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Abstract 

In order to design products that are optimised for the user, it is 
important to take the user's perception of the product into 
account as early as possible, whereby this is strongly influenced 
by the vibrations that occur. For the use of power tools, there is 
currently a lack of knowledge about possible influencing factors 
and the resulting perception of the user. Within this manuscript, 
a study design is presented with which potential influences on 
vibration perception can be investigated. The implementation of 
study design is based on the most important influencing factors 
within the perception and judgement process of vibration 
comfort, which originate from an expert workshop and a literature 
research in the field of psychology. 
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1. Introduction 

 

In user-centered design, productivity and ergonomics are central parameters for achieving 

an increase in the value of products and thus being marketable. Productivity is proved 

dependent on the perceived comfort of the user during application [1, 2]. Vibration emissions, 

which affect the user, represent a particularly intensively perceived comfort aspect. Vibration 

emissions stress the user both physically and psychologically. Therefore, vibration exposure 

of the human body due to human-machine interaction is an extensively studied topic in the 

current state of research [3–8].  

In the field of power tools, the state of research focuses primarily on the physiological effects 

on the human hand-arm system caused by vibration exposure from power tools [6, 9–11]. With 

regrad to the product development of power tools the research results were translated into 

industry standrads and metrics such as the ahv value, which is defined in the industry standard 

DIN EN ISO 5349-1 [12]. 

At the current state of research on power tools, the ahv value only covers the physiological 

effects of vibration exposure and does not consider the psychological impact of vibration 

emission. Since there is already extensive research on the relationship between vibration and 

comfort in the automotive sector, it can be assumed that the perceived comfort of power tools 

is also influenced by the psychological effect of vibration exposure [5, 13–16]. Nevertheless, 

the knowledge gained between vibration emission and comfort from the automotive sector 

cannot be transferred to power tools, as the frequency range of the emitted vibrations differs 

greatly. In addition, studies show that the ahv filter of vibration does not coincide with the 

comfort ratings and is thus not suitable for the comfort ratings due to vibration [17, 18].  

In consequence the psychological effects of vibrations emitted by power tools on operator 

comfort can neither be derived from the current state of research nor quantified by the 

established metrics in the field of power tool vibration emission.  

Regarding the realtion between the vibration emission of power tools and the cognitive 

percepted comfort, different influence factors on the human perception have to be considered. 

In the field of hand-arm vibration, the vibrations transmitted from the power tool to the hand-

arm system depend on the gripping and pressing force [12, 19–21]. Therefore, it is reasinable 

to assume that these factors have to be considered in the perceived comfort as well.  

Furthermore, the state of biology and psychology on human perception of vibrations shows 

that humans perceive frequencies especially in the range of 10 Hz to 300 Hz with particular 

intensity. Moreover, this perception can be overlaid by other stimuli, such as optical or acoustic 

impressions, or interact with influencing factors. Therefore, when investigating vibration 

comfort, it is important to represent the overall environment as realistic as possible. 

Furthermore, as previous studies have demonstrated, comfort and fatigue during use of a 

handheld device varies for each individual [17]. The manuscript addresses a lack in research 

of finding an appropriate way to deal with these difficulties. Herein the manuscript identifies the 

factors that influence vibration comfort as well as the related measurands and offering 

suggestions on how to deal with them. In order to analyze the comfort related to the vibration 

emission of power tools the different influencing factors have to be defined and evaluated in 

studies due to their expected dominance an the percepted comfort within the power tool usage. 

Hence the manuscript is adresses the following research questions: 

Research Question 1: Which influencing factors must be considered when investigating the 

vibration comfort of power tools? 

  

Research Question 2: What does the perception and judgement process of vibration comfort 

look like and which influencing factors are involved here? 

 



 

3 
 

Research Question 3: What should a study design look like in order to investigate relevant 

influencing factors on the perception and judgement process of vibration comfort? 

 

 

2. Methods  

To identify relevant user influences on vibration and vibration comfort and to answer the 

research question, a workshop was held with 15 participants. These participants are 

employees in leading positions in development teams from industry who regularly carry out 

studies to record vibration of power-tools.  

