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Abstract. This paper reports on an experimental study on user interface design
in complex electronics manufacturing systems to measure the difference
between ecological interface design (EID) and user-centered design (UCD).
Based on cognitive psychology and human factors theory, we conducted a
comparative research study. Prototypes of the interface were designed based on
the EID and UCD which were undergoing NASA-TLX to evaluation the sub-
jective workload of the users. The main findings of this study were as follows:
(1) we found that the ecological interface design and user-centered design had
significant differences in each levels; (2) the ecological interface design has a
significant better effect on subjective workload compare to user-centered design
in the complex electronics manufacturing systems (P < 0.05). The research
results can help interface designers to deeply understand the difference between
EID and UCD, which could guide the design of user interface in the complex
industrial scenarios.
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1 Introduction

As we known, user-centered design (UCD) and ecological interface design (EID) are
both of the two important design methods in the user interface design area.
User-centered design is a research framework of design processes that the psycho-
logical limitations and physiological limitations of end users are given extensive
attention at each stage of the interface design process [1]. Ecological interface design is
an approach to user interface design that was introduced specifically for complex
sociotechnical, real-time, and dynamic information systems. It has been applied in a
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variety of domains including process control such as nuclear power plants, aviation and
complex electronics manufacturing systems, etc. [2].

Eason pointed out that sociotechnical system in manufacturing systems is an
approach to complex organizational work design that researches the interaction
between the user and user interface [3]. However, Vicente & Rasmussen described that
complex manufacturing system designed based on traditional methods frequently loses
the ability to support sudden failure in system design. System safety is often com-
promised by the operators’ inability to adapt to new and unfamiliar situations [4].
Vicente argued that ecological interface design attempts to provide the operators with
the necessary tools and information to become active problem solvers as opposed to
passive monitors, particularly during the development of unforeseen failure events [5].
Upton pointed out that manufacturing systems were complex sociotechnical systems,
the user interface is also beginning to show information complexity, real-time and
dynamic features [6]. Situational awareness (SA) is the field of study concerned with
understanding of the environment critical to end users in complex and dynamic work
conditions. Designing for situation awareness helps designers understand how user
acquire and deal with visual information in user interface of complex electronics
manufacturing environment [7].

Currently, user interface in complex electronics manufacturing systems is
increasing in information complexity. To take advantage of huge amounts of infor-
mation in the user interface, we need information displays that transform production
data into meaningful information organization. This means developing user interface
that clearly connect performance goals to technical processes and physical electronics
manufacturing equipment. Behind every user interface in complex electronics manu-
facturing systems, there lays different degree of information complexity. The solution
isn’t to reduce information, but to transform it into clear information architecture [8].

[ Complex Electronics Manufacturing Systems ]

{ User Interface Design ]

v

[ Experimental Design ]

I
v 3

-
|
I
|
;
|
} [Ecological interface design]
|
|
I
i
|
I
I
I
|

User-centered design]

t |
|
[ NASA-TLX questionnaire ]

[Subjectiveworkload ]

Fig. 1. The theoretical framework of this study
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The user interface is the core to control of the electronics manufacturing equipment,
user interface is the bridge of transmits the user command to the electronics manu-
facturing equipment. There were huge differences between the environments, design
object, use pattern with the traditional consumer products (especially IT products). As a
result, it is becoming more and more difficult for UI designers to anticipate events that
occur within electronics manufacturing systems. However, little research has been
focused on different subjective workload of the users between EID and UCD method
with the user interface design in complex electronics manufacturing systems. There-
fore, we started this design research. The theoretical framework of the study was shown
in the Fig. 1.

2 Research Method

2.1 Interface Design Methodology: EID vs UCD

User-centered design used to identify user behavior and user’s mental model and
incorporating them into the user interfaces [9]. The UCD method used to focuses on
single user interactions between the user and the user interface [10]. EID contains the
abstraction hierarchy (functional purpose; abstract function; generalized function;
physical function; physical form) and skills, rules, knowledge (skill-based level,
rule-based level; knowledge-based level) framework [11, 12], as shown in Fig. 2.
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Fig. 2. The structure of ecological interface design method

In summary, EID and UCD was two different interface design methodology.
(1) EID focuses of the analysis on the work domain or environment, which differs from
UCD focus on the end user or a specific task. (2) EID focus of the analysis on the
complex systems, real-time and dynamic systems, in contrast, UCD focus on the simple
system, everyday use and static systems. (3) EID theory based on the abstraction
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hierarchy (AH), The skills, rules, knowledge (SRK) method, in contrast, UCD theory
based on the interviews, focus groups, usability test and questionnaire method, as
shown in Fig. 3.
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Fig. 3. The difference between EID and UCD

2.2 Experiment Design

The experiment was a within-group design, all participants were tested the two
experimental materials. The independent variables in this research were user interface
designed based on UCD and EID method in complex electronics manufacturing sys-
tems. The dependent variable was measured in NASA-TLX questionnaire. We used the
NASA-TLX questionnaire for measuring user subjective workload. The questionnaire
for NASA-TLX was designed to assess user’s subjective workload assessments on
operators working with the user interface. NASA-TLX is a multi-dimensional rating
procedure that derives an overall workload score based on a weighted average of
ratings on six subscales. These subscales include mental demands, physical demands,
temporal demands, performance, effort and frustration, as shown in Fig. 4.

2.3 Material

As the experimental material in this research, we chose the user interface of the LED
chip high-speed detection and sorting system, which could provide LED chip testing
and sorting functions. Two prototypes of the user interface were designed based on the
EID and UCD which is undergoing compare evaluation the subjective workload. Using
the simulator technology, the materials were shown in a 19 inches LCD Monitor
(16:10, 1440 * 900 pixels), as shown in Figs. 5 and 6.
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Fig. 5. The prototypes of the interface design based in UCD (A) and EID (B)

2.4 Participants

A total of 45 operators at Guangdong Zhicheng-Huake Optoelectronic Equipment Co.
Ltd. were randomly selected to participate in this experiment, 22 male and 23 female,
aged 20-25 (Mean age = 22.13, SD = 1.75) which female of subjects accounted for
51%, male subjects were 49%.

2.5 Procedure

Firstly, participants were asked to read the introduction of the experiment requirements,
then signatures in the “Experimental Consent”. Test environment was a quiet LED
laboratory without interference and noise. Participants were instructed to switch off
their mobile phones to reduce possible distractions during the experiment. Next, par-
ticipants read a short guide manual about the experiment material to insure they were
able to understand and solve the given task. When the participant was ready, we started



Functional
Purpose

EID vs UCD: A Comparative Study on User Interface Design

LED chip high-speed detection and sorting

Load - scan -> spot metering / sorting > Uninstall

359

Abstract
Function

Chip micro-probe technology

Machine Vision

Chip sorting process: an exact match, the peeling speed, high-speed transfer
High precision positioning and motion control

scl ing: barcode datab.

technology

Generalized
Function

Disc loading and

Scanning Fretting probe
unloading

Scheduling Path Planning Lighting

Chip Recognition Received light

Disk swap Deduplication Spectroscopy

Uninstall

sorting security and stability

Data Matching

High-speed peel Position detection

High-speed transfer Documents

Physical
Function

Bin system

Double arm mechanism

Machine Vision
Shelf Arm rotation mechanism Camera
Trolley

Arm lift mechanism camera lens

Loading, unloading

Bar code gun

Light source

Rotating lift mechanism Received light system Auxiliary systems

Linear Guides Integrating Sphere Limit switches
Ball Screws Optical fiber Proximity Switches

servo motor Spectral Cards Software Interface
Timing belt Data base

XY Cross Slide Thimble agency

Linear Guides
Ball Screws Thimble

servo motor Lifting mechanism

Fig. 6. Work domain model in LED chip high-speed detection and sorting system

the experiment. Participants were asked to operate on the experimental material for the
given task. The duration of each task was 2-3 min based on the task. After each of the
experiment task, participants were asked to complete the NASA-TLX questionnaire
immediately. The questionnaire answers were manually recorded by the operator.
A total of 90 questionnaires were collected after the experiment (45 participants *2

tasks).

