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direct and indirect touching of products displayed on a screen
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Abstract — Smartphones and tablets, equipped with touch screens, have revolution-
ized the way consumers interact with products during online shopping. Touching physical
products in stores affects the consumer experience and product evaluation, resulting in
an inference of similar effects when touching products through digital devices. However,
interacting with products digitally does not always involve the fingers touching the images
of a product through a screen; this differs from touching objects physically. This study
compared the effects of touch on product evaluation between touching products directly
by placing a finger on product images and touching products indirectly using a virtual joy-
stick displayed on a screen. The findings showed that direct touch increases psychological
ownership levels, shopping enjoyment, and touch sense than indirect touch. However, the
endowment effect was not significantly different. This study also examined the effects of
touch on preference through a two-alternative forced choice task between items involving
direct and indirect touch conditions. The results showed that items touched directly were
chosen more frequently, thereby suggesting increased preference levels for items through
direct touch. These results suggest that forms of interactive contact with objects using a

touch screen affect user experience and object valuation.
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1. Introduction

In conventional in-store shopping environments,
touching products not only conveys tactile informa-
tion to consumers, but it also increases evaluation
levels [1: 2] and their likelihood of choosing a partic-
ular product Bl Online shopping does not allow
users to touch products physically. However, during
online shopping using touch-panel-equipped devices,
such as smartphones and tablets, users can touch the
images of the products displayed on the screen to se-
lect them for purchase, magnify the view, access the
selected products’ detailed information, or rotate the
images to view the products’ three-dimensional ap-
pearances. These experiences involve touching prod-
ucts via touch screens, and multiple studies have
investigated the effects of these touch experiences

on product evaluation [/~

. However, the forms of
touching product images using digital devices are di-
verse, and investigations of their impact on product
valuation remain limited.

This study focuses on whether a finger is placed on
a product image displayed on a touch screen. Touch-

ing objects physically always involves tactile and vi-
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sual feedback. However, swiping across or touching
images displayed on a touch screen involves tactile
contact with the screen but not necessarily visual
contact with the products. Nevertheless, touching or
swiping the screen (even if it is not on the product
image) also changes the information displayed, and
allows interaction with a product. Touching an ob-
ject by placing a finger on its image on a screen (i.e.,
direct touch) or away from it (i.e., indirect touch)
may have different impacts on the psychological ef-
fects involved. In this study, three experiments were
conducted to investigate the effects of both the di-
rect and indirect touching of product images on user

experience and object evaluation.

2. Literature review and hypotheses

2.1 Touch, psychological ownership and
the endowment effect
When shopping in stores, consumers who are
highly motivated to touch the products displayed
for sale experience increased levels of frustration and
decreased levels of confidence during product eval-
uation when they cannot touch such products [0,
The psychological mechanism, which results in an
increased evaluation of products through the touch

experiences, has been investigated with psychological
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ownership ') and the endowment effect [12].
Psychological ownership is the feeling of possession

(1] The sense of owner-

regardless of legal ownership
ship emerges not only with regard to physical objects
but also non-physical entities, such as ideas and or-
ganizations. Touching products physically not only
provides consumers with haptic information but also
increases the levels of psychological ownership (3],

The endowment effect is the tendency to value ob-
jects owned by an individual. The monetary amount
necessary to acquire a product (willingness to pay;
WTP) becomes less than the amount required to give
it away (willingness to accept; WTA) ['2. Psycho-
logical ownership enhances the endowment effect [14].
Consequently, touching products physically can in-
crease the value of a product through psychological
ownership and the endowment effect as the mediat-
ing variables [13] [15],

The effect of product valuation through touch de-
pends on the importance of the haptic information
associated with touching a product [ [2:[16] thereby
suggesting that the touch diagnostics involved me-
diate product valuation levels. However, the level
of psychological ownership increases through physi-
cal touching as well as touch imagery [!7] or observ-

ing images of the touched products !

. Perceptual
studies outside marketing research have also demon-
strated the effects of touch on object evaluation. The
more often an object is touched, the more preferred it

19], [20]

is | This effect is enhanced through voluntary

hand movements, regardless of the haptic informa-

(1], When people choose a favorable

tion involved
item, they tend to choose the item they touched
last 22/, These findings also suggest that touching
an object has psychological effects during preference
judgment, regardless of the tactile information pro-
vided.

2.2 Psychological effects induced through

touching digital devices

When using devices equipped with touch panels,
users manipulate the images displayed on the screen
through touch using their fingers. Touching the dis-
played images does not offer any tactile information
regarding the products. However, previous studies
have shown that touching the product images dis-
played increases psychological ownership levels and
the endowment effect. Nevertheless, some conflicts

across these studies remain (see Table 1 for a review

Table 1. Reviews of studies on touching digital de-
vices.

Studies Devices and operations Psychological Endowment
ownership effect

Brasel Computer mouse vs. touch Significant Significant

& Gips (Selecting a product for

(2014) viewing)

deVries Computer mouse vs. touch®  n.s. n.s.

et al. (Rotation)

(2018) Touch panel Significant n.s.

(Rotation vs. Zoom-in)
Brengman Computer mouse vs. touch™ n.s.

et al. (Browsing a website)

(2019)

This Touch panel Significant n.s.
study (Direct vs. Indirect touch)

Note . *Touch pad or **augmented reality were also compared.

of the studies on touching digital devices).

Brasel and Gips[®! established that when users
touched displayed product images using their fin-
gers, they experienced increased levels of psycholog-
ical ownership, the endowment effect, and the valua-
tion of items than when they used a computer mouse
for similar operations. However, de Vries et al. 8 did
not detect any significant differences in psychologi-
cal ownership levels and the endowment effect be-
tween the two touching methods. Brengman et al. [7]
compared the characteristics of browsing a product
website using fingers, a computer mouse, and aug-
mented reality (AR) applications in which users ob-
serve product images in a real-world environment.
The results showed that psychological ownership lev-
els increased when using AR applications. However,
no differences between finger and computer mouse
operations were observed. Accordingly, the effects of
touching a screen on psychological ownership levels
varied across these studies.

A possible reason behind the discrepancies be-
tween these studies is the different operations on a
screen (e.g., touch and swipe). De Vries et al. [8] com-
pared touching a displayed item to zoom in (i.e., two-
dimensional) and rotating an item on the screen us-
ing a finger (i.e., three-dimensional), expecting that
the latter provides additional information regarding
the items displayed. The results showed that rotat-
ing items resulted in increased levels of psychological
ownership and item valuation. However, no differ-
ences in the endowment effect were found.

2.3 Effect of having finger contact with

images of products

Another possible reason behind the discrepancies
between the previous studies is the effect of plac-
ing a finger on the image of a product. De Vries
et al. 18] used Shoogleit scrunch technology 23! to ro-

tate objects on the screen horizontally when swip-
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ing across a touch screen. Through this technology,
swiping across a screen without placing a finger on
the objects displayed also rotates them. Essentially,
the motive for possession significantly involves be-
ing in control M. Therefore, moving objects without
touching them would have emerged as a sense of con-
trol, thereby resulting in increased levels of psycho-
logical ownership. However, merely touching actual
items also results in the aspect of psychological own-

ership (131,

Consequently, we propose the following
hypothesis:

H1: Moving items on a screen by touching them
(i.e., placing a finger on the objects) results in in-
creased levels of psychological ownership compared
to moving such items by touching sections of the
screen that are outside the objects.

This study focused on the effects of touching prod-
uct images displayed on a screen. We call moving
items on a screen by touching them “direct touching”
and by touching sections of the screen outside the
objects “indirect touching” in this study. Addition-
ally, the findings of the study conducted by Brasel
and Gips [® and those of the studies examining the
effects of touching products physically(e.g., [13) sug-
gest that the psychological ownership increased by
touching product images led to the following hy-
potheses:

H2: Directly touching items displayed on a touch
screen results in the increased monetary value of the
touched items compared to indirect touch.

H3: Directly touching items displayed on a touch
screen enhances the endowment effect than indirect
touch.

The sense of touching experienced in stores in-
creased the enjoyment consumers got from shopping
(101 Similarly, touching products on a touch panel
provided higher shopping enjoyment than touching

8], Thus, we also ex-

them using a computer mouse [
pected the following:

H4: Directly touching items displayed on a touch
screen results in increased levels of shopping enjoy-
ment than indirect touch.

The effect of touching an image displayed on a
screen on psychological ownership may also be mod-
ulated by the interactivity of the displayed products
(5], High interactivity enhances the vividness of the

24]

displayed product 2. In turn, the resulting imagery

vividness of the product can affect perceived owner-

ship ['7]. The sense of touch may also modulate psy-

(17]

chological ownership because touch imagery or

observing images of the products being touched [*8]
also increased the level of psychological ownership.
The sensations experienced through the touch, in-
cluding object interactivity and feeling of touch, were
higher when touching products on a touch panel,
compared with touching using a computer mouse [8.
Therefore, we expected the following:

H5: Directly touching items displayed on a touch
screen results in higher touch sensations than indi-
rect touch.

