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ABSTRACT
Developing tactile displays is an important aspect of improving the realism of feeling softness
in laparoscopic surgery. One of the major challenges of designing a tactile display is to
understand how the perception of touch can be perceived with differences in material properties.
This study seeks to address this limitation by investigating how the interaction of material
properties affects perception of softness.
The study aims to explore how the interaction of surface roughness and compliance affect
perception of softness through the use of a psychophysical experiment. The experiment used a
set of nine stimuli representing three materials of different compliance, with three different
patterns of surface roughness. The results indicated that compliance affected perception of
softness when pressing the finger and when sliding it. Moreover, roughness also influences the
perception of softness. In addition, there are significant effects of the interaction between
compliance and roughness, and subjects on softness perception.
This work is an essential step towards understanding interactions between compliance and other
material properties which affect perception of softness and how this understanding can be
applied to the medical field, especially laparoscope surgery.
Key words: human perception, softness, compliance, roughness, stickiness, tactile displays

الملخص
 يعتبر أحد.(laparoscope surgery)

تطوير جهاز يعمل على مفهوم مهم لتطوير آلية إدراك اإلحساس بالنعومة خالل

 هذا المشروع.أهم التحديات لتصميم هذا الجهاز هو فهم هل أن اإلحساس باللمس يختلف مع اختالف خواص المادة المختلفة
.يسعى إلى تجاوز هذه العقبة عن طريق معرفة كيفية تأثير خواص المادة المختلفة على اإلحساس باللمس
(

المشروع يهدف إلي دراسة كيف إن خواص المادة المختلفة تؤثر على اإلحساس باللمس من خالل تجربة

( مع ثالثة مستوياتcompliance)  التجربة تستخدم تسع عينات تمثلها ثالثة مستويات مختلفة من,psychophysical)
(press and  يؤثر على اإلحساس باللمس خالل وضعيcompliance  النتيجة تشير إلى إن.(roughness) مختلفة من
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 نفس النتيجة,(press and slide)  له تأثير على اإلحساس باللمس من خالل وضعيroughness  أيضا ان.slide)
subjects  وأخي اًر,  سيكون له تأثير على اإلحساس باللمسroughness and compliance كذلك بالنسبة للتداخل بين
. block له تأثير على اإلحساس باللمس وبذلك لن يتم حذفه وهو الذي تم استخدامه ك
هذا العمل هو خطوة أساسية نحو فهم التفاعالت بين التداخل وغيرها من خصائص المواد التي تؤثر على اإلحساس باللمس
. laparoscope surgery  وخاصة،وكيف يمكن تطبيق هذا الفهم على المجال الطبي

1. Introduction
This work seeks to investigate how the interaction of material properties affects perception of
softness. The perception of softness and compliance are important aspects for comparing
between healthy and unhealthy tissues in the context of laparoscopic surgery. Compared to open
surgery, laparoscopic surgery has several advantages such as minimizing tissue trauma, less
post-operative pain, shorter recovery time, reduction in the length of hospital stay, and reduction
in health care costs, Figure 1 shows an example of a tactile perception system. The lack of
tactile feedback information leads to high demands on the surgeon’s skills and experience, and
they must learn to adapt to this lack of information which is time-consuming and costly in terms
of patient safety. It seems that loss of tactile feedback is a major disadvantage and plays an
increasingly important role (Abreiak. 2014) and (Abreiak and et al. 2017). In order to present
the information about texture, shape and compliance and to present tactile feedback in
laparoscopic surgery, a tactile display could be used when the user cannot manipulate objects
directly, building tactile displays which express small scale information about objects could be
an alternative (Ottermo and Johansen. 2008:1) and (Ottermo. 2006). This work is to understand
how people can perceive softness and other material properties to know what to sense within the
human body and to know how this information can be displayed to laparoscopic surgery for
discriminating tissue softness.
The relationship between surface properties and human perception of them has been explored
by a range of studies. Hardness-softness was identified as one of the main subjective responses
to discriminate surfaces, as well as roughness-smoothness (Hollins & Risner. 2000: 695).
However, subjective perception of roughness and softness can be affected by more than one
physical parameter (Tiest & Kappers. 2006: 121) and (Shao and et al. 2009: 1575). For
example, Hardness-softness has been affected by both compliance and cooling rate (Chen and et
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al. 2009: 67). The softness and hardness depended on the degree to which the object conforms
to the body and to which the body conforms to the object respectively. This means that different
kinds of sensory information are used to assess the soft versus hard objects (Friedman and et al.
2008: 133).
The paper aims to explore how the interaction of surface roughness and compliance affect
perception of softness. The same investigation was performed earlier (Abreiak. 2014) and
(Abreiak and et al. 2017). This paper presents experiment intended to further this exploration of
the interaction between perceived softness and physical properties, by exploring the effect of
roughness on perceived softness.

