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Figure 1: Participant connecting two sentence parts with touch during our study.

ABSTRACT

1

Remembering content (recall) is relevant for information and educational applications as well as advertisement. Previous research
showed that the recall on large screens is increased when interacting with body gestures. Based on this finding we conducted a lab
study evaluating the influence of interaction (no interaction, touch,
voice) on recall. We found no significant effect, but participants
subjectively favored interacting with touch, and had the impression
their recall was highest using touch interaction. Thus, we recommend using interaction for drawing attention to the large screen
and creating a joyful experience, but relying on other methods for
increasing the recall.

Today interactive large screens are a common sight in public and
semi-public places. Among others, such (semi-)public displays are
used for information distribution [8], advertisement [10] and education (e.g. museum installations [4]). For these application types,
display owners and application developers have an interest in optimizing the information dissemination. The value of these applications increases if users are able to remember the content. The
focus of our research is on this "recall". Recall refers to the ability
to reproduce information one was previously exposed to [3]. In
particular we are interested in the effect of interactivity on recall.
For large screens various possibilities for interaction exist, for example touch, eye tracking, full-body interaction or voice interaction.
For this research we chose to focus on touch interaction and voice
interaction.

CCS CONCEPTS
• Human-centered computing → Laboratory experiments;
Empirical studies in interaction design.
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INTRODUCTION

RELATED WORK

Interaction with public displays was addressed in several studies resulting in different models for interaction - e.g. [12] or [7].
The effect of interaction (body gestures) on cognition (recall
and recognition) on large screens was evaluated by Alt et al. [1].
They conducted an in-the-wild study in a semi-public space with
a 42” large screen in portrait-mode. Images of animals and fruits
were used as items in a game, showing 24 items per condition.
They found a significant effect of interaction on recall but not on
recognition. Using body gestures the participants were able to recall
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significantly more items than during the non-interactive baseline
condition.
Panhey et al. used an interactive game for remembering symbols
for their lab study [9]. They compared four different interaction
techniques: mobile interaction, touch interaction, full-body interaction and no interaction as baseline condition. The game was played
on a 3.5 x 2m screen in a distance of 2m. During touch interaction
the distance was reduced to 0.5m. They found a significant effect
of interactivity on recall, but a negative one: interactivity significantly decreased the recall. Best results were obtained during the
non-interactive baseline condition. For the subjective results they
found that most participants favoured the mobile interaction.
Veenstra et al. compared differences in usage between a noninteractive and an interactive version of a public display in the
urban environment [11]. The non-interactive version just showed
a content loop, the interactive version added physical pushbuttons
for content selection and gaming. The interactive version showed
to be more successful to engage viewers. Direct influence on recall
was not examined.
Similarly to [1] and [9], we aim at evaluating the influence of
interactivity on recall on large screens. Unlike them, we focus on
information applications and use text instead of images/symbols.
Like Panhey et al. [9], we use touch as one interaction type. Voice
interaction is another interesting interaction type for large screens
but was - to our knowledge - previously not explored. Thus we
included this interaction type in our study.

3

STUDY ON INFLUENCE OF INTERACTION

The research question guiding our study was the following: Does
interaction in the personal interaction phase [12] increase the recall
in large screen applications?

3.1

Hypotheses

Related to our research question and the related work on the effect
of interaction on recall we formulated two hypotheses:
H1 Recall is greater using touch or voice interaction compared
to no interaction on large screens.
H2 Recall is greater using touch interaction compared to voice
interaction on large screens.
Based on the hypotheses, recall is the dependent variable and the
type of interaction (none, voice, touch) is the independent variable.
The recall is measured with a free recall test. During a free recall test
participants are successively exposed to items (e.g. words, images).
On completion of the list participants are asked to reproduce the
items. In the case of a free recall test the order of the items is not
relevant [5]. In our study the items are sentences with keywords.

3.2

Design & Method

The experiment was conducted as a controlled lab study using
a within-subject design. As apparatus we used a 65” 4k-screen
supporting multi-touch interaction. During the experiment the participant stood centrally in front of the screen in a distance of 0.5m.
This is approximately one arm length which is a typical distance for
touch interaction. According to our independent variable we had
three experimental conditions: no interaction, voice interaction and
touch interaction. The order of the conditions was incompletely
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counterbalanced. Three different orders were used: none-voicetouch, voice-touch-none, touch-none-voice. The experimental task
is described in the sidebar. An example of a task is depicted in
Figure 2.

Figure 2: A sample task of the experiment.
The task of the participant was to form one sentence from a
given beginning and three endings (cf. Figure 2). We used a simple sentence structure with the beginnings consisting of three to
five words (two adjectives/nouns/adverbs) and the endings always
consisting of three words (two adjectives/nouns/adverbs). The four
nouns, adjectives or adverbs in each sentence were our relevant
keywords for measuring the recall. Each of the three conditions
included eight sentences, resulting in 32 keywords per condition.
This is the same amount of information per condition as [1] used
in their experiment. The content of the sentences was easy to understand. We used always the same eight sentences for a condition.
Each sentence was displayed for ten seconds. As font type we chose
Helvetica. Based on the formula by [2] we calculated the optimal
font size for the chosen distance and font type. The following parameters were applied for the calculation: a = 500 mm; β = 20’;
nAv = 2160 px; hA = 833mm; pOS = 96ppi = 3,78 pt/mm; fR = 2048;
hx t = 1117. The calculation resulted in a font size of 10.8pt. We used
a high contrast, with black text color on white background. The
experiment was realized with Microsoft PowerPoint.
During the condition with no interaction the participant had
to stand in front of the screen and only concentrate on the sentence parts which switched automatically after ten seconds. During
the voice interaction condition the participant had to say which
sentence parts belong together. Using the wizard-of-oz methodology the user received visual feedback as a line was displayed
connecting the two chosen sentence parts. For the third condition
the drawing functionality of Microsoft PowerPoint was used. Using
touch, the participant had to draw a red line connecting the two
chosen sentence parts. After each condition the participant was
asked to list verbally all sentences and keywords he/she remembers.
The observer of the experiment documented the stated words and
sentences.
At the beginning of the experiment the participants had to complete a questionnaire containing socio-demographic questions and
a scale for their prior touch experience. After all tasks were completed we used a second questionnaire in order to evaluate the
subjective experience, eg. which type of interaction was favoured.
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Participants

In total 17 persons participated in the experiment. The participants
were aged between 22 and 30 years (mean = 25.8, sd = 2.3), with 12
male and 5 female. The participants were either university students
or staff members. All of them had prior experience with touch
devices.

Figure 4: Replies of the participants during which condition they perceived the highest recall.

Figure 3: Measured recall (keywords) of our three experimental conditions. The grey circles represent the mean.

3.4

Figure 5: Replies of the participants to the question
which type of interaction they favoured during the study.

Results

In order to verify our research hypotheses we evaluated the keywords and sentences the participants remembered (recall) for each
condition. The result is shown in Figure 3 and Table 1. We obtained
the best results for voice interaction. A one-way repeated measures
analysis of variance (ANOVA) showed no significant difference
among our three conditions (F(2,48) = 2.88, p = .07). We also captured the number of complete sentences participants stated (cf.
Table 1). Again, a one-way repeated measures ANOVA showed no
significant difference among our three conditions (F(2,48) = 1.46,
p = .25). Therefore, we have to reject both our research hypotheses. In our experiment interaction had no significant effect on the
measured recall.
After evaluating the objective data, we now analyse the subjective results. Figure 4 shows the replies to the question "During
which experimental condition (no interaction, voice interaction,
touch interaction) did you perceive the highest recall?". Eight participants had the impression they obtained the highest recall with
touch interaction, five with voice interaction and four with no interaction. Moreover we asked which experimental condition the
participants favoured. The results in Figure 5 show that most participants favoured touch interaction (10 participants) followed by
voice interaction (6 participants). Only one participant favoured no
interaction during this study. Furthermore we asked how the different types of interaction were perceived. The answers are visualized
in Figure 6. Voice interaction (13 participants) and touch interaction

Figure 6: Replies of the participants how they perceived the
different interaction types during the study.
(12 participants) were mostly perceived positive or very positive.
No interaction was perceived as neutral by eight participants and
(very) negative by four participants. Three participants rated touch
and voice interaction respectively negative, but none very negative.

3.5

Limitations

Due to the focus of our study design, our findings have several
limitations: the design as lab study implies low ecological validity.
Furthermore, we only focused on text and especially on short and
easy sentences. The study was conducted at a university with a
small, homogeneous (young, mainly male and touch experienced)
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Table 1: Objective results: number of keywords and sentences remembered per condition.

mean
min
max
sd

No Interaction
keywords sentences
15.53
5.29
7
3
27
7
4.35
1.18

Voice Interaction
keywords sentences
18.71
5.35
10
4
24
7
3.34
0.84

group of participants. Additionally, from an observer’s point of
view some participants had fun experimenting with the drawing
functionality of PowerPoint which distracted them from their actual
task and influenced the results.

4

DISCUSSION

Regarding the small number of participants and the other limitations, we clearly cannot assess the hypotheses we presented.
However, although we were not able to show an objective effect
of interactivity on recall in our study, we, like [9], would still recommend to use interactivity in a large screen installation as it is
an essential element for drawing attention to the screen [1]. Our
subjective results indicate a clear preference for touch interaction.
The study also has raised some interesting points regarding the subjective effect of interaction. Interestingly, most participants thought
their recall was greatest when using touch interaction. It seems
like their positive attitude towards this interaction type transferred
to their impression of the recall. This is similar to the well-known
aesthetic–usability effect: visually pleasing user interfaces are perceived as more usable. The aesthetic-usability effect was first studied by Kurosu and Kashimura [6]. In summary, interactivity can
be used to draw attention and to create a joyful experience but in
order to increase the recall other methods, eg. surprising content,
are more appropriate.

5

CONCLUSION AND FUTURE WORK

We conducted a lab study evaluating the effect of interactivity on
recall. We were not able to show an effect, but subjective results
clearly indicate a preference for the interactive conditions. For
future work it would be interesting to conduct a similar study
in the wild with a less homogeneous user group and considering
multi-user interaction. Similarly to news displayed on large screens,
the content to be recalled could be more complex information or
paragraphs of text combined with images.
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