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Executive Summary 

This document is entitled “HCI/HMI building blocks: Report on guidelines for 

intelligent information presentation to the workers” and represents Deliverable 2.5 

of the H2020 project “FACTS4WORKERS -  Worker-Centric Workplaces in Smart 

Factories” (FoF 2014/636778). 

Within the project, WP2 entitled “Worker-centric HCI/HMI Building Blocks” aims to 

develop (in a co-creation process with shop-floor staff) the smart factory 

solution’s worker-centric HCI/HMI building blocks, characterised by maximum 

usability, user experience (UX) and technology acceptance.  

Considering these three criteria, we present in this deliverable appropriate design 

guidelines that can be applied for similar projects and solutions. The guidelines 

focus on the design of applications for mobile and wearable devices in the smart 

factory. Our intention is to provide guidelines that are general enough to be 

applied outside of the scope of FACTS4WORKERS but at the same time deal as 

a base reference for our own implementations.  

As a starting point, we briefly describe the relevance of usability, user experience 

and technology acceptance for HMIs in the smart factory. Based on that, our 

methodical approach matches existing design guidelines for mobile and wearable 

application development with the requirements for HMIs on the shop floor. The 

result is reported in form of 19 design guidelines with various examples for 

practical use on tablets, smartphones, smartwatches and smart glasses. 

The worker-centric HCI/HMI building blocks that will be described in Deliverable 

2.6 will finally be based on these design guidelines and provide best-practice 

examples of real-world applications. 

About this document  

Developing the 

worker-centric 

HCI/HMI building 

blocks 
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1 Introduction 

The main objective of WP 2 within the FACTS4WORKERS project is to apply state-

of-the-art HCI/HMI technologies to empower workers on the shop floor with smart 

factory ICT infrastructure. To reach this goal, we described the state of the art re-

garding available and trending HCI technologies for the smart factory in Delivera-

ble 2.1. Along with the general evaluation of existing technologies considering their 

applicability on the shop floor, we proposed a taxonomy regarding their industry 

readiness on a TRL-based scale. 

Following the evaluation of technologies for the smart factory, in this document we 

put the focus on the design of applications for these devices. Our aim is to provide 

guidelines for the design of the worker-centric HCI/HMI building blocks that will 

act as the direct interface to the worker for all FACTS4WORKERS solutions. More-

over, these guidelines will help other projects developing smart factory solutions 

based on mobile and wearable devices.  

1.1 Usability 

Since the early 1980s human-machine-interaction is dealing with the development 

of rules and guidelines for interactive user interfaces. The term “Usability” is de-

fined in DIN EN ISO 9241-11 as “the effectiveness, efficiency and satisfaction 

with which specified users achieve specified goals in particular environments”. 

Effectiveness means the accuracy and completeness with which specified users 

can achieve specified goals in particular environments. One goal for example could 

be to retrieve information, another to initiate an action or process. With an effec-

tive HMI the user will have access to all necessary information and functions at 

hand to reach his goal without any difficulties. Therefore, effectiveness is a so 

called “solution criteria”. 

Efficiency, in contrast, is a “process criteria” since it deals with the resources ex-

pended in relation to the accuracy and completeness of goals achieved. If for ex-

ample a user has to search in various nested sub-menus in order to find the essen-

tial information, the navigation is not efficient. A global search function with auto-

complete functionality, for instance, could offer a very effective alternative in this 

case. 

 

Objective of WP2 

Effectiveness 

Efficiency 
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Whereas effectiveness and efficiency can be objectively measured with user tests 

observing navigation paths and necessary steps to reach a goal, satisfaction can-

not be objectively measured. Dealing with the comfort and acceptability of the 

work system to its users and other people affected by its use, satisfaction can be 

subjectively evaluated. 

All together, these three criteria effectiveness, efficiency and satisfaction contrib-

ute to the usability of a system. For the user, in essence this means how usable a 

system is for his current work.  

On the shop floor, the usability of human-machine-interfaces (HMI) is a crucial 

factor. HMIs are the principal point of interaction between the user and the ma-

chines/processes. This is the reason why usability, at least in respect to its two 

aspects effectiveness and efficiency, is already an established factor in the design 

and development of modern HMIs. 

With the introduction of emerging mobile technologies such as tablets and 

smartphones as well as wearable technologies like smartwatches and smart glass-

es in the smart factory, usability will remain an important key principle for appli-

cation design. However, since these technologies come from the consumer market, 

different requirements arise in order to meet usability standards on the shop floor.  

1.2 User Experience 

User experience (UX) is sometimes described as the subjective form of usability, 

but it is more than that. The difference between usability and user experience can 

be explained by a simple example. In the first decades of manufacturing cars the 

focus was on usability to provide the driver with the basic means to use his car 

effectively, efficiently and with satisfaction. In the meantime, the focus of car man-

ufacturers has to a large extent shifted towards user experience. The way how the 

driver perceives the act of using the car and what emotions are evoked when driv-

ing it and even when only thinking about driving it are at the center of user experi-

ence. 

Currently, software engineering and the design of interactive systems is at the 

brink of a much larger focus on user experience. In the last decades the methods 

for creating effective and efficient interactive systems have been improved mas-

sively and usability is an important part of most of current HMI projects nowadays. 

At the same time these systems are becoming more and more complex and offer 

completely new possibilities. For instance, this is based on technological advance-

ments like the widespread broadband access to the Internet. So, it is becoming 

even more important to follow a user centric design approach to not overburden 

the user with too much and too complicated functionality. 

Satisfaction 

User Experience 

vs. Usability 
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User experience can be described as the perceptions and reactions of a person, 

which result out of the expected or actual usage of a product, system or service. 

The experience is formed by the user’s emotions, preferences and psychological 

effects before, while and after the usage of the system. Therefore user experience is 

a much broader and holistic concept compared to usability. For instance, the ‘joy of 

use’ is a strong argument for using a given interactive system. But the ‘joy of use’ 

doesn’t have to be a direct result of achieving a specific task-related goal. It can 

also ‘simply’ refer to the fact, that the user knows from previous experiences that 

the needed tool (software) to achieve the goal is very easy and fast to be used. 

Interestingly, there is always a specific user experience. Of course, a designer of an 

interactive system and a HMI wants to create a system which evokes a positive 

user experience. Hence the designer has to consider usability-centered aspects 

(effectiveness, efficiency and satisfaction), which are still an important part of the 

user experience, as well as user-subjective factors. Previous knowledge and expe-

riences of the user as well as his perception of specific brands have to be trans-

ferred to the usage context. 

Furthermore, psychological needs of the user like autonomy, competence, related-

ness, popularity, stimulation and security have a substantial impact on user expe-

rience, as Hassenzahl researched [3][4]. See Table 1 for a more detailed descrip-

tion. 

Table 1: Psychological needs to be considered in user centered designs 

Psychological need Description 

Autonomy Feeling that you are the cause of your own actions 

rather than feeling that external forces or pressure 

are the cause of your action. 

Competence Feeling that you are very capable and effective in 

your actions rather than feeling incompetent or inef-

fective. 

Relatedness Feeling that you have regular intimate contact with 

people who care about you rather than feeling lonely 

and uncared for. 

Popularity Feeling that you are liked, respected, and have influ-

ence over others rather than feeling like a person 

whose advice or opinion nobody is interested in. 
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Stimulation Feeling that you get plenty of enjoyment and pleas-

ure rather than feeling bored and understimulated 

by life. 

Security Feeling safe and in control of your life rather than 

feeling uncertain and threatened by your circum-

stances. 

 

To summarize in a provocative way, user experience means that the experience 

should be the center of concern for the designer not the interactive system with all 

its features itself. The designer has to satisfy universal but at the same time very 

subjective needs in a specific context. The goal is to create positive experiences for 

the user while using the HMI. Following this on a radical path, it even might be 

necessary to remove some features from an HMI. Of course, in real-life projects this 

could be impossible. But to take user experience for serious means at any case to 

not simply transfer (functional) customer requirements to concrete HMI design 

specifications. The above mentioned user experience aspects should be considered 

and implemented as far as possible. 

1.3 Technology Acceptance 

Technology acceptance is an essential part for the active decision to adopt and 

especially repeatedly use new technical solutions in the future. A socially responsi-

ble and user centric technology design, based on elaborate usability and positive 

user experience is crucial to ensure technology acceptance. This applies in particu-

lar for emerging technologies in the smart factory. An early involvement of the 

workers in the design, development and deployment of digital assistance systems 

is essential in this context. These systems finally create the technical conditions 

that ensure a maximum of flexibility for the workers and in addition leverage crea-

tivity and support learning on the job [13]. 

In this context, the Technology Acceptance Model (TAM) by Davis [7] is a very 

common tool to explore user acceptance. This model enables to define the proba-

bility of intended use as well as the user’s adoption and the resulting success of a 

solution based on its perceived usefulness and usability (see Figure 1). 

The revised version of the Technology Acceptance Model (TAM2) moreover con-

siders the social impact and the consequential cognitive process. The social impact 

defines the influence of technology use on a person´s status, while the cognitive 

process defines the qualitative and quantitative effect of technology effectiveness 

on a task. Furthermore, it informs about the increase of performance through the 

Technology 

Acceptance 

Model (TAM) 
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use of technology. The TAM clearly focusses on the acceptance of the technology as 

well as the factors influencing this acceptance [9]. 

 

Figure 1: Technology Acceptance Model [12]. 

To sum up, early involvement of the workers as well as socially responsible and 

user centric technology design are essential criteria to develop technology ac-

ceptance. The perceived usefulness and the perceived usability can be generated 

by designing for good usability and positive user experience. Our suggestion of 

HMI design guidelines that support this goal is described in Chapter 3. 
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2 Methodology 

In this chapter we describe our approach of developing design guidelines for mo-

bile and wearable device HMIs in the smart factory. The main motivation is based 

on matching design guidelines for this group of emerging devices with the re-

quirements for HMIs on the shop floor. Accordingly, Chapter 2.1 describes the mo-

bile and wearable application design background while Chapter 2.2 deals with the 

industry point of view on HMIs. The resulting consolidated HMI design guidelines 

are presented on Chapter 3. 

2.1 Mobile and Wearable Device Design Guidelines 

Devices like tablets, smartphones, smartwatches and smart glasses are becoming 

increasingly popular in the consumer market. While tablets and smartphones are 

already commonly used, smartwatches are currently gaining attention and smart 

glasses still struggle with broad user acceptance. However, vendors of all major 

mobile operating systems such as Apple, Google and Microsoft developed design 

styleguides for the design and development of applications for their devices. Table 

2 provides an overview of these guidelines. 

Table 2: List of design guidelines for mobile and wearable devices. 

Guideline Device Details 

Android Styleguide Tablet, Smartphone 
Guidelines for the Android 

material design 

iOS Styleguide Tablet, Smartphone Guidelines for iOS design 

Windows Styleguide Tablet, Smartphone 
Guidelines for Universal Win-

dows Platform (UWP) design 

Android Wear 

Styleguide 
Smartwatch 

Design Principles for Android 

Wear 

Apple Watch Styleguide Smartwatch Guidelines for Apple Watch 

Google Glass 

Guidelines 
Smart Glass 

Guidelines for Google Glass ap-

plications 

Recon Jet Guidelines Smart Glass 
Guidelines for Recon Jet applica-

tions 

Consumer 

Design 

Guidelines 

http://developer.android.com/design/index.html
https://developer.apple.com/library/ios/documentation/UserExperience/Conceptual/MobileHIG/
https://dev.windows.com/en-us/design
http://developer.android.com/design/wear/principles.html
http://developer.android.com/design/wear/principles.html
https://developer.apple.com/watch/human-interface-guidelines/
https://developers.google.com/glass/design/ui
https://developers.google.com/glass/design/ui
http://www.reconinstruments.com/developers/design/
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Since these guidelines are quite extensive, we do not cover them in detail in this 

document but provide the appropriate links to their sources in Table 2. One exam-

ple from Google’s Android Wear guidelines for smartwatches is shown in Figure 2. 

 

Figure 2: Example of Android Wear guideline. 

Another example for smart glasses from Google’s guidelines for the Google Glass 

Explorer Edition is shown in Figure 3. 

   

Figure 3: Example of Google Glass design guideline. 

Finally, an example from the Apple Watch guidelines is shown in Figure 4. 

 

Figure 4: Example of Apple Watch guideline. 
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More consolidated summaries of the essential principles have been developed for 

most of the guidelines, one example of the Android version is shown in Figure 5. 

 

Figure 5: Summary of Android design guidelines1. 

However, these guidelines have been created for the design and development of 

consumer applications. For the use of mobile and wearable devices on the shop 

floor, specific industry related requirements have to be considered.  

2.2 Industry HMI Design Guidelines 

Related work dealing with the design of industrial operator interfaces has been 

published by companies that provide solutions in this area [6][10]. In [5] the au-

thor takes a close look at the overall HMI design process, detailed design methods, 

principles and rules for individual displays and groups of displays. Moreover, the 

                                                             
1 https://possiblemobile.com/2014/01/android-design-cheat-sheet/, last access May, 30th 2016 

Industry HMI 

Design Guide-

lines 

https://possiblemobile.com/2014/01/android-design-cheat-sheet/
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integration of both software-based and hardwired HMIs is covered. A similar ap-

proach has been published in [2], where the background, the principles, and the 

detailed best practices for industrial display design are discussed. Aspects of de-

signing HMI displays for large systems in order to meet the quality criteria such as 

ease and seamlessness in user understanding and satisfaction is covered in [1]. A 

different view from the requirements perspective of HMI operators and their 

needs to productively do their daily work is described in [8]. An official guideline 

about the development of usable user interfaces for technical plants referring to 

the features, design and applications of user interface with touchscreens has been 

published by the German VDI/VDE [11].  

Since these industry related HMI guidelines rely on the specific requirements that 

exist primarily on the shop floor, they cannot be directly applied when designing 

for emerging technologies such as mobile and wearable devices. For instance, the 

HMI in Figure 6 shows an example for good design according to the traditional 

measures reported in literature. However, such a design would definitely fail in 

terms of usability and user experience if used on a mobile device like a tablet.  

 

Figure 6: Example of good traditional HMI design [2]. 

As this example has shown, designing for HMIs on this new generation of devices 

that are successively applied at the shop floor needs considering both back-

grounds: design guidelines form the consumer market as well as design require-

ments from the industry. Our approach accounts for both of them by matching 

their specific requirements. The result is a set of HMI design guidelines that apply 

for mobile and wearable devices in an industry context as described in Chapter 3. 

Facts4Workers 

HMI Design 

Guidelines 
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3 HMI Design Guidelines 

In this chapter we present design guidelines based on our before described ap-

proach to match mobile and wearable device guidelines with industry require-

ments. Due to the increasing popularity of tablets, smartphones, smartwatches and 

smart glasses, these devices are already or will in future become part of workplac-

es in the industry. Although the traditional panel attached to a machine will not be 

replaced in near future, user friendly applications that are always at hand and 

available on these devices can add potential benefit for various scenarios in the 

smart factory.  

Designing for these devices requires particular attention concerning the following 

aspects: 

- The relatively small screen sizes challenge information visualisation. In-

formation has to be visualized in a completely different way, breaking it 

down to small, modular blocks that are presented step-by-step to the 

worker. Navigation must be especially adapted for this kind of visualisa-

tion. 

- Interaction and especially data input is less comfortable compared to de-

vices with a keyboard. Therefore, only necessary and important input 

should be mandatory. Entering data should be supported by predefined 

lists of selection options or auto-complete functions, for example. Moreo-

ver, new interaction paradigms such as speech or gesture control are 

promising alternatives. 

- Security and safety issues have to be considered in order to attract the us-

er’s attention. Audio and vibration signals, for example, create additional 

attention. 

For the definition of our guidelines, we focus on these four devices that we men-

tioned before: 

 

  
 

Tablets Smartphones Smartwatches Smart Glasses 
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We explain the consequences of the single guidelines for each of the devices and 

point out if there are any differences that have to be considered when designing 

for a specific device. The guidelines themselves are clustered in four main catego-

ries: 

 Keep it simple 

 Interaction 

 Information Display Basic 

 
Design Basic 

The page frames in this chapter are colored and named respectively in order to 

support easy navigation. 

    

 

  



 HMI Design Guidelines 

 19 

3.1 

19 

 
HMIs need to be as easy as possible for the operators to use. Therefore the cognitive load 
to find required data, understand it, predict the future course of events and take action 
must be reduced. 

 

3.1 Keep It Simple  

3.1.1 Lightweight Information 

 
  

K
EE

P
 IT

 S
IM

P
LE

 
   1   Lightweight Information 
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While working, operators need to pay attention to their environment and the tasks they 
are working on constantly. Therefore, the right information should be displayed at just 
the right time, allowing users to be more connected to both the real world and the virtual 
world. To accomplish that, a proper HMI should work like a smart assistant interrupting 
only when it is necessary, always ready to provide an answer and showing just the abso-
lutely necessary amount of information. 
 

 

3.1.2 Information should be timely, relevant and specific 

 

   

K
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P
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P
LE

 
   2   Information should be timely, relevant and specific 
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An optimal HMI should focus on displaying necessary information and add contextual 
information if it increases the user’s orientation. The graphical interface should be as 
simple as possible avoiding unnecessary complexity. Thereby while designing HMIs the 
following ideas should be considered: 
 

 In graphics complex 3D objects should be changed to 2D, if the needed information can 
be transported in at least the same quality 

 Pictures should be used whenever possible to simplify abstract information 
 Graphical elements should be easily distinguishable from each other and from the 

screen’s background 
 Important information should be in the focus. Therefore, thicker lines, colors, different 

shapes and added indicators can be used to highlight these. 
 If you need to use text, try to keep it short and simple 

Keep it short and simple 
  

K
EE

P
 IT

 S
IM

P
LE

 
   3   Keep it short and simple 

 

 

 

 



 HMI Design Guidelines  

 22 

3 

 
Natural mapping supports linking digital information with the real world. Through 
clear analogies between real world objects and actions with their digital counter-
parts, the graphical user interface clarifies their functionality. Here are some exam-
ples for natural mapping: 
 
 Objects have identical labels in reality and on the HMI 
 Machines are visualized though realistic pictures 
 Safety instructions use identical signs in reality and on the HMI. 
 
Augmented Reality (AR) is one of the most promising technologies used to achieve 
natural mapping. Since the real world is embedded in the visualisation and en-
hanced with digital information, the cognitive load to interpret the information is 
significantly reduced.  

 

3.1.3 Support natural mapping 
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   4   Support natural mapping 
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Workers sometimes have to face abnormal situations and confusing moments while 
working with machinery. In these cases they need to switch quickly between screens 
in order to consult or check other information. If they have to navigate up through 
several levels and then down again to the next screen, essential time will be wasted. 
To avoid it, optimal HMIs need to be designed according to a shallow navigation that 
enables easy changes between screens.  The following concepts support an intuitive 
and user friendly navigation: 
 

 Breadcrumbs (graphical control elements for navigation) allow users to keep track of 
their locations within an application. They visualize the history of navigation and 
allow navigating to previous locations 

 Bookmarks help tagging information or locations and therefore support easy and 
quick retrieval of previously used information or navigation to visited locations 

 

3.1.4 Make navigation easy and quick 
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   5   Make navigation easy and quick 
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Good HMIs should focus on simple interactions with the users, only requiring inputs 
when absolutely necessary. Consequently, inputs should be based around intuitive 
interaction such as touch swipes or voice commands and should avoid complex and 
time-consuming actions. Integrated functionalities such as cameras or sensors 
should be used to replace manual input if possible. 

 

3.2 Interaction 

3.2.1 Low interaction with HMI  

IN
TE

R
A

C
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O
N

 
   6   Low interaction with HMIs 
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In order to prevent mistakes when an operator is interacting with the system, a good 
HMI needs let the user know what he is doing in a correct and effective way. Therefore, 
interactions must be shown in a way that makes obvious what it is really happening. 
Some useful practices for it are: 
 
 The system has to give feedback on every user interaction (e.g. visual, acoustic, 

vibration) 
 Indicating what is selected on the screen 
 Indicating every moment what actions are being carried out 
 Requiring security checks and validating actions when performed (especially 

seldom performed actions) 
 Question typed values that are outside the expected range 

 

3.2.2 Interaction between user and system 
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N

 
   7   Interaction between user and system 
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Machine based system diagrams tend to show a series of flat views of the control sys-
tem. In order to make interactions easier, a proper HMI should provide overview 
screens that show the status of the whole system, or the major part of the system that 
an operator is responsible for. A good practice for achieving it is to create a level hier-
archy, where each lower level provides more detail for a portion of the higher level. 

 

3.2.3 Build an information hierarchy 
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N

 
   8   Build an information hierarchy 
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In many occasions, lack of attention and distractions by workers can cause failures in 
production, delays and sometimes accidents. In order to avoid abusing the user´s 
attention the number of notifications should be kept at their minimum. Therefore, 
notifications should be clearly divided into two groups: 
 
 Active notifications: Only when essential information needs to be shown. The 

device communicates with the user actively through vibration, audio signal or 
optical signals. Notifications are pushed through to e-mail, text or mobile apps and 
are used for emergencies or critical problems with the service. 

 Passive notifications: Information that must not be shown immediately. E.g. 
notifications are displayed in internal admin areas, team chats or are sent in daily 
summary e-mails. 

 

3.2.4 Use little amount of notifications 
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   9   Use little amount of notifications 
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One of the principles of wearables is to let users continue with their actions while 
they are interacting with the device. Hence, each interaction should be as quick as 
possible and should not take more than a couple of seconds to be carried out.   

 

3.2.5 Do not interrupt tasks 
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N

 
  10   Do not interrupt tasks 
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It has to be obvious for the user which elements on the screen are interactive. These 
elements have to distinguish clear enough from the rest of the screen. Here are some 
examples to show interactivity: 
 
 Color 
 Underline 
 Button 
 Icon 

 

3.2.6 Show interactivity 
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  11   Show interactivity 
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Workers must perceive the important data related to their current situation in order 
to decide about next steps. Therefore, data should be visualized according to the fol-
lowing guidelines: 
 
 Provide information, not just data: There is a big difference between data and in-

formation. Usually data shows all kind of discrete elements like names, words 
and numbers that categorise, calculate or quantify. But information adds a mean-
ing to this data by linking those elements, abstracting complexity and focussing 
on the essential core of them. 

 Context: Provided information should be put in context so the operator is able to 
get the exact meaning of it in the shortest time possible. Without context, infor-
mation can be misinterpreted. 

 Call to actions: Assistance systems for workers should put relevant information 
into the focus which enables the decision about next steps 

 Consider environmental conditions in the context of use. Differences between in-
door/outdoor, for example, influence the selection of devices and according 
graphical user interface design 

 

3.3 Information Display Bascis 

3.3.1 Situation awareness 
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  12   Situation awareness 
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Providing reference values on trends helps operators predict future functioning of a 
system at a glance. Those values facilitate to see whether the current state is continuing 
in the right direction or headed for a problem and make it easy to assess the machinery. 

 

3.3.2 Trends for predicting future events 
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  13   Trends for predicting future events 
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Due to physical differences between young and elderly workers, considering this factor 
has an impact on the design of the HMI. Account with your design for the following 
points: 
 
 Allow adjusting text size 
 Pay particular attention to contrast ratios with text 
 Consider workers with prescription lenses when you plan to use smart glasses 

 

3.3.3 Visualisation for young and elderly workers 
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  14   Visualisation for young and elderly 

worers 
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Mobile and wearable devices provide very different screen sizes. Not only the overall 
screen size varies but also their individual standardized layouts concerning 
predefined areas for status, control and navigation bars. Screen designs must be in 
tune with these standards. Furthermore, take into account that the worker might have 
to view the screen from a distance, so use bigger graphics and text. 

 

3.4 Design Basics 

3.4.1 Proper screen layout 

  

D
ES

IG
N

 B
A

SI
C

S 
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Visual presentations can be powerfully improved in terms of communication and con-
tinuity thanks to colors, but at the same time, a misuse of them can cause misunder-
standings and lack of attention. Choosing the right color for the background, control 
buttons, alarms, text and other objects for a good HMI design is essential. 
 
 Background: Primary colors should never be used as background colors. Black 

and white provide very good contrast but the screen can look glare sometimes. 
Pastel shades such as light grey, light brown, etc. provide a great contrast for both 
dark and bright colors. 

