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Abstract

In order to perform daily maintenance and repair tasks in complex
electrical and mechanical systems, technicians commonly utilize a
large number of diagrams and documents detailing system proper-
ties in both electronic and print formats. In electronic document
views, users typically are only provided with traditional pan and
zoom features; however, recent advances in information visualiza-
tion and illustrative rendering styles should allow users to analyze
documents in a more timely and accurate fashion. In this paper,
we evaluate the effectiveness of rendering techniques focusing on
methods of document/diagram highlighting, distortion, and naviga-
tion while preserving contextual information between related dia-
grams. We utilize our previously developed interactive visualiza-
tion system (SDViz) for technical diagrams for a series of quanti-
tative studies and an in-field evaluation of the system in terms of
usability and usefulness. In the quantitative studies, subjects per-
form small tasks that are similar to actual maintenance work while
using tools provided by our system. First, the effects of highlight-
ing within a diagram and between multiple diagrams are evaluated.
Second, we analyze the value of preserving highlighting as well as
spatial information when switching between related diagrams, and
then we present the effectiveness of distortion within a diagram. Fi-
nally, we discuss a field study of the system and report the results
of our findings.

CR Categories: I.3.6 [Computer Graphics]: Methodology and
Techniques—Interaction techniques;

Keywords: Effectiveness in interactive diagram visualization,
context preservation, human factors in maintenance work

1 Introduction

Effective visualization, regardless of the domain, is required to pro-
vide users with a better understanding of their data [Ware 2004;
Johnson and Hansen 2004]. In particular, visualization modalities
for 2D technical documents, such as schematic and wiring dia-
grams, need to be carefully designed as they can significantly af-
fect maintenance tasks in terms of troubleshooting time and accu-
racy. Typical tasks in maintenance work include finding compo-
nents and tracing circuit paths. Technicians begin with a broken
component and hypothesize which connections may be contribut-
ing to the fault. Next, technicians often need to find a component
in a schematic diagram, search through the manual for the related
wiring diagram, and then trace paths through the wiring diagram,
while maintaining contextual information. To facilitate these tasks,

technicians often print many diagrams and highlight and annotate
them as they perform their analysis. Many of these diagrams con-
tain multi-page spreads of complex wiring diagrams. As such, trac-
ing paths from page-to-page and in-and-out of components can be
tedious. Furthermore, the number of diagrams needed can be cum-
bersome and maintaining contextual information when switching
between related diagrams is difficult.

Meanwhile, over the last decade, as technical documents have
grown in size, manufacturers have begun transferring them from
the printed page to electronic files (e.g., cgm, pdf, and raster image).
Unfortunately, given that many of these manuals consist of multi-
page fold-out diagrams, scrolling through pdfs and trying to main-
tain context amongst various components is cumbersome, leading
many technicians to still print documents. As such, the develop-
ment of effective visualization techniques and systems for technical
diagrams is critical for improving daily maintenance tasks.

Previous work has analyzed how technicians interact with techni-
cal diagrams, providing insight into necessary design parameters
needed in the creation of such systems. Of key importance, Barnard
et al. [2006] and Barnard and Reiss [2006] noted that technicians
utilize technical documents in different manners, developing their
own mental models while interacting with systems. Thus, in a visu-
alization system for technical documents, the system design needs
to be based on human perception and cognition in order to en-
hance the system’s effectiveness and practical relevance. Ware et
al. [2004] mentioned the pivotal role of human perception in the
determination of what visualization techniques (e.g., color, texture,
and moving pattern) should be utilized to maximize the user per-
formance of tasks when interacting with a system. Moreover, there
have been studies [Reuter et al. 1990; Healey 2001] to answer the
question about what makes an effective visualization in terms of
human perception.