Fig. 1 Example of a tactile perception system (Abreiak. 2014)

2. Methodology
The aim of this study is to determine the effect of surface roughness on perception of softness.
To achieve this aim, magnitude estimation was used to determine people’s ratings of softness of
materials. Magnitude estimation is a scaling technique that is used in psychophysics to
determine how much of a given sensation a person experiences and is explained more fully
later. This method is more suitable for obtaining ratings than using Likert or semantic
differential scales, but is more difficult and less intuitive for participants to use.

2.1

Participants

Thirty participants took part in this study (All males). Range of age was (20-25). In the
experiment, a handedness inventory questionnaire was used that had been adapted from the
handedness questionnaire by (Briggs and Nebes. 1975:230). Participants were asked to tick a
suitable choice on the handedness questionnaire from a five point scale. Table 1 shows scores
for the scale point and total scores, and which total scores were interpreted to measure the
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strength of handedness for each participant. All the participants were found to be right handed.
Participants were asked to press or slide the sample, dependent on the instruction given by the
researcher, using the index finger of their dominant hand to assess the compliance of samples.
The participants could not see the stimulus to remove any influence from the shape and surface
differences between the stimuli.

Table 1 Scores for the scale point for determining dominant hand

Score point

2.2

Score

Total
scores

Dominant hand

Always right

+2

Usually right

+1

-24 to -9

Left handed

No preference

0

-8 to +8

No preference

Always right

-1

+24 to +9

Right handed

Usually right

-2

Stimuli

Nine stimuli with three different levels of compliance and three different levels of roughness in
all combinations were made. Stimuli were produced in dimensions of (8 cm×8 cm×20 cm).
These were made from sponge of different compliances (Figure 2 and 3).

Fig. 2 Stimulus made from textile to show different levels of roughness
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Fig.3 Stimulus made from different sponges to show different levels of compliance

2.3

Method

There were nine conditions, corresponding to the combinations of two independent variables:
compliance (soft, neutral and hard) and roughness (smooth, neutral and rough) and the pressing
and sliding conditions. The order of stimuli was randomized for each participant. The design
used was balanced ANOVA. The pressing and sliding conditions were counterbalanced. The
experimental approach used was to develop a two factor factorial run in randomized block
design. In this approach, two factors were used: compliance and roughness. Minitab 16
statistical software was used to design a two factor factorial run in randomized block design.
From that, spreadsheets were compiled to calculate the results for each participant. In order to
avoid any effects from the behaviour of the participants on treatments, the counterbalanced
design was used in this experiment. The experiment had two conditions (A = pressing with
softness and B = sliding with softness), these conditions required two orders (Beierholm. 2007)
in which these can occur. Participants were divided into two groups, each having an equal
number of participants, which meant 15 participants were in each group. It meant all
participants were treated with a different order of conditions (with pressing first, followed by
sliding and sliding first followed by pressing).

