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features of a program interface, and made other features incomprehensible. Participants
used both a plain interface that was fully functional and logically arranged and an
attractive interface with intentional dysfunctional controls and extended delays between
functions. Aesthetic quality was the strongest variable for predicting user perceptions of
usability, regardless of actual usability. They concluded that “beautiful is usable.”
These findings were supported by several other studies (Lindgaard & Dudek, 2003;
Sonderegger & Sauer, 2010; Tractinsky et al., 2006).

The Stanford Website Credibility Study (Fogg et al., 2002), using 2,684
participants, investigated the relative credibility of websites within similar domains
(such as news or sports). Analysts checked participant comments for recurring themes
and found that the leading factor for assessing a website’s credibility is visual design
layout. Over 46.1% of the participants mentioned this factor as important during the
course of the research. These findings were supported by Skadberg and Kimmel’s
(2004) investigation into factors that led to user enjoyment of websites. Isolating
factors such as usability and attractiveness, Skadberg and Kimmel found that the
strongest predictor of enjoyment was the attractiveness of the website.

There has been little research into the effects of attractive visual aesthetic on
learners and learning. Picture research, focusing on the best use of pictures in learning,
addressed the issue peripherally. And research in image complexity, color effects, and
student drawing has also touched on this issue of the effects of aesthetics on learner
motivation. For example, Snodgrass and Vanderwart (1980) found that individuals
recall meaning associated with complex imagery may be more readily in episodic

memory tasks, possibly because of perceived novelty. Arnheim (1974) described the
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instructional value of students drawing. He paraphrased Leonardo da Vinci in saying
that before one can draw an object, one must first interpret it. This interpretation, he
proposed, presents an excellent learning experience.

Eisner focused on art education, but presented views that have practical utility in
this discussion. He described the arts and aesthetic in particular as encouraging
energetic intellectual exploration (Eisner, 2002). While he expressed this view in the
context of art education, the cognitive implications of such energetic exploration are
obvious. Eisner also held that the creation of art involved complex problem articulation
and problem solving, and was a powerful means for developing broad cognitive skills
(2002).

Manning and Lawless (2011) conducted prefatory research in this area,
examining student first impressions of 15 different aesthetic treatments for an
educational website. They found that students preferred contemporary and masculine
styles in this context, but did not address learning outcomes.

The principle that visual attractiveness has broad positive implications has been
extended further to include retail store interior design (Darden & Babin, 1994),
automobile exterior design (Carbon, 2010), furniture and clothing design (Crozier &
Greenhalgh, 1992), and the design of many other objects. The challenge as it relates to
the present study is the exploration of whether or not these broad positive projections
apply to user choices to persist in a simulation learning experience.

Justification for Study
The value of preferred visual aesthetic in electronic learning environments

remains an open question. Leading cognitive psychologists have called for increased
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research in the area of emotional design of instructional products (Norman, 2004).
Levie (1987), in addressing the importance of aesthetics in learning products, said,
“...the answer is so obvious that the question has received very little study” (p. 24).
Indeed, the question has still received very little study. Many leading instructional
designers point to the importance of visual design, but few provide prescriptions for its
development or evidence-based guidelines for its instructional use (see Alessi &
Trollip, 2005; Keller, 2009).

Based on prior research, it appears that learners make judgments about the
credibility of educational websites in milliseconds based on the visual design of the site
(Manning & Lawless, 2011). It also appears that users project broadly positive
attributes onto attractive objects and systems. Research with computer interface design,
for example, has demonstrated that users will project perceptions of usability onto
interfaces that are demonstrably flawed if they are attractive (Tractinsky et al., 2000).
A pilot study utilizing a two group experimental design conducted by the author
(Robison, 2012) investigating the effects of preferred aesthetic on motivation using an
instructional simulation provided preliminary indications that learners projected
positive attributes onto an attractive instructional simulation, as well. Participants using
an attractive simulation demonstrated higher levels of intention to use the simulation in
the future, as well as a greater frequency of discretionary free-play behavior, than those
who used the same simulation with a neutral visual aesthetic.