They were asked to answer the following question via brainstorming: What variables affect 

the vibration comfort of power-tools using the example of angle grinders and hammer drills? 

There were 20 minutes available for free collecting. Afterwards, the mentioned variables were 

combined on a common board and sorted according to the topics Human Factors, 

Environmental Factors and Product Properties. Doubly named variables were piled on top of 

each other. In the next step, the collected variables were evaluated which variables should be 

considered in an experiment to measure vibration comfort of power-tools by subjects. The 

evaluation should be made on a scale of 0 (very unimportant to consider) to 10 (very important 

to consider). In the third and final step, subjects were asked which variables should be varied 

and which should be kept constant in such an experiment.  

The results of the questioned subjects were summarized in a table that presents (potential) 

influencing factors on the measurement of vibration comfort.  

Following the workshop, the influencing factors originating from humans, which were rated 

as extremely important (at least rated as 7), were analyzed in more detail on the basis of a 

literature research.  

In addition, with the help of a literature search, it was analyzed how stimuli are created, 

perceived and evaluated in psychology. Processes for understanding and variables influencing 

this process were investigated. On the basis of this research, a process picture was created, 

which shows the process up to a general evaluation by humans and in which the influencing 

variables from the literature are shown. From this process picture and the influencing factors 

that were named in the workshop, a table of human influencing factors on the measurement 

of vibration comfort was created. The table also provides the justification for why these 

variables need to be considered and how they should be dealt with in a study. These as 

relevant defined influencing factors were transferred to a study design. The study design is 

intended to assist in studies on subjectively perceived evaluations, to pay attention to 

influencing factors in a targeted manner and to query their influence. 

Furthermore, the human factors defined as important from the expert workshop were 

combined with the identified influencing factors from the literature on the perception and 

evaluation of stimuli. Very similar, probably highly correlated, influencing factors were 

combined into one, which appeared to have a more direct influence on vibration comfort. 

Subsequently, these combined influencing factors were evaluated in terms of relevance and 

implementability. Influencing factors with an obviously low relevance or a low possibility to be 

considered in a study were sorted out. All remaining influencing factors were finally integrated 

into a study concept for the assessment of vibration comfort. 

3. Results 

 

Influencing factors on vibration comfort 

First, possible user influences were collected in the workshop. These are sorted according 

to the topics Human Factors, Environmental Factors and Product Properties as shown in Table 

1. All influencing factors that, on average across all total ratings, were rated at least as seven 
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on the ten-point scale are shown in bold. In the brackets below is the rating of the participants 

(by absolute majority) of all evaluating influencing factors, whether these should be kept 

constant or varied within a study (c = keep constant, v = variate). 

Table 1: Influencing Factors on Vibration Comfort 

Human Factors Environmental Factors Product Properties 

 

Position hand (c) 

Direction of use per 
application (c)  

Arm position (c) 

Posture (c) 

Ethnicities 

Experience (expert / 
layman) (v) 

Individual sensation 
of vibration 

Tiredness  

Attention 

Clothing 

Subjective 
interactions 

Expectations 

Hand size and 
weight 

Hand-arm system 

Constitution 
(weight) 

Distribution of hand 
force over two grips 

Grip force (v) 

Operating forces (v) 

Pressing force (v) 

 

Temperature (c) 

Noise (c) 

Fixation workpiece 

Material (c) 

Floor space (material) 

Additional vibrations of 
other machines 

Measuring method 
(standard measurements!) 

With / without gloves 

Feedback of application / 
workpiece 

 

 

 

 

 

 

 

 

 

 

 

 

 

Output power (c) 

Performance total 
system 

With / without speed 
control 

Handle shape (v) 

Handle feel  

Surface texture, material 

Housing material 

Tilter / decoupling systems 

Weight (v) 

Spectrum of vibrations 
at the handle (v) 

Vibration behavior 

Mass 

Unbalance (mass) 

Surface properties 

Tool 

Power Tool / workpiece 
interaction 

Power Tool / device 
interaction 

 

 

 

 
Perception and judgement process of vibration comfort 

In order to obtain a holistic picture of potential human influencing factors within the 

investigation of vibration comfort of power tools, psychology is used as an auxiliary science. It 

is considered in the literature how external stimuli are perceived and how a subjective 

evaluation of a stimulus is formed. In addition, influencing factors are identified which have an 

impact on the perception and judgement process of stimuli as well as where they occur within 

this process. The result of the research is presented as a process picture in Figure 1. 
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Figure 1: Perception and Judgement Process [22–24]  

The investigation of vibration comfort can be divided into a total of three sub-processes that 

are influenced by humans: stimulus generation, stimulus perception and the formation of 

judgements about the stimulus presented. Figure 1Figure 1 shows these sub-processes below. 

