other than retail, hospitality and education perceive
the design principles. Also, a more extensive validation with more organizations per domain could
result in a more grounded validation of the design principles. Additionally, frameworks for vali-
dating the design principles that focus on different aspects of the design principles could make for
a robuster validation. Phrasing the design principles in different ways could also result in different
perceptions of the design principles.

Developing the design principles in a different way could also provide different results. For one,
more domains could be analyzed, as well as more organizations for each domain. Furthermore,
there are more barriers to checklist use and research in non-HROs than we tried to mitigate in this
research. As we have seen from the validation of the design principles, avoiding checklist fatigue
and maximizing checklist compliance by applying design principles can be useful in certain situ-
ations. However, the design goals can also be realized by applying organizational strategies, such
as staff training and demonstrating the value of checklists to employees [18], [67]. Therefore, an
investigation of mitigating other barriers to checklist use and research in non-HROs could provide

interesting insights.
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Appendix A

Research Approach

A.1 Literature Search Protocol

Table A.1: Literature search protocol

Steps

Artefact

Search terms

"Domain analysis", "Checklist usage", "Checklists in healthcare",
"Checklists in aviation', "Checklists in restaurants", "Checklists in
education", "Checklist problems", "Checklist design", "Checklist
validation", "Checklist usage", "Checklists and IT", "IT usage in
industry”, "IT and regulation”

Search strategy

Forward snowballing, backward snowballing

Databases

Google Scholar

Inclusion & exclusion
criteria

Language: English

Publication year: 2000 - 2021

Discusses at least one of the following topics:
* domain analysis

* comparing aviation and healthcare industries
» methods or approaches to checklist design

* methods or approaches to checklist validation
* checklist usage in industry

* [T intensity in industry

* regulation in industry

Academic articles

Accessible with UU account

Stopping criteria

Theoretical saturation, effort-bounded

Selection approach

Determine basic search, create additional search queries, read titles
and abstracts, create long list, define inclusion and exclusion crite-
ria, derive short list
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A. RESEARCH APPROACH

A.2  Quality Assessment Criteria for Grey Literature

Criteria

Table A.2: Quality assessment criteria for grey literature

Questions

Authority of the
producer

Is the publishing organization reputable?

Is an individual author associated with a reputable organization?
Has the author published other work in the field?

Does the author have expertise in the area? (e.g., job title princi-
pal software engineer)

Methodology

Does the source have a clearly stated aim?
Does the source have a stated methodology?

Is the source supported by authoritative, contemporary
references?

Are any limits clearly stated?
Does the work cover a specific question?
Does the work refer to a particular population or case?

Objectivity

Does the work seem to be balanced in presentation?
Are the statements in the source as objective as possible?
Are the conclusions supported by data?

Date

Does the source have a clearly stated date?

Linkage
of related sources

Have key related grey literature or formal sources been linked to
or discussed?

Novelty Does the source enrich or add something unique to the research?
Does the source strengthen or refute a current position?
Outlet type Ist tier grey literature (measure = 1) - high credibility (books,

magazines, theses)

2nd tier grey literature (measure = (.5) - moderate credibility
(annual reports, presentations, videos, wiki articles)

3rd tier grey literature (measure = 0) - low credibility (blog,
email, tweet)

A.3 Long List
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comparative review with
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Adoption of green fertilizer
technology among_paddy,
farmers: A possible

solution for Malaysian food

security

Airline business models
and networks: regulation,
competition and evolution
in aviation markets

Approaches to business
process analysis: a review

Assessment of ICT Usage
in Healthcare Service
Systems: A Case Study of
the Federal Medical
Centre (EMC) Yenagoa in
Bayelsa State, Nigeria

Checking_the lists: A
systematic review of
electronic checklist use in
health care

Checklist Design
Reconsidered:
Understanding_Checklist
Compliance and Timing_of
Interactions

Commercial Aircraft
Electronic Checklists:
Benefits and Challenges
(Literature Review)

Design science research
in information systems

Reference
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IT intensitivity in
industry