In light of these issues, our previous work [Woo et al. 2009]
presented an interactive visualization system for technical dia-
grams (SDViz). SDViz was designed to help users explore tech-
nical diagrams interactively and incorporated many traditional di-
agram visualization techniques (e.g., highlighting, animation, con-
text views). In this work, we utilize the SDViz system to quantita-
tively evaluate the effectiveness of a set of visualization techniques
for technical diagrams in the maintenance domain. For this evalua-
tion, we first developed a troubleshooting scenario based on cogni-
tive analysis of a routine tabletop maintenance exercise conducted
by experienced technicians to simulate a real world problem. This
troubleshooting scenario was broken into several key tasks primar-
ily focusing on component identification. A quantitative evaluation
was performed utilizing a specific visualization tool for each task.
Subjects performed these given tasks after training with SDViz and
we recorded their interaction (mouse movements, clicks and task
completion time). Analysis of variance testing was performed on
data collected from each task to determine the significance in terms
of mean time and accuracy of task completion. Additionally, a field
evaluation was performed using senior students in Aviation Tech-
nology at Purdue University. They evaluated various tools provided
by our system in terms of usability and usefulness.
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In this article, we describe the effectiveness of context-preserving
visualization for technical diagrams while analyzing and presenting
the results from our evaluation study. Lessons learned from our
study are summarized as follows:

• Lesson 1: Highlighting preservation among related diagrams
enhances the contextual information resulting in a significant
performance increase in both task completion time and accu-
racy.

• Lesson 2: Preserving spatial information when switching be-
tween diagrams enables users to quickly find the same compo-
nent in the diagrams while achieving significant improvement
in performance time.

• Lesson 3: Context-preserving visualization shows a signifi-
cant difference in terms of time and accuracy.

This paper is organized as follows: first, we overview our system
(SDViz) briefly. Then, we introduce our user study design explain-
ing the data we used, the subjects who participated in our evaluation
study, and the overall procedure of our evaluation study. Next, we
examine how highlighting and spatial information as contextual in-
formation are able to help users perform tasks when they work with
one or more technical diagrams. Then, we investigate the value of
contextual information preserved during distortion of a diagram and
transition between diagrams. Finally, we present an additional field
study conducted by senior students in the school of Aviation Tech-
nology who have experience in simulated and/or real troubleshoot-
ing using technical diagrams.

2 SDViz: A Context-preserving interactive vi-
sualization system for Technical diagrams

In our previous work [Woo et al. 2009], we developed a technical
diagram visualization system, which provides maintenance person-
nel with tools to explore technical diagrams and aid in diagnosing
faults while traversing multiple diagrams. Moreover, contextual in-
formation such as highlighting, working status, switch status, and
spatial information is preserved between related diagrams. In addi-
tion, our system provides various visualization techniques, such as
component searching within and across diagrams, connection trac-
ing, distortion viewing, and flow animation. In this section, we
briefly explain the main functionalities of SDViz used for our eval-
uation study. For further details, please see [Woo et al. 2009].

2.1 Highlighting

Highlighting immediately draws users’ attention by using visual ef-
fects resulting in emphasizing the information relevant to the users’
task. In our system, highlighting using color and marks is preserved
in all related diagrams as contextual information. We highlight a fo-
cused component, neighbor components directly connected to the
focused component, and connections between highlighted compo-
nents in various colors indicating the status of a component. For
all highlighting, the relationship between components is generated
from the connection information. The highlighting of each compo-
nent is blended with that of a parent component. Unlike compo-
nents, we interpolate colors of the end points of each connection to
present a directional cue, such as a source or a sink. Our system
also uses special marks to denote whether a switch is on/off and
whether a component is working/not-working in order to provide
a symbolic abstraction when performing maintenance tasks across
multiple diagrams. One mark presents the working status of a com-
ponent together with highlighting by color. The other shows the
on/off status of a switch component. The purpose of this highlight-
ing is to provide tools to annotate users’ analysis, as well as to show

potential candidates that should be checked, while still maintaining
these annotations during diagram switching.