The influencing factors that significantly determine the corresponding sub-processes are listed 

above. The process steps of stimulus perception and judgement formation are based on 

cognition. Cognition is a collective term for processes and structures that affect the reception, 

processing and storage of information [22]. In psychology, cognition is a well-researched 

process in which there is a high level of awareness of many individual human influencing 

factors [23]. Raab (2016) describes the following elements as the most important cognitive 

systems: presumed knowledge / hypotheses, attitudes and social norms [23]. Hypotheses are 

understood here to imply that every person makes assumptions that filter what is perceived 

and evaluated in what way. Attitudes are understood as expectations in perception [23, 25]. 

This includes above all values and prejudices that influence the process of judgement. 

Moreover, according to the directive state concept of Bruner and Postman 1951, people's 

perception is influenced by their needs, motives, values and desires [23]. There is no such 

unbiased perception [23]. This can be observed well in the example of the brand of a product: 

The perception of the brand leads to a hypothesis, which subsequently influences the 

perception of properties [23, 26]. 

An important perceptual filter is salience, which contributes to attention. Salience describes 

the difference and noticeability of a stimulus in relation to the context [24, 27]. This makes the 

stimulus more accessible to the consciousness [24]. Causes for this can be the relevance of 

the stimulus for the person's current objectives or the contradiction of expectations [24, 28]. 

Stimulus intensity and spectral contrast play a decisive role in the salience filtering of sound 

[24]. It is therefore assumed that a transferability of these conditions to vibration can be carried 

out. 

In summary, it can be stated that the evaluation of the vibration comfort goes through the 

sub-processes of stimulus generation, stimulus perception and judgement formation of the 

presented stimulus. The human influencing variables determine each sub-process individually.  

An example: The greater the perceived stress of a person, the more limited the possibility 

of perceiving sensory stimuli via various receptors and the stronger the filtering of sensory 

stimuli takes place. Two people with different levels of perceived stress in the same application 

notice the stimuli differently and consequently evaluate them differently. This selection of 

perception is guided by attention [24] and influenced by various dispositions such as the 

interest or goals of the person [23, 29].  
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Study design to investigate relevant influencing factors on vibration comfort  

In order to be able to investigate influencing factors on vibration comfort as validly, 

objectively and reliably as possible across different subjects, despite the individuality, a 

consideration of a suitable study design for the human influencing factors must take place.  

The study concept for the assessment of vibration comfort is illustrated in Figure 2. It 

contains the combined, evaluated and selected influencing factors from the expert workshops 

and the perception and judgement process. The basic requirement for the study design to work 

is that all other potential influencing factors are kept constant. For example, each subject 

receives the same protective clothing, the same standardized specifications for performing 

applications, the same test environment with the same test instructors.  

 

 
Figure 2: Study Design for Measuring Influencing Factors on Vibration Comfort 

In Figure 2, a proposal for a study procedure is presented on the left side. The study consists 

of two main phases: the familiarization phase and the evaluation phase. The familiarization 

phase is concerned with getting subjects used to all environmental stimuli in the form of the 

experimental environment, the instructor, the task, the power tools, the questions and the 

observation. All stimuli presented up to this point should be perceived as non-salient and the 

subjects should be given the opportunity to work as realistically as possible in Part 1 and to 

find a comfortable posture, gripping and pressing forces. In Part 1, no adjustment of influencing 

factors takes place, only a recording takes place.  

