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Abstract

Business process modeling is an important activity for developing software systems—especially within digitization projects
and when realizing digital business models. Specifying requirements and building executable workflows is often done by
using BPMN 2.0 process models. Although there are several style guides available for BPMN, e.g., by Silver and Richard
(BPMN method and style, vol 2, Cody-Cassidy Press, Aptos, 2009), there has not been much empirical research done into
the consequences of the diagram layout. In particular, layouts that require scrolling have not been investigated yet. The aim
of this research is to establish layout guidelines for business process modeling that help business process modelers to create
more understandable business process diagrams. For establishing benefits and penalties of different layouts, a controlled eye
tracking experiment was conducted, in which data of 21 professional software developers was used. Our results show that
horizontal layouts are less demanding and that as many diagram elements as possible should be put on the initially visible
screen area because such diagram elements are viewed more often and longer. Additionally, diagram elements related to the
reader’s task are read more often than those not relevant to the task. BPMN modelers should favor a horizontal layout and
use a more complex snake or multi-line layout whenever the diagrams are too large to fit on one page in order to support
BPMN model comprehension.

Keywords Experiment - Eye tracking - Layout - Scrolling - BPMN

1 Motivation

Business process model and notation (BPMN) is an OMG
standard [39] that offers a powerful modeling language for
defining, documenting, and executing business processes.
Because of its expressiveness, BPMN is often used in
process-related software projects (e.g., [29, 55, 62]). With
the increasing demand of fully digitized solutions, more
and more software systems support or completely control
business processes and contain parts that are implemented
as workflows. BPMN offers formal, token-based execu-
tion semantics and is therefore a single language to specify
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(analytical modeling) and to execute business processes
(executable modeling).

Research has been done into quality attributes of BPMN
layout (e.g., modeling guidelines by White [66], layout
directions by Figl and Strembeck [19] and spacing of BPMN
elements by Scholz and Liibke [50]). However, there are still
open questions left, which require empirical studies into the
modeling and understandability of BPMN processes.

Understandability is one key quality attribute of BPMN
diagrams, especially during the requirements phase in soft-
ware projects: Technical and non-technical stakeholders
have to read, validate, and review complex business pro-
cesses that will guide further software development. The
larger BPMN diagrams get, the more scrolling is required
when reading a model on a computer screen, e.g., because
the model is made available via an online repository or
intranet site. Scrolling may represent an additional bar-
rier when trying to understand a diagram and hence impact
comprehension. However, to the best of our knowledge no
research into layout options for BPMN diagrams that can
avoid scrolling has been done yet.
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In order to narrow this gap, we conducted a controlled
eye tracking experiment with 21 professional software
developers. The goal of this experiment is to investigate and
characterize the impact of scrolling and diagram layout on
understandability. We analyzed different layout directions
(horizontal vs. vertical), scrolling (diagram requires scroll-
ing or not), and two two-dimensional layouts (layouts that
break horizontally to a new line of BPMN shapes) that can
be used to layout a large diagram on a single page.

This article is structured according to suggestions by
Wohlin et al. [67, p. 154] as follows: Related Work is pre-
sented next in Sect. 2. Section 3 presents the design of the
experiment including the research questions, which are
derived by using GQM. Section 4 presents the execution of
the experiment while in Sect. 5 the plain results and statisti-
cal analysis are presented. These are interpreted and put into
context in Sect. 6. Finally, we give a conclusion, as well as
an outlook on possible future work in Sect. 7.

1.1 Nomenclature of BPMN

BPMN clearly separates between the process model and its
visualization, i.e., the diagram(s) representing the model.
Because we are concerned with the layout of BPMN, we
use the term BPMN diagrams where appropriate. Also,
BPMN knows the concept of “activities”. However, in con-
trast to other modeling languages, activity is a super class
for atomic and structured activities. BPMN’s “task” is the
element which represents an atomic unit of work and is the
only activity type used in our models. As such, we use the
term task instead of activities in the context of this paper.

2 Related work

Quality of business process models and their visual repre-
sentations is multi-faceted. Lindland et al. [27] have speci-
fied a framework that can be used to categorize different
quality aspects of models. They differentiate between
syntactic, semantic and pragmatic qualities. This paper is
concerned with understandability of BPMN process mod-
els. Understandability is the main concern of pragmatic
model quality, which “affects how to choose from among
the many ways to express a single meaning.” [27, p. 47]
The same business process can be modeled with the same
syntax but with different choices concerning visualization.
These different choices, e.g., Schrepfer et al. [51] identifies
“good” choices for line crossings, edge bends, symmetry,
and locality, can greatly influence the understandability
of process models. The overall layout, i.e., the direction
of modeling, is also thought to affect understandability
[18] but—as stated by Dikici et al.—*“we still have limited
knowledge on the factors contributing to understandable
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process models.” [11]. Thus, this research aims to add
some more pieces to the puzzle of understandability by
investigating the impact of modeling direction in BPMN
models on understandability closer.

Layout of models in general has been studied for a long
time. For example, Purchase et al. published their results
with regard to general graph understanding. In experiments
[47] they showed that reducing the number of arc crossings
helps understandability in UML diagrams. They refined the
results [46, 48] and experimentally established a priority
list of attributes that make diagrams easier to understand.
These attributes are arc crossings, orthogonality, information
flow, arc bends, text direction, width of layout, and font type.
Based on these findings, Purchase defined a set of layout
aesthetics covering most of these aspects [45], which apply
to all graph-based layouts.

These points were strengthened by Storrle [56, 57], who
conducted eye tracking experiments specifically focused on
UML Diagrams including Activity Diagrams. Those experi-
ments showed that a clean layout following a set of recom-
mended guidelines—including those of Purchase et al.—is
better understandable than a diagram violating those. Bern-
stein and Soffer [4] added some more characteristics to these
attributes, e.g., model size, number of ending points, change
in direction, and alignment, by conducting an initial study
on business processes. However, their characteristics are not
measurable yet.

During the last years more research into notation specific
understandability has been conducted; especially of BPMN
and UML Activity Diagrams. BPMN research was specific
to syntactic elements and constructs both theoretically (e.g.,
[20, 36, 37]) and empirically (e.g., [22, 40, 42, 43, 49, 50,
63]). A good summary can be found in [17].

One factor affecting understandability is a diagram’s lay-
out [19]. This is important because the BPMN standard itself
does not require any layout but merely recommends to either
use the left-to-right (horizontal) or top-to-bottom (vertical)
layout [39].

It seems that laying out diagrams horizontally left-to-
right is prevalent. For example, Silver and Richard [54] and
Swiss eGovernment standards [S5] require left-to-right lay-
out in their guidelines. Layout algorithms have also been
implemented that way: Both Effinger and Decker [14, 15],
Kitzmann et al. [25], and Scholz and Liibke [50] layout
horizontally.

The layout of BPMN diagrams itself has been studied by
Figl and Strembeck [19]. They analyzed the understandabil-
ity of different flow-directions. While the left-to-right layout
scored best in absolute numbers, they could not find signifi-
cant differences for any direction (left-to-right, right-to-left,
top-to-bottom and bottom-to-top). Kretschmann arrived at
the same conclusions in his Bachelor’s Thesis [26], which
used eye tracking in contrast to Figl and Strembeck’s study.
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While reducing or keeping the size [33, 34, 65] and com-
plexity [68] of a process diagram small is the best way to
create well-understandable diagrams, added business com-
plexity will increase the process complexity and thus the
diagram complexity. This is especially true with executable
business processes that require more details to be added to
them.

When diagrams get larger, it is possible to restructure the
diagram by changing the model itself and use other/addi-
tional elements in order to make it smaller and moving parts
somewhere else: For example, BPMN supports horizontal
and vertical partitioning by the use of link events and col-
lapsed subprocesses. We found no prior studies regarding the
understandability of link events, but Turetken et al. inves-
tigated structuring BPMN diagrams with subprocesses and
groups [59, 60]. Unfortunately for modelers, they found that
using these is significantly worse to understand than leaving
the process diagram larger and on one level.

This finding means that other options need to be inves-
tigated: For example, it is also possible to deal with larger
diagrams by changing their layout to make them fit on one
page or screen. We also found no prior research investigating
these options, which is what we present in this paper.

3 Experimental design
3.1 Theoretical research question

Understandability is a key attribute of BPMN models. Poorly
comprehensible BPMN models lead to delays or misunder-
standings and errors. However, there are limited options to
pick from, and a few assumptions on how to layout large
BPMN diagrams. However, are they myths or valid?

There seems to be an assumption that horizontal layouts
are preferable over vertical ones [18]. Although this assump-
tion is backed by plausible arguments (scrolling economy),
it has not been substantiated with respect to BPMN. Fur-
thermore, for large BPMN diagrams, there are additional
variants such as “snake design” that could be considered.

Theoretical Research Question: Are there objective indi-
cations supporting the widely held preference of horizontal
layout over others with regards to large BPMN diagrams?

Because in the context of BPMN process execution, dia-
grams tend to get larger, we focus on the layouts of large
diagrams. Due to this context the use of computer screens is

necessary because no paper printouts can be used to design
executable BPMN.

Improving a notation can only succeed in small and
detailed steps, given the constraints imposed by syntax and
current pragmatics of use. However, each improvement step
has substantial impact on the use and benefit of the nota-
tion. Making best use of display space (“real estate”) is an
important aspect. Because BPMN offers a free choice of
flow directions, designers must choose how to layout the
business process diagram. Is there one that is objectively
preferable over the others?

On a theoretical level, we wanted to confirm or reject the
widely shared preference for horizontal designs, from an
objective aspect of readers’ points of view. We apply eye
tracking to measure sub-conscious reader activity objec-
tively rather than relying on subjective opinion statements
in hindsight that are often biased by assumptions.

3.2 Goals and hypotheses

We used the Goal-Question-Metric Paradigm (GQM) [2]
for planning our experiment. GQM was initially invented
to guide metrication and evaluation of software process
improvement activities [61].

GQM was invented to overcome a frequent problem of
dashboards and metrication programs: Metrics were selected
based on their availability rather than their relevance. While
it is straight-forward to select well-known metrics that are
easy to apply, such an approach, however, is not focused
on reaching the intended goal behind the measurement. For
that reason, Basili suggested to select those metrics that best
serve a set of goals rather than those measures. Therefore,
defining goals precedes definition of questions and selection
of metrics that are suited to answer the questions. This shift
in attitude turns evaluation from an unfocused collection
process to a goal-oriented and systematic process of plan-
ning the measurement, selecting or maybe even constructing
new metrics for that purpose.

When used in industry, GQM plans often include sub-
jective aspects, e.g., customer satisfaction measured by a
questionnaire. In most industrial applications, measurement
programs are tools for gaining insights and plausible hints
on the usefulness of an improvement activity. In research,
however, an ultimate purpose of measurement is evaluation.
Scientific evaluation may use qualitative data, but quantita-
tive data can be better analyzed statistically. The level of
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statistical significance is an important indicator of effect
validity.

The goal-oriented approach of GQM can be highly
instrumental in connecting improvement or measurement
intentions (goals) with respective questions and metrics. As
Nick and Tautz [38] and Brill et al. [7] demonstrated, this
extended use of GQM in guiding research can be very help-
ful. Ahrens et al. [1] used GQM for focusing an eye track-
ing experiment in software engineering before. We followed
the original GQM process by defining goals, questions, and
metrics in that order.

3.2.1 Goal and metrics

Our goal of this experiment was
For the purpose of understanding with regard to the qual-
ity aspect of understandability of the object of a large BPMN
diagram from the viewpoint of a reader of that model.
Research questions represent the GQM questions in this
setting. They are organized in alignment with the two sub-
goals of our main goal:

Diagram layouts RQ1-RQ7 are concerned with the
impact of the general diagram layout on understandabil-
ity. We distinguish horizontal with and without scrolling,
vertical with and without scrolling, horizontal/snake, and
horizontal/multi-line layouts as defined in Sect. 3.2.2.
Task attributes Depending on the diagram layout, tasks
(like any other BPMN element) can be moved off the first
screen and require scrolling to be seen and tasks are asked
for in questions or not. Depending on these attributes,
tasks might be read more intensively.

Diagram Layout

The research questions are made operational by defin-
ing hypotheses and metrics. The whole GQM tree is shown
in Fig. 1. In contrast to most research design descriptions
using GQM, we will describe the metrics first. Because the
same set of metrics is used for most research questions, we
later refer to the metrics from the research questions in order
to give a more compact and easier documentation of our
research design.

Answer time The required duration for answering four
questions for each diagram. We compare these times for
two diagrams with contrasting layout options.

Error rate The number of errors made while answering
the questions for a given diagram. Because we ask four
questions for each diagram, this metric can be any num-
ber from O to 4. Other experiments use the inversion, i.e.,
the number of correct answers also called task effective-
ness (e.g., the experiment done by Turetken et al. [60]).
Task efficiency Task efficiency is the ratio of correct
answers per required time [34]. Within our experiment
this metric will be measured as correct answers/minute.
Subjective preference We ask participants to give their
subjective preference between two layout options or a
Likert-scale level for a quality property. These questions
are asked cumulatively at the end of the experiment in an
online survey.