2.4

Procedure
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Each participant was given a brief outline of what the experiment would involve. An instruction
sheet was presented to each participant, which explained how the experiment should be
performed to ensure participants understood what they should do.
Participants took part in this study individually, so they did not influence each other in their
responses. Twenty seven runs were used during the experiment for each participant. The
magnitude estimation procedure had been chosen as the most appropriate method under two
experimental conditions pressing and sliding to evaluate the perception of softness. All
participants during their experiment were provided with a reference stimulus. The same
reference stimulus was used in every case. The participant was told that the reference stimulus
had a softness of 10 and it had a middle value for compliance, and asked to assign a rating to the
test stimulus such that 20 would indicate twice as soft and 5 half as soft as the reference.
Before starting the experiment, in order to help participants understand magnitude estimation,
they were given an explanatory sheet, which was developed to allow participants to understand
the concept of magnitude scaling, was based on an example exercise described by Lodge citied
in (Abreiak and et al. 2017). In this exercise, participants were asked to assign a value, which
had to be a positive, non-zero integer, decimal, or fraction of first “reference line”. Participants
were asked to assign how much longer or shorter the remaining lines were compared to the
reference line. The longer a line seemed to be, the larger the number they should assign to it.
The shorter a line seemed to be, the smaller the number they should assign it compared with the
reference line. All participants were asked if they understand the exercise and their answers
were checked to make sure they were acceptable. None of the participants had to withdraw
because they could not understand the procedure.
A pilot experiment was carried out to ensure that instructions were understandable and clear.
This pilot experiment was conducted by the researchers among themselves. After the pilot
experiment, slight adjustments were made to the instructions so that they would be more
understandable.
The participant was seated in front of a box on one side of a table and the researcher was on the
other side of the table. The participant was asked to rate 27 stimuli compared to a reference
stimulus. To avoid the participants from seeing the stimuli, a box was dropped half way across
the breadth of the table. The stimuli were placed behind the box in the same place. The
participant was presented with the test and reference stimuli which were placed in front of the
participant, the reference stimuli was placed on the participant’s right hand side while the
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texture the participants were asked to evaluate was placed on their left hand side (as shown in
Fig.4).

Fig.4 The box used in the perception of softness psychophysical experiment

Participants were asked to press the textures; then they were asked to slide their fingers over the
surface. They were instructed to use the same index finger in both cases. The participants had to
rate one surface at a time. the participant put their hand through the box to touch the test
stimulus and reference, and they can go back to indicate how many times softer the test stimulus
on their left compared to reference stimulus by assigning a proportional value to the test
stimulus. The researchers wrote down this value in “test stimulus” on a sheet. The softer they
thought the stimulus on the right was, the smaller the value they should assign to it compared to
the value of the reference stimulus. The less soft they thought it was, the greater the value they
should assign it. So, for example, if they thought a test stimulus is twice as soft as the reference
one, they would assign it a value that is twice as small as value of reference stimulus, while
should they have felt that the stimulus is half as soft as the reference one, they would give it a
value twice as great as the value of the reference.
Before starting, each participant wiped his fingertips with hand hygiene wipes to clean off any
sebum or dust. The stimuli set were also cleaned with a mild surface cleaner (non-bleach, no
taint and no odour) to ensure constant stimuli intensity. Participants were allowed to rest at any
point during the experiment if necessary. After each condition, each participant was allowed to
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rest for as long as they needed: rest times ranged from 0-5 minutes. The experiment lasted for
approximately 20 minutes and the full study was performed within 3 weeks.

3. Results of the experiment
Balanced ANOVA was conducted using Minitab 16 statistical software to explore relations
between the human tactile perception and roughness and to find whether there is interaction
between two factors within each condition; this section reviews the results for each condition in
turn.