Therefore, in view of the research that supports the idea that “attractive things
work better” (Norman, 2004, p. 17), that visual design is the first variable in user

judgments of credibility in websites and software, that little research has been



19

conducted on the effects of aesthetic on learner engagement, and that a pilot study
provided preliminary indications of a relationship between visual aesthetic and learner
motivation, this investigation represents needed prefatory research in this area.

To summarize the literature, Berlyne’s (1971) arousal theory as relating to
psychophysiological markers of visual attention and arousal has been supported by eye
tracking. And while other research provides boundaries for some of Berlyne’s specific
hypotheses (¢.g., Martindale et al., 1990) , the general contention that attractive
aesthetic energizes and directs behavior has been supported. In the context of this
research supporting arousal theory, it is helpful to then assess the growing body of
research that supports the idea that “beauty is good”, or, that it has generalized positive

effects (e.g., Skadberg & Kimmel, 2004; Sonderegger & Sauer, 2010; Tractinsky et al.,
2000).

In addition, users of websites make judgments about credibility within
milliseconds of entering the site on the basis of visual design alone (Manning &
Lawless, 2011), software and telephone users assess attractive devices or systems as
more usable, even in the face of contradictory evidence. This line of research—
investigating the positive impact of attractive aesthetic—must be extended to the field
of instructional design. The approach of measuring motivation using visual response
markers of focused attention, questionnaire indications of use intent, and direct

observations of learner persistence, was used to address these five research hypotheses.
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Research Hypotheses.

1.

Participants using the preferred aesthetic version of the simulation will
focus their attention at a higher rate than those using the neutral aesthetic
version.

Participants using the preferred aesthetic version of the simulation will run
the simulation more times than participants using the neutral aesthetic
version.

Participants using the preferred aesthetic version of the simulation will
demonstrate better performance than those using the neutral aesthetic
version on a practical posttest.

Participants using the preferred aesthetic version of the simulation will

indicate stronger intentions to use the simulation in the future than those
using the neutral aesthetic version.
Participants will prefer a moderately complex visual aesthetic over a

simple or very complex visual aesthetic.
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CHAPTER III: METHOD

Participants

Participants included 94 ship-handling students from a large Merchant Marine
college in the eastern United States. Of those original participants, four participants
were dropped because they did not complete their simulation trials, therefore analysis
was based on 90 participants. The average age of participants was 20.97 years; 82
participants were male and 8 were female. For Experiment 1 (Focused Attention), a
total sample size of 30 participants was used. For Experiment 2 (User Preference)
because a unique participant group was required (ship-handling students), and sufficient
participant volunteers were difficult to obtain, the same 30 participants recruited for
Experiment 1 (Focused Attention) participated in Experiment 2 (User Preference). For
Experiment 3 (Persistence and Use Intent), 60 participants completed the experiment.

Recruiting. Participants were recruited from a ship-handling training program
at the Merchant Marine college. To encourage participation, all participants were given
a $10 Amazon gift card immediately upon completion of their participation in the
research, and were provided with an opportunity to participate in a drawing of one of
two $100 Visa gift cards. A copy of the Visa gift card drawing form is attached as
Appendix A, and copies of the recruiting flyer and poster are attached as Appendix B
and Appendix C respectively.
Materials and Apparatus

The simulation. The instructional simulation used in this research was a two-
dimensional ship mooring simulation called Vector-Moor. It was developed by a team
of graduate students (including the author) at a large mid-Atlantic university. It was

programmed in Microsoft XNA Game Studio© and was designed to run in the PC
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environment. The aesthetic treatments were developed using themes and models from
popular video games. Both experimental aesthetic designs contain similar numbers of
screen elements so that participant selections of attractiveness in the preliminary
experiment reflect actual attractiveness and not complexity. The simulation is
programmed to report participant number, difficulty level, start and stop time, course
accuracy, and mooring success or failure for each run of the simulation to a web server
in real-time. In addition, the simulation reports whether a simulation run was a routine
run or an assessment run.

The preferred aesthetic version of the simulation. The preferred aesthetic
treatment was identified in a pilot study employing a paired comparison design
(Nunnally, 1967) with members of the target audience. The pilot study was conducted
twenty months prior to these experiments (Robison, 2012). Figure 2 presents an
example of one of the paired comparisons. Six screen treatments were presented to 10
participants. The screen treatment chosen most frequently as the “most attractive” in the
pairwise comparisons was used as the “preferred aesthetic treatment” during

Experiment 2 (User Preference) and Experiment 3 (Persistence and Use Intent).