3 Results and Discussion

Using IBM SPSS Statistics 19 analysis, the results were as follows:

3.1 The Reliability Analysis

The cronbach’s alpha = 0.941, displays the scale of the each project has high internal
consistency. Furthermore, mean of mental demands in UCD is 5.58 (Std. Devia-
tion = 1.20), mean of mental demands in EID is 2.62 (Std. Deviation = 1.59). Mean of
physical demands in UCD is 5.64 (Std. Deviation = 0.98), mean of physical demands
in EID is 2.84 (Std. Deviation = 1.41). Mean of temporal demands in UCD is 5.64
(Std. Deviation = 1.19), mean of temporal demands in EID is 2.93 (Std.
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Fig. 7. NASA-TLX questionnaire score of each dimension

Table 1. Results of One-way ANOVA analysis

ANOVA
Sum of
Squares df Mean Square F Sig.
mental demands Between Groups 196.544 1 196.544 99.656 .000
Within Groups 173.556 88 1.972
Total 370.100 89
physical demands  Between Groups 176.400 1 176.400 | 119.205 .000
Within Groups 130.222 88 1.480
Total 306.622 89
temporal demands ~ Between Groups 165.378 1 165.378 | 116.323 .000
Within Groups 125111 88 1.422
Total 290.489 89
performance Between Groups 187.778 1 187.778 | 144.669 .000
Within Groups 114.222 88 1.298
Total 302.000 89
effort Between Groups 182.044 1 182.044 | 140.800 .000
Within Groups 113.778 88 1.293
Total 295.822 89
frustration Between Groups 173.611 1 173.611 103.727 .000
Within Groups 147.289 88 1.674
Total 320.900 89

Deviation = 1.19). Mean of performance in UCD is 5.44 (Std. Deviation = 1.20), mean
of performance in EID is 2.26 (Std. Deviation = 1.08). Mean of effort in UCD is 5.58
(Std. Deviation = 1.08), mean of effort in EID is 2.73 (Std. Deviation = 1.19). Mean of
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frustration in UCD is 5.42 (Std. Deviation = 1.23), mean of frustration in EID is 2.64
(Std. Deviation = 1.35), as shown in Fig. 7.

3.2 The ANOVA Analysis

The results showed that the subjective workload rating of material A was significantly
higher than material B. It has significant difference subjective workload rating between
material A and B, subscales include mental demands (P < 0.05), physical demands
(P < 0.05), temporal demands (P < 0.05), performance (P < 0.05), effort (P < 0.05)
and frustration (P < 0.05), as shown in Table 1 and Fig. 8.
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Fig. 8. The difference subjective workload between EID and UCD

4 Conclusions

Although a number of theories and principles have been developed to guide the EID
and UCD, it is not always apparent how to apply the knowledge in these principles. We
describe the application of EID and UCD for the analysis of the differences. General
principles from EID are outlined and then applied to the analysis of the user interface
design. This study provided a useful framework for analysis of the EID methods, and
provided insights into the strengths and weaknesses of various aspects of EID and
UCD.

The main findings of this study were as follows: (1) we found that the ecological
interface design and user-centered design had significant differences in each levels;
(2) the ecological interface design has a significant better effect on subjective workload
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compare to user-centered design in the complex electronics manufacturing systems
(P < 0.05).

However, the limitations of this research should be discussed. (a) The participants:
the participants were all from the same company, so they might have a partiality for this
study. In would be beneficial to include a wider range of participation in future
research. (b) The experimental materials: we only studied user interface in LED chip
high-speed detection and sorting system; future research could use more types of user
interfaces. Although this study has its limitation, we hope that it can serve as a basis for
future studies.
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