Fixation count (diagram and task) Fixations are the sta-
bilization of the eye on an object of interest [52]. In this
context the fixation count is the number of eye fixations
on elements in the BPMN diagram. Goldberg et al. report
that a higher number of fixations indicates a less efficient
search for finding relevant information on a stimulus [21].

Understand Impact of Diagram Layout on Understandability

Tasks Attributes

Is layout A better

Is task read more often if

understandable than B? o

RQ1: Horizontal vs. Vertical
RQ2: Horizontal vs. Vertical/Scrolling

RQ6: Visible on First Screen
RQ7: Mentioned in Question

RQ3: Horizontal/Scrolling vs. Vertical
RQ4: Snake vs. Horizontal/Scrolling
RQ5: Multi-Line vs. Horizontal/Scrolling

Fig.1 GQM tree of our Goal
research design
Sub-Goals
Questions
Metrics

@ Springer

Fixation Count Fixation Duration Pupil Diameter

(all questions)

Subjective Preference

(RQ1)

Answer Time  Error Rate Task Efficiency
(RQ1-RQ5) (RQ1-RQ5) (RQ1-RQ5)
Dwell Time
(RQ6+RQ7)
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It is also used as a measure for visual effort [52]. We
analyze fixation counts on two levels: on the one hand
for the whole diagram for answering questions related
to the layout and on the other hand for specific tasks for
answering task-related questions.

Fixation duration (diagram and task) The average dura-
tion of fixations while looking at a diagram, given in
milliseconds. Djamasbi et al. [12, 13] demonstrated that
the length of fixations positively correlates with cogni-
tive load. Therefore, we use this measure as an indirect
measure for cognitive load [41]. Like the fixation count
metric we analyze fixation duration on both the diagram
and task level.

Dwell time The total, aggregated time spent looking on a
certain diagram element, i.e., the sum of all fixations dur-
ing a single visit of an area of interest [8]. We use dwell
time as a synonym of total dwell time, i.e., the sum of all
dwell times on an element, which describes how much
attention is paid to it.

Pupil diameter (diagram and task) The diameter of the
pupil measured in millimeter and averaged for both eyes.
The pupil widens as a response to low light conditions
[52]. Studies showed that it also happens during com-
plex cognitive tasks [23, 44, 53]. Wahn et al. conducted
an experiment showing that the pupil size scales with
attentional load and task experience, stating that the pupil
dilates more the less experienced the subject is in the
given task [64]. In our experiment we use the pupil diam-
eter as an additional measure for cognitive load. Like fixa-
tion count and fixation duration we analyze pupil diam-
eter both on diagram and task level.

By using eye tracking it is possible to measure indicators
of cognitive load. This allows to objectify cognitive load,
i.e., not measure it as “perceived understandability” but as
“objectively measured understandability” as classified by
Dikici et al. [11].

In the following sections the research questions are
described in more detail with our hypothesis. This structure
will be picked up in Sect. 6, which will present our interpre-
tation based on the aggregation of our measurements and
hypothesis test results.

3.2.2 Research questions regarding diagram layout

BPMN modelers have different options for structuring the
diagram. They can arrange (a) the control-flow horizontally
or vertically (b) in case of large diagrams have the model
reader scroll to see all elements or not, and (c) use a bend-
ing strategy (no bending, snake or multi-line as illustrated in
Fig. 2) to show all diagram elements on one screen in order
to avoid scrolling.

In principle, this results in a factorial design of
n :=2x3 x 3 = 18 different diagram types. There are 306
(182 — 18) total combinations of those layouts. For practical
reasons it was necessary to narrow the number of exam-
ined diagram types down for reducing the time spent by
our subjects in front of the eye tracker. In order to choose
which diagram layouts are the most relevant in practice, we
analyzed two sources: BPMN models from the industrial
project Terravis [3] and the analysis of flow directions on
GitHub repositories by Liibke and Wutke [30].

The analysis of the BPMN models of the industrial pro-
ject Terravis [28] showed that mostly horizontal modeling
was used. When scrolling could be avoided and the dia-
gram contained no participants (i.e., pools/(swim-)lanes),
multi-line bending was applied, and otherwise the diagrams
needed to be scrolled (e.g., when modeling test cases [29]
a strict left-to-right order without bending was followed).
Sometimes a vertical diagram layout with or without scroll-
ing but without bending was used.

The study of BPMN models on GitHub by Liibke and
Wutke [30] showed that 78.21% of the diagrams without
pools were layouted horizontally without bending, 9.71%
were layouted vertically without bending, 2.19% had a

> —> —> >
]
¥ v
= —> = —> ] ]
]
¥ v
> —> —» —>
No Bending Multi-Line Snake

Fig. 2 Different bending strategies used for the horizontally laid out BPMN diagrams
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horizontal layout with snake bendings, 0.41% had a hori-
zontal layout with multi-line bendings, 0.24% had a vertical
layout with snake bendings, and only 0.12% had a vertical
layout with multi-line bending (9.12% were classified as
“other layout”) The necessity to scroll was not investigated,
which is probably not possible, because the environment
(e.g., screen size and resolution), which they are viewed in,
is unknown.

Based on this data we decided to select only the most
relevant combinations, i.e., horizontal and vertical layouts
with and without scrolling, and different bending strategies
for horizontal layouts. Regarding the understandability of
these layouts we formulated research questions RQ1 to RQ5.
In this context, we define understandability three-fold: Its
first component is the time required to conduct a task, the
second component is the required cognitive load, and the
third component is how many errors are made.

With these metrics and definition of understandability in
mind, the research questions are presented in the following.
Each research question compares two diagram layouts. A
summary of these comparisons is given in Table 1. Opera-
tional hypothesis are given in the “Appendix” for shortening
the descriptions of the research questions below.

RQ1: Is a “horizontal” or a “vertical” layout
(both without scrolling) of BPMN diagrams better
understandable?

Hypothesis: A horizontal layout is better as long as no
horizontal scrolling is required. We suppose that the layout
direction preferred by the BPMN community (e.g., see exist-
ing modeling guidelines [5, 66]), i.e., horizontal layout, is
best suited for modeling BPMN diagrams. This hypothesis
is also strengthened by the (non-significant) findings of Figl
and Strembeck [19]. If any of those two layouts should be
superior to the other, horizontal layout scored a bit better
so far in experiments. Furthermore, Tufte has shown that
people relate the x-axis with time [58]—at least in West-
ern cultures but not necessarily in Asian cultures [6], which
strengthens our assumption for preferring the horizontal
layout in BPMN diagrams.

Metrics: Answer time, error rate, task efficiency, prefer-
ence of the subjects indicated in a questionnaire, fixation
count, fixation duration, pupil diameter

Operationalized Hypothesis: see Sect. A.1

RQ2: Is a “horizontal” or a “vertical layout with
scrolling” better understandable?

Hypothesis: We suppose that a diagram that does not
need to be scrolled is easier and especially faster to under-
stand. Scrolling involves user interaction with the system
and memorization of off-page content and thus will slow
down model reading.

Metrics: Answer time, error rate, task efficiency, fixation
count, fixation duration, pupil diameter

Operationalized Hypothesis: see Sect. A.2

RQ3: Is a “vertical” or a “horizontal layout with
scrolling” better understandable?

Hypothesis: Although the layout direction is different
than with the previous research question, we also suppose
in this constellation that every diagram that does not need
to be scrolled is easier and especially faster to understand.
The reasoning is the same as with RQ2. However, it must be
noted that even though the layout directions in RQ2 and RQ3
differ, in both cases the scrolling is vertical, i.e., the mouse
wheel could be used.

Metrics: Answer time, error rate, task efficiency, prefer-
ence of the subjects indicated in a questionnaire, fixation
count, fixation duration, pupil diameter

Operationalized Hypothesis: see Sect. A.3

RQ4: Is a horizontal snake layout better understand-
able than a horizontal layout with scrolling?

Hypothesis: In general we suppose that scrolling is dis-
advantageous to understandability. Hence, we suppose that a
snake layout, which eliminates the need for scrolling, is bet-
ter to understand, although part of the diagram is arranged
in right-to-left direction with snake layouts on every second
row.

Metrics: Answer time, error rate, task efficiency, fixation
count, fixation duration, pupil diameter

Operationalized Hypothesis: see Sect. A.4

RQ5: Is a horizontal multi-line layout better under-
standable than a horizontal layout with scrolling?

Hypothesis: We suppose that a multi-line layout, which
eliminates the need for scrolling, is better to understand
because we generally suppose that scrolling is disadvanta-
geous to understandability.

Metrics: Answer time, error rate, task efficiency, fixation
count, fixation duration, pupil diameter

Operationalized Hypothesis: see Sect. A.5

Table‘l Summary. of rgsea:ch RQ Layout A Layout B Hypothesis for better layout
questions concerning diagram
layout RQ1 Horizontal Vertical Horizontal

RQ2 Horizontal Vertical/scrolling Horizontal

RQ3 Vertical Horizontal/scrolling Vertical

RQ4 Horizontal/snake Horizontal/scrolling Horizontal/snake

RQ5 Horizontal/multi-line Horizontal/scrolling Horizontal/multi-line
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3.2.3 Research questions regarding reading tasks
characteristics

Regardless of the layout of the BPMN diagram, readers
might use different strategies for reading and capturing the
diagram’s contents. Research Questions RQ6 and RQ7 are
related to this topic and are presented in this section.

RQ6: Are tasks that are located outside of the initially
visible area read less?

Hypothesis: When creating diagrams that require
scrolling, some elements are located outside the initially
visible area. Since scrolling requires effort on part of the
model reader and the reader is only interested in answer-
ing his/her questions, we suppose that the initially hidden
elements are only looked at if absolutely required to solve
a model reader’s task. Therefore, the elements located out-
side the first screen are read less.

Metrics: Dwell time, fixation count, fixation duration,
pupil diameter, comparing BPMN tasks located on the
initially visible area to those located on the initially not
visible area.

Operationalized Hypothesis: see Sect. A.6

RQ7: Are tasks read selectively based on the job of
the model reader?

Hypothesis: We suppose that model readers, when pre-
sented with a task, will try to locate the elements with the
names as they are mentioned in the corresponding ques-
tion. Other diagram elements will be skipped if possible.

Metrics: Dwell time, fixation count, fixation duration,
pupil diameter, comparing BPMN tasks mentioned in the
questions to BPMN tasks not mentioned in the questions.

Operationalized Hypothesis: see Sect. A.7

Table 2 Independent, dependent, and extraneous variables of this experiment

Variable Type Applies to Values Description

Diagram layout Independent Diagram Multi level The overall layout of the diagram. One of horizontal, vertical

Flow bendness Independent Diagram Multi level Possible bending strategy for a diagram in order to avoid scrolling.
One of none, snake, and multi-line

Scrolling Independent Diagram Boolean Whether the diagram requires scrolling to view all diagram ele-
ments or not

Mentioned in question Independent Task Boolean Whether the task is referred to in at least one question

Visible on first screen Independent Task Boolean Whether a task of a scrollable layout is visible on the initial screen

Fixation count Dependent  Diagram and task Count
Fixation duration Dependent  Diagram and task Time/ms
Dwell time Dependent  Task Time/ms
Pupil diameter Dependent  Diagram and task Size/mm
Subjective preference Dependent  Diagram Multi-level
Answer time Dependent  Diagram Time/s
Error rate Dependent  Diagram Errors/diagram
Task efficiency Dependent  Diagram

Diagram complexity = Extraneous Diagram Number
BPMN experience Extraneous Notation Likert
UML experience Extraneous Notation Likert

to the subject

Number of eye fixations on elements. Goldberg et al. report that
a higher number indicates a less efficient search for relevant
information [21] and it is also used for measuring the visual
effort [52]

Average duration of fixations; the length of fixations positively
correlates with cognitive load [12, 13]

Total, aggregated time spent looking on a diagram element [8]

Diameter of the pupil averaged for both eyes. Widens during com-
plex cognitive tasks [23]

Participant’s preference for horizontal left-right or vertical top-
down layouts

The time required to answer 4 questions for a given diagram

Errors being made while answering 4 questions for a given dia-
gram [60]

Correct answers/s Number of correct answers (max. 4) divided by the required time

is used to calculate the efficiency for answering the questions.
The more correct answers are given and the less time is used, the
better the score [34]

Diagrams vary in size and complexity, e.g., by number of tasks,
splits, and joins. We control for this variable by always compar-
ing two diagrams with exactly the same syntactical structure

Participants have different prior knowledge of the BPMN notation
making the tasks easier or more difficult to them

Participants have different prior knowledge of UML activity
diagrams which are similar to BPMN. Thus the same reasoning
applies
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3.3 Design and variables

The experiment is broken down into a series of small exper-
iment segments for every research question that involves
diagram layouts. The first part is concerned with RQ1, the
second with RQ2, etc. Because every research question
regarding overall diagram layouts compares two layouts, a
diagram pair D,/Dy, is created for every research question.
Further explanations of how these diagrams are created are
given in Sect. 3.5.