Figure 2. One of 32 paired comparisons used to determine the preferred aesthetic.
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The neutral aesthetic version of the simulation. The neutral aesthetic visual
treatment was developed using the visual motif of a typical National Oceanographic and
Atmospheric Administration (NOAA) nautical chart: tan land, shore features
represented by black lines, shoal water represented in light blue, and deep water in
darker blue. The simulation ship image and engine controls, while having all of the
salient operational features of the preferred aesthetic ship and controls, were simplified
in the neutral aesthetic treatment. The same underlying simulation was used for both
aesthetic treatments; the only difference was the aesthetically neutral presentation of
background, ship, and ship control images in the neutral aesthetic treatment. Figure 3 is

a screen capture of the neutral aesthetic treatment.

Figure 3. Screen capture from the neutral aesthetic treatment.

Apparatus and materials. For Experiment 1 (Focused Attention) and
Experiment 3 (Persistence and Use Intent), participants were presented stimuli using a
Samsung HD monitor that measures 63 cm diagonally. For the user preference
experiment stimuli was presented on an Acer HD monitor measuring 83.5 cm
diagonally. Participants controlled the simulation in Experiment 3 (Persistence and Use

Intent) with a standard USB keyboard and USB mouse. Focused attention was
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measured using eye tracking observations. Eye tracking was monitored and recorded
using the Smart-Eye Pro 6.0 Camera eye tracking system and its internal logging
system. Simulation user data was reported for each trial to a web-based server, and was
also backed up on the local PC as an appended text file.

Set up. To ensure controlled conditions, room, lighting and computer
configurations were strictly maintained. Equipment was set up in accordance with
Figure 4. To control for ambient lighting effects, black dividing screens filtered direct
light. In addition, the room lighting was maintained at approximately 250 lux and
variations in ambient light were minimal. This is not as bright as an average classroom
which would typically present between 430 and 1075 lux (University of Texas, 2014).
Light levels were measured each day using a Dr. Meter LX 1330B Lux Meter, and a log
of these readings is presented as Appendix S. Lux was measured at three locations at
each check: Lux at head height facing the workstation, ambient light (facing out from
the computer screen), and then screen brightness (obtained by placing the sensor flush
against the screen while displaying a white PowerPoint slide). The head height reading
averaged 161.87 lux (SD = 4.787), the ambient light level averaged 80.3125 lux (SD =
5.4493); and the screen brightness level averaged 170.5 lux (SD = 2.19). The computer
screen brightness was maintained at approximately 170 lux for all trials.

A black trifold foam board screen 122 centimeters tall and 122 centimeters wide
was placed behind each monitor as pictured in Figure 4 to minimize visual distraction
behind the monitor. Eye tracking participant calibration was conducted with the screen

down at the beginning of each participant session, then the screen was placed prior to
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the first trial. The presentation computer and eye tracking computer were out of the
participants’ view as illustrated in Figure 4.

From the participant’s perspective, with the trifold screen in place, all that was
visible was the monitor, a mouse, and keyboard. With the trifold screen up, the

participant’s visual field was neutral with the exception of the computer monitor.

/Eyo Tracker Experiment Configuration \ / Simulation Run and Semantic Differential \
TOP VIEW Experiment Configuration

Eye Tracker PC

Researcher, /{g \ Participant

Stimulus PC

122cm Talt Trifold Divider

{122 cm Talt Trifold
- der (Black)

MONITOR AND CAMERAS

3 1R Cameras

45 cm Monitor For Simulation Runs

\ ) \ 63.5 cm Monitor for Semantic Differential /

Figure 4. Set up of the experiment workstations.

Measures

Eye tracker data. Eye-tracking data was collected with a Smart Eye Pro 6.0
Eye Tracker System with Smart Remote 1.3 for control. This eye tracking system
captures eye movement position on a 60 Hz frequency.A three camera configuration
was used, utilizing Basler 6mm IR Cameras with a field of view between 90° — 270 °.
Tracking accuracy of head is within .5 degrees and gaze within .5 degrees. Fixations
and saccades were defined by the system and identified with serial identifiers in the data
capture feed. Trial data was captured on the Smart Eye Pro 6.0 internal logging feature.