This study tested the above hypotheses in the
tasks involving the three-dimensional rotation and
observation of items displayed on a screen by touch-
ing them directly with a finger (i.e., direct touching),
or by manipulating the joystick button displayed on
the screen below the product image (i.e., indirect

touching).

3. Experiment 1

Experiment 1 compared the levels of psychologi-
cal ownership and valuation when the participants
assessed the items displayed on a tablet screen by
touching and rotating them using their fingers (di-
rect condition) and by rotating them using a virtual
joystick displayed on the screen without touching the
items (indirect condition). In this experiment, the
participants selected the item they liked best from
images of eight apples (or bananas) displayed on the
screen, after which they responded to the prices of
the selected items and answered a questionnaire re-
garding their choices.

3.1 Method

3.1.1 Participants

Thirty-two students from a university (mean age:
22.4 years, SD = 1.5; 25 males and seven females)
volunteered for the experiment. All the participants
provided written informed consent.

3.1.2 Apparatus

The participants sat on a chair and manipulated
the screen of a tablet computer (Surface Pro 7, Mi-
crosoft) with a 12.3” screen (260 mm X 170 mm,
with a resolution of 2736 X 1824 pixels) placed on a
table. The experiment was conducted using custom
software running on a virtual reality platform (Unity,
version 2019.4.5f1).
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Figure 1. 3D models created by digitally scanning real
apples and those of bananas obtained from commer-
cially available models.
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Figure 2. The screen presented to participants in Ex-
periment 1.

3.1.3 Stimuli

Three-dimensional digital models of eight apples
and eight bunches of bananas with different shapes,
colors, and maturity levels were used in the experi-
ment, as shown in Figure 1. The 3D models of ap-
ples were created by digitally scanning real apples,
whereas those of bananas were obtained from com-
mercially available models.

3.1.4 Procedure

Figure 2 shows the screen presented to the par-
ticipants. Figure 3 depicts the procedure of a single
trial. A single item placed on the table was displayed
at the center of the screen, and buttons correspond-
ing to the eight items were displayed on the right
side. Pressing these buttons switched the items dis-
played at the center of the screen. The participants
pressed these buttons in any order, for any number of
times, with no time limit. They wished for and ver-
bally responded to the item they liked best through
its number.

In the direct condition, the participants placed
their fingers on an item and swiped across it to ro-
tate the item. The item rotated in all directions in
response to the movement of their fingers. The ro-
tation of the item’s image stopped when the fingers
were removed from the screen.

In the indirect condition, the participants placed
their fingers on the virtual joystick (a circular button
with a diameter of 15 mm, which was placed inside

a circle with a diameter of 26 mm) displayed in the

lower right corner of the item, and they swiped across
it to rotate the displayed item. The item’s image ro-
tated in all directions similar to the direct condition.
When the finger movements were identical, the ro-
tation of the item’s image was identical across both
conditions. When the finger was removed from the
screen, the rotation of the item’s image stopped, and
the button for the virtual joystick returned to the
center of the circle.

To enable the participants to identify the buttons
that were yet to be pressed, the color of the pressed
buttons changed, and an exit button appeared at
the bottom of the screen once all the buttons had
been pressed. Regardless of the indication of the
exit button, the participants were allowed to press
the buttons and observe the items’ images as many
times as they wished until they made their selection.
When the participants determined their selection,
they pressed the exit button and verbally responded
with the number of the selected items, followed by
the amount they were willing to pay for the item
(WTP) and the amount they would accept to give
the item away if they owned it (WTA). As shown
in the Appendix, the participants then answered
the questionnaires regarding psychological owner-
ship, shopping enjoyment, and sensations associated
with touch using a 7-point Likert scale ranging from
“not at all”(disagree) (-3) to “very much” (agree)
(4+3). The questions were created in Japanese with

711251 Some ques-

reference to previous studies 8
tions translated from the original were modified or
deleted because they seemed difficult to understand
or distinguish from the other questionsinquiries. Af-
ter all the questions were answered, the participants
performed the next trial after a 10-minute break.

3.1.5 Task design

Experiment 1 employed a crossover design involv-
ing two types of touch (direct and indirect). The par-
ticipants performed four trials within two weeks: two
in the direct condition and two in the indirect condi-
tion. During week 1, the participants completed one
trial involving the selection of one out of eight apples
(or bananas) in the direct condition and another trial
involving the selection of another fruit (apple or ba-
nana) in the indirect condition. During week 2, the
combination of the fruits and the contact conditions
involved were reversed from those of week 1, and the

same task was performed using the same items. The
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Figure 3. Procedure of a single trial in Experiment 1.

order of the four trials was counterbalanced among
the participants. Before the evaluation, the partic-
ipants practiced the task to familiarize themselves
with the operations involved. The experiment took

approximately 30 min, including practice time.
3.2 Results and discussion

In most trials, participants observed several items
repeatedly to compare after selecting all the items
once. Figure 4 shows the distribution of the average
number of times an item was selected for observa-
tion. On average, the number of buttons pressed
for each item was 1.98 (SEM = 0.15) in the direct
condition and 1.76 (SEM = 0.15) in the indirect con-
dition. The numbers did not differ significantly be-
tween both conditions (¢ (31) = 1.26, p = .22, r =
.22). The duration until decision-making was 63.2 s
(SEM = 4.7) in the direct condition and 58.6 s (SEM
= 3.8) in the indirect condition, which did not sig-
nificantly differ for both conditions (¢ (31) = 1.52, p
— .14, r = .26).

The results of the questionnaire are presented in
Figure 5. Cronbach’s coefficient alpha for psycholog-
ical ownership, shopping enjoyment, and touch sen-
sations were 0.87, 0.81, and 0.56, respectively. Re-
garding sensations associated with touch, Cronbach’s
coefficient alpha did not surpass 0.8 even if any one
of the three items in the questionnaire were deleted.
Therefore, we analyzed sensations associated with
touch for each question item and psychological own-
ership and shopping enjoyment by their average rat-
ings. The Wilcoxon signed-rank test showed that the
levels of psychological ownership (z = 2.2, p =.025,
r =.40), shopping enjoyment (z = 2.1, p =.040, r
=.36), texture (z = 2.2, p = .029, r =.39), and feel-
ing of touch (z = 3.9, p < .001, r =.69) were all

significantly higher in the direct condition than the
indirect condition. No significant difference was ob-
served between the conditions for object interactivity
(z=10.7, p = 48, r =.13).

Spearman’s rank correlation coefficients showed
that the levels of psychological ownership, shopping
enjoyment, and sensations associated with touch
were significantly correlated under the direct and in-
direct conditions, except some correlations between
items of touch sensations, as shown in Table 2. Psy-
chological ownership was highly correlated with the
feeling of touch in both the conditions. In turn, shop-
ping enjoyment was highly correlated with the tex-
ture and object interactivity in direct touch condi-
tion.

Table 3 shows the WTP, WTA, and ratios for each
condition and each fruit. Three-way repeated mea-
sures analysis of variance for the two touch condi-
tions (direct vs. indirect), two assessment amounts
(WTP vs. WTA), and two fruits (apple vs. ba-
nana) showed significant differences between the as-
sessment amounts (F(1,31) = 18.5, p <.001, par-
tial n* = .37) and between fruits (F(1,31) = 17.5, p
<.001, partial n? = .36). However, no significant dif-
ferences were observed between the touch conditions
(F(1,31) = 1.33. , p =.26). The Wilcoxon signed-
rank test showed that the endowment effect (WTA/
WTP) did not differ significantly between the touch
conditions for apples (p =.74) and bananas (p =.16).
The WTP, WTA, and endowment effect were not
significantly correlated with psychological ownership
(ps > .45).

This experiment shows that directly touching the
items displayed for rotation significantly increased

the levels of psychological ownership, shopping en-
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Figure 5. Effects of psychological ownership, enjoy-
ment of shopping, and sensations associated with touch
through touching methods. The error bars show the
standard error of the mean.

Table 2. Correlation matrix. The values in the up-
per and lower triangle are for indirect and direct touch
conditions, respectively.

Psychological Shopping Touch sensations

ownership enjoyment Q3.1 Q3.2 Q3.3
Psy. ownership - A48*" .36" 757 51T
Enjoyment 49™ - 36" b5 59T
Q3.1 Texture 44 767" - .38* .33
Q3.2 Feel of touch .68 37" 21 - .53™*
Q3.3 Interactivity .53™" NG LT 56T

Note. * p < .05, ** p < .01, *** p < .001

Table 3. Valuations of fruits assessed through the di-
rect and indirect touch conditions as well as the ratios
of WTP and WTS (Japanese Yen).