In order to answer our research questions, independent
and extraneous variables as described in Table 2 are used in
this experiment: The diagram layout, the bending strategy
for the layout, the scrolling of a diagram, the mentioning of
a task, and placement of a task on the first screen are inde-
pendent variables, which we control during diagram crea-
tion. Created diagrams and their tasks, gateways, and events
are characterized by these attributes. Because bending and
scrolling are individually used for avoiding scrolling, they
cannot be used in conjunction. In our diagram analysis we
also found no instances that used any bending strategy and
scrolling at the same time.

However, due to the necessity to make diagrams larger
or smaller—dependent on whether they should fit on a sin-
gle screen, the diagram complexity becomes an extraneous

variable. We control this variable by comparing only syntac-
tically identical diagrams which only vary in their layout and
thus have the same complexity. Other extraneous variables
are prior BPMN and UML Activity Diagram experiences by
the subjects. We collect these by using a questionnaire at the
end of the experiment.

All metrics as defined in our GQM approach are depend-
ent variables of our experiment (answer time, dwell time,
fixation count, fixation time, and pupil diameter).

The experiment is conducted by showing participants a
series of diagrams, in which the independent variables are
controlled. Each diagram has four questions each. Questions
are to be answered with yes or no by checking or uncheck-
ing a check-box and are concerned with possible execution
orders, e.g., is task A always executed before task B.

We use a counterbalanced, within-group design, which
increases the number of data points for statistical analy-
sis while addressing learning effects: On the one hand,
because subjects are not split in two unrelated groups, the
full number of subjects are available to hypothesis test-
ing. On the other hand, counterbalancing reduces learning
effects because subjects are not shown diagrams in the
same order so that differences to learning effects should
level out. Counterbalancing is done by assigning partici-
pants to two groups. The first group is shown diagrams in

Descriptive Hypothesis
Statistics Test Results
e N
Run Eye Tracking Session N N
. . Calibrate Eye Show Consent Ask Questions Show
Recruit Subjects Tracker and Information for Diagram Questionnaire Analyze Data
)

Subjglc(tx‘l'ime Diagram

Fig.3 Experiment process
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normal order while the second group sees the diagrams
reversed for every diagram pair.

The experiment process as illustrated in Fig. 3 consists
of the following steps:

1. Recruit subjects By passing a list with reserved time
slots around, subjects can choose to participate in the
experiment by simply entering their name.

2. Calibrate the eye tracker After the participant has
entered the room, the eye tracker is calibrated by using
the eye tracker supplied software. The process is super-
vised by the experimenter and feedback is given until the
calibration is completed.

3. Open the Web application and show the participation
agreement The first Web page shows the experiment
agreement to the subject and his/her rights to withdraw
at any time. Subjects proceed by clicking a “OK” button.

4. Answer questions for different diagrams Subjects are
then presented with the different diagrams and must
answer four questions while their eye movements are
being tracked and the times required for answering all
questions are recorded.

5. Complete questionnaire A questionnaire is presented to
the subjects at the end, which asks them for their prior
BPMN and UML experience and subjective preferences.

;H%l é %D@

D2

T

6. Analyze data After all subjects have completed the
experiment, calculate descriptive statistics and perform
hypothesis tests on the collected data.

3.4 Subjects

In the Information Systems domain many experiments are
conducted with students (for example, Compeau et al. [9,
Table 1] report 36% of studies in the analyzed journals are
conducted with students). This frequently raises questions
of generalizability [9]. As has been shown by Mendling
et al. [32] subject’s backgrounds (“Model Viewer Charac-
teristics”’) are important for their understanding of process
models. In order to avoid these issues and because we are
interested in larger diagrams typically found in BPMN mod-
els in execution projects, we want to recruit our subjects
from the pool of professional software developers. We have
arranged an agreement to conduct the experiment during
a 2-day company training event for recruiting professional
software developers.

3.5 Objects

We created a pair of BPMN diagrams for every research
question that is concerned with the understandability of

RO3

?D4

.

e
o
+

T

RQ1
D3
Initially visible Initially not visible

Not in Question Not in Question

Initially visible
In Question

Initially not visible
In Question

Fig.4 Diagram layouts used in the experiment (I)
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Fig.5 Diagram layouts used in the experiment (II)

different layouts. Both diagrams show the same BPMN
process only with a different layout. Thus, the diagram is
created so that the required dimensions in each layout (e.g.,
for requiring scrolling in one layout but not in the other) are
reached.

The diagrams are named D1 to D10. The pairs D1/D2,
D3/D4, etc. represent the same model with different layouts.
These are shown grouped by research question in Figs. 4
and 5. Tasks in these figures are color-coded: Those that are
visible on the first screen have a white background while
those that required scrolling to be read have a gray back-
ground. Tasks that are not mentioned in a question have a
black border while those that are mentioned in a question
have a red border.

In order to combat learning effects, subjects are split into
two groups and those groups are counter-balanced, i.e., one
half of the participants (Group A) is shown the diagrams in
ascending order, i.e., D1, D2, ..., D10. The other half (Group
B) is presented in an order that reversed the diagrams per
research question, i.e., D2, D1, D4, D3, ..., D9. Subjects are
assigned randomly to either group dependent on the order of
acceptance of participation, i.e., the first registered subject is
assigned to group A, the second to group B etc.

Because subjects in the chosen experiment design must
answer questions for the same model presented in two dif-
ferent layouts, this would influence the results if the two
diagrams were completely the same. This, we created two
variants for every diagram in which the labels are different.
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For instance, there are diagrams D1a and D1b that share the
same structure and layout, but the labels denoting the tasks
are different. The labels are also changed consistently in the
questions, so that participants had to look and search for
the same elements in the diagram—just by different labels.
The rationale behind the two versions is to mitigate learning
effects. These diagrams are used in the two groups, so that
the order for the first group was D1a, D2b, D3a, ...and for the
second group the order was D2a, D1b, D4a, ...The structure
of diagrams D1a and D1b are shown in Fig. 4 in D1 and so
on. The concrete diagrams D1a, D1b, D2a, ...are available in
the provided materials together with the raw data set at [31].

For all diagrams we use the following modeling guide-
lines in order to improve consistency and comparability of
the diagrams:

— Task names (tasks are represented by rounded rectangles
and are semantically similar to UML activities) consist
only of a single upper-case character. Figl and Strembeck
[19] have shown that the time spent on reading labels
correlates with the labels’ length. Because we want to
measure structural differences, the shortest possible
labels are used in order to maximize differences depend-
ent on the layout. Also, abstract labels combat effects of
prior domain knowledge: If subjects know a (similar)
process, they might answer quicker (because they know)
or may make wrong answers (because they know a differ-
ent process variant). Abstract labels also eradicate intui-
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tive understanding of a process due to its context. Thus,
subjects must really scan the diagram and understand the
syntax.

— Task names are assigned randomly at design time in
order to prevent any implication of order (e.g., the ques-
tion “Is B executed before A” could easily be answered
if the tasks were ordered alphabetically).

— All BPMN models conform to BPMN Level 1 as defined
by Silver and Richard [54] but do not make full use of the
available syntax.

— All diagrams contain exactly one pair of parallel gate-
ways (diamonds with a plus) and one pair of data-driven
exclusive or gateways (diamonds with an X). On the one
hand, both types of gateways are included in the BPMN
Level 1 subset and therefore should be easy enough to
understand even by BPMN novices. On the other hand,
they add complexity to the diagrams that makes answer-
ing the questions not trivial. By using the same numbers
of gateways, the control-flow complexity is comparable
between all diagrams. All gateways are modeled explic-
itly for improving understandability [49].

— All diagrams contain as few tasks as possible but as
many tasks as necessary for stretching the diagrams to
the required dimensions.

— All diagrams contain exactly one none start event and one
none end event both represented by circles (single entry,
single exit models).

— All diagram elements have the default shape, spacing,
colors and font sizes of the Signavio BPMN editor. No

'hktp://locaIho.A.8080/G3Q3b-A-1 xL

zooming is applied. This also implies that all shapes of
the same type always have the same size.

— All edges are unlabeled sequence flows, i.e., no condi-
tional sequence flows nor message flows have been used.

3.6 Instrumentation and data collection procedure

The experiment was conducted in a dedicated room not
used for anything else at the company’s training event.
The room had artificial light for improving eye tracking
accuracy. Although Turetken et al. [60] have found that
BPMN diagrams are better understandable on paper than
on screen, our research is concerned with layout options
on-screen because in business process execution projects,
modelers will work with the models on their computer
in order to add all execution details; working with paper
models is not feasible in these scenarios. Thus, we use a
laptop for all participants that was reserved for the experi-
ment and has a Full HD resolution (1920x1080px) display;
the same one is used for all participants.

The experiment was conducted using a small Web
application (see Fig. 6) that presents the experiment
introduction, agreement of participation, a small BPMN
introduction, the questions alongside the diagrams, and
the questionnaire with the subjective assessments and
preferences. The browser was set to standard zoom and
participants were not allowed to change zoom levels.
The subjects navigated the Web application by them-
selves without assistance of an experimenter. The Web

€ ) () localhost8020/G3Q3

Frage G3Q3b-A-1

Wihlen Sie alle Aussagen aus, die richtig sind:

L wird vor B ausgefiihrt
Entweder wird J oder I ausgefiihrt
I wird parallel zu N ausgefiihrt

Q wird nach P ausgefiihrt

Fig.6 Screenshot of the web application
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application collected the time required for answering all
questions for each diagram. This data was written as a log
file that was later normalized by using a script and written
as a CSV file for further statistical analysis.

For collecting eye tracking data, we use the SMI Red-m
remote eye tracker at a sampling rate of 120 Hz. The eye
tracker requires calibration, which is guided by the experi-
menter. A 5-point calibration is used. This is the only task
in which the experimenter is allowed to interact with the
subjects.

The eye tracking software records the subjects’ interac-
tions with the Web application, as well as the eye tracking
metrics. In order to be able to compute dwell times of
tasks in each diagram, we define areas of interest (AOIs)
on each task. To mitigate the effect of small shifts in the
recorded positions of gaze points, we define the AOIs of
tasks larger than the size of each task itself, but still small
enough to prevent overlaps. The software tooling associ-
ated with the eye tracker is later used to export a CSV file
with eye tracking events.

Our goal was to minimize manual tasks as much as pos-
sible and therefore automate the whole data collection pro-
cess in order to avoid errors made by human experiment-
ers. However, during experiment execution, we noticed
that the data export from the eye tracking tool was not
correct at all times. In some cases the export files were
differing on subsequent exports although no changes or
further recordings had been made. We conducted exports
and verified them manually by comparing the values in the
exported files with the recorded data in the software itself
until we finally got a fully correct data export.

3.7 Analysis procedure

After the experiment had been conducted, the data was
analyzed. For deciding which hypothesis test to use, a
Pearson chi square normality test was performed first on
the answer times, fixation count, fixation duration, and
pupil diameter variables. If the respective variable is nor-
mal, a t-test should be used, otherwise a Wilcoxon hypoth-
esis was used. For comparing data, which is aggregated
on a diagram and subject level, paired hypothesis tests
were used between the different diagram layouts because a
direct comparison of layout A to B is possible per subject.
All hypothesis tests were performed two-sided.

3.8 Evaluation of validity
To be able to validate the recorded gaze positions in real

time during the experiment, a second screen was used
that showed the live view of the Web application window
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overlapped with the currently tracked gaze point. Thus
the experimenter could tell the subject to adjust his or her
positioning in front of the screen if required, and there-
fore prevent loss of tracking. Before finally exporting the
recorded eye tracking data, gaze plots of all participants on
all diagrams were verified with regard to possible offsets
and general precision and quality of tracked gaze points.

In order to validate the Web application including its
implementation, logging, and presented diagrams and
questions, the experiment was done offline with volun-
teers that are not employees of the same company as the
subjects. Findings were fed back to the Web application
prior to the experiment run. Additionally, we performed
a dry run with three professional software developers of
other companies. Some diagrams have not been positioned
correctly, as well as few tasks were mislabeled, which was
fixed before executing the experiment.

4 Execution
4.1 Sample

Subjects were recruited at an internal 2-day company
training event. The company is specialized in software
development and consulting services. Thus, all subjects
are software engineering consultants. Participants could
voluntarily participate by subscribing themselves into a
time schedule. 30 min slots were made available on both
days. By subscribing to a time slot, subjects unknowingly
assigned themselves to one of the two experiment groups.
Participants of even-numbered slots were assigned to
group A and participants of odd-numbered slots to group
B. No incentives were offered for participation.