Eye tracking data was reduced to include number of fixations, length of fixations,



26

longest fixations, number of saccades, maximum pupil diameter, and world intersect
coordinates. The world model for this experiment was set at 1280 x 1024 pixels.

Motif aesthetic evaluation. After participants completed the eye tracking
experiment they participated in Experiment 2 (User Preference), after viewing a
photographic version of the simulation for warm-up to the task of semantic differential
evaluation, they viewed eight screen captures at their pace—one from each aesthetic
treatment (pictured in Appendix J)—and they evaluated them using a seven-point
semantic differential scale. This semantic differential scale presented 18 bipolar
adjective pairings used for aesthetic judgments. Of those semantic differential word
pairs, 15 of the pairs were drawn from Osgood, Suci, and Tannenbaum’s (1957)
extensive research 2 of the pairs were drawn from Morrison’s (1986) research. The
attractive-unattractive bipolar word pair was added for this experiment because of its
direct relevance. The published factor loading for the semantic differential scale is
presented in Table 1.

Factor loadings for the present experiment were computed as correlations
between the bi-polar word pairs Osgood et al. (1957) identified as representative of the
evaluation, potency and activity dimensions and observed responses to each word pair.
First, semantic differential responses were coded as numeric scores. Then, word pairs
that presented “negative” words first (e.g., “ugly-beautiful”) were reverse coded. Next,
the mean factor score for each image presentation was determined by computing the
mean of the key word-pairs that represented specific dimensions as identified by

Osgood et al. (1957) for that image. These mean factor scores created three arrays, one



for the evaluation dimension, one for the potency dimension, and one for the activity

dimension. Next, observed scores for every response to each word-pair were

Table 1

Original Semantic Differential Scale Factor Loading (Osgood, et al., 1957)

27

Evaluation Potency Activity
Scale I | III
Pleasant-Unpleasant 0.59 -0.60 -0.02
Vibrant-Still -0.08 0.29 0.91
Attractive-Unattractive’' 0.00 0.00 0.00
Happy-Sad 0.38 -0.71 0.34
Plain-Fancy 0.01 -0.19 0.00
Modem-Old Fashioned? 0.00 0.00 0.55
Passive-Active 0.00 0.00 -1.00
Meaningful-Meaningless -0.79 0.28 -0.33
Simple-Complex 0.55 -0.48 -0.66
Cheap-Expensive? 0.55 0.00 0.00
Fast-Slow -0.37 0.41 0.55
Clear-Hazy 0.85 0.38 -0.04
Exciting-Calming -0.28 -0.13 0.32
Warm-Cool -0.08 0.00 0.64
Usual-Unusual -0.16 -0.70 -0.52
Strong-Weak 0.46 0.81 0.37
Ugly-Beautiful -0.51 0.42 0.12
Good-Bad 0.77 0.27 0.33
! Added for this experiment

2From Morrison, 1986

correlated with the mean factor scores for the evaluation, potency, and activity

dimensions for each image observation. Finally, those results were synthesized in

Table 2 showing the correlation between observed responses for each word pair with

the mean factor scores for each semantic dimension.

To compute the evaluation dimension factor loading, observed semantic

differential results from four bi-polar pairs (pleasant-unpleasant, meaningless-

meaningful, clear-hazy, and ugly-beautiful) were correlated with observed results from

all other word pairs. To compute the potency dimension factor loading, observed results



from four bi-polar pairs (pleasant-unpleasant, happy-sad, usual-unusual, and strong-
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weak) were correlated with observed results from all other word pairs. To compute the

activity dimension factor loading, observed results from four bi-polar pairs (vibrant-

still, passive-active, simple-complex, and fast-slow) were correlated with observed

results from all other word pairs. Table 2 presents the observed factor loading for these

pairings.

