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Abstract
Quick Response (QR) code technologies offer potentially outstanding opportunities to transform public
experience in museum-like spaces. However, although QR codes are a cost-effective way of delivering digital
information in these spaces, there is as yet little information on the resulting effects on visitor engagement. We
conducted two different controlled experiments in order to examine the effects of QR codes on visitor engagement
in museum-like spaces. These experiments were structured in two research cycles and followed the Design-Based
Research methodology. The first experiment compares the effects of QR codes versus traditional display screens for
providing information about the exhibits. This experiment was carried out with 200 participants in a public garden.
The second experiment was carried out with 260 college students at a university campus hall. This experiment
compares traditional (or one-way) QR codes with two-way QR codes as different methods for delivering
information. Two-way QR codes allow visitors to search for information about the exhibit, as well as contributing
by leaving comments. In both experiments, we measured engagement as a combination of three variables: (1)
amount of information consumed by visitors; (2) the time visitors spend at the exhibit, and (3) the visitors’ perceived
quality of the experience. The results show that visitors prefer direct mechanisms for obtaining information about
the exhibits, such as text on a panel or videos on a screen. However, we also found that two-way QR codes are a
cheaper alternative for delivering digital content in museum-like spaces, especially for college-age visitors.
Keywords. Quick Response (QR) Codes; Museum-like spaces; Engagement; Experimental Design; Design-Based
Research
1. Introduction
With the growing adoption of smartphones and context-aware technologies, public spaces such as botanical gardens
or libraries now have the opportunity to improve their visitors’ experience and further achieve their institutional
goals. GPS technology has been used successfully for this purpose in open spaces such as gardens and parks, as well
as within a city (Santos et al., 2013). However, GPS technology has its limitations in closed spaces and spaces where
exhibits are very close to one another. In these cases, other types of technology are required (Emmanouilidis et al.,
2013; Santos et al., 2012; Pérez-Sanagustín et al., 2014). Tagging technologies such as Quick Response (QR) codes,
Radio Frequency Identification (RFID) or iBeacons have been used as a low-cost alternative in such situations. The
most popular of these technologies are QR codes. This is mainly because of their low cost, simple production
process and low barriers for adoption, when compared with other similar technologies (Ashford, 2010). Whereas
RFID tags or iBeacons require specific devices to access the information, anyone with a smartphone can read QR
codes using multiple applications and on any operating system.
For a long time, researchers have been exploring useful ways to implement QR codes in both closed (Schultz,
2013) and open spaces (Fino et al., 2013). For example, the survey paper by Ashford (2010) offers a good review of
the use of QR codes in libraries (i.e. linking to songs or videos in library exhibits or linking to audio tours for guided
tours). Both Walsh (2010) and Schultz (2010) present encouraging results about the adoption of QR codes in this
context. QR codes have also been used in museums to support treasure hunt dynamics, such as the work by Ceipidor
et al. (2009). In this application, students use QR codes to identify the correct answers while searching for treasure.
Finally, other researchers have explored the possibility of using this technology as a substitute for GPS in open
spaces such as gardens (O’Hara et al., 2007) or the city (Santos et al., 2014), where the information delivered to the
visitors is contained in objects that are located very close to one another. In some cases, QR codes have also been
used to modify the visitors’ experience. One such example is the proposal by Rouillard & Laroussi (2008), who used
QR codes to deliver information to visitors in different languages.
Other researchers have examined the adoption patterns for QR codes and the users’ psychology when
interacting with them. These studies have demonstrated that although the use of QR codes is quite low in general,
young people and smartphone owners use them more frequently (Schultz, 2013; Demir et al., 2015). This is because
there is great potential with QR codes to personalize visits. In addition to this, and despite QR codes having been
mainly used as a one-way means of delivering information, Shin et al. (2012) showed that users perceive them as
creating a social space in which they can interact with others through activities comprising entertainment, education
and socializing.
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The results of these studies suggest that QR code technologies offer great potential to transform physical spaces
into museum-like spaces for delivering engaging, personalized and social experiences. However, although the
adoption of QR codes has been studied in museum-like environments for supporting certain learning practices, there
is yet to be a consensus as to their effects on visitor engagement. Furthermore, the way in which technology is used
is key to its effectiveness (Hokanson & Hoper, 2000). Despite this, there is a lack of comparative studies to analyze
the potential provided by QR codes for engaging visitors when compared to more traditional and usually more
expensive alternatives, such as screens or tablets located next to the artifacts in an exhibition.
The use of smartphones and QR codes and their effect on visitor engagement therefore needs to be explored in
greater depth. This will help guide decision makers with a low budget for activating their spaces when looