EDA Scale — Assessing Awareness for Energy Dynamics
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Energy Dynamics Awareness (EDA)

* |n resource dependent systems (house, electric vehicle, ships) users’ behavior
is an important factor for actual energy efficiency [1].

Energy Efficiency = Technical Potential x User Behavior

* Even energy-literate [5] people show inefficient behavior in dynamic energy
situations [2]. Here, individual predispositions alone are insufficient to explain
energy efficient behavior.

* Situation awareness (SA) [6] could help to better understand user-energy
interactions — more precisely, a context specific SA we call energy dynamics
awareness (EDA).

* User-centered HMIs providing energy feedback can support EDA [4].
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To develop HMIs supporting EDA, an assessment
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methodology is mandatory but non-existent.

EDA Scale

Developed by a focus group consisting of 4 researchers (including 2 of the
authors) with a psychological background following this procedure:

1. Introduction to SA, energy efficient behavior and energy feedback HMIs.
2. Brainwriting task to generate possible items.
3. Editing, selection and exclusion of items (e.g. redundancy, precision).
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i1 | The display gives me a very good overview of the
enerqgy dynamics of the system.
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i2 | This display allows me to precisely estimate the
influence of various factors on energy consumption.

i3 | This display allows me to correctly predict energy OO0 0|0 Od
consumption in future situations.

i4 | The display tells me when energy is lost O O/ o o0 d
unnecessarily.

i5 | The information on the display is designed sothat/! | O | O | O | O | O | O
know exactly how to increase energy efficiency.

i6 | By using this display, it is comprehensible forme by | O | O | 0O | O | O | O
which actions | can influence the energy dynamics.

i7 | With this display, | feel that | am better able to O| 0| 0|0|olo
influence the energy dynamics in new situations
according to my will.

0 Items i1 —i4 pertain to the comprehension aspect and
items i5 —i7 to the control aspect.

0This IS an English translation, the original scale

is in German. Both can be downloaded here:
kurzelinks.de/edascale

Conclusions + Next Steps

* Based on these preliminary results, the energy dynamics awareness (EDA) scale
can be expected to be a reliable method to assess the EDA support of energy
feedback HMls.

* This study suggests a single-factor structure. A two-factor structure with a
comprehension and a control aspect might be possible and should be further
examined.

* |n this study, the two HMIs where rather similar and did not include a
systematic variation to manipulate EDA. In future studies, explicit manipulation
of EDA should be tested in order to examine how well the scale discriminates

petween interface variants.

* Further examinations of the criterion and construct validity are necessary.
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First Scale Evaluation

@ First scale evaluation as part of
\ a study on range interfaces for

electric vehicles.

E Procedure:
1. Thematic Introduction

2. 1t HMI presentation and EDA Scale questionnaire (among others)

N = 40 bus drivers (2 female)
Self-reported electric bus experience:
M=26.0h (SD=21.8 h)
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3. 2" HMI presentation and EDA Scale questionnaire (among others)
4. General Questions and Demographics
The study was conducted in German.

“Traffic Lights” The Range Indication HMIs

77% 65% 12%

State of Charge Remaining Distance Buffer

“Range Race”

Two range HM|Is indicating the range
buffer by comparing the remaining
distance and the state of charge in
order to support a heuristic range

evaluation.

See the videos from the study here:
kurzelinks.de/trafficlights
kurzelinks.de/rangerace

Scale Analysis

Descriptive Statistics

2 Traffic Lights HMI % Range Race HMI
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EDA score EDA score
Mean difference not significant: t(39) = 1.55, p =.129, d = 0.25
Scale Statistics

Traffic Lights HMI Range Race HMI
Cronbach’s a .92 93
.89 (i5)—.92 (i1) 91 (i2) —.93(i6, i7)
58 (i1) — .89 (i5) 71(i7)—.90 (i2)

Range «a if item dropped
Range item-rest correlation

Exploratory Factor Analysis

Both parallel analyses [7] and scree-plots indicated a single factor structure.

Traffic Lights HMI

Range Race HMI

PAF1 PAF2 PAF1 PAF2
1 1 2 1 1 2

% expl. Var. 01.8 31.0 38.9 6/.8 40.3 37.6
11 .01 .83 /5 .98

12 87/ A7 .93 57 A4
13 .63 .04 92 .50 A4
14 /6 32 49 .82 .84

15 .93 .70 .85 .33 .01
16 .80 94 /4 .96
1/ .81 .88 /2 /2

ﬂ Factor loadings below 0.3 are not displayed; PAF1 = Factor loadings in the principal
axis factoring (PAF) [3] with one factor; PAF2 = Factor loadings in a PAF with two fixed
factors (oblimin rotated).
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