In total, 24 software professionals signed up for the
experiment. The fastest participant finished the experiment
(excluding setup and calibration time) in 6:57 min, the
slowest participant took 18:41 min. The average session
duration was 10:15 min.

The data of one participant could not be recorded
because the person was blind on one eye and the eye
tracker could not correctly track the movement of the func-
tioning eye, which was detected during the eye tracker
calibration. Therefore, we had to cancel the eye tracking
session with this participant. All other subjects completed
the whole experiment. When later analyzing the data, two
other participants had to be excluded because their data
was unusable as described in Sect. 5. This left 21 partici-
pants with analyzable eye tracking data.

The characteristics of the sample population is as
follows:
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Table3 UML and BPMN

; . BPMN exp. UML experience Total
experience of subjects
1 2 3 4 5 n/a
1 1 0 0 0 0 0 1
2 1 3 4 1 0 1 10
3 1 4 3 0 0 0 8
4 0 0 1 0 1 0 2
5 0 0 0 0 0 0 0
n/a 0 0 0 0 0 0 0
Total 3 7 8 1 1 1 21

Professional experience/level 1 C-level executive, 16
Senior Consultants, 1 Consultants, and 2 computer
science student apprentices, and 1 other staff member
(according to the company’s classification)

UML and BPMN experience Developers could rate their
experience from 1 (no experience) to 5 (very experi-
enced). The most experienced developer rated him- or
herself with a 5 for UML experience and a 4 for BPMN
experience. The most unexperienced developer rated
him- or herself with a 1 for both UML and BPMN expe-
rience. The answers to the UML Activity Diagram and
BPMN Experience are summarized in Table 3.

Sex The sample consists of 19 male and 3 female subjects.

The random assignment of subjects to their respective group
yielded a random distribution of their prior experience. Wil-
coxon tests performed for comparing the experience level
between both groups resulted in p = 0.4712 for UML expe-
rience and p = 0.1546 for BPMN experience respectively.

4.2 Preparation

The experiment was prepared by announcing it at the open-
ing of training event and passing around the schedule with
available time slots. Company employees participating in the
event could volunteer to participate by writing their name
into a free slot. This list was passed around and there were
less available time slots than people interested in participat-
ing. However, the time limitation did not allow to offer addi-
tional slots. Although no incentives were offered, subjects
told us that they were motivated to use an eye tracker as a
new technical “toy”. The assignment to the groups worked
flawlessly and without subjects noticing.

4.3 Validity procedures

Subjects were guided by the Web application through the
experiment workflow and answered the questions for the
diagrams in the prescribed order. No deviations during the
conduction were noticed.

5 Analysis

After the description of how the experiment was conducted,
this section will present the results of the experiment, the
data, and statistics and hypothesis tests. These will be inter-
preted later in Sect. 6. The raw data set is available at [31].

5.1 Data set reduction

When analyzing the data of the 23 subjects who took part
in the experiment, the eye tracking data of two subjects had
to be excluded because the eye tracker recorded only a few
tracking points with random offsets to the diagram elements
that were not correctable. One of these participants wore
glasses. This left 21 participants (19 male, 2 female) with
analyzable eye tracking data. We removed the answers for
subjective preference and experience from these subjects.
This means that we utilize 21 full data-sets only. No further
data points were purged from the data set.

5.2 Eye tracking data corrections

We manually analyzed all subjects’ gaze plots with regard
to validity of the recorded eye tracking data and potentially
necessary offset corrections. In six cases (five participants,
one or two diagrams each) there was a clearly visible offset
in the data in spite of its general quality. Offsets were deter-
mined by comparing the pattern of the gaze points with the

i

Fig.7 Eye tracking data offset correction (black: diagram, red: meas-
ured eye tracking data, blue: eye tracking data corrected for vertical
offset)
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structure of the diagram. For those that were unambiguously
shifted, we corrected the offset, which was mostly vertical,
before further analyzing the data. The principle of this cor-
rection is illustrated in Fig. 7.

5.3 Descriptive statistics and hypothesis testing

Within this section, we present the plain results from the
measurements in our experiment and the results of the
hypothesis tests on this data. We will map those data to the
research questions and give an interpretation in Sect. 6.

Before performing any statistics, a test for normality
of all variables was performed. All variables except for
task efficiency are not normally distributed, because the
Pearson chi-square test for normality returned p < 0.05
for these variables (Answer Time: p =3.695x 1077,
Fixation Count: p = 3.0431 x 1077, Fixation Duration:
p <222 x 1071, Pupil Diameter: p < 2.22 x 10~'6, Error
Rate: p <2.22x 10719, Task Efficiency: p = 0.30245).
Thus, t-tests are performed for task efficiency, and Wil-
coxon hypothesis tests are used for all other variables in
our analysis.

5.3.1 Answer time

The first metric that we measured is the time required for
answering all four questions for each diagram. A box plot
of the measured times that the subjects took to complete
the four questions, is shown in Fig. 8. Descriptive statistics
are presented in Table 4: The quickest answer for all ques-
tions was given within 20.0 s (diagram D6) and the longest
time taken by one participant was for diagram D9 which
took him or her 115.6 s. The quickest diagram to answer on
average was diagram D3 which took a mean time of 35.9 s.
On average the longest time was required for answering the
questions for diagram D8 which took a mean time of 57.9 s.

The pairs of diagrams that showed the same contents but
with a different layout, are grouped in Table 4. Every pair
tests a hypothesis of a research question. As such we com-
puted the p value by using the Wilcoxon test for paired but
not normally distributed data. The table also shows the effect
size computed by using Cohen’s d and the absolute and rela-
tive differences in the mean value (4). Here and through-
out this article we mark significant p values with stars ((*)
< 0.05, (**) < 0.01, (***) < 0.001)) and different effect sizes
with crosses ((+) > 0.2, (++) > 0.5, (+++) > 0.8)).

Fig. 8 Boxplot of duration for
answering questions (s)
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Table 4 Descriptive statistics and hypothesis test results for duration for answering questions (s)

H, D. Min Mean  Max 4 d A
Horizontal layout is easier to understand than vertical layout D1 27.3 47.8 95.7 0.228  0.30 5.5

D2 265 533 104.1 +) 11.54%
Horizontal layout is easier to understand than vertical layout with scrolling D3 23.4 35.1 86.2 0.257  0.20 2.7

D4 20.1 37.8 87.5 +) 7.68%
Vertical layout is easier to understand than horizontal layout with scrolling D5 242  41.6 70.5 0.167  0.26 29

D6 20.0 445 71.0 +) 7.00%
Snake layout is easier to understand than horizontal layout with scrolling D7 30.3 52.7 103.9 0.054 0.31 5.6

D8 380 583 98.6 +) 10.65%
Multi-line layout is easier to understand than horizontal layout with scrolling ~ D9 30.6 419 1156  0.014 0.31 5.6

D10 264 475 84.7 *) +) 13.48%
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The most interesting data points are the two diagram pairs
with the largest diagrams, which either needed to be scrolled
or were arranged with a snake (pair D7/D8) or multi-line
layout (pair D9/D10) to fit on one page. In both cases the
variant arranged on a single page was answered quicker and
yielded significant p values (p = 0.0484 for snake layout and
p=4.85x% 1073 for multi-line layout). Also, both showed a
small effect with d = 0.30 and d = 0.39 respectively.

Additionally, a small effect was shown by the comparison
of horizontal and vertical layout (D1/D2: d = 0.28), in which
answers for the horizontal layout were given quicker. How-
ever, the difference was not significant (p = 0.29 > 0.05).

In the remaining comparisons of a layout fitting on one
page in one direction (e.g., horizontally) and requiring
scrolling when arranged differently (e.g., vertically), ques-
tions to the non-scrolling diagrams were answered quicker
but neither in a significant way nor showing a considerable
effect size.

5.3.2 Errorrate

Next, we analyzed the errors made while answering the 4
questions per diagram. As such, the maximum number of

25

Fig.9 Boxplot of participants
with errors made

possible errors per diagram is 4. However, only few mistakes
have been made by our subjects. Almost all questions per
diagram have been answered without mistake (see Fig. 9):
The best-answered diagram was D10, for which no partici-
pant made any error. For diagrams D1, D2, D8, and D9 only
one participant made one error, while for diagrams D3, D4,
D5, and D6 two participants made one error each. The worst
answered diagram was D7, for which one participant made
one error and two participants made two errors.

All in all, most questions are answered correctly, which
can be seen as the single bars for O errors in the boxplots.
The error rate is low and as such any deviation might be
due to chance. There are only differences in the error rate
for two diagram pairs, namely D7/D8 (5 errors vs. 1 error
in total) and D9/D10 (1 error vs. no error in total) but these
are minimal. The largest one is for the diagram pair D7/D8§
which has a difference of 4 errors. These small differences
are reflected in high p values (see Table 5); accordingly no
difference is significant. Because in general the differences
are so low and as such the standard deviation is low, the dif-
fering diagram pairs show a small effect.

20
|

15

10

Participants with Errors made

o
D1 D2 D3 D4 D5 D6 D7

@ 0 Errors
O 1 Error
O 2 Errors

Diagram
Table 5 Desc.riptive statistics H, D. Emors p d
and hypothesis test results for made
participants with errors made
0 12
Horizontal layout is easier to understand than vertical layout DI 20 1 01 0.00
D2 2010
Horizontal layout is easier to understand than vertical layout with scrolling D3 19 2 0 1 0.00
D4 19 2 0
Vertical layout is easier to understand than horizontal layout with scrolling D5 19 2 0 1 0.00
D6 19 2 0
Snake layout is easier to understand than horizontal layout with scrolling D7 18 1 2 0.345 0.30
D8 20 1 0 +)
Multi-line layout is easier to understand than horizontal layout with scrolling D9 20 1 0 1 0.22
D10 21 0 O +)
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5.3.3 Task efficiency

The task efficiency score combines the correct answers
and the answer times into one metric measured in correct
answers per minute. The corresponding boxplots are shown
in Fig. 10.

The most ineffective participant answered 1.78 correct
answers per minute for diagram D7. The most effective one
was a participant answering 11.97 correct answers per min-
ute for diagram D6. The difference in effectiveness between

diagrams D5 and D6 is significant (p = 0.014) and has a
small effect size (d = 0.44). Three other diagram pairs also
show a small effect size but no significant p values: D1/D2,
D7/D8, and D9/D10. The pair D3/D4 has no significant p
value nor a demonstrable effect. An overview of the descrip-
tive statistics, p values, and effect sizes is shown in Table 6.
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Table 6 Descriptive statistics and hypothesis test results for task efficiency
H, D. Min Mean Max p d A
Horizontal layout is easier to understand than vertical layout D1 250883 5.64456 8.77546  0.137 0.25 —0.50279
D2 230483 5.14177 9.05763 +)  891%
Horizontal layout is easier to understand than vertical layout with scrolling D3 278345 7.24591 10.24197 0.640 0.10 —0.19355
D4 274352 7.05236 11.94565 —2.67%
Vertical layout is easier to understand than horizontal layout with scrolling D5 3.11891 5.60173 9.56556 0.014 0.44 0.75024
D6  2.96888 6.35198 11.97246 (*) +)  13.39%
Snake layout is easier to understand than horizontal layout with scrolling D7  1.78888 4.70603 7.93284 0.153 0.26 —0.41843
D8  2.43314 428759 6.31845 +) —8.89%
Multi-line layout is easier to understand than horizontal layout with scrolling D9  2.07693 6.09019 9.09366  0.191 0.25 —0.41866
D10 2.83189 5.67154 7.80793 +) —687%
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Table 7 Descriptive statistics and hypothesis test results for fixation count

H,

D. Min Mean  Max P d A

Horizontal layout is easier to understand than vertical layout

D1 240 48.0
D2 320 587

103.0
168.0  (*) (++)

0.031 052 10.6
22.10%

Horizontal layout is easier to understand than vertical layout with scrolling D3 28.0 512 126.0 0258  0.28 53
D4 150 565 163.0 +) 10.42%
Vertical layout is easier to understand than horizontal layout with scrolling D5 390 762 126.0  0.180  0.53 11.6
D6 450 878 162.0 ++)  15.18%
Snake layout is easier to understand than horizontal layout with scrolling D7 63.0 120.7 2420 0614 0.15 6.6
D8 68.0 1273 197.0 5.44%
Multi-line layout is easier to understand than horizontal layout with scrolling D9 47.0 910 307.0 0.047 031 16.4
D10 63.0 107.3 190.0  (*¥) +) 18.01%

5.3.4 Fixation count

We also measured the fixation counts for the different
diagrams and thus different layouts. In total we recorded
17320 fixation events along with the pupil diameter on
BPMN diagram elements (tasks, gateways, and events).

Box plots showing the fixation counts for the different
diagrams are shown in Fig. 11. The descriptive statistics as
well as the results of the hypothesis tests for each diagram
pair are shown in Table 7 following the same structure as
for the table showing the answer times above.

The diagram that had the fewest fixations on average was
D3 (mean 51.2). The one with the most fixations on average
was D8 (mean 127.3). The lowest number of fixations on a
diagram by a participant was on D4 (15 fixations) and the
highest number was by a participant on D9 (307 fixations).
On average, the horizontal layout had fewer fixations than
the vertical layout (D1/D2: 48.0 vs. 58.7), the non-scrolling
layouts had fewer fixations than the scrolling ones (D3/D4:
51.2 vs. 56.5; D5/D6: 76.2 vs. 87.8), and the layouts on one
page had fewer fixations than the same diagrams arranged
with horizontal scrolling (D7/D8: 120.7 vs. 127.3; D9/D10:
91.0 vs. 107.3).

When conducting Wilcoxon’s paired hypothesis tests for
the different diagram pairs, a significant difference of mean
values is found for the diagram pairs D1/D2 (p = 0.031) and
D9/D10 (p = 0.047). Large effect sizes were found for dia-
gram pairs D1/D2 (d = 0.52) and D5/D6 (d = 0.53). Small
effect sizes were found for D3/D4 (d = 0.29) and D9/D10
(d = 0.26). Only the diagram pair D7/D8 showed no effect.

5.3.5 Fixation duration

Besides the fixation count we also measured the fixation
duration for participants working with different layouts. The
box plots for this metric are shown in Fig. 12. The descrip-
tive statistics, as well as the results of the hypothesis tests
are shown in Table 8.

The diagram that had the shortest fixation duration on
average was D10 (mean 200.2 ms). The one with the longest
fixation duration on average was D2 (mean 236.6 ms). The
shortest fixation duration on a diagram was by a participant
on D4 with 152.2 ms and the longest fixation duration was
by a participant on D5 with 312.2 ms.

The horizontal layout of RQ1 had a shorter average fix-
ation duration than the vertical layout (D1/D2: 222.8 vs.
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Table 8 Descriptive statistics and hypothesis test results for fixation duration (ms)

H, D. Min Mean Max p d A
Horizontal layout is easier to understand than vertical layout D1 159.4 2228 296.1 0.095 042 138
D2 1531 236.6 2825 +) 6.21%
Horizontal layout is easier to understand than vertical layout with scrolling D3 169.6 227.8 2674 0.373 032 8.6
D4 1522 2192 260.6 +) —3.80%
Vertical layout is easier to understand than horizontal layout with scrolling D5 169.2 2246 3122 0.707 003 1.0
D6 1555 2256 258.6 0.44%
Snake layout is easier to understand than horizontal layout with scrolling D7 1789 2199 2769 137x103 070 -16.6
D8  159.0 2033 266.1 (**) ++) —7.56%
Multi-line layout is easier to understand than horizontal layout with scrolling D9 173.5 2237 3061 292x10% 0.73 —235
D10 1633 2002 2604 (¥*%*) (++) ~—10.50%
Fig. 13 Boxplot of pupil diam- . o R o o
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Table 9 Descriptive statistics and hypothesis test results for pupil diameter (mm)
H, D. Min Mean Max p d A
Horizontal layout is easier to understand than vertical layout D1 3.03 3.63 5.11  0.038 0.07  0.04
D2 310 3.67 517 (%) 1.03%
Horizontal layout is easier to understand than vertical layout with scrolling D3 297 3.58 515 6.07x10* 0.17 0.09
D4 310 3.67 521 (¥*¥) 2.55%
Vertical layout is easier to understand than horizontal layout with scrolling D5 3.02 355 502 133x10> 0.18 0.09
D6 3.04  3.65 528  (¥*¥¥) 2.65%
Snake layout is easier to understand than horizontal layout with scrolling D7 3.03  3.60 524  0.017 0.06 0.03
D8 3.05 3.63 534 (%) 0.88%
Multi-line layout is easier to understand than horizontal layout with scrolling D9 298  3.61 5.14 0494 0.01  0.01
D10 3.06 3.62 5.27 0.21%

236.6) and the non-scrolling variants had a longer average
fixation duration than the scrolling alternatives (D3/D4:
227.8 vs. 219.2, D5/D6: 224.6 vs. 225.6, D7/D8: 219.9 vs.
203.3, D9/D10: 223.7 vs. 200.2). The difference between
large horizontal scrolling layouts vs. the horizontal snake
and multi-line layouts showed significant differences and
medium effect sizes (D7/DS8: p = 1.37 X 1073,d = 0.70; DY/
D10: p =292 x 10~*,d = 0.73). The non-scrolling horizon-
tal layout compared with a non-scrolling vertical layout as

@ Springer

well as with a scrolling vertical layout showed a small effect
size (D1/D2: d = 0.42; D3/D4: d = 0.32).

5.3.6 Pupil diameter

Furthermore, we analyzed the pupil diameter measurements.
The box plots for this metric are shown in Fig. 13 and the
detailed statistics including hypothesis test results are shown
in Table 9.
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The diagram that showed the smallest pupil diameter
on average was D5 with 3.55 mm. The one with the larg-
est pupil diameter was D4 with 3.67 mm. The smallest
pupil diameter by a participant was measured on D9 with
2.98 mm. The largest pupil diameter was encountered on
D8 measuring 5.34 mm.

Pupil diameters on the horizontal layout of D1 were sig-
nificantly smaller than on the corresponding vertical lay-
out D2 (p = 0.038), however with a negligible effect size
(d =0.07, 4 =1.03%). The non-scrolling layouts D3 and
D5 were viewed with highly significantly smaller pupil
diameters than their counterparts D4 and D6 (D3/D4:
= 6.07 X 107*, D5/D6: p = 1.33 x 1075), also with negli-
gible effect sizes (D3/D4: d =0.17, A = 2.55%; D5/D6:
d =0.18, 4 = 2.65%). The snake layout of D8 led to a sig-
nificantly smaller pupil diameter than in D7 (p = 0.017),
but with a negligible effect size. Finally, D9 and D10 had
no significant difference in pupil diameter and the effect
was nearly zero.

5.3.7 Dwell time of tasks

As shown in the previous sections, we measured the met-
rics defined via GQM for comparing diagram layouts. For
answering the last two research questions, we need to break
these metrics down to the BPMN task level.

For directly answering the research questions, we did this
separately on the basis of the two factors “visible on first
page” and “mentioned in question”. For analyzing the com-
binations, we additionally created four subsets of tasks based
on the combination of these two attributes.

The first metric to be broken down is the dwell time, i.e.,
the time spent by each subject on each BPMN task. The
box plots for the distributions of the dwell time are shown
in Fig. 14 for single attributes and two attributes combined.

For analyzing the different subsets of tasks clustered by
both attributes, we used the non-parametric Kruskal-Wal-
lis hypothesis test in order to determine whether the sub-
sets are differing in their means. The test indicated that the
means within the subsets are not equal for the dwell time
(p = 6.036 58 x 107'%). Consequently, we conducted pair-
wise unpaired Wilcoxon hypothesis tests for comparing the
tasks with different attributes with each other. The results
are summarized in Table 10.

At first, we compared tasks that are initially visible with
those that are not visible without scrolling (see Table 10).
Tasks that were not visible on the initial screen were looked
at highly significantly shorter (p = 1.87 x 107%) with a
small effect size (d = 0.32), which resembles a difference of
A = —22.33% on average. Also, tasks that are not mentioned
in one of the questions are also looked at highly significantly
shorter p < 2.0 X 10716 and with a small effect of d = 0.36,
which accounts to a difference of 4 = —26.51% on average.

The largest difference is between tasks that are both
visible on the first page and mentioned in a question com-
pared to tasks that are not initially visible and that are not
mentioned in a question. The difference of dwell time on
average is 4 = —40.72% with a very high significance
(p < 2.0 x 107'%) and a very large effect size (d = 0.87). In
general, tasks that combine more “positive” attributes, i.e.,
being visible on the first page or being mentioned in a ques-
tion, are looked at longer. This is expressed in the statistics
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Fig. 14 Dwell time (ms) for BPMN activities by all attributes
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Table 10 Descriptive statistics

> Task attr. Min. Med. Mean Max. p d A
and hypothesis test results for
subsets of tasks (dwell time in Initially visible 0.00 133974 1511.80 8743.75 1.87x10% 032  —337.57
ms) Initially not visible 0.00 1059.62 117423 5857.06 (¥F%) (+) —22.33%
In question 0.00 1445.62 1710.61 11316.62 <2.x107'¢ 0.36 —453.48
Not in question 0.00 1045.58 1257.14 12968.51  (¥*%) (+) —26.51%
Not in quest./init. vis. 0.00 123479 1376.19 7793.40 1.72x 108 047 —371.15
Not in quest./not init. vis.  0.00  919.36 1005.04  5857.06 (FF*) (+) —26.97%
In quest./not init. vis. 0.00 1289.24 1456.23 4597.02  6.11x10°%  0.57 —451.19
Not in quest./not init. vis.  0.00  919.36 1005.04  5857.06 (¥F*) (++) —30.98%
In quest./init. vis. 0.00 1469.05 169527 8743.75 <2.x 1071 0.87 —690.23
Not in quest./not init. vis.  0.00  919.36 1005.04  5857.06 (k%) (+++) —40.72%
In quest./not init. vis. 0.00 1289.24 1456.23  4597.02 0.235 0.09 —80.03
Not in quest./init. vis. 0.00 123479 1376.19 7793.40 =5.50%
In quest./init. vis. 0.00 1469.05 169527 8743.75 538x 107 034 —319.08
Not in quest./init. vis. 0.00 123479 1376.19 7793.40 (**%) +) —18.82%
In quest./init. vis. 0.00 1469.05 169527 8743.75 0.075 0.27 —239.04
In quest./not init. vis. 0.00 1289.24 1456.23 4597.02 (+) —14.10%
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Fig. 15 Fixation count for BPMN tasks by all attributes

by very small p values and small to medium effect sizes.
The only exception is when comparing tasks that are both
mentioned in a question but one set is being visible on the
first page while the other set is not visible on the first page.
In this case, no significant difference and no effect is found.
Also the combination of tasks initially visible and not men-
tioned in a question compared to tasks which are not initially
visible but mentioned in a question yielded no significant
results although a small effect (d = 0.27) was found for the
absolute difference of A = —14.10%.

@ Springer

5.3.8 Fixation count of tasks

We also broke down the fixation count on different tasks.
The box plots of the distributions are shown in Fig. 15 for
single attributes and two attributes combined.

Tasks that are not visible on the first page, were fix-
ated significantly less often (p =3.73x 1078, d = 0.31,
A= -21.05%). Also, tasks not mentioned in a question
were fixated significantly less often (p < 2.0 x 10716,
d =028, 4 =-20.26%).



Information Technology and Management (2021) 22:99-131 119

Table 11 Des.criptive statistics Task attr. Min. Med. Mean Max. P d A

and hypothesis test results for

subsets of tasks (fixation count) Initially visible 000 600 720 61.00 373x10% 0.3l -1.52
Initially not visible 0.00 5.00 5.68 26.00 (F*¥) +) —21.05%
In question 0.00 7.00 7.59 61.00 <2.%x 10716 0.28 —1.54
Not in question 0.00 5.00 6.05 42.00 (k%) +) —20.26%
Not in quest./init. vis. 0.00 6.00 6.78 27.00 1.31x 1078 0.49 -1.75
Not in quest./not init. vis. 0.00 4.00 5.03 26.00 (*F*) (+) —25.86%
In quest./not init. vis. 0.00 6.00 6.78 19.00 5.86 x 107° 0.49 -1.75
Not in quest./not init. vis. 0.00 4.00 5.03 26.00 (%) +) —25.81%
In quest./init. vis. 0.00 7.00 7.76 61.00 421 %1071 0.76 —2.74
Not in quest./not init. vis. 0.00 4.00 5.03 26.00 (FH*) (++) —35.24%
In quest./not init. vis. 0.00 6.00 6.78 19.00 0.776 0.00 0.00
Not in quest./init. vis. 0.00 6.00 6.78 27.00 0.07%
In quest./init. vis. 0.00 7.00 7.76 61.00 0.010 0.23 —0.98
Not in quest./init. vis. 0.00 6.00 6.78 27.00 *) +) —12.65%
In quest./init. vis. 0.00 7.00 7.76 61.00 0.130 0.26 —0.99
In quest./not init. vis. 0.00 6.00 6.78 19.00 +#+) —12.71%

For analyzing the different subsets of tasks clustered
by two attributes, we again first used the non-paramet-
ric Kruskal-Wallis hypothesis test in order to determine
whether the subsets are differing in their means. The test
indicated that the means are not equal for the fixation
count (p =4.515709 x 10~'?). Consequently, we con-
ducted pair-wise unpaired Wilcoxon hypothesis tests for
comparing the tasks with different attributes with each
other. The results are summarized in Table 11.