3.1

Pressing Condition

Table 2 shows the geometric mean and standard deviation for perception of softness under
pressing conditions. Fig.5 shows the raw data, the x-axis and y-axis represent the compliance
level and perception of softness for different roughness levels. This figure compares the
perception of softness for different compliance in different surface roughness. The rating of
softness increases with increasing compliance level and increasing surface roughness.
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Table 2 Geometric means and standard deviation for perception of softness through pressing condition

Standard

Compliance

Roughness

Deviation

Level

Level

10.95

2.26

Neutral

Smooth

2

16.25

1.69

Hard

Smooth

3

5.03

1.78

Soft

Smooth

4

7.28

2.04

Soft

Neutral

5

16.39

1.77

Hard

Neutral

6

10.54

1.59

Neutral

Neutral

7

13.07

1.84

Neutral

Rough

8

17.49

2.28

Hard

Rough

9

6.42

1.77

Soft

Rough

Stimulus

Geometric Mean

1

20

Response

15

10

5

0
Roughness
Graph variables
Compliance

1

2
Soft

3

1

2
3
Neutral

1

2
3
Hard

Fig.5 Boxplot of perception of softness through the pressing condition (for roughness, 1 = smooth,
2=neutral, and 3=rough).

Balanced ANOVA was carried out with the normalized magnitude estimates of perceived
softness as the dependent variable, and compliance and roughness as independent variables.
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Table 3 shows the main effects of compliance, roughness, the interaction between compliance
and roughness and the subjects.
All effects are reported as significant at p<0.05. There was a significant main effect of
compliance on the perception of softness. This indicated that changing the compliance level
would change the perception of softness.
There was a significant main effect of level of roughness on the perception of softness, There
was a significant interaction effect between the level of compliance and the level of roughness
used, this means that changing the level of roughness and compliance will affect the perception
of softness, the block (subjects) significantly affected the perception of softness so it can’t be
removed.
Table 3 the main effects of compliance, roughness, the subjects, and the interaction between compliance and
roughness through the pressing condition using (α = 0.05)

Source

DF

F
Calculated

P-value

Effect

Compliance

2

1175.73

<0.01

Sig.

Roughness

2

27.68

<0.01

Sig.

Subjects

29

3.14

<0.01

Sig.

4

12.65

<0.01

Sig.

Interaction Between Compliance And
Roughness

3.2

Sliding Condition

Means and standard deviation for perception of softness through sliding conditions are shown in
Table 4.
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Table 4 Mean and standard deviation for perception of softness through sliding condition.

Standard

Compliance

Roughness

Deviation

Level

Level

4.88

1.75

Neutral

Smooth

2

4.68

1.66

Hard

Smooth

3

3.61

2.00

Soft

Smooth

4

10.56

1.35

Soft

Neutral

5

11.55

1.39

Hard

Neutral

6

11.05

1.39

Neutral

Neutral

7

14.42

1.93

Neutral

Rough

8

16.05

2.02

Hard

Rough

9

14.06

17.77

Soft

Rough

Stimulus

Geometric Mean

1

Fig. 6 shows the raw data, the x-axis and y-axis represent the compliance level and perception
of softness for different roughness levels.
Boxplot of Soft, Neutral, Hard
20

Response

15

10

5

0
Roughness
Graph variables

1

2
Soft

3

1

2
3
Neutral

1

2
Hard

3

Fig. 6 Boxplot Compliance
of perception of softness through the sliding condition (for roughness, 1 = smooth,
2=neutral, and 3=rough).

Balanced ANOVA was carried out with the normalized magnitude estimates of perceived
softness as the dependent variable, and compliance and roughness as independent variables.
Table 5 shows the main effects of compliance, roughness, the interaction between compliance
and roughness and the subjects.

The Effect of Material Properties on the Perception …..