2.2 Distortion Viewing

Distortion viewing is one of the most common methods for fo-
cus+context visualization. Carpendale et al. [2004] introduced dis-
tortion methods based on a fisheye lens to achieve higher magni-
fication without eliminating any of context. However, distortion
viewing for technical diagram visualization is one of the least pre-
ferred techniques by maintenance personnel because it changes the
structural view of components within technical diagrams. Distorted
diagrams can hinder a technician’s ability to seamlessly transition
between printed and visualized diagrams. Despite this limitation,
a few distortion techniques that maintain the structural view of di-
agrams, such as magic lens and rectangular fisheye lens, can be
effective for the visualization of relatively large diagrams and can
enhance a user’s area of interest within the context of a diagram.

In our system, the magic lens [Bier et al. 1993] uses a fixed-
size magnifying area occluding neighboring regions, whereas the
rectangular fisheye lens [Rauschenbach 1999; Rauschenbach et al.
2001] contracts the neighboring regions around a user-defined area.
This lens allows large diagrams to be displayed while providing
unoccluded, adjacent, contextual information.

2.3 Navigation

For navigating diagrams, we provide both single diagram navi-
gation and inter-diagram navigation methods for exploring tech-
nical diagrams. In single diagram navigation, our system uses
the component-to-component or component-to-connection rela-
tionships to navigate within a single diagram. Our system also
allows users to center any of the connected components by se-
lecting the component’s name. The quick identification of special
components, such as circuit breakers, is done through an interac-
tive search feature. In inter-diagram navigation, our system allows
users to navigate to related diagrams, without explicitly searching
for these relationships, while preserving the contextual information
and maintaining user focus while switching between diagrams. Our
system also provides transition by blending two diagrams such that
it shows the part of a related diagram within the view of the current
diagram. While diagrams are blended, the highlighting as well as
spatial context of a focused component are preserved to provide a
user with consistent contextual information.

3 Evaluation Study Design

Using the previously described SDViz system, the goal of this work
is to evaluate the effectiveness of various visualization techniques
in terms of their ability to enhance user tasks in searching and an-
alyzing technical diagrams. In this section, we describe the de-
sign of our experiments in order to evaluate the effectiveness of our
context-preserving methods for technical diagrams using SDViz.

3.1 Background

There has been much research (e.g., [Laskowski and Plaisant 2005;
Scholtz 2006; Plaisant et al. 2008a; Plaisant et al. 2008b; Greenberg
and Buxton 2008]) into the proper methods of evaluating the effi-
ciency, effectiveness and user satisfaction of visualization systems.
Ferwerda et al. [2002] suggested that visualization can be evalu-
ated based on the following criteria: i) the degree of simplicity that
the visualization can provide to the users to understand and com-
plete their tasks; ii) whether the visualization follows simple rules
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of perception and design; iii) how realistic the visualization resem-
bles the real-world objects; and iv) whether the visualization allows
users to uncover something new in a dataset. Lakowski and Plais-
sant [2005] split the evaluation of visualization systems into three
levels: the component, system, and work levels. The evaluation
of the effectiveness of visualization is difficult due to the complex
multi-disciplinary nature of visualization. However, recent discus-
sion in the HCI community [Greenberg and Buxton 2008] suggests
the removal of benchmark tasks in favor of qualitative insight tasks.
Moreover, controlled experiments on benchmark tasks have fun-
damental problems as described in North [2006]. One of the ma-
jor problems is that the benchmark questions must have definitive
answers, leaving little room for deep insight, and answer correct-
ness is treated as Boolean leaving little room for qualitative insight.
Based on previous research into visualization system analysis, our
work presents a set of quantitative tasks and a field study scenario.