Nearly all pairs are differing significantly in their
means. Only for the same combinations of attributes
which were also not significant with regard to the dwell

time are also not significant with the fixation count met-
ric: A task mentioned in a question and placed on the first
screen or not the fixation count is not significantly different
(p = 0.130), although it shows a small effect (d = 0.26,
A =—-12.71%). Also tasks initially visible but not men-
tioned in a question compared to tasks mentioned in a
question but not initially visible showed no significant dif-
ference (p = 0.776,d = 0.00, A = 0.07%).
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Fig. 16 Fixation duration (ms) for BPMN tasks by all attributes
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Table 12 Descriptive statistics

> Task attr. Min. Med. Mean Max. P d A

and hypothesis test results

for subsets of tasks (fixation Initially visible 8192  191.86  209.97 104286  0.019 0.04 —3.80

duration in ms) Initially not visible 8048 18370  206.17 82627  (¥) -1.81%
In question 81.70  200.32 228.83 150192 <2.x107'¢ 022 2645
Not in question 80.48  191.78  202.38  1460.13  (***) +) —11.56%
Not in quest./init. vis. 8242  183.57 197.66  943.08 7.13x 1073 0.09 —7.88
Not in quest./not init. vis. 80.48 175.38 189.78  600.73 (%) —3.99%
In quest./not init. vis. 83.17 200.21 22232  826.27 1.29 x 107° 0.38  —32.54
Not in quest./not init. vis. 80.48 175.38 189.78 600.73 (FF) (+) —14.64%
In quest./init. vis. 81.92 200.22 221.83 1042.86 448 x 10712 038  —32.05
Not in quest./not init. vis. 80.48 175.38 189.78  600.73 (F*%) +) —14.45%
In quest./not init. vis. 83.17  200.21 222.32  826.27 2.53x 107 0.29  —24.66
Not in quest./init. vis. 8242 18357 197.66  943.08 (%) +) —11.09%
In quest./init. vis. 81.92 200.22 221.83 1042.86 3.90x 1072 0.28 —24.17
Not in quest./init. vis. 82.42 183.57 197.66  943.08 (FHF) +) —10.89%
In quest./init. vis. 81.92  200.22  221.83 1042.86  0.584 0.00 0.50
In quest./not init. vis. 83.17  200.21 22232 826.27 0.22%

5.3.9 Fixation duration of tasks

Subsequently, we analyzed the fixation duration of the tasks.
The box plots of the different distributions are shown in
Fig. 16 for single attributes and two attributes combined.

When looking at the fixation duration (see Table 12, simi-
lar findings can be made. However, in contrast to the dwell
time and fixation count, the differences in the mean values
for tasks, which are initially visible but not mentioned in
a question compared to those that are not initially visible
but mentioned in a question, show a significant difference
(p =2.53e-4,d =0.29,4 = -11.09%).

The fixation duration is longer for initially visible tasks
compared to those that are not on the first page. The same
holds for tasks that are mentioned in a question compared to
those that are not asked for.

Analyzing the four additional subsets also yields
significant differences in the subset (Kruskal’s
p = 1.095 215 x 10~'%) and we found significant differences
for all remaining combinations. There are two activity type
pairs with similar large differences: (i) Tasks that are both
not initially visible but differ in whether they are being asked
about and (ii)tasks that are initially visible and mentioned in
a question compared to tasks that are not initially visible and

o o o o o o o o
] [} g g ] -] [e} ]
o o o o o
e o o
[t}
o o
o ° 8 8 ) )
T — 8 8 — T — -
(o] ' ' 0 —_— ' ' ' '
< 7 ' '
e
e
0
i
Q —_— —_— ' —_— —_— —— —_—
™ 7 —_— —_—
T T T T T 1
Initially Initially Mentioned Not Mentioned Not in Quest./  Not in Quest./ In Quest./ In Quest./
Visible Not Visible in Question in Question  Not Init. Visible Init. Vis. Not Init. Vis. Init. Vis.

Fig. 17 Pupil diameter (mm) for BPMN tasks by all attributes
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Table 13 Descriptive statistics
and hypothesis test results for

subsets of tasks (pupil diameter
in mm)

Task attr. Min. Med. Mean Max. p d A
Initially visible 3.04 3.45 3.64 5.34 0.804 0.01 —0.01
Initially not visible 3.04 3.45 3.63 5.34 —0.22%
In question 297 3.42 3.62 5.34 0.802 0.01 0.00
Not in question 2.98 342 3.62 5.34 —0.09%
Not in quest./init. vis. 3.04 3.45 3.63 5.34 0.991 0.00 0.00
Not in quest./not init. vis. 3.04 3.45 3.63 5.34 =0.05%
In quest./not init. vis. 3.05 3.44 3.63 5.34 0.889 0.01 0.01
Not in quest./not init. vis. 3.04 3.45 3.63 5.34 0.19%
In quest./init. vis. 3.04 3.45 3.64 5.34 0.795 0.02 —0.01
Not in quest./not init. vis. 3.04 3.45 3.63 5.34 —0.29%
In quest./not init. vis. 3.05 3.44 3.63 5.34 0.867 0.02 0.01
Not in quest./init. vis. 3.04 3.45 3.63 5.34 0.24%
In quest./init. vis. 3.04 3.45 3.64 5.34 0.753 0.02 —0.01
Not in quest./init. vis. 3.04 3.45 3.63 5.34 —0.24%
In quest./init. vis. 3.04 3.45 3.64 5.34 0.711 0.03 —0.02
In quest./not init. vis. 3.05 3.44 3.63 5.34 —0.47%

not mentioned in a question have very significant p values, a
small effect of d = 0.38, and a difference around 4 — 14%).

5.3.10 Pupil diameter of tasks

The last metric to be broken down is the pupil diameter (see
Fig. 17). As before with the dwell time, we used the non-
parametric Kruskal-Wallis hypothesis test in order to deter-
mine whether the partitions are differing in their means. The
test indicated that the means within the partitions are not
differing significantly (p = 0.980 8799).

This metric is completely different than all other met-
rics. No comparison between different task types yields
any significant finding or an effect larger than d > 0.03 (see
Table 13). The pupil diameter is not significantly affected by
task attributes at all.

5.3.11 Subjective preference

At the end of the experiment, subjects were asked for their
subjective preference for certain layout options:

— 12 people (57.1%) preferred a horizontal layout and 9
people (42.9%) preferred a vertical layout. A hypothesis
test against a null hypothesis that both layouts are equally
preferred was conducted by using the z-test and yielded
a p value of p = 0.5127, which is not significant. Thus,
the null hypothesis cannot be rejected.

— When being asked how annoying scrolling (regardless of
the layout direction) is, 8 people (38.1%) responded that
they perceive scrolling as “very annoying”, 8 (38.1%)
responded that they perceive scrolling as “annoying” and

5 people (23.8%) responded that they perceive scrolling
as “a little annoying”. No one answered “not annoying”
or “not annoying at all”.

6 Interpretation

After presenting the plain experiment results, gathered data
and statistics thereof have been presented in the section
above, this section will relate these result with the research
questions and give an interpretation.

6.1 Evaluation of results and implications

Within this section we will walk through the set of research
questions and will provide an interpretation of the meas-
ured data in the context of each question group by the two
sub-goals.

6.1.1 Diagram layout

This section gives our interpretation of the research ques-
tion with regard to the overall diagram layout. The findings
are summarized in Table 14: For every search question
(column 1) we show our hypothesized better and worse
layouts (column 2 and 3) and show a summary of our
small-grained operational hypothesis. Those, for which
the null-hypothesis (no difference) can be rejected are
shown in column 4 “Rejected H,,”, and those for which the
null-hypothesis cannot be rejected are shown in column 5
“Not Rejected H,”. Some operational null-hypothesis are
rejected in the expected direction, e.g. the time to answer
the questions is indeed significantly shorter. However,
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Table 14 Summary of results for research questions concerning diagram layout ((*) results are significantly different but contrary to our hypoth-

esis concerning which layout is better)

Hypothesized layout Operational hypothesis
Better Worse Rejected H, Not rejected H,
RQI1 Horizontal Vertical Fixation count H:Q“FC Time to answer, error rate, task efficiency, fixation duration,
oo - subjective preference
Pupil diameter Hg Q1-PD ! P
RQ2 Horizontal Vertical/scr. Pupil diameter H(’fQZ*"’ D Time to answer, error rate, task efficiency, fixation count, fixation
duration
RQ3 Vertical Horizontal/scr. Task efficiency(*) H§Q3‘TE Time to answer, error rate, fixation count, fixation duration
Pupil diameter H([f Q3-FD
RQ4 Horizontal/snake Horizontal/scr.  Fixation duration(*) H(’;Q“—F D Time to answer, error rate, task efficiency, fixation count
Pupil diameter H§Q4_PD
RQ5 Horizontal/multi-line Horizontal/scr. Time to answer H(’)‘Q5*AT Error rate, task efficiency, pupil diameter

o RQ5-FC
Fixation count H, Q

Fixation duration(*)

RO5-FD
H()Q

there are three cases for which we can reject the null-
hypothesis but not in the expected direction. For example,
task effectiveness in RQ3 is better for the hypothesized
worse layout. Those hypothesis are marked with an aster-
isk (*). Every research question and the experiment results
related to it are explained in detail below.

RQ1: Is “horizontal” or “vertical” layout of BPMN
diagrams better understandable?

The first research question is concerned with the under-
standability of plain horizontal and vertical layouts. The
corresponding diagrams in this experiment were D1 (hori-
zontal layout) and D2 (vertical layout). The difference in
the means of time required to complete all questions is
small d = 0.28, 4 = 10.03% but not significant, there is no
significant difference in the error rate nor the effectiveness.
Also, there was no subjective preference for either layout.
Therefore, we cannot reject these null hypotheses.

However, the metrics for cognitive load are better
for the horizontal layout. The fixation count has a small
effect (d =0.38, 4=17,89%) on a significant level
(p =0.03482). Also the pupil diameter has a significant
difference (p = 0.03506) in favor of the horizontal lay-
out. The fixation duration yields a small effect (d = 0.27,
A = 4.82%), but is not significant.

Therefore, we conclude that the horizontal layout—
although not faster to understand—is less demanding to
understand as it is imposing a smaller cognitive load.

RQ2: Is “horizontal” or “vertical layout with scroll-
ing” better understandable?

RQ2 is concerned with the understandability of horizon-
tal and vertical layouts when the latter requires scrolling.
The corresponding diagrams in this experiment were D3
and D4 respectively.
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Again, there was no significant difference for the time
required to answer the questions, the error rate nor the task
effectiveness. In addition, only one out of the three met-
rics related to cognitive load showed a significant finding.
While both fixation count and fixation duration showed a
small effect but not a significant finding, the pupil diam-
eter had a very significant finding with a minor effect size
(p =0.001374,d = 0.17).

These differences are small to non-existent. As such, we
cannot reject the null hypothesis that the horizontal layout
without scrolling is as easy to understand both in terms of
speed as well as cognitive load.

RQ3: Is “vertical” or “horizontal layout with scroll-
ing” layout better understandable?

The third research question is the reverse of the second
one: This time the vertical layout is not being scrolled while
the horizontal one is (diagrams D5 and D6). The metrics
show a very similar image, though. The time required to
complete the questions, the error rate and the task effec-
tiveness have no significant difference. The same is true
for the fixation duration. The fixation count shows a small
effect size (d = 0.44, A = 12.43%) but the difference is not
significant.

The pupil diameter has a significant difference
(p =1.335x%x107°) and a small effect size (d = 0.18) as
well as the task efficiency (p = 0.014,d = 0.44). These dif-
ferences are higher than with RQ2 but however small. As
such, we can only find (too) weak arguments for rejecting
the overall hypothesis.

RQ4: Is a horizontal snake layout better understand-
able than a diagram that requires scrolling?

When comparing a larger, horizontally laid out diagram
with a snake layout in comparison to a horizontal layout
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that requires scrolling (diagrams D7 and D8), the differ-
ences are larger than with the previous diagrams.

The answer time is significantly shorter (p = 0.0484,
d = 0.3). The metrics related to cognitive load however are
mixed. Fixation count yields an effectless and not signifi-
cant difference in favor of the snake layout. Pupil diameter
has the same direction but indicates a small effect with
a significant finding. In contrast, the fixation duration is
shorter for the scrollable layout with a very significant
finding and medium effect size (p = 0.001859, d = 0.65).

With these measurements and test results, we reject
the null hypothesis and conclude that the snake layout is
faster to understand but we cannot reject the null hypoth-
esis that the snake layout is as demanding as the scrollable
horizontal layout because for the latter the measurements
are inconclusive. In contrast, they point to more cogni-
tive effort required to understand the diagram (although
understand it faster).

RQ5: Is a horizontal multi-line layout better under-
standable than a diagram that requires scrolling?

When comparing a large, horizontally laid out diagram
arranged as a multi-line layout compared to a large horizon-
tal layout that requires scrolling (diagrams D9 and D10), the
findings are similar to those of the snake layout.

The answer time is very significantly different
(p = 0.0049) and shows a small effect (d = 0.39) in favor
of the multi-line layout. Error rate and task efficiency show
no significant difference.