158

 بنغازي- المجلة العلمية للجامعة المفتوحة

المجلد األول – العدد الثاني
م0202 يوينو

Scientific Journal of Open University - Benghazi

From the tests of subject effects, there was a significant main effect of compliance on the
perception of softness. Also, there was a significant main effect of level of roughness on the
perception of softness. There was a significant interaction between the level of compliance and
the level of roughness used, the block (subjects) significantly affect the perception of softness
so it cannot be removed.
Table 5 the main effects of compliance, roughness, and the interaction between compliance and
roughness through the sliding condition (α= 0.05)
Source

DF

F Calculated

P-value

Effect

Compliance

2

30.98

<0.01

Sig.

Roughness

2

1531.76

<0.01

Sig.

Subjects

29

4.14

<0.01

Sig.

Interaction Between Compliance And Roughness

4

3.19

0.01

Sig.

There is a significant difference between the levels of compliance. This means that participants
could distinguish between different compliances for all surface roughness.

4. Discussion
The aim of this experiment was to establish whether the interaction between surface roughness
and compliance could influence the perception of softness. Across the two conditions tested
(pressing and sliding), there was a strong outcome that interaction between roughness and
compliance affects the perception of softness. In this section the main findings are summarized
and their implications discussed.
The main result of the experiment was that the compliance × roughness interaction had
significant effect on perceived softness; this was true for both pressing and sliding conditions.
This may be because the big difference between compliance levels and small frictional forces
between the finger tips and the stimulus. The amount of deformation that fingers undergo
during pressing may be one reason, because it depends on the contact force and how stiff the
material is compared to a finger.
This experiment also shows that participants were able to distinguish between the compliance
for each roughness level. Perception of softness might depend on the objective compliance of
the stimuli and people could discriminate softness easily through active touch. Our results are in
agreement, since the compliance was largely determined by the influence of other material
properties, The comparison of these results with previous findings shows very different
The Effect of Material Properties on the Perception …..
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judgments on the relationship between perceived softness and physical hardness, as well as
there's a significant effect between perception of softness and interaction between compliance
and roughness surface.
The results showed that perception of softness was affected by compliance for the pressing
condition. This finding is in agreement with previous studies (Shirado & Maeno. 2005),
(Bergmann Tiest & Kappers. 2006: 1), (Abreiak. 2014), (Bergmann Tiest & Kappers. 2009:
189), (Tsuchimi and et al. 2012: 1041) and (Abreiak and et al. 2017).
The present findings differ from other research (Petrie and et al. 2004), (Abreiak. 2014) and
(Abreiak and et al. 2017) which found that the relationship between the perception of
smoothness of a surface and the physical hardness of the samples was not significant, and the
interactions with other variables (such as surface shape) were also not significant. Moreover, the
present finding is also in agreement with (Shirado & Maeno. 2005) who showed the influence
of elasticity for different materials on the tactile sense.
However, these results seem to be consistent with some published studies (Bergmann Tiest &
Kappers. 2006: 121), (Shao and et al. 2009: 1575) and (Chen and et al. 2009: 67), which found
that the perception of softness relates to other material properties such as compliance.
Roughness and softness seem to be perceived differently. Roughness can be tracked by running
the finger across the surface (sliding) and softness tracking by pressing the finger onto the
surface.
These findings have significant implications for the design of the tactile display, particularly for
the purpose of presenting softness. The results obtained in this experiment may help developers
to decide how to generate tactile sensations and how this information can be delivered to
surgeons’ fingertips.
For this reason, the tactile display was built. As can be seen from the analysis, the mean of
perceived softness was high in cases of low roughness. Perceived softness depends on the way
stimuli are touched, how the contact area increases with contact force, the pressure over the
contact area, and the force used to press the stimuli (Bergmann Tiest. 2010: 2775), (Johnson and
et al. 2000: 539) and (Friedman and et al 2008: 133).

5. Conclusion
An experiment was conducted to explore whether perception of softness is affected by
interaction between compliance and surface roughness. From the results of the experiment, it
was found that the interaction between compliance and surface roughness significantly affects
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perceived softness for sliding or pressing conditions, indicating that both compliance and
surface roughness had different effects on participants’ ratings.
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