3.2 Task Design

For our empirical user study, the effectiveness is defined as the mea-
sure of a technique’s ability to enhance the user’s understanding of
technical data and to reduce task completion time by maintaining
and enhancing contextual information between related schematic
and wiring diagrams. At the work environment level, evaluation
includes issues on how our system influences productivity, encour-
ages collaborations amongst users, and promotes excitement in data
exploration. Scholtz et al. [2006] presented evaluation aspects that
should be considered as metrics and methodologies to assess visual
analytics environment developed. Plaisant et al. [2008a] introduced
the results from information visualization contests for 2003 through
2005, where a variety of visualization methods were used to ana-
lyze a given task, in order to propose methodologies to evaluate the
effectiveness of various visualization techniques. Greenberg and
Buxton [2008] described the importance of the choice of appropri-
ate evaluation methodology in terms of usability evaluation while
mentioning how harmful if it is applied incorrectly.

As our system is designed for users who already have technical di-
agram analysis skills, we limit our subject pool to only users who
had taken undergraduate level circuit courses for the quantitative
study, and users within Purdue University’s Aviation Technology
courses for the field study. Finding a component in a diagram, as
well as identifying the relationship of components between related
diagrams, is fundamental to mechanical training and maintenance
tasks. We ask subjects to find a specific component in a schematic
or wiring diagram, and they perform repeated trials for each task.
Task-oriented performance metrics such as the speed, accuracy and
completeness with which users perform assigned tasks are some
of the adopted measurements. Psychophysical measures, such as
speed, accuracy and preference, are recorded to allow investigations
on perceptual importance and meaning of these input conditions.
Quantitative measurements in our experiments include both user’s
response time and the number of operations (e.g., mouse clicks).
Analysis of variance is used to test whether differences between
conditions are significant. Task designs were developed using in-
formation from the cognitive design principles identified by Heiser
et al. [2003; 2004] and Agrawala et al. [2003].

Our quantitative evaluation study is comprised of three task simu-
lations in order to evaluate the effectiveness of the following visu-
alization methods:

Task 1 Highlighting components and links in schematic diagrams.

Task 2 Maintaining contextual information through highlighting
and spatial information.

Task 3 Distortion viewing providing contextual information.

Along with our quantitative benchmark tasks, we also worked with
faculty within Purdue University’s School of Aviation Technology
to develop an advanced troubleshooting scenario in which mainte-
nance students would utilize conventional manuals alongside our
SDViz tool in a field study for evaluation. Our study here is based
upon the concept of using expert reviews (e.g., [Gabbard et al. 1999;
Jackson et al. 2003; Tory and Möller 2005]) for system evaluation.

3.3 Data

We used schematic and wiring diagrams for the Window Heat Sys-
tem from a Boeing 737 aircraft in our evaluation study. For train-
ing within our system we used the Warning Electronics Unit Power
Supply diagrams from the Boeing 757 aircraft, which have similar
complexity to that of the diagrams used in the actual evaluation in
terms of the structure of components and links.

3.4 Subjects

Fifty nine subjects (fifty two males and seven females) participated
in our user study. Among them, forty nine subjects who participated
in our quantitative studies were familiar with using wiring diagrams
from introductory circuit courses taken previously, but they had no
experience using schematic or wiring diagrams of aircraft. These
subjects were used in the quantitative task analysis. The others (ten
males) who participated in a field study were senior students in the
school of Aviation Technology at Purdue University. All of them
were experienced in the simulated troubleshooting of aircrafts us-
ing schematic and wiring diagrams. All subjects are classified into
separate groups for each task (except for Task 2 in the quantitative
study which had four groups): Group 1 (experimental group) and
2 (control group). For our field study, the students in Group 1 (ex-
perimental group) used the SDViz tool, and the other in Group 2
(control group) utilized only a PDF viewer.

3.5 Procedure

Prior to the actual experiment, subjects completed a training ses-
sion to familiarize themselves with the system’s functionality. Sub-
jects who did not possess rudimentary efficiency in using schemat-
ics could not participate in the full experiment. During the train-
ing, subjects asked questions and received guidance in the use of
the system. Once the training was completed, subjects were given
a pre-test to determine their ability to use the SDViz system. Sub-
jects who did not pass the pre-test had time for re-training until they
were satisfied with their training and were given the pre-test again.
No subjects failed after the re-training exercise was completed.
Subjects who passed the pre-test performed the actual experiments
through repeated trials and tasks randomized using a magic square
method [Farrar 1996]. Time measurements were also recorded for a
quantitative metric in this evaluation, and data collected from each
task was subjected to an analysis of variance testing to determine if
the mean time and accuracy of task completion were significantly
different between the groups. Finally, a series of exit questions were
given to participants using the SDViz tool as post-questionnaires for
feedback.