Comparison of
aviation and
healthcare

Checklist usage in
industry

IT intensitivity in
industry

Regulation in
industry

Process Mapping

IT intensitivity in
industry

Checklist usage in
industry

Checklist Design

Checklist usage in
industry

Checklist
Validation



Title

Designing_a checklist for
an e commerce website
using Kansei Engineering

Development and
validation of the SURgical
PAtient Safety System
(SURPASS)_checklist

Domain analysis in

information science:
eleven approaches—
traditional as well as

innovative

Domain analysis: An
introduction

Emergency and Abnormal
Checklist Design Factors
Influencing Flight Crew
Response: A Case Study

Employee Perception of
the Impact of Information
Technology Investment in
Organisations: a survey of
the hotel industry

Health care, aviation, and
ecosystems: A socio-
natural systems

perspective

Health care, technology
and federalism

Health-health analysis: A
new way to evaluate
health and safety
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History of science in
science education:

Development and
validation of a checklist for
analysing_the historical
content of science

textbooks

Information technologies in
healthcare: Enhancing_or
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patient interaction?
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and Industry
Concentration

Reference

Goh, Kim Nee, et al. "Designing a checklist for an e-commerce
website using Kansei Engineering." Advances in Visual Informatics:
Third International Visual Informatics Conference, IVIC 2013,
Selangor, Malaysia, November 13-15, 2013. Proceedings 3.
Springer International Publishing, 2013.

de Vries, Eefje N., et al. "Development and validation of the
SURGgical PAtient Safety System (SURPASS) checklist." BMJ
quality & safety 18.2 (2009): 121-126.

Hjerland, Birger. "Domain analysis in information science: eleven
approaches—traditional as well as innovative." Journal of
documentation (2002).

Prieto-Diaz, Ruben. "Domain analysis: An introduction." ACM
SIGSOFT Software Engineering Notes 15.2 (1990): 47-54.

Burian, Barbara K. "Emergency and abnormal checklist design
factors influencing flight crew response: A case study." Proceedings
of the International Conference on Human-Computer Interaction in
Aeronautics 2004. Vol. 1. 2004.

Lo, Bruce, and Cede Sri Darma. "Employee Perception of the
Impact of Information Technology Investment in Organisations: a
survey of the hotel industry." Australasian Journal of Information
Systems 7.2 (2000).

Durso, Francis T., and Frank A. Drews. "Health care, aviation, and
ecosystems: A socio-natural systems perspective." Current
Directions in Psychological Science 19.2 (2010): 71-75.

Outterson, Kevin. "Health care, technology and federalism." W. Va.
L. Rev. 103 (2000): 503.

Lutter, Randall, and John F. Morrall. "Health-health analysis: A new
way to evaluate health and safety regulation." Journal of Risk and
Uncertainty 8 (1994): 43-66.

Leite, Laurinda. "History of science in science education:
Development and validation of a checklist for analysing the
historical content of science textbooks." Science & Education 11
(2002): 333-359.

Botrugno, Carlo. "Information technologies in healthcare:
Enhancing or dehumanising doctor—patient interaction?." Health
25.4 (2021): 475-493.

Bessen, James. "Information technology and industry
concentration." (2017).

58

Topic

Checklist Design

Checklist Design

Domain Analysis

Domain Analysis

Checklist Design

IT intensitivity in
industry

Comparison of
aviation and
healthcare

Regulation in
industry

Regulation in
industry

Checklist
Validation

IT intensitivity in

industry

IT intensitivity in
industry



Title

Information technology,
and New Zealand
construction industry: An
empirical study towards
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Learning_from patient
safety incidents: Creating
participative risk regulation
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MediCheck - A Domain-
Specific Modeling_Solution
for Medical Checklists

More than a tick box:
medical checklist
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Patient safety in the
understanding_of health
care students

Performance impacts of
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process improvement

Public health in practice:
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Title

A comparative examination of
information technology usage in
the restaurant industry

Assessment of ICT Usage in
Healthcare Service Systems: A
Case Study of the Federal
Medical Centre (EMC)_Yenagoa
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Aviation and healthcare: a
comparative review with
implications for patient safety

Checking_the lists: A systematic

review of electronic checklist use

in health care

Checklist Design Reconsidered:
Understanding_Checklist
Compliance and Timing_of
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Designing_a checklist for an e
commerce website using_Kansei
Engineering