Table 2

Observed Semantic Differential Factor Loading for Eight Representational Simulation

Images

Evaluation Potency Activity

Scale I 1 11
Happy-Sad 12 .79 29
Pleasant-Unpleasant 71 .83 .50
Attractive-Unattractive .67 .83 .59
Simple-Complex .65 40 77
Plain-Fancy .64 78 Sl
Vibrant-Still .59 .67 73
Ugly-Beautiful -.58 -.79 -.48
Good-Bad 57 .81 42
Strong-Weak 45 .76 53
Passive-Active 44 .58 73
Usual-Unusual 38 73 .26
Exciting-Calming 37 .50 52
Warm-Cool 34 .36 48
Fast-Slow -.10 -61 -.08
Clear-Hazy -19 -35 -42
Meaningless-Meaningful -.25 -.55 -.45
Cheap-Expensive -34 -.51 -46
Modern-Old-Fashioned -35 -.55 -.54

Questionnaire. A 46-item questionnaire was administered during Experiment 3

(Persistence and Use Intent) after the participants completed one simulation trial run.

The blueprint for this questionnaire is presented in Table 3. All of the questionnaire

items employed a seven-point Likert-type response scale and some of the questions
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were reverse coded for analysis. The questionnaire is attached as Appendix E.
Cronbach’s Alpha was computed for the overall questionnaire and each subscale. The
main questionnaire consisted of 28 items (o = .84) that incorporated five subscales. The
future use intent subscale consisted of eight items (o = .93), the usability subscale
consisted of five items (o = .70), the attractiveness subscale consisted of four items (o =
.81), the gaming experience subscale consisted of six items (a = .92), and the nautical
interest subscale consisted of five items (a = .76). In addition, two other questionnaires
were incorporated in the experiment questionnaire: Franken, Hill and Kirstead’s (1994)
Winning Scale consisted of six items (a = .83), and Elliot and McGregor’s (2001)
Achievement Goal inventory consisted of 12 items divided into four subscales: the
performance approach subscale consisted of three items (a = .76), the mastery
avoidance subscale consisted of three items (a = .83), the mastery approach subscale
consisted of three items (o = .72), and the performance avoidance subscale consisted of
three items (o = .68).

Persistence and skill performance. Persistence was measured during the ten-
minute unstructured portion of Experiment 3 (Persistence and Use Intent). The
simulation was programmed to report user information for each simulation run to a
web-based server. Data included in the report were participant number, level of
simulation difficulty, wind direction and speed, water current direction and speed, ship
speed, deviation from course at three locations, run start and stop times, whether the
mooring was successful or not, and whether the run was a routine run or an assessment
run. Skill performance was measured using a practical posttest in which participants

made three runs to a mooring under varying environmental conditions. This data was
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recorded to a web-based server, and backed up on the PC in an appended text file. At

the end of the experiment, the data from both sources was identical and accounted for

all participants.

Table 3

Design Blueprint for New Questionnaire Items

you will load the
simulation on your
personal computer in
the next week? !

overall appearance
was attractive to
me. ?

interesting. 2

controls were easy
to use. ?

Intention Attractiveness | Interest in Usability Gaming
Ship-handling Experience

How likely is that The colors used in | Ship-handling is The simulation was | I enjoy computer

you will load the the simulation were | interesting tome.? | easy to use.? games.

simulation on your attractive, ?

personal computer? !

How likely is it that The simulation’s I find boats The ship rudder I play computer

games often. 2

How likely is it that
you will use the

simulation in the
future? !

The simulation
background was
attractive to me. 2

This sirulation was
interesting to me. 2

The ship engine
controls were easy
to use.

I am good at

computer games.

How likely is that
you will use the
simulation in the next
week? !

The simulation
details were
attractive to me. 2

1 enjoy boating. *

Moving from screen
to screen within the
simulation was
easy.

I own several
computer games.’

How likely is it that
you will use the
simulation several
times? !

1 enjoy water
sports. 2

I found it easy to
select my desired
level of difficulty
within the
simulation.’

I play online
computer games
regularly. ?

I do not intend to use
this simulation again.
h

2

I use simulations
routinely. 2

1 do not intend to use
this simulation in the
near future. 2

I would like to use

this simulation again.
2

Response Scales:

For items measuring likelihood of behavior: Very Likely/Likely/Somewhat Likely/Neutral/Somewhat
Unlikely/Unlikely/Very Unlikely
2For items measuring agreement: Strongly Agree/Agree/Somewhat Agree/Neutral/Somewhat
Disagree/Disagree/Strongly Disagree

The posttest consisted of three simulation trials, each with a maximum score of

four points. The cumulative total of these three scores made up the participant’s final

posttest score (potential score range between 0 and 12). The simulated ship started at a
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point 500 yards from the pier and the simulation system monitored and reported ship
proximity to the optimal approach route, ship speed at each point, and whether or not
the ship was within the mooring target at less than one knot before touching the pier.