Cognitive load metrics are undecided. Fixation count
has a non-significantly better (p = 0.05583) small effect
(d =0.26) for the multi-line layout, pupil diameter has
no effect (d = 0.01) and the difference is not significant
(p = 0.4948). Fixation duration is very significantly better
for the horizontal layout that requires scrolling and yields a
medium effect (d = 0.73, A = —10.43%).

With these measurements and test results, we reject the
null hypothesis that conclude that the multi-line layout is
faster to understand but we cannot reject the null hypoth-
esis that the snake layout is as cognitively demanding as
the scrollable horizontal layout because for the latter the
measurements are inconclusive.

6.1.2 Task attributes

This sections presents our interpretation of the experiment
results that are concerned with the sub-goal of task attrib-
utes. The next two research questions are not concerned
with the overall diagram layout but with specific positions
of tasks.

RQ6: Are tasks that are located outside of the initially
visible area read less?

The sixth research question was concerned with the
tasks that are initially visible or not, i.e., whether the model

reader was required to scroll to a specific tasks: Tasks that
were positioned on the first page were looked at more often.
Dwell time, i.e., the combined time spent looking at a task,
was highly significantly larger (p = 4.86 x 107%) with a
small effect size (d = 0.27) and a relative mean difference
of A =21.63%. Also the fixation count (p = 0.0001461,
d=023, A=17.56%) and the fixation duration
(p =5.044x1077,d = 0.10, A = 5.03%) showed a signifi-
cant difference between these tasks. Only the pupil diam-
eter had no significant difference and no effect. Thus, all
operational null hypothesis but the one concerned with the

o . RQ6-DT ;;RQ6—FC 7 ;RQ6—FD
pupil diameter can be rejected (H0 s H0 s HO ,

HRO6-PD)
0 .
Therefore, our overall null hypothesis is rejected and we

conclude that tasks outside the initially visible area are read
less based on the longer dwell time and the higher fixation
count. In addition, model readers seem to invest less mental
effort in tasks outside the initially visible area indicated by
a smaller average fixation duration.

RQ7: Are tasks read selectively based on the job of
the model reader?

When grouping tasks based on whether they are men-
tioned in a question regarding the diagram or not, a simi-
lar picture like the tasks on the initial screen emerges:
The dwell time is significantly longer for tasks mentioned
in questions (p = 1.701 X 10723, d = 0.27, A = 26.70%),
fixation count is significantly larger (p = 1.625¢ — 15,
d =0.28, A =20.68%), and the fixation duration is longer
(p=5.594 %1073 d =0.21, 4 = 11.30%) for tasks that are
mentioned in a question. Like in RQ6 no difference with
regards to the pupil diameter was found. Thus, all opera-
tional null hypothesis but the one concerned with the pupil

diameter can be rejected (H§Q7_DT, H§Q7_FC, H§Q7_FD,

HROT-PD)
0 .
Thus, we reject the null hypothesis and conclude that

tasks that are mentioned in a question, are read more often
and longer, and tasks that are not mentioned in a question
are read less. Also, more mental effort is invested in tasks
mentioned in a question as indicated by the increased fixa-
tion duration.

When diving deeper into the difference concerning tasks
with different attributes, we found significant differences in
dwell time, fixation duration, and fixation count for nearly
every combination of initially visible or not and mentioned
in question or not. The general rule is that tasks that are
on the first screen and/or mentioned in a question are read
more often (fixation count) and longer (dwell time) and
with more intensity (fixation duration) than those that do
not share these attributes. The largest difference is between
tasks that are mentioned in a question and are visible on
the first screen compared to tasks that are not mentioned
in a question and are not on the first screen: In this case,
the maximal difference in all metrics was measured (Dwell
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time: p < 2.0e—16,d = 0.95, 4 = —42.69%, fixation count:
p=6.75¢—14, d = 0.76, A = —35.13%, fixation duration:
p <2.0e-16, d =0.46, A = —17.05%). This shows that
these two attributes combined are very powerful in direct-
ing the reader’s attention.

There is only one combination of task attributes that does
not show significant differences in the dwell time and fixa-
tion count metrics: If an task is mentioned in a question,
there is no significant difference whether it is on the first
page or not. This means that concerning the reader’s atten-
tion the task (task being mentioned in the question) super-
sedes the position on the first screen.

6.2 Consequences for BPMN modeling

Based on the answers to our research questions, some mod-
eling guidelines can be derived, which help BPMN modelers
to design process models that are better and/or quicker to
understand. The following rules can complement any mod-
eling guidelines in use:

Use a horizontal layout Although there is only a negligi-
ble difference in the time required to understand a BPMN
model based on the layout direction, cognitive load met-
rics were considerably better for the horizontal layout.
As such, BPMN models should be arranged horizontally.
Maximize number of visible elements by using Snake or
Multiline Layouts If a horizontal layout gets too large to
fit on a single screen, break the layout visually in a snake
or multi-line layout. Although the mental effort for under-
standing such a model is not affected, the time required to
understand the model is significantly reduced.

Put important elements on first page If a model does not
fit on a single screen or page (e.g., because BPMN models
are auto-formatted or are printed on paper), consider that
readers are focusing tasks on the first page most. Thus, a
modeler should place important tasks on the first page.
Consider that model readers focus heavily on elements
of interest Consider that model readers are searching
for information they require (at least in our task-based
experiment). If you think that a piece of information is
important but not necessarily in-scope of a typical model
reader, guide the reader more prominently to this infor-
mation.

6.3 Limitations of study
Like every other empirical inquiry, the presented experi-
ment, its results and interpretation are subject to threats of

validity. Consequently, possible threats are discussed along
the classification of Cook and Campbell [10] in this section.
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6.3.1 Conclusion validity

Since the data does not follow a normal distribution, we used
the non-parametric Wilcoxon test. Although it is not as pow-
erful as parametric tests such as the t-test, it does not have
any assumptions on the data that could be violated. We only
used paired tests when appropriate, i.e., when comparing
data from the same subject on diagrams with different lay-
outs. Nonetheless, the sample size of 21 participants limits
the statistical power of our results.

By using the GQM approach and defining our goals,
research questions and metrics before conducting the experi-
ment, we prevented risking fishing for specific results. To
improve reliability of our results, we used eye tracking as an
objective, automated, easily reproducible way of measuring
metrics without any subjective bias. However, eye track-
ing data is subject to errors due to individual differences
between subjects, changes in lighting or positioning in front
of the laptop. We also encountered subjects that could not
be tracked properly with the eye tracker that we used in our
experiment. Other factors that can influence the results such
as task experience are difficult to control. To observe this
possible effect, we asked participants to rate their experience
with BPMN and UML Activity Diagrams. The ratings show
that participants mostly had an average prior knowledge of
BPMN and UML Activity Diagrams. Thus, prior knowledge
should only have a minor effect on the results.

There is no threat to the reliability of treatment imple-
mentation. By automatically guiding participants through
the experiment with a small software application, showing
them the experiment contents such as the task introduction
and diagrams in the exact same way, we provided a fully
standardized setup. No manual treatment was given. Addi-
tionally, the experiment took place in the same room for all
subjects without any noise or disruptions.

6.3.2 Internal validity

By using a within-group design in our experiment we
avoided threats caused by interactions with selection because
every participant was confronted with all considered lay-
out styles. Our experiment was not subject to any learning
effects since subjects could not take any knowledge from
answering one question to the next one. Besides, they were
not given any feedback on their test results. Compared dia-
grams directly followed one another. Therefore participants
had comparable experience when answering the respective
questions.

To ensure the quality and understandability of all dia-
grams and questions that were used in the experiment, we
performed a dry run with three professionals before the
actual execution. That way potential ambiguities or misun-
derstandings could be resolved beforehand.
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However, there might be a small bias because the subjects
volunteered to participate in the experiment. Volunteers are
usually more motivated than the whole population. Since
the participants were randomly assigned to the two groups
and there was no control and treatment group, this does not
have a major effect on the results. We counteracted ambigu-
ity about direction of causal influence by always comparing
the exact same diagrams (apart from task naming) and only
changing one controlled variable, i.e., the layout.

Diffusion of imitation of treatments, compensatory equal-
ization of treatments, compensatory rivalry and resentful
demoralization, as well as statistical regression do not apply
to our experiment because we did not have a control group
and did not classify the subjects based on previous stud-
ies. Three participants’ data could not be used because of
recording issues with the eye tracker. Since ability to being
eye tracked is not a factor in diagram understanding, this is
no threat to validity.

6.3.3 Construct validity

All layout options were clearly defined and the tested dia-
grams created accordingly. In order to prevent biases caused
by a specific process context and to minimize the time spent
on the tasks, we chose to use single letters as labels to keep
the diagrams simple and easy to understand. Hence, the
results might differ for larger, more complex models that
are more textual. Because we only used one diagram for
each layout variant, we have a mono-operation bias. This
decision was made to be able to validly compare the respec-
tive layouts.

To improve construct validity and counteract a mono-
method bias, we measured many different metrics and built
our results mostly on objective eye tracking measures,
instead of only taking subjective data into account. None of
the subjects knew about the research questions or hypotheses
prior to the experiment. All the subjective ratings were given
in a questionnaire at the very end of the experiment, so that
they did not influence any of the quantitative metrics on the
previously shown diagrams. However, since the diagrams
only differed in layout and size, subjects might have been
able to guess the study objective and thus the subjective
preference could bias the objective metrics.

We counteracted restricted generalizability across con-
structs by measuring different aspects of layout quality, i.e.
speed, cognitive load and subjective preference. That way
we could control whether the improvement of one attribute
might have a negative effect on another and vice versa.

To prevent a bias caused by certain prior expectations by
the experimenter, the whole experiment was guided by the
application software and without human interactions. The
only step where the experimenter interacted with subjects
was during the calibration of the eye tracker. Particularly,

all contents such as introduction, consent, questions and dia-
grams were displayed on screen. Therefore, they were the
same for all participants.

6.3.4 External validity

As with any experiment, this experiment had to establish a
controlled environment which differs from real-life projects.
These differences may or may not influence the generaliz-
ability of the results.

By selecting industry developers as subjects, we produced
a good level of realism. Nonetheless, the results might not
be generalizable for other roles that are also concerned with
modeling and reading BPMN diagrams, especially non-
technical roles.

The use of small task labels with only one letter was cho-
sen in order to isolate the effect of layout characteristics.
However, such diagrams do not resemble real diagrams.
Hence, the influence of label phrasing and label length might
be larger than the effects found in this experiment, which
poses a threat to generalizability. Further research should
be done on larger, more realistic BPMN diagrams including
textual labels. Besides, tasks that were displayed on the edge
of the screen, i.e., where the label was still readable without
scrolling, but parts were already initially hidden, were also
considered as initially visible. This might have an effect on
the mean dwell times for tasks that did not require scrolling.
This was only the case for one task in two diagram pairs. The
effect, therefore, is rather small.

The BPMN diagrams are compliant to the most basic
BPMN Level 1. Thus, they do not include more advanced
elements like boundary events or pools and lanes. These ele-
ments might influence the layout and aesthetics of different
layout directions. As such, our results might not be gener-
alizable to BPMN diagrams using more advanced BPMN
constructs.

Also the BPMN diagrams contained only a limited num-
ber of tasks and gateways. Especially with execution projects
larger diagrams might be more common, although there are
also modeling guidelines, which aim at restricting the size
of a diagram in terms of visible elements; for example, the
eCH modeling guidelines [5, p. 11] impose a “9—-15" activity
limit. Mendling et al. have identified thresholds for complex-
ity metrics, beyond which modeling errors are more likely
[35]. The same is likely be true for reading models, i.e., after
a certain model complexity is reached, comprehensibility
suffers. Our diagrams have probably not teared such thresh-
olds because our error rate is very low and nearly all ques-
tions were answered correctly. Thus, our findings might not
be generalizable to larger and/or more complex diagrams.

All diagrams were created with current tools and the dis-
play on screen is representative for what is used in practice
even if other possibilities are also common.
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6.4 Inferences

Based on answers obtained to our hypotheses we infer that
for reading BPMN diagrams on a screen, horizontal layout
is better comprehensible than a vertical layout, and diagrams
which require scrolling are less comprehensible than those
which do not. Moreover, we can infer that it is better to place
all elements on one screen with a more complex layout (e.g.,
snake or multi-line layouts) than require the model reader
to scroll. This is based on our findings that both more com-
plex layouts are being better understandable than horizontal
scrolling counterparts.

However, we do not generalize this to other media, espe-
cially tablets, which offer other means for scrolling and
different orientation of the visible area (computer screens
have a horizontal orientation, while paper and tablets can
be turned around easily); Turetken et al. have already shown
that understandability of paper was superior to on-screen
presentation in their experiment [59, 60].

We infer that our findings generalize to people familiar
with “box and arrows” diagrams for denoting processes and
other control-flows. We do not generalize this to people
without such experience. More research into how untrained
people perceive these diagrams is required to either general-
ize or explicitly demarcate the background of model readers.