Development and validation of
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Domain analysis in information
science: eleven approaches—
traditional as well as innovative

Emergency and Abnormal
Checklist Design Factors
Influencing Flight Crew
Response: A Case Study,
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education: Development and
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analysing_the historical content
of science textbooks
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healthcare: Enhancing_or
dehumanising_doctor—patient
interaction?
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Appendix B

Ethics Material

B.1 Ethics and Privacy Quick Scan

see next page
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Ethics and Privacy Quick Scan (version: 5 September 2022)

Section 1. Research projects involving human participants

Yes No
P1 Does your project involve human participants? Yes
This includes for example use of observation, (online) surveys,
interviews, tests, focus groups, and workshops where human
participants provide information or data to inform the research. If
you are only using existing data sets or publicly available data (e.g.
from Twitter, Reddit) without directly recruiting participants, please
answer no.
If no, continue with Section 2; if yes, fill in the following questions.
Recruitment
Yes No
P2 Does your project involve participants younger than 18 years of Yes
age?
P3 Does your project involve participants with learning or No
communication difficulties of a severity that may impact their ability
to provide informed consent?'
P4 Is your project likely to involve participants engaging in illegal No
activities?
P5 Does your project involve patients? No
P6 Does your project involve participants belonging to a vulnerable? No
group, other than those listed above?
If the answer to all of P2-P6 is no, continue with P8.

A As you are dealing with vulnerable participants (yes to one (or more) of P2-P6) a fuller

ethi

cal review is required. Please add more detail on your participants here:

While it could be that this research involves people under 18, these people are not the
main focus point of the study and are therefore not classified as participants. Example of
this is an observation of a teacher in a classroom setting who teaches people under 18.
The teacher itself is the only participant.

! For informed consent people need to be able to (1) understand information provided relevant to
making the consent decision, (2) retain this information long enough to be able to make a
decision, (3) weigh the information, (4) communicate the decision.

2 Vulnerable people include those who are legally incompetent, who may have difficulty giving or
withholding consent, or who may suffer highly adverse consequences if their personal data were
to become publicly available or from participating. Examples include irregular immigrants, sex
workers, dissidents and traumatized people at risk of re-traumatization.
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Yes No

P7 Do you intend to be alone with a research participant or have to take No
sole responsibility for the participants at any point during your
research activity?

If P7 is no continue with P8, otherwise:

A As you will be alone with or solely responsible for vulnerable participants (yes to P7) a fuller
ethical review is required. You may also need a Certificate of Conduct (Dutch: VOG) from the
government. Please add more detail here:

Yes No

P8 Does your project involve participants with whom you have, or are No
likely to have, a working or professional relationship: for instance,
staff or students of the university, professional colleagues, or
clients?

If the answer to P8 is yes, please answer P9, otherwise, continue with PC1.

Yes No

P9 Is it made clear to potential participants that not participating will in
no way impact them (e.g. it will not directly impact their grade in a
class)?

If the answer to P9 is yes, then continue with PC1, otherwise:

A As participants may think that not participating may harm them (yes to P8 and no to
P9), participation may no longer be voluntary. Hence, a fuller ethical review is required. Please
provide more information here:
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Consent Procedures Yes | No Not
applicable

PC1 Do you have set procedures that you will use for obtaining Yes
informed consent from all participants, including (where
appropriate) parental consent for children or consent from
legally authorized representatives? (See suggestions for
information sheets and consent forms on the website®.)

PC2 Will you tell participants that their participation is voluntary? Yes
PC3 Will you obtain explicit consent for participation? Yes
PC4 Will you obtain explicit consent for any sensor readings, eye Yes

tracking, photos, audio, and/or video recordings?

PC5 Will you tell participants that they may withdraw from the Yes
research at any time and for any reason?

PC6 Will you give potential participants time to consider Yes
participation?

PC7 Will you provide participants with an opportunity to ask Yes
guestions about the research before consenting to take part
(e.g. by providing your contact details)?

If the answer to PC1-PC7 is yes, then continue with PC8, otherwise:

A Given your responses to the informed consent questions (a no on any of PC1-PC7), a fuller
ethical review is required. Please provide more information regarding the questions that are causing
this here:

Yes No

PC8 Does your project involve concealment® or deliberate misleading of No
participants?