4 Case Studies

In Tasks 1 and 2, we evaluated how highlighting and spatial infor-
mation for technical diagrams can help users find information. In
Task 3, we evaluated distortion methods for technical diagram nav-
igation. Each task includes several repeated subtask trials.
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Figure 1: Task 1: finding a power source connected to a specific component (with a label highlighted in red) for Group 1 (left) and 2 (right).
Subjects in Group 1 see highlighted components and links connected from the specific component with an initial highlighted label. As a result,
they easily perceive that the leftmost component on the link is a power source. Subjects in Group 2 need to read a diagram or follow links to
find a power source connected to an initial highlighted component.

4.1 Task 1

Task 1 focused on the effectiveness of highlighting within a dia-
gram. The scenario and groups of subjects were as follows.

Scenario: This task begins with a circuit component highlighted
and requires subjects to locate the 115V AC power source con-
nected to the component initially highlighted. When the subjects
find the power source, they need to double click the power source
component indicating that the subtask trial is completed. Subjects
perform three trials in which the power source is located in different
portions of the diagram. The time to find the component, as well
as the number of mouse clicks for each trial are recorded and used
for analysis. Our hypothesis for Task 1 is that highlighting will im-
prove a user’s ability to find a component within a diagram. Note
that all interconnected components are highlighted for the subjects
and they are still then required to trace the path and determine which
component is the power source. Our highlighting method does not
simply provide users with the answer. See Figure 1 (left) to see the
highlighted example and Figure 1 (right) to see the control example.

Groups: Subjects in Group 1 (experimental group) see the path
to power sources through the connected components highlighted
automatically, while subjects in Group 2 (control group) physically
trace the connections from the component to the power sources.
Figure 1 shows screen shots for each group in Task 1.

Results and Discussion: Figure 2 shows the results for Task 1.
We find that subjects using the highlighting technique were sig-
nificantly faster (p-value = 0.0118) and more accurate (p-value =
0.0335) than subjects who did not. The mean time for subjects
using our highlighting techniques was 41.0 seconds and the mean
time for subjects who had no highlighting options available was
78.8 seconds. In terms of accuracy, only one subject in Group 1
had a wrong answer for one trial amongst the three subtask trials
(96.6% mean accuracy), whereas five subjects in Group 2 answered
incorrectly for two subtask trials (81.4% mean accuracy).

4.2 Task 2

Task 2 evaluated the value of using highlighting to maintain spatial
information between related diagrams. Our hypothesis is that by
maintaining both highlighting and spatial information when navi-
gating between diagrams, subjects will be faster and more accurate

Figure 2: Task 1 Completion time (left) and accuracy (right). Error
bars represent standard error on each side of the mean.

at identifying components.

Scenario: This task starts with a circuit component highlighted in
the schematic diagram and asks subjects to open the related wiring
diagram to find a specified pin connection. When the subjects find
the pin, they need to double click it denoting that this trial is com-
pleted. During three trials, timing and subjects’ mouse clicks are
recorded and used for analysis.

Groups: For Task 2, we classify subjects into Groups 1, 2, 3 and
4 because we are evaluating the combination of two techniques
(i.e., preservation of highlighting and spatial information) simul-
taneously. Subjects in Group 1 use highlighting preserved between
related diagrams, subjects in Group 2 use highlighting and spatial
information, subjects in Group 3 use no contextual information, and
subjects in Group 4 use spatial information maintained. Figure 3
shows screen shots for each group in Task 2.