A total of four points could have been earned for each posttest mooring trial. Of
the four points, one point was awarded if the ship was positioned appropriately for the
final approach (no points were awarded if not), one point was awarded if the ship’s
speed remained below three knots within 300 feet of the pier (no points are awarded if
not), one point was awarded if the ship’s speed remained below two knots within 100
feet of the pier (no points were awarded if not), and one point was awarded if the ship
was inside the safe mooring region and moving less than one knot before making
contact with the pier (no points were awarded if not). The cumulative total from these
three posttest mooring attempts was computed yielding a score between 0 and 12. Four
expert ship-handlers reviewed the instrument for content and criterion-related validity.
Procedure

Participant in-processing. Each participant was briefed regarding their
participation, the purpose of the study, potential risks (minimal), benefits, and their
rights as a volunteer to refuse or withdraw from the study at any time. Then, each
participant signed the consent form (attached as Appendix H). Each participant was
then assigned a participant number immediately upon signing the consent form, and all
experimental data was recorded in reference to this participant number on the
Participant Information Sheet (Appendix I). All demographic data was referenced to the

participant number, and was limited to age and gender.
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Data Analysis

Experiment 1 (Focused Attention) incorporated a within-subject design for two
conditions for eye tracking observations. A matched pairs t-test was used to analyze the
eye tracking response data. Experiment 2 (User Preference) incorporated a within-
subject 2 x 4 design measuring participant preferences along two dimensions of color
saturation and four dimensions of complexity of simulation images. A one-way
ANOVA was used to analyze these relationships. Experiment 3 (Persistence and Use
Intent) utilized a between-group experimental design comparing actual use of the
simulation between the two conditions. A matched pairs t-test was used to analyze the
relationship between the independent variables and dependent variables. In addition, an
analysis of covariance was conducted to isolate the effects of covariates.

Experiment 1-Focused Attention

Experiment 1 (Focused Attention) investigated the visual response of
participants to both preferred aesthetic and neutral aesthetic screen captures from the
simulation. Eye tracking provided a comparison of focused attention in the two
aesthetic conditions.

Method

In this first experiment, 30 participants viewed screen captures from both
aesthetic versions of the instructional simulation in a within-subjects randomly
counterbalanced design. After participant intake, the following procedure was executed.

Procedure. Thirty participants were randomly assigned to one of two groups.
The first group of 15 participants viewed five screen captures (presented at a size of
32cm diagonally measured at 1980 x 1024 pixels) from the neutral aesthetic simulation

version first, then viewed five corresponding screen captures from the preferred
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aesthetic simulation version second (the screen capture groups are pictured in Appendix
N). The second group of 15 participants viewed the preferred aesthetic version screen
captures first, and then the neutral aesthetic version screen captures second.

Equipment adjustment and calibration. After completing participant intake
processing, the eye tracking equipment was adjusted for height and calibrated for each
participant.

Trial conduct. After the participant was oriented to the task and indicated
readiness to begin, the researcher alerted the participant that a new slide was about to be
presented by saying, “New slide in 3, 2, 1, now.” Eye tracking data was collected for
six seconds for each screen capture viewing. There was approximately 35 seconds
between slides as the researcher processed the data. During this time, participants
viewed a gray screen (RGB Color: Red-127, Green-127, Blue-127) with slightly
contrasting font (RGB Color: Red-191, Green-191, Blue-191) describing the slide that
would be presented next. The eye tracker recorded the time-stamped data in a text file.

The six second data collection period was selected to cover initial holistic image
processing (from 10 ms to 300 ms) and also allow for serial image processing (1 s to 4
s), but at the same time limit the viewing task so that the data artifact that appears in
longer observations will be minimized (Duchowski, 2007). This was a measure of
initial focused attention.

Each screen capture was preceded by a gray screen containing a brief printed
explanation of the screen capture so that participants were oriented to what they were
about to see. To minimize image ghosting effects or transition effects, the gray screen

preceding the stimulus screens was matched to the image brightness of the screen