3 uu.nl/en/research/institute-of-information-and-computing-sciences/ethics-and-privacy
4 This may for example involve concealment of the study aim, of the identity of the researcher, or
subliminal messaging during the study.
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If the answer to PC8 no, continue with Section 2, otherwise:

A As you plan to use concealment or misleading (yes to PC8), and this may impact participants'
rights to informed consent, a fuller ethical review is required. Please provide more information on
the concealment/misleading here:

Section 2. Data protection, handling, and storage

The General Data Protection Regulation imposes several obligations for the use of personal data
(defined as any information relating to an identified or identifiable living person) or including the use
of personal data in research.

Yes No

D1 Are you gathering or using personal data (defined as any information No
relating to an identified or identifiable living person®)?

If the answer to D1 is yes, please answer the following questions; otherwise, continue with Section
3.

High-Risk Data

Yes No

DR1 | Will you process personal data that would jeopardize the physical
health or safety of individuals in the event of a personal data breach?

DR2 | Will you combine, compare, or match personal data obtained from
multiple sources, in a way that exceeds the reasonable expectations of
the people whose data it is?°

> This includes people’s name, postal address, unique ID, IP address, voice, photo, video etc.
When a person can be identified by combining multiple data points (e.g. gender + age + job role),
this also constitutes personal data. When a person can be identified by a simple search online
(e.g. with the content of a tweet) this also constitutes personal data. Note that Survey tool
Qualtrics by default collects IP addresses and that the survey needs to be anonymized before
distribution to prevent this.

¢ This is about the combined use of data sets that have been gathered for different purposes (so
not within one study), making the data more personal or sensitive. For example, combining
participant data with religion or ethnic statistics data from the CBS based on zip code.
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Section 3: Research that may cause harm

Research may harm participants, researchers, the university, or society. This includes when
technology has dual-use, and you investigate an innocent use, but your results could be used by
others in a harmful way. If you are unsure regarding possible harm to the university or society,

plea

H1

H2

H3

H4

H5
H6
H7
H8

H9

se discuss your concerns with the Research Support Office.
Yes No

Does your project give rise to a realistic risk to the national security No
of any country?*®
Does your project give rise to a realistic risk of aiding human rights No
abuses in any country?®’
Does your project (and its data) give rise to a realistic risk of No
damaging the University’s reputation? (E.g., bad press coverage,
public protest.)
Does your project (and in particular its data) give rise to an No
increased risk of attack (cyber- or otherwise) against the University?
(E.g., from pressure groups.)
Is the data likely to contain material that is indecent, offensive, No
defamatory, threatening, discriminatory, or extremist?
Does your project give rise to a realistic risk of harm to the No
researchers?’
Is there a realistic risk of any participant experiencing physical or No
psychological harm or discomfort?*!
Is there a realistic risk of any participant experiencing a detriment to No
their interests as a result of participation?
Is there a realistic risk of other types of negative externalities?** No

28 For example, research that can be used for autonomous armed vehicles/drones/robots,
research on automated detection of objects, research on Al-enhanced forgery of video/audio
data.

2 For example, research on natural language/video/audio processing for automated identification
of people's identity, sentiments, or opinions.

30 For example, research that involves potentially violent participants such as criminals, research
in likely unsafe locations such as war zones, research on an emotionally highly challenging topic,
research in which the researcher is alone with a not previously known participant in the
participant's home.

31 For example, research that involves strenuous physical activity, research that stresses
participants, research on an emotionally challenging topic.

32 A negative externality is a harm produced to a third party, society in general, or the
environment. For instance, intended or unintended negative ethical (e.g. bad governance or
management practices), social (e.g. consumerism, inequality) or environmental effects (e.g. large
CO2 footprint or e-waste production) of your project.
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If the answer to H1-H9 is no continue with Section 4, otherwise:

A As you replied yes to one (or more) of H1-H9, a fuller ethical review is required. Please
provide more detail here on the potential harm, and how you will minimize risk and impact:

Section 4: Conflicts of interest

Yes No

C1 Is there any potential conflict of interest (e.g. between research No
funder and researchers or participants and researchers) that may
potentially affect the research outcome or the dissemination of
research findings?