Valuation  Fruit Direct touch (SEM) Indirect touch (SEM)

WTP Apple 149.6 (14.3) 138.6 (10.0)
Banana 230.9 (24.6) 219.5 (26.0)

WTA Apple 187.8 (19.5) 173.7 (13.7)
Banana 315.3 (36.7) 295.3 (47.5)

WTA/WTP  Apple 1.30 (0.07) 1.27 (0.05)
Banana 1.38 (0.07) 1.30 (0.04)

joyment, compared to indirect touch using a virtual
joystick. Non-significant difference in object interac-
tivity between the two conditions and a high corre-
lation between the feeling of touch and psychologi-
cal ownership indicates that psychological ownership
was mainly enhanced by the sense of touching images
of products.

However, contrary to the hypotheses, the differ-

ences in the valuation of items and the endowment
effect between the direct and indirect touching condi-
tions were not confirmed. This may be due to signif-
icant individual differences in pricing. The WTP for
apples fluctuated between 60 and 300 Japanese yen
and that for bananas between 70 and 800 Japanese
yen. To verify the differences in the valuation of
items between the two touching methods, the next
experiment employed a two-alternative forced choice
task in which participants compared the touched and

non-touched items without assessing the prices.

4. Experiment 2

In Experiment 2, the participants chose the ap-
ple they liked better from the two options presented
on the screen. They observed one of the two ap-
ples by touching and rotating it using their fingers
(direct touch) and the other by rotating it using a
virtual joystick (indirect touch). This experiment
identified the apple that was chosen more frequently
in the direct and indirect touch conditions. Prod-
ucts touched on a touch panel were more frequently
chosen than those touched using a computer mouse
(261, [27] " Based on the findings of increased levels of
psychological ownership for the object touched di-
rectly in Experiment 1, we predicted the following:

H6: Items touched directly on a touch screen are
preferred over those touched indirectly.

4.1 Method

4.1.1 Participants

Twenty-four students from a university (average
age: 22.8 years, 20 males and 4 females) that did not
participate in Experiment 1, participated in the sec-
ond experiment. All the participants volunteered for
the experiment, and they provided written informed
consent.

4.1.2 Apparatus and stimuli

The same tablet computer and custom software
used in Experiment 1 were used in this second ex-
periment. Three-dimensional scanned models of 30
apples of different sizes, colors, and maturity levels
were used in this experiment.

4.1.3 Procedure

Figure 6 shows the screen presented to the partici-
pants. At the beginning of the trials, two items were
presented side-by-side on a table. The participants
first rotated and observed the item presented on the

left side for 30 s in the direct or indirect touch con-
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Figure 6. The screen presented to the participants in
Experiment 2. The participants rotated the image of
an apple using their fingers and rotated the image of
the other apple using a virtual joystick before selecting
the item they liked better.

ditions, after which they rotated and observed the
item image presented on the right side for 30 s in
the other contact method before verbally showing
the item they preferred. The item images were ro-
tated in a manner similar to that employed in Ex-
periment 1, consistent with finger movements. The
participants adjusted the duration for touching each
item image based on the time displayed at the top of
the screen. After responding, the participants were
asked to press the button for the next trial as soon
as they were ready.

4.1.4 Task design

Experiment 2 employed a crossover design involv-
ing two types of touch (direct and indirect). The par-
ticipants performed 30 trials involving the selection
of one out of two apples, whereby one was observed
in the direct touch condition, and the other was ob-
served in the indirect touch condition. In the first 15
trials, the participants compared 15 image pairs cre-
ated from 30 apples. In the remaining 15 trials, the
same 15 pairs were compared in the same order but
with reversed touch assignments for each apple (di-
rect and indirect touch conditions). Accordingly, the
effects of the differences in the attractiveness of the
two apples in each pair upon selection were coun-
terbalanced. The order of the direct and indirect
touch conditions was switched alternately for each
trial. The left-right placement and the order of con-
tact methods were counterbalanced among the par-
ticipants. The participants practiced rotating the
dummy item images prior to evaluation. The total
time required for the experiment, including practice
time, was approximately 45 min.

4.2 Results and discussion

Figure 7 shows the likelihood of choosing an item

in the direct touch condition for each participant.

o
o

Likelihood of choosing the item
touched by a finger directly

© o o o o o o o
c L b > R no 4
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“H“H“ HHH‘ mﬂ

12345678 9101112131415161718192021222324
Participant

Figure 7. The likelihood of selecting the items touched
using fingers in Experiment 2

The average of this likelihood was 0.58 (SEM = 0.02),
which was significantly larger than the chance level
(t(23) = 3.58, p = .001, = .60). The binomial test
involving all the trials among the participants (N =
720) also showed a significant likelihood of selecting
the touched apples (p < .001).

This experiment shows that the apple images ro-
tated by placing a finger on the screen were preferred
over those rotated using a virtual joystick, which sup-
ported Hypothesis 6. To verify the increased prefer-
ence for touched items, we conducted the same task

using other types of objects in the next experiment.

5. Experiment 3

The apples used in Experiment 2 were products
that could be rotated manually. In Experiment 3, the
tasks performed in Experiment 2 were conducted us-
ing 3D models of houses to verify whether the differ-
ences in contact methods affected the choices made,
even for products that could not be rotated manually.
Additionally, we asked the participants to complete a
questionnaire regarding object interactivity to check
if the difference between the two touch conditions
modulated their choice.

5.1 Method

5.1.1 Participants

Thirty-two students from a university (average
age: 22.8 years, 28 males and four females) who did
not participate in Experiments 1 and 2 volunteered
for the experiment and provided written informed
consent.

5.1.2 Apparatus and stimuli

The same tablet computer and software used in
Experiment 2 were employed for this experiment.
Thirty-two pairs of houses, which were created us-
ing 64 commercially available 3D models of a single

house, were used in this experiment (Figure 8).
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Figure 8. 3D models of a house presented in Experi-
ment 3.

5.1.3 Procedure

The procedure was almost similar to that involving
Experiment 2, with the following two changes. First,
the duration for touching each item was reduced from
30 s to 20 s. This was because the participants in
Experiment 2 commented that 30 s of contact was
too long to make a preferential decision. Next, after
completing all the trials, using a 7-point scale rang-
ing from -3 (no) to 3 (yes), the participants were
asked to indicate whether they felt as if they could
move the items as they wished throughout each of
the touch methods.

5.1.4 Task design

In Experiment 2, the participants evaluated 15
pairs of apples twice to counterbalance the effects of
the differences in attractiveness between the two ap-
ples in each pair. In Experiment 3, the participants
evaluated 32 pairs of houses only once. The combina-
tion of the houses presented and the contact methods
were counterbalanced among the participants. This
change was conducted because, if the pairs of houses
were presented twice, the participants may have re-
membered the first choice, and this aspect may have
affected the second choice. Compared to those of ap-
ples, there were significant individual differences in
the appearances of houses, thereby making it easy to
remember. The experiment took approximately 45
min, including practice time.

5.2 Results and discussion

The likelihood of choosing the houses in the di-
rect touch condition was 0.55 (SEM = 0.02), which
was significantly higher than the chance level of 0.5
(t (31) = 2.66, p = .01). Figure 9 shows the likeli-
hood of choosing for each participant. The binomial
test involving all trials among the participants (N =
1024) also showed a significant likelihood of selecting
the touched items (p < .001). No significant differ-

ences were observed between this likelihood and that

S o
w o
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Chance level

touched by a finger directly
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Likelihood of choosing the item
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Participant

Figure 9. The likelihood of selecting the item touched
using a finger directly in Experiment 3

for Experiment 2 (¢ (54) = 0.75, p = .46).

The mean ratings for object interactivity were 1.81
(SEM = 0.24) and 1.31 (SEM = 0.19) for the direct
and indirect touch conditions, respectively. Contrary
to the result of Experiment 1, the direct touch con-
dition provided the participants with significantly
greater object interactivity than the indirect touch
condition (Wilcoxon signed-rank test, p = .035, r =
.37). To verify the effect of object interactivity on
the likelihood of choosing the items touched, the dif-
ference in the rating of object interactivity between
the two touch conditions was assessed for each par-
ticipant. However, Spearman’s rank correlation was
not significant between the difference in object inter-
activity and the likelihood of choosing the touched
item (r=.29, p = .10). Although 69% (22/32) of the
participants rated the direct touch condition as pro-
viding enhanced object interactivity than the indi-
rect touch condition, 22% (7/32) of the participants
rated the indirect touch condition as better. The
likelihoods of selecting the houses in the direct touch
condition were 0.574 (SEM = 0.023) for the former
participants and 0.509 (SEM = 0.047) for the latter
participants.

The results of Experiment 3 show that the houses
rotated by placing a finger on the screen were highly
preferred compared to those rotated using a virtual
joystick. Therefore, the increased preference for the
items touched using fingers, as observed in Experi-
ments 1 and 2, is not limited to fruits or handheld

items.
6. General discussion
This study compared the levels of psychological

ownership, product value, the endowment effect,

shopping enjoyment, and sensations associated with
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touch when images of products displayed on a touch
screen are directly rotated using a finger and when a
virtual joystick is used to rotate the items displayed
indirectly. Consistent with the hypotheses associated
with this study, the experiments’ results showed in-
creased levels of psychological ownership (H1), shop-
ping enjoyment (H4), and preference (H6) for the
items rotated directly using a finger. The increased
level of psychological ownership was highly corre-
lated with the sense of touch. However, no signifi-
cant differences in the values paid for the items were
detected between both touch conditions, thereby re-
jecting hypothesis H2. Additionally, no significant
differences in the endowment effect were detected
between the touch conditions (H3). The hypothesis
(H5) regarding sensations associated with touch was
partially accepted. The feeling of touch and texture
of the product were significantly higher when placing
a finger on the product than outside of it. However,
Experiment 1 and Experiment 3 gave dissimilar re-
sults for object interactivity.
6.1 Psychological ownership

A previous studies []

employing touch operations
similar to those applied in this study (i.e., rotating
items for observation) showed that the psychological
ownership levels associated with items touched using
a finger were not significantly different from those as-
sociated with items rotated using a computer mouse.
As described in the introduction, touching a screen
outside of products may have affected the results in
the previous study. Other various aspects also sup-
port the reasons why this study demonstrated signif-
icant differences in the psychological ownership lev-
els associated with both direct and indirect touch
conditions involving tablets. First, visual informa-
tion regarding the touching of objects may have af-
fected the levels of perceived ownership. In manipu-
lations involving a computer mouse, a cursor appears
on the screen and overlaps with the displayed item.
However, in indirect touch conditions using a virtual
joystick, there was no visual mark that overlapped
the displayed item, and this may have impaired the
sense of touch and decreased the levels of psycho-
logical ownership. Second, the degree of the need
to rotate the displayed items may have affected the
levels of psychological ownership. The items used
in the aforementioned study involve significant dif-

ferences in the appearances between items, and this

attribute may have decreased the importance of ro-
tating the items. However, the experiments associ-
ated with this study involved the use of apple and ba-
nana images with slightly different colors and shapes.
Therefore, there would have been an increased need
to rotate them to assess the appearance of the items.
The impacts of touching items on psychological own-
ership levels may also be affected by the information
provided through touch.

6.2 Monetary value and the endowment

effect

In this study, there were no differences in the en-
dowment effect between the direct touch and indirect
touch conditions on a touch screen. The conflicts
across previous studies may be as a result of differ-
ent categories of the items used in the experiments.
Such items include shirts, tents, and city tours, in
the study conducted by Brasel and Gips 5! and pack-
aged drinks and sausages in the study conducted by
de Vries[®! as well as the apple and banana images
used in the experiments associated with this study.
This study found significant individual differences in
the assessed prices of apples and bananas, thereby
suggesting the influence of the purchase experience.
Additionally, for fruits, it may have been difficult to
assess the price only from appearance.

This study also involved some claims from the
participants, arguing that it was difficult to assess
the prices required to give apples and bananas away
(WTA). The difficulties involving pricing also indi-
cate the need for an alternative method for measur-
ing the endowment effect without price assessment,
such as exchanges between two items 2. This study
employed a two-alternative forced choice task involv-
ing selecting items through a direct touch condition
and an indirect touch condition, which does not re-
quire pricing. The increased preference of items in
the direct touch condition indicates an enhanced val-
uation of the items selected.

Another possible reason for the discrepancy be-
tween the studies on the endowment effect is the
influence of cultural ?8! and gender differences [29].
The participants in this study were either Japanese
or Chinese students studying at a Japanese univer-
sity, and the majority of the participants were male.
Maddux et al. 2%] showed a smaller endowment effect
for East Asians compared with Westerners. Iseki et

al. 39 showed the levels of psychological ownership
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were not correlated with monetary value in Japanese
participants, which coincides with the result of this
study. Therefore, individual differences should be
investigated with more diverse participants in future
studies.

6.3 Sensations associated with touch

This study found that when rotating items on the
screen through direct touch, feelings of touch and
texture were higher than those achieved through in-
direct touch. High correlation between the sense of
touch and levels of psychological ownership demon-
strated the impact of having finger contact with a
product image.

Object interactivity did not differ significantly be-
tween touch conditions in Experiment 1; however,
they varied in Experiment 3. The number of touched
objects in each touch condition before evaluating ob-
ject interactivity was eight in Experiment 1 and 32 in
Experiment 3. Therefore, the difference in the degree
of experience through direct and indirect touch may
have contributed to the difference. Virtual joysticks
are frequently used in games designed for smart-
phones or tablets. Therefore, the experience of using
a virtual joystick may also have affected the levels
of object interactivity. Accordingly, it is necessary
to investigate the characteristics of users on digital
devices.