Results and Discussion: The results for Task 2 are shown in Fig-
ure 4 in terms of mean time and accuracy to complete subtasks re-
spectively. Figure 4 shows that there is significant difference among
the four groups in terms of speed of task completion. The ANOVA
tables show p-value = 0.0448 and p-value = 0.2611 for time and
accuracy respectively.

Here, we can see that Groups 3 and 4 are significantly slower (mean
time = 54.3 seconds) at task completion than Group 1 and 2 (mean
time = 23.3 seconds). Further, the statistical significance between
Group 1 and 2, and Groups 3 and 4 is near the 5% level. This indi-
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Figure 3: Task 2: finding a pin number on a specific wire for Group 1 (top-left), 2 (top-right), 3 (bottom-left) and 4 (bottom-right). Images
show initial views of a wiring diagram after moving from a schematic diagram for each group. In each image, a dotted red box indicates
the position of a circuit component initially highlighted in a schematic diagram. Hence, two images in the right column provide spatial
information preserved. While finding an answer, Group 1 uses a highlighted component in a wiring diagram as contextual information
maintained, Group 2 uses highlighting as well as position maintained between schematic and wiring diagrams, subjects in Group 3 do not
have any contextual information when they move to wiring diagram, and finally Group 4 uses only spatially maintained position information.

cates that the use of highlighting actually plays the primary role in
guiding a user’s focus, and the enhanced spatial relationships built
into the diagram transition appears to go unnoticed by the users
when a target component (in this case, a component with a spe-
cific pin connection) is displayed within the current view. As such,
we can infer that spatial cues may be very dependent on whether
the information that users want to find is displayed within an initial
view when users switch from a schematic diagram to related wiring
diagram and vice versa. From Figure 4, we see there is no dif-
ference between Group 1 (highlighting) and 2 (highlighting + spa-
tial information) because subjects in Group 2 preferred to use the
highlighting before perceiving maintained spatial information. For
Group 3 (nothing) and 4 (spatial information), subjects in Group 4
preferred to search the entire diagram using mouse interactions and
often failed to notice the spatial cue. It is possible that the resolu-
tion of the diagrams used for Task 2 was too small to determine the
usefulness of maintained spatial information between related dia-
grams. To summarize, we conclude that when navigating between
related diagrams, highlighting related components provides users
with a significant cue.

4.3 Task 3

Task 3 focused on evaluating the effects of distortion within techni-
cal diagrams when using the rectangular fisheye lens compared to

Figure 4: Task 2 Completion time (left) and accuracy (right). Error
bars represent standard error on each side of the mean.

the magic lens method.

Scenario: Task 3 begins with a large wiring diagram opened and
zoomed out such that subjects cannot read the words on the di-
agram. The component of interest is highlighted. Subjects are
asked to find a specific pin number connected to the highlighted
component in the given diagram without using a zoom-in method.
Subjects use either a rectangular fisheye lens or a magic lens view.
When subjects find the pin, they double click it indicating that a
trial is completed. During three trials, timing and subjects’ mouse
clicks are recorded and used for analysis.

Groups: Subjects in Group 1 (experimental group) begin the task
with a wiring diagram and are asked to use rectangular fisheye lens
in the diagram to find the desired information. The rectangular
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Figure 5: Task 3: finding a pin by using the rectangular fisheye lens (left) and the magic lens (right). Subjects in Group 1 using fisheye lens
(red rectangle in the left image) see contents magnified within the lens without occluding adjacent regions while maintaining overall context
of a diagram, whereas subjects in Group 2 using magic lens (red rectangle in the right image) lose context occluded by the lens.

fisheye lens provides subjects with a magnified area of interest to-
gether with unoccluded neighbor context. While, subjects in Group
2 (control group) use the magic lens with occlusion of adjacent ar-
eas. Figure 5 shows screen shots for each group in Task 3.