Cc2 Is there a direct hierarchical relationship between researchers and No
participants?

If the answer to C1-C2 is yes, continue with Section 5, otherwise:

A As you replied yes to C1 or C2, a fuller ethical review is required. Please provide more
information regarding possible conflicts of interest and how you mitigate them here:

Section 5: Your information

This last section collects data about you and your project so that we can register that you completed
the Ethics and Privacy Quick Scan, sent you (and your supervisor) the summary of what you filled
out, and follow up where a fuller ethics review and/or privacy assessment is needed. For details of
our legal basis for using personal data and the rights you have over your data please see

the University’s privacy information. Please see the guidance on the ICS Ethics and Privacy

website on what happens on submission.

Z0. Which is your main department?
¢ Information and Computing Science
o Freudenthal Institute
o Other, namely:

Z1. Your full name:
Johan Geel
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Z2. Your email address:
j.t.geel@uu.nl
Z3. In what context will you conduct this research?
0 1. As a student on a course with course coordinator:
0 2. As a student for my bachelor thesis, supervised by:
¢ 3. As a student for my master thesis, supervised by: Prof. dr. ir. H.A. (Hajo) Reijers
0 4. As a PhD student, supervised by:
0 5. As an independent researcher (e.g. research fellow, assistant/associate/full professor)

In case the answer to Z3 is 2:
Z4. Bachelor programme for which you are doing the thesis:

o Artificial Intelligence (Kunstmatige Intelligentie)
o Computing Science (Informatica)

o Information Science (Informatiekunde)

o Other:

In case the answer to Z3 is 3:
Z5. Master programme for which you are doing the thesis:

o Applied Data Science

o Artificial Intelligence

¢ Business Informatics

o Computing Science

o Data Science

0 Game and Media Technology
© Human-Computer Interaction
o Other:

In case the answerto Z3is 1, 2, 3, or 4:

Z6. Email of the course coordinator or supervisor (so that we can inform them that you filled this out
and provide them with a summary):

anonymised

In case the answer to Z3 is 2 or 3:

Z7. Email of the moderator (as provided by the coordinator of your thesis project):
anonymised

Z8. Title of the research project/study for which you filled out this Quick Scan:

| Checklists For Everyone: Developing Design Principles For Everyday Organizations
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Z9. Summary of what you intend to investigate and how you will investigate this (200 words max):

We investigate the use of checklists in restaurants, educational organisations, and retail
organisations. We do this by examining current checklist use in industries where checklists are
seen as a necessity, such as the aviation and health care industries. We derive concepts from
these industries, compare them with concepts from restaurants, educational organisations, and
retail organisations through expert interviews, and develop a domain-agnostics checklist that can
be used in any given domain. We validate this checklist by performing qualitative simulations.

In case the answer to Z3 is 2 or 3:

Not

Y N
es ° Applicable

710. In case you encountered warnings in the survey, does your No
supervisor already have ethical approval for a research line
that fully covers your project?

In case the answer to Z9 is yes:

210. Provide details on the ethical approval (e.g. ethical approval number):
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B. ETHICS MATERIAL

B.2 Ethics Approval Mail

© « «

To: Geel, J.T. Johan) Tue 12/20/2022 16:55
Cc: ICS-Ethics;

Dear Johan,

You have performed a Quick Scan, which resulted in ethics and/or privacy issues.
We have considered your scan and have come to a conclusion: The research can

go ahead.

Your background information in relation to question P2, participants younger than
18 years of age, does explain their involvement, from which we consider the risk

to be neglectable.

Kind regards,

< Reply 4\ Reply all r? Forward

Figure B.1: Approval mail for the Ethics Quick Scan
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Appendix C

Interview Material

C.1 Transcriptions of Exploratory Interviews

Transcriptions (in Dutch) are view-only available via this link through Open Science Foundation'.

C.2 Protocol Exploratory Semi-structured Interviews

see next page

"nttps://osf.io
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Interview Protocol

§7”’4 Utrecht
TS

N University

INTRODUCTION

Thank you for your participation
Research aim

Structure of this interview

Do you have any questions beforehand?