 Objects: In this case primary colors should be used to highlight objects and oper-
ations. It is important to be sure the chosen colors are effective and send the ap-
propriate message. Be aware of color blindness, especially red/green. 

 Interactivity: Colors should not be the only way of showing interactivity. 
 Status Colors: Colors such as red, green and orange are in industry often used to 

visualize a certain status. These colors should not be used in a different context. 
 

3.4.2 Use of colors 
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Usually a good HMI does not have big flashing animated lights or 3D vessels with bright 
colors. Graphics should be used to explain situations, facts and correlations in a clear 
manner. 

 

3.4.3 Graphics 
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Workers will be carrying out other actions while they are using the mobile and weara-
ble devices. Therefore text reading has to be as fast and intuitive as possible. To accom-
plish it, proper font, color and size should be used in the display so that an operator can 
easily read and understand the information. 

 

3.4.4 Display text 
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While designing HMIs for mobile and wearable devices it is necessary to consider the 
small size and different shapes of screens. Information has to be adapted to the available 
screen space, existing documents should be optimized for example in the form of 
stepwise instructions. Make it easy for the user to scroll back and forth. 

 

3.4.5 Design for small displays 
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4 Conclusions 

This document aims at providing guidelines for the design of solutions for mobile 

and wearable devices within the smart factory. Since these kind of emerging devic-

es and related solutions are only recently applied in industrial environments, the 

focus does not only lie on their user friendly design but also on the related tech-

nology acceptance. Therefore, we initially motivate how usability, user experience 

and technology acceptance play a role for the design of HMIs. Based on this 

knowledge, we consider both relevant sources that have to be considered when 

designing HMIs: on the one hand guidelines from the consumer market that deal 

with the design of applications for mobile and wearable devices and on the other 

hand HMI requirements from the industry. By matching these two sources, we are 

able to present 19 design guidelines for the industrial usage of mobile and weara-

ble devices. 

The developed guidelines will have an impact for FACTS4WORKERS in several 

ways. First, they will be the base reference for all HMI concepts and consequently 

all HMI implementations within the project. Our concepts will follow the guidelines 

and therefore provide best-practice examples of how to apply them in the real-

world. Second, the consideration of the guidelines will ensure that HMIs are con-

sistent and meet expected usability standards. Finally, incorporating the guidelines 

will help creating technology acceptance through high usability and user experi-

ence. This is a key factor for successfully deploying the innovative solutions at the 

industrial partner’s factories.  

In order to evaluate the direct impact of the guidelines in respect to the 

FACTS4WORKERS objectives, we provide a basic overview in Table 3 with the im-

pact ratings Low, Medium and High. Summarizing the FACT4WORKERS objectives 

in terms of measureable indicators are: 

O.1: To increase problem-solving and innovation skills of workers participat-

ing in the pilots at HIR, THK, SCA, HID, EMO, and THO, as measured by e.g. innova-

tion capability test scores.  

O.2: To increase cognitive job satisfaction of workers participating in the pilots, 

as measured by an increased score on relevant factors on a Spector Job Satisfaction 

Survey (JSS), and to improve their working conditions in terms of safety, work or-

ganisation and well-being.   
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O.3: To increase average worker productivity by 10% for workers participating 

in pilots, as measured by a mix of proven and newly developed metrics enabled by 

the smart factory concept and the evolving role of the worker.   

O.4: To achieve TRL 5-7 on a number of worker-centric solutions through which 

workers become the smart element in smart factories, interacting by deploying a 

flexible smart factory infrastructure.  

Once implemented in the solutions, the design guidelines will contribute to the 

objectives O.1, O.2 and O.3. 

Table 3: Guideline impact on project objectives. 