In the evaluation phase, measurements are taken at the beginning to determine the 

individual vibration sensation. As these are often difficult to implement, reference 

measurements can be taken instead at the beginning and end to anchor the reference system 

(psycho source). In guided working, the applications with the power tools are precisely defined 

and also randomized. The applications are evaluated one after the other with regard to the 

perceived vibration intensity and vibration comfort on a five-point Likert scale, for example. In 

addition, the subjects are asked to indicate whether they rated the applications on a five-point 

Likert scale as very easy to very difficult and whether they noticed anything special about the 

application. There is a break between the two phases to prevent premature fatigue and to 

ensure that subjects are not overly biased in their assessment of vibration comfort as a result 

of the familiarization phase. In order to distract the subjects, their height and hand size, their 

weight and, at best, other demographic and anthropometric data are measured during the 

break. The influencing factors shown in green are repeatedly asked about or measured during 
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the entire course of the study in order to be able to evaluate the vibration comfort of the 

subjects. 

4. Discussion 

In the first step within an expert workshop, factors were collected that have an influence on 

vibration comfort, using angle grinders and hammer drills as examples. These were sorted into 

the topics Human Factors, Environmental Factors and Product Properties. Subsequently, a 

weighting was carried out according to relevance in measurements and an assessment of how 

to deal with the influencing factors during an investigation. 

This assessment, carried out by experts in product development in the field of power tools, 

is extremely useful. It provides information on where the focus has been so far in conventional 

vibration measurements and in studies with subjects, which influencing factors are already 

known and which are suspected.  

This collection and evaluation of factors that have an influence on the vibration comfort of 

power tools must be considered in studies is based on subjective experience. 

 

In the second step, a literature research was carried out to look at the perception and 

judgement process of vibration comfort and to analyze the corresponding influencing factors. 

The process of stimulus generation, perception and evaluation is extremely meaningful. 

Through the differentiated consideration of influencing factors on a subjectively evaluated 

variable within the process steps, the influences with their interactions can be better 

understood and thus more easily considered. Measured correlations or effects of an 

investigation can be traced back to their potential causes using the process. The structured 

procedure also enables the reduction of factors with a high degree of probability. The large 

number of factors and the great individual differences of subjects in their characteristics render 

a holistic recording very difficult and, above all, time-consuming. A priority and combination, a 

so-called index formation, of the influencing factors is therefore highly recommended. 

 

In the third step, the influencing factors from the expert workshop that were rated as 

important were combined, evaluated and selected with the influencing factors in the perception 

and assessment process. The most important influencing variables were transferred into a 

study design. The study design supports the investigation of relevant influencing factors on the 

perception and judgement process of vibration comfort. 

The structured procedure and the specific consideration of the influencing factors in the 

study design reduces the influence of the factors as well as their number with high probability. 

For other subjectively perceived and evaluated variables in the area of power tools, a 

transferability of the study design is possible. Depending on the power tool, task and size, 

adjustments are probably necessary. 

 

Limitations: The current study design lacks consideration of how precisely the specified 

influencing factors can be measured. It is certainly possible and sensible to use a wider range 

of measurement methods than questionnaires. Further research and adjustments are needed 

here. These may be added to the study design in future studies as needed. 

5. Conclusion 

In order to design products that are optimized for the user, it is important to take the user's 

perception of the product into account as early as possible, whereby this is strongly influenced 

by the vibrations that occur, among other things. For the use of power tools, there is currently 

a lack of knowledge about possible influencing factors and the resulting perception of the user. 
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Within this manuscript, a study design is presented with which potential influences on vibration 

perception can be investigated.  

An expert workshop was held to find out the influencing factors on vibration comfort. In 

addition, a literature research was conducted in the field of psychology on stimulus generation, 

perception and evaluation in order to identify relevant factors influencing the evaluation of 

vibration and to be able to justify their use in a study. Finally, the most relevant influencing 

factors from the expert workshop and the literature research were combined, evaluated and 

selected. Subsequently, these were transferred into a study design, which investigates 

relevant influencing factors on the perception and judgement process of vibration comfort. The 

experiences from everyday vibration measurements could thus be combined with the broad 

knowledge of psychology within the perception and judgement of stimuli. The study design can 

be transferred and used for other subjectively perceived and evaluated stimuli and provides 

an overview of relevant factors that influence the perceived comfort of vibration in power tool 

applications. 
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