Results and Discussion: The results for Task 3 show that the per-
formance between a rectangular fisheye lens and a magic lens is
not significantly different in terms of mean time to complete sub-
tasks (p-value = 0.3166). However, there is significance in terms
of accuracy (p-value = 0.013). Figure 6 shows that mean time and
accuracy for two groups. Two subjects in Group 1 answered wrong
for one or two trials amongst three trials resulting in 80% mean
accuracy, whereas all subjects in Group 2 answered incorrectly for
one to three subtask trials resulting in 20% mean accuracy.

Our hypothesis for Task 3 is that distortion viewing of a large di-
agram on a small screen (such that the entire diagram is displayed
but only a region of interest is viewed in a readable resolution) helps
users navigate the diagram. In particular, unlike a magic lens, a
fisheye lens enables users to see more contextual information while
preserving the views of adjacent regions. The results from this
quantitative study show that our method using the fisheye lens is
significantly different in terms of task correctness. Accordingly,
we conclude the following from our analysis: To find a component
in a diagram, distortion viewing preserving adjacent regions such
as rectangular fisheye lens can provide significant cues and enable
more accurate component identification.

5 Field Evaluation

Additionally, a field study was conducted with 10 senior students
from the school of Aviation Technology at Purdue University to
evaluate the value of our visualization techniques in diagnosing a
problem with a Boeing 737 aircraft. We reused the scenario per-
formed in the tabletop exercise. No students in the field study par-
ticipated in the tabletop exercise phase, nor had they previously per-
formed this task in their class.

Scenario: This study supposes the malfunctioning of a window
heater in a Boeing 737 aircraft. Voltage is not indicated when
the left side window control switch has been turned on. The sub-
jects were asked to troubleshoot this problem using relevant main-
tenance, schematic, and wiring diagram manuals. When measure-
ments were needed, they were provided with appropriate guidance.

Figure 6: Task 3 Completion time (left) and accuracy (right). Error
bars represent standard error on each side of the mean.

Groups: Subjects were classified into two groups; Group 1 (7 sub-
jects) used the full functionalities of our system to perform the diag-
nosis after watching tutorial videos as well as self-training with the
use of our system, whereas Group 2 (3 subjects) used a PDF viewer
to see the diagrams related to the diagnosis. After completion of the
task, subjects in Group 1 were given a post-questionnaire to collect
feedback on the usability (i.e., the characteristic of being easy to
use) and usefulness (i.e., the extent to which the software actually
helps to solve user’s real, practical problems) of each functionality
of our system.

Usability and usefulness were measured using a Likert scale [Likert
1932]. Usability was ranked from “Very easy” to “Difficult”, and
usefulness was ranked from “Very useful” to “Not useful”. Figure 7
shows the results. The horizontal axis lists each function of our
system, and the vertical axis represents the number of subjects who
answered each question in a post-questionnaire.

Usability: Figure 7 (left) shows the usability result for key func-
tions of our system. Over 5 out of 7 subjects who used our system
for the troubleshooting answered that our tools were “Very easy”
or “Easy” to use (bluish bars in the graphs of Figure 7). Positively,
the component highlighting, working status, magic lens, and flow
animation were seen as “Very easy” or “Easy” to use for all sub-
jects. For the transition by blending, two subjects answered it was
“Not easy” and another two subjects answered “No opinion” be-
cause they were not familiar with such an interface in their field
(Aviation Technology). However, they also agreed that it was cer-
tainly efficient to keep their focus by preserving contextual infor-
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Figure 7: Usability (left) and usefulness (right) for each function as evaluated 7 aviation technology students.

mation in their feedback.

Usefulness: Figure 7 (right) shows the usefulness result for each
feature of our system. All subjects who used our system for the
troubleshooting agreed that the highlighting of related features was
very useful (i.e., highlighting component and highlighting links),
ranking the tools as “Very useful” or “Useful”. Additionally, 6 out
of 7 subjects answered “Very useful” or “Useful” for the working
status and maintaining the highlighting between related diagrams.
Furthermore, some of them proposed that it would be more effective
to highlight more than one component or one link at a time as well
as to turn it off. As we mentioned in Section 2.2, using the magic
lens and the fisheye lens were not preferred by subjects as shown in
Figure 7 (reddish bars in a graph).