BACKGROUND OF INTERVIEWEE

What is your role in the organization?
What is your practical experience with checklists?
What is your relation in regard to this checklist (user, creator, manager)?

USAGE

Which process does this checklist focus on?
What is the objective of this checklist (memory aid, evaluation, teamwork
facilitation, confirmation)?
How long has this checklist been in use?
By whom is this checklist used?
Is this checklist based on other checklists (standardised in some way) or self-made
without looking at other checklists?

o Is this choice made on purpose?
Have any other alternatives been considered before deciding on using this
checklist?
Do you prefer to use this checklist on print or digital?
With which procedure are checklist items accomplished (Do and Confirm, Read
and Do)?
How are checklist items accomplished (written, read aloud, read in silence)?
What kind of checklist item types are used (task, checkbox, open text area, Likert-
scale)?
Are there any specific restrictions noted as to when to use this checklist?
What do you like about this checklist?
Do you think this checklist is effective?
Have you been in a situation where you wanted to add something to this checklist,
because the checklist itself was not sufficient?

POSSIBLE CHANGES

Do you have any ideas what would improve the current checklist?

Would you change anything concerning the layout (font size, font style, sections,
etc)?

Would you change anything concerning the representability of the checklist?
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Interview Protocol

CONCLUSION
- Give summary
- Is there something we have not addressed yet that you would like to talk about?
- Thank you for your time
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C.INTERVIEW MATERIAL

C.3 Consent Form Exploratory Semi-structured Interviews

see next page
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Consent Form

&*?’fé Utrecht
?{{4‘§ University

INTRODUCTION
Checklists For Everyone: Developing A Domain-Agnostic Checklist

EXPLANATION
Dear ...,

Thank you for agreeing to be interviewed as part of the above research project for my
master’s thesis at the Utrecht University. This consent form ensures that you understand
the purpose of your involvement and that you agree to the conditions of your
participation.

The purpose of this research is to investigate how checklist principles from the aviation
and health care industries can be applied in hospitality organizations, education
organizations, and retail stores. In this interview, we ask you questions about how you
use checklists in your professional environment. Examples of checklists include a list of
tasks for cleaning a restaurant kitchen, or an assessment form for an oral test.

RESEARCH INVESTIGATOR
Johan Geel - j.t.geel@uu.nl
Supervised by Prof. dr. ir. Hajo Reijers - h.a.reijers@uu.nl

CONSENT
1. I understand that the interview will take approximately 45 minutes. I give the
researcher permission to take notes during the interview.

2. I understand that participating is voluntary. I understand that at any moment, I can
decide not to participate anyway, without giving any reason.
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Consent Form

3. I understand that the research data, without any personal information that could
identify me, may be shared with others.

4. I understand that I am free to contact any of the people involved in the research to seek
further clarification and information at any time. Any collected data of me will be
deleted.

5. I give permission for the researchers to undertake audio recording during the in-
terview. The audio files are only accessible to the main researchers and will be destroyed

after transcribing.

6. I am free to decide if I want my name and company name mentioned in the research
report.

Participant's signature Date

Investigator's signature Date
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C.4 Questionnaire Design Principle Validation, in Dutch

C.4 Questionnaire Design Principle Validation, in Dutch

see next page
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Ontwerpprincipes voor RN

ES % Utrecht
checklists op de werkvloer NS University
1. Focus op de gebruiker Helemaal mee Deels mee Neutraal / Deels mee Helemaal mee
oneens oneens  geen mening eens eens

Ik kan me voorstellen wat dit
principe inhoudt.

o O O

Ik begrijp waarom dit principe
belangrijk is.

Dit principe is nieuw voor mij.

Ik snap hoe ik dit principe zou
kunnen toepassen.

Ik denk dat dit principe effect
kan hebben.

O O O O O
O O O O
O O O O
O O O O

2. Houd het simpel Helemaal mee Deels mee Neutraal / Deels mee Helemaal mee
oneens oneens  geen mening eens eens

Ik kan me voorstellen wat dit
principe inhoudt.

O
O
O

Ik begrijp waarom dit principe
belangrijk is.

Dit principe is nieuw voor mij.

Ik snap hoe ik dit principe zou
kunnen toepassen.