Perception of object interactivity—the degree of
controlling objects as they want—has been consid-
ered as a source of psychological ownership 11171,
Iseki et al.[39] showed a significant correlation be-
tween perceived control and psychological ownership,
which was also observed in this study. The differ-
ence in object interactivity between touch conditions
in this study was much smaller than previous stud-
ies, because the participants in this study were able
to control items as they want roughly in both the
touch conditions. Accordingly, the effect of object
interactivity through digital devices to psychological
ownership should be investigated in conditions with
more control over user experience and interactivity.

6.4 Shopping enjoyment

Shopping enjoyment was highly correlated with
object interactivity in the direct touch condition,
which coincides with many studies using digital de-
vices (e.g.,*!]). Shopping enjoyment was also cor-
related with psychological ownership in this study.

The shopping enjoyment induced by touching accom-

panied psychological ownership for physical ['°) and
online shopping 18! in other studies too. Ownership,
in its origin, is thought to be associated with plea-
sure '], Consumers feel happier when they have
higher psychological ownership over an item after

consumption 32

These results suggest a close re-
lationship between shopping enjoyment and psycho-
logical ownership.

6.5 Limitations and Directions for Future

Research

This study involved within-subjects design exper-
iments in which each participant repeated the tri-
als, rather than experiments designed for shopping.
Therefore, this study may have detected the dif-
ferences between touch conditions more sensitively
than previous studies. Additionally, the partici-
pants’ imagination of the research purpose may have
affected their performance. The effect would have
been small because it was not clear whether direct
or indirect touch was the control task. However, the
impact of finger contact on the image of a product
should also be verified in between-subject design ex-
periments.

Future studies involving a wider demographic
range of participants are also required to assess the
influences of the desire to touch objects as well as
the experience of using digital devices. Individual
differences in the desire to touch products, which is
known as the need for touch (NFT), impact the ef-
fect of touch on the confidence levels associated with

evaluation [33] [34]

35]

, purchase intent °*!, and product val-
uation [}

Investigating the effects of item attributes is also
crucial. Brasel and Gips [’ showed that the psycho-
logical ownership of products with low haptic im-
portance (city tours) was also higher in direct touch
operations than in operations involving a computer
mouse. However, the differences were fewer than
those involving products with high haptic impor-
tance (sweatshirts). Therefore, the difference be-
tween direct and indirect touch conditions for items
that cannot be touched is an interesting topic for
future studies.

Van Kerrebroeck et al. *%] showed that although
consumer adoption seems to be a necessity, handling
items while wearing a data glove could provide con-
sumers with utilitarian and hedonic values. Mitsuda
and Wang [*”] showed that items handled virtually
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through hands using a motion capture system (i.e.,
virtual reality technology) were more likely to be
chosen than those handled using a computer mouse.
Many studies have begun to investigate the role of
shopping using head-mounted displays 38/ 391, The
psychological impacts of touching items using new

digital devices should be investigated further.

7. Conclusions

This study involved three within-subject design
experiments aimed at comparing user experience and
item valuation through rotating images on a touch
screen by directly touching the images using a fin-
ger or by using an on-screen virtual joystick. The
experiments’ results showed that directly touching
the items displayed yielded increased levels of psy-
chological ownership, shopping enjoyment, sense of
touch and texture, and preference, compared to in-
directly touching the items displayed. However, no
significant differences in the endowment effect were
observed between the touch conditions involved.

This study shows that the touching style used
through a touch screen, and whether the finger is
over the item on the screen modulates the psycho-
logical effects associated with the displayed items.
Touching items on a screen involves tactile, visual,
and interactive feedback. The correlation between
these sensations and their psychological effects is re-
quired to assess the psychological effects of displayed
items that consumers interact with using new digital

devices.
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Appendix

The participants answered the following questions.

(1) Psychological ownership

Regarding the selected product,

1 I feel like the product is mine.

2 1 feel like T am the owner of this product.

3 I feel like I own this product.

(2) Shopping enjoyment

Please imagine your shopping experience on a website as if you
were actually buying foods online.

1 Was it fun (to operate)?

2 Was it interesting (was it a new experience for you)?

(3) Touch sensations

When you evaluated products,

1 Did you feel like you could perceive the texture of the product?
2 Did you feel like you could touch the product?

3 Did you feel like you could move the product as you intended?
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