Also supported by the findings of Petrusel et al. [42]
concerning task-based, relevant areas, we generalize that
elements being important for the task at hand—in our case
because they are mentioned in a question—are being looked
at more often and more frequently. Furthermore, we see no
reason why our findings with regard to the placement on the
first page or on a following page should not generalize to
other diagrams, model readers or models. This is also con-
sistent with results from the Web design domain. Fessenden
[16] found that Web users spend 57% of their time on the
initially visible screen area.

However, we expect differences with other modeling
notations. Jost et al. [24] have already compared BPMN,
UML Activity Diagrams and Event-driven Process Chains
for business processes of different complexity. They found
that depending on the complexity different notations were
more comprehensible than others. Due to prescribed mod-
eling directions (Event-driven Process Chains are standard-
ized to be laid out vertically) and different visual syntax,
especially sizes of their symbols and containers, results and
valid options may vary for different notations.

6.5 Lessons learned
Like with every activity, one gains experience. In order to
help other researchers avoid pitfalls, which we encountered

during this experiment, we share our experiences in this
section.
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— Always verify data correctness and validity manually
(at least for random data samples) before analyzing the
results and performing statistical tests. Statistical tools
provide nice visualizations of the data and some likely
errors can be spotted there. However, the data—espe-
cially when the measurements are potentially impre-
cise like eye tracking data—should be validated first.
Although eye movement tracking was closely supervised
by the experimenter during the conduction, we found
data that needed to be excluded or manually corrected
afterwards.

— Plan ahead the data analysis, concrete research questions
and metrics before designing the experiment material and
before executing the study. The use of GQM or other
approaches before setting up the experiment is a great
help. With the next experiment we would try to go a
step further and script the whole data analysis process
beforehand and test it with either dummy data or in a
pre-experiment.

— Plan for removing subjects when using eye tracking.
When conducting eye tracking experiments, it is very
likely to encounter subjects that cannot be properly
tracked. Thus, the initial sample size needs to be large
enough to compensate such cases. This is a problem
because of the effort required by eye tracking experi-
ments. Furthermore, experiment execution cannot be
parallelized (if only one eye tracker is available), which
adds to the required time for such research projects.

— Utilize your research team. Validate and review all mate-
rials and scripts. The more persons inspect the experi-
ment material, the more mistakes are spotted and the
more discussion is fostered, which in turn leads to new
ideas.

— Use the eye tracker as an incentive for tech-savvy par-
ticipants. At first we hoped that we will find enough
participants for our experiment. However, people were
interested in seeing an eye tracker in action that we had
not enough time for giving every volunteer a time-slot.

— Metrics indirectly measuring cognitive load may conflict
with each other. When looking at fixation duration, fixa-
tion count and pupil diameter, the different metrics vary
in their results and consequently possible interpretations.
In general, we found the pupil diameter only applicable
to whole diagrams while fixation count and fixation dura-
tion also gave differences when looking at diagram ele-
ment level. We suppose that the pupil diameter does not
change as quickly when hovering over different diagram
elements as required to spot differences in cognitive load.

— While Pupil Diameter is a metric that has been used as an
indirect indicator of cognitive load. However, it seems to
be a metric that cannot indicate quick changes. While all
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other metrics for different tasks showed significant differ-
ences, pupil diameter remained the same across all task
combinations. Perhaps the pupil diameter changes slowly
with the cognitive load and not as quick as the model
reader jumps between different objects in a diagram.

7 Conclusions and outlook
7.1 Possible future research

Based on the findings and open questions of the presented
experiment, there are possible follow ups for future research:
Regarding the layout, it is interesting to analyze whether
snake or multi-line layouts are better comprehensible. This
could not be answered by our experiment design and is
left for future research. Similar studies can also be made
for other layout variants, e.g., large vertical diagrams that
require scrolling or are laid out using snake or multi-line
layouts.

Current research work focuses on simple BPMN dia-
grams, which more or less are comprised of BPMN Level 1
elements. Including more complex branching mechanisms
in the layout of eye tracking studies, e.g., BPMN’s boundary
events, would extend the current state of knowledge. This
can be further extended by using more realistic labels in
order to quantify how large the effect of labels is in contrast
to layout orientation.

Another angle of differentiation would be the impact of
different layouts on different devices and media. Exploratory
analysis has shown that participants scrolled horizontally by
using the scroll bar and vertically by using the mouse wheel.
When using tablets, scrolling to both directions would be the
done by the same mechanism. The impact of this is currently
unknown. Only a study comparing on-screen and paper pro-
cess models was conducted, which found that paper is better
comprehensible [60].

Our findings can influence the field of automatic creation
of layouts for BPMN process diagrams as well. With the
findings of this experiment, the problem of how to honor
different page/screen sizes in automatic layouts emerges.
Such algorithms would need to switch to a snake or multi-
line layout if this allows to layout the whole diagram on one
page. This in turn means that layout algorithms need to be
aware of the available space on the target medium.

Replication studies with a more business-oriented popula-
tion can strengthen the generalizability of the results. Fur-
thermore, replication and thus a larger combined sample size
can also increase the confidence in the results.

There are other measures available to reduce the space
required by BPMN diagrams. For example, elements and

fonts can be made smaller. Experiments with different
“zoom levels” of diagrams could shed light on the useful-
ness of such modeling measures.

Because Mandarin-speaking people relate time more with
the y-axis [6], replication of this experiment with a Manda-
rin-speaking population can show whether this impacts the
findings or not—thereby either strengthening the generaliz-
ability or establishing boundaries for the results.

7.2 Conclusions

This article presented the results of an eye tracking experi-
ment for gaining insight into the effects of different BPMN
diagram layouts on understandability. The experiment was
conducted during a training event of a company and utilized
eye tracking data from 21 professional software developers.

Significant differences were found in the required cogni-
tive load, for which a horizontal layout scored better than a
vertical layout. If a BPMN model becomes too large, more
complex layouts—Ilike snake and multi-line layouts—reduce
the time required for giving answers to a model compared
to a large model that requires extensive horizontal scrolling.
Furthermore, BPMN elements are read more intensively if
they are necessary for the task at hand and they are read
more often if they are placed on the first screen.

Thus, models should be laid out left-to-right if possi-
ble—which also makes most use of computer screen estate
for most BPMN diagrams—and switch to a snake or multi-
line layout if the process models get too large to fit on one
screen in order to utilize the whole screen until moving to a
scrollable diagram. However, with diagrams that are com-
paratively small we surprisingly found no differences in the
understandability of diagrams when they need to be scrolled
in one direction but would not require scrolling when laid
out differently.

We also found inconsistencies in the cognitive load met-
rics. Those metrics did not result in consistent findings. For
example, pupil diameter seems to be a better indicator for a
whole diagram than for single diagram elements.

This work adds further knowledge of empirical inquiries
to the existing body of knowledge concerned with BPMN
layout and its implications for comprehensibility.

Operational hypothesis

RQ1:Is a“horizontal” or a “vertical” layout (both
without scrolling) of BPMN diagrams better
understandable?

[ROI-AT

o : The answer time for questions is the same.
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H le_AT: The answer time for questions is shorter for the

horizontal layout.

H(Ile_E: The number of errors made while answering the
questions is the same.

Hle_E: The number of errors made while answering the
questions is lower for the horizontal layout.

HR'"TE: The task efficiency of both layouts is the same.

H%QI'TE: The task efficiency for the horizontal layout is
higher.

HX2'"P: The subjective layout preference is the same.

HiQI_P: The horizontal layout is preferred better.
H%QI_FC: The fixation count is the same on both layouts.
H| Q1=FC. The fixation count for the horizontal layout is

less.
RQI1—FD . . L
H, . The fixation duration is the same on both
layouts.
RQI1-FD,
H| :
is shorter.
gRQI-PD.

H?QQI—PD

The fixation duration for the horizontal layout

The pupil diameter is the same on both layouts.
: The pupil diameter for the horizontal layout is
smaller.

RQ2: Is a“horizontal” or a “vertical layout
with scrolling” better understandable?

H(If Q2=AT. The answer time for questions is the same.

HfQZ_AT: The answer time for questions for the horizontal
layout is shorter.

HgQZ_E: The number of errors made while answering the
questions is the same.

Hle_E: The number of errors made while answering the

questions is lower for the horizontal layout.
HQQZ_TE: The task efficiency for both layouts is the same.
H) 91=TE. The task efficiency for the horizontal layout is

higher.
RQ2-FC

%
02-FC
H,
less.
RQ2—FD
H,
layouts.
RQ2—FD
H,
is shorter.
gRQ2-PD

H?QQZ—PD

: The fixation count is the same on both layouts.
: The fixation count for the horizontal layout is

: The fixation duration is the same on both
: The fixation duration for the horizontal layout

: The pupil diameter is the same on both layouts.
: The pupil diameter for the horizontal layout is
smaller.

RQ3:Is a“vertical” or a“horizontal layout
with scrolling” better understandable?

gRO3-AT.

o : The answer time for questions is the same.
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H fQ3_AT: The answer time for questions is shorter for the

vertical layout.
H(Ile_E: The number of errors made while answering the
questions is the same.
HfQ3_E: The number of errors made while answering the
questions is lower for the vertical layout.
HR'"TE. The task efficiency for both layouts is the same.
H%Q3'TE: The task efficiency for the vertical layout is
higher.
HRPFC. The fixation count is the same on both layouts.
HiQ3_FC: The fixation count for the vertical layout is less.
H, @3-FD. The fixation duration is the same on both

layouts.
RQ3-FD,
H) :
shorter.
RQ3-PD.

H?eQ3—PD

The fixation duration for the vertical layout is

The pupil diameter is the same on both layouts.
: The pupil diameter for the vertical layout is
smaller.

RQ4: Is a horizontal snake layout better
understandable than a horizontal layout
with scrolling?

HR9*T. The answer time for questions is the same.
HfQ4_AT: The answer time for questions is shorter for the
horizontal layout.
H(If 24-E The number of errors made while answering the
questions is the same.
Hle_E: The number of errors made while answering the
questions is lower for the horizontal snake layout.
HRO*TE: The task efficiency for both layouts is the same.
H%QI_TE: The task efficiency for the horizontal snake lay-
out is higher.
HR9*FC. The fixation count is the same on both layouts.
H%Q4_Fc: The fixation count for the horizontal snake lay-

out is less.
RQA—FD |
H, :
layouts.
RQ4—FD,
H| :

The fixation duration is the same on both

The fixation duration for the horizontal snake
layout is shorter.
H(II;Q4_PD: The pupil diameter is the same on both layouts.
H| Q4D The pupil diameter for the horizontal snake
layout is smaller.

RQ5: Is a horizontal multi-line layout better
understandable than a horizontal layout
with scrolling?

HgQS_AT: The answer time for questions is the same.
HfQS_AT: The answer time for questions is shorter for the
horizontal multi-line layout.
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: The number of errors made while answering the
questions is the same.
Hle_E: The number of errors made while answering the
questions is lower for the horizontal multi-line layout.
HROTE. The task efficiency for both layouts is the same.
H%QI_TE: The task efficiency for the horizontal multi-line
layout is higher.
HQQS_FC: The fixation count is the same on both layouts.
H| Q3-FC. The fixation count for the horizontal multi-line

layout is less.
RQ5-FD,
H, :

RQ5-E
H,

The fixation duration is the same on both
layouts.
RQ5-FD, . . . .
H, : The fixation duration for the horizontal multi-
line layout is shorter.
HQQS'PD: The pupil diameter is the same on both layouts.
H, Q3-PD. The pupil diameter for the horizontal multi-line

layout is smaller.

RQ6: Are tasks that are located
outside of the initially visible area read less?

Hg Q6=DT. The dwell time for all questions is the same.
HR™PT: The dwell time of initially visible tasks is

higher.
RQ6-FC

: The fixation count is the same for all tasks.
H9€Q6—FC
1

: The fixation count of initially visible tasks is

higher.
JyRQ6-FD

: The fixation duration is the same for all tasks.
H9<Q6—FD
1

: The fixation duration of initially visible tasks

is higher.
RQ6~PD

: The pupil diameter is the same for all tasks.
H?eQ6—PD
1

: The pupil diameter of initially visible tasks is
higher.

RQ7: Are tasks read selectively based on the job
of the model reader?

HR9"PT. The dwell time for all questions is the same.
HfQLDT: The dwell time of tasks mentioned in questions
is higher.
HR?~FC. The fixation count is the same for all tasks.
%o7—
H| Q7-FC. The fixation count of tasks mentioned in ques-
tions is higher.
H(II;Q7_FD: The fixation duration is the same for all tasks.
H| Q7=FD. The fixation duration of tasks mentioned in
questions is higher.
HROT=P: The pupil diameter is the same for all tasks.
H%QLPD: The pupil diameter of tasks mentioned in ques-

tions is higher.
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