Although the purpose of the field evaluation was to collect feed-
back, we also observed the troubleshooting time to complete the
scenario for both groups. Subjects in Group 1 using our system
took 9∼15 minutes to troubleshoot, whereas subjects in Group 2
who used a pdf viewer took 17∼32 minutes to troubleshoot the
component, spending most of their time in finding related diagrams
between various manuals. Our system contributed to decreasing the
task time by 46∼52%.

6 General Results and Conclusion

In this work, to evaluate the effectiveness of our visualization tech-
niques for technical diagrams, we applied various visualization
techniques (e.g., highlighting, spatial information by locating of
a 2D viewpoint, and distortion viewing) while preserving contex-
tual information for navigation of technical diagrams. Our evalua-
tion consisted of the quantitative and field studies containing sev-
eral scenarios, which can be occurred in real troubleshooting pro-
cedures. Further, it was focusing on assessing how the techniques
help technicians understand the diagrams as well as find the desired
information from them effectively and economically.

Based on the quantitative data recorded during the evaluation stud-
ies by 49 subjects, their feedback and additional 10 aviation tech-
nology students’ field study (total 59 subjects), we analyzed our vi-
sualization techniques’ effectiveness. From both quantitative analy-
sis and field study questionnaires, we believe that highlighting com-
ponents and wire connections within a diagram (Task 1) provides
users with significant cues aiding in information retrieval. Main-
taining contextual information such as highlighting (Task 2) be-
tween related diagrams shows a considerable difference although
it is not significant. For maintaining spatial information such as the
location on the screen of a selected component, we do not see a
significant difference in the analysis results. However, we can con-

Table 1: Summary of the results for our quantitative study
Task Time Accuracy

1 significant (p = 0.0118) significant (p = 0.0335)
2 significant (p = 0.0448) not significant
3 not significant significant (p-value = 0.013)

Table 2: Summary of the results for our field study
Tool Usability Usefulness

Highlighting 100% 100%
Switch on/off 85% 71%

Working status 100% 85%
Magic lens 100% 71%

Fisheye lens 85% 57%
Finding power sources 71% 71%

Moving to the related diagram 71% 100%
Transition by blending 42% 57%

Flow animation 100% 100%
Maintaining the highlighting - 85%

Maintaining the spatial information - 71%

clude that maintaining such spatial cues will play an important role
in cases when users need to switch diagrams and then scroll and
pan a large diagram in order to search for components they want to
find. For the distortion viewing (Task 3), we find that it is signifi-
cant for both quantitative analysis and field study questionnaires. In
this case, distortion viewing provides both a readable resolution for
the area of interest and an overview for adjacent regions. Table 1
summarizes the results of our quantitative study.

The results from the field evaluation performed by aviation tech-
nology students showed that the functionalities of our system are
very useful during the troubleshooting phase of aircraft mainte-
nance. Tool features were easy for subjects to use after watching
a short tutorial video (10 minutes) and practicing with the system
(about 15 minutes), and subjects answered that our tools were very
helpful for maintenance work and asked us to provide our system as
a training tool for their class. Table 2 summarizes the results of our
field study. Additional tasks were also conducted to evaluate the
effectiveness of other techniques from SDViz as shown in Table 2.

Based on the analysis from the evaluation study and field study,
highlighting components and connections and preserving them be-
tween related technical diagrams are regarded as the most important
techniques among the methods we evaluated. Distortion viewing of
the diagrams was seen as less useful for users to explore techni-
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cal diagrams and was less preferred by the maintenance personnel,
as noted during the knowledge acquisition phase and final evalua-
tion. In conclusion, we believe that various visualization techniques
based on contextual preservation can help maintenance personnel
progress their tasks in which technical data such as schematic and
wiring diagrams are dealt with. Furthermore, we are also convinced
that such techniques will significantly affect the performance of
users in terms of either time or accuracy.
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