Guideline O.1 O.2 O.2 

1. Lightweight Information Low Medium High 

2. Information should be timely, 

relevant and specific 
High High High 

3. Keep it short and simple Low High Medium 

4. Support natural mapping Medium Medium Medium 

5. Make navigation easy and quick Low Medium High 

6. Low interaction with HMIs Medium High High 

7. Interaction between user and 

system 
Low High Medium 

8. Build an information hierarchy High High High 

9. Use little amount of notifica-

tions 
Low Medium Medium 

10.  Do not interrupt tasks Low Medium High 

11.  Show interactivity Low Medium Medium 

12.  Situation awareness High Medium High 

13.  Trends for predicting future 

events 
High Medium High 

14.  Visualisation for young and el-

derly 
Low High Medium 
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15.  Proper screen layout Low Medium Medium 

16.  Use of colors Low Medium Medium 

17.  Graphics Medium Low Medium 

18.  Display text Medium Medium Medium 

19.  Design for small displays Medium Medium High 

 

As next step the guidelines will be used for the development of HMI concepts and spec-

ifications for each context of use.  
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The high ambition of the project FACTS4WORKERS is to create Factories of the 

Future with a pervasive, networked information and communication technology 

that collects processes and presents large amounts of data. These smart factories 

will autonomously keep track of inventory, machine parameters, product quality 

and workforce activities. But at the same time, the worker will play the central 

role within the future form of production. The ambition of the project is to create 

»FACTories for WORKERS« (FACTS-4WORKERS), to strengthen human work-

force on all levels from shop floor to management since it is the most skilled, flex-

ible, sophisticated and productive asset of any production system and this way 

ensure a long-term competitiveness of manufacturing industry. Therefore a seri-

ous effort will be put into integrating already available IT enablers into a seam-

less and flexible Smart Factory infrastructure based on work-centric and data-

driven technology building blocks.  

These solutions will be developed according to the following four industrial chal-

lenges which are generalizable to manufacturing in general: 

• Personalized augmented operator, 

• Worked-centric rich-media knowledge sharing management, 

• Self-learning manufacturing workplaces, 

• In-situ mobile learning in the production. 

6 ABOUT THE PROJECT  
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This document is entitled “HCI/HMI building 

blocks: Report on guidelines for intelligent infor-

mation presentation to the workers” and repre-

sents Deliverable 2.5 of the H2020 project 

“FACTS4WORKERS -  Worker-Centric Workplaces 

in Smart Factories” (FoF 2014/636778). 

Within the project, WP2 entitled “Worker-centric 

HCI/HMI Building Blocks”, aims to develop (in a 

co-creation process with shop-floor staff) the 

smart factory solution’s worker-centric HCI/HMI 

building blocks, characterised by maximum usa-

bility, user experience (UX) and technology ac-

ceptance.  

Considering these three criteria we present ap-

propriate design guidelines that can be applied 

for similar projects and solutions in this delivera-

ble. The guidelines focus on the design of applica-

tions for mobile and wearable devices in the 

smart factory. Our intention is to provide guide-

lines that are general enough to be applied out-

side of the scope of FACTS4WORKERS but at the 

same time deal as a base reference for our own 

implementations.  

As a starting point, we briefly describe the rele-

vance of usability, user experience and technolo-

gy acceptance for HMIs in the smart factory. 

Based on that, our methodical approach matches 

existing design guidelines for mobile and weara-

ble application development with the require-

ments for HMIs on the shop floor. The result is 

reported in form of 19 design guidelines with 

various examples for practical use on tablets, 

smartphones, smartwatches and smart glasses. 

The worker-centric HCI/HMI building blocks that 

will be described in Deliverable 2.6 will finally be 

based on these design guidelines and provide 

best-practice examples of real-world applications.

 

 

HCI/HMI building blocks: Report on guidelines for 
intelligent information presentation to the workers 
 

Schnittstellen  Middleware  

Activity Streams 
Schema Authentifizierung Dienst 

Mashup Filterung 

Daten     Protokolle  Caching 

Social Software  
    Aggregation     API 
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ubiquitär       Information 

multi-user  Interaktionszonen  
Interaktive Großbildschirme 

Freudvolle Nutzung  Usability 
Visualisierung  Benutzerakzeptanz  

Sozialer Kontext 

Tablets & Smartphones  

     pervasive          multi-touch  
Informationsstrahler 

Awareness Simplicity 

Social Guidelines Enterprise 2.0    
Aneignung    Einführung 

Anforderungsanalyse  Motivation 

Nutzungsoffenheit 
Erfolgsmessung  Social Business  

Partizipation 

Wissensmanagement Community   
Social Networking 

 