Ik denk dat dit principe effect
kan hebben.

O O O O O
O O O O
O O O O
O O O O
O O O O O
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3. Pas aan aan de organisatie Helemaal mee Deels mee Neutraal / Deels mee Helemaal mee
oneens oneens  geen mening eens eens

o O O

Ik kan me voorstellen wat dit
principe inhoudt.

Ik begrijp waarom dit principe
belangrijk is.

Dit principe is nieuw voor mij.
Ik snap hoe ik dit principe zou
kunnen toepassen.

Ik denk dat dit principe effect
kan hebben.

O O O O O
O O O O
O O O O
O O O O
O O O O O

4, Update waar mogelijk Helemaal mee Deels mee Neutraal / Deels mee Helemaal mee
oneens oneens geen mening eens eens

Ik kan me voorstellen wat dit
principe inhoudt.

O
O
O

Ik begrijp waarom dit principe
belangrijk is.

Dit principe is nieuw voor mij.

Ik snap hoe ik dit principe zou
kunnen toepassen.

Ik denk dat dit principe effect
kan hebben.

O O O O O
O O O O
O O O O
O O O O
O O O O O
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C.INTERVIEW MATERIAL

C.5 Questionnaire Design Principle Validation, in English

see next page
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Design principles for RN

ES % Utrecht
workplace checklists S University
1. Focus on the user. Fully disagree  Partially Neutral  Partially agree Fully agree

disagree

| can imagine what this

principle means. O O O O O
I understand why this principle
is important.

This principle is new to me.

| understand how | could apply
this principle.

| think this principle can make
an impact.

O O O O
O O O O
O O O O
O O O O
O O O O

2. Keep it simp|e_ Fully disagree  Partially Neutral  Partially agree Fully agree
disagree

| can imagine what this
principle means.

O
O
O
O
O

| understand why this principle
is important.

This principle is new to me.

| understand how | could apply
this principle.

| think this principle can make
an impact.

O O O O
O O O O
O O O O
O O O O
O O O O

85



3. Tailor it to the organization_ Fully disagree  Partially Neutral Partially agree Fully agree
disagree

| can imagine what this

principle means. O O O O O
| understand why this principle
is important.

This principle is new to me.

| understand how | could apply
this principle.

| think this principle can make
an impact.

O O O O
O O O O
O O O O
O O O O
O O O O

4. Update where possib|e_ Fully disagree  Partially Neutral  Partially agree Fully agree
disagree

| can imagine what this
principle means.

O
O
O
O
O

| understand why this principle
is important.

This principle is new to me.

| understand how | could apply
this principle.

| think this principle can make
an impact.

O O O O
O O O O
O O O O
O O O O
O O O O

86



	List of Figures
	List of Tables
	1 Introduction
	1.1 Problem Statement
	1.2 Research Aim
	1.3 Research Questions
	1.4 Research Context and Outline
	1.5 Contributions

	2 Research Approach
	2.1 Research Phases
	2.2 Research Methods

	3 Domain Analysis
	3.1 Checklist Usage in Aviation and Healthcare
	3.2 Checklist Usage in Non-HROs

	4 Design Solution
	4.1 Comparison of Meta-model with Interview Results
	4.2 Scope, Design Goals and Target Audience
	4.3 Requirements
	4.4 Design Principles

	5 Design Validation
	5.1 Interview Results
	5.2 Additional Feedback

	6 Discussion
	6.1 Implications
	6.2 Threats to Validity
	6.3 Additional Findings

	7 Conclusion
	7.1 Answering the Research Questions
	7.2 Limitations
	7.3 Future Work

	Bibliography
	A Research Approach
	A.1 Literature Search Protocol
	A.2 Quality Assessment Criteria for Grey Literature
	A.3 Long List
	A.4 Short List

	B Ethics Material
	B.1 Ethics and Privacy Quick Scan
	B.2 Ethics Approval Mail

	C Interview Material
	C.1 Transcriptions of Exploratory Interviews
	C.2 Protocol Exploratory Semi-structured Interviews
	C.3 Consent Form Exploratory Semi-structured Interviews
	C.4 Questionnaire Design Principle Validation, in Dutch
	C.5 Questionnaire Design Principle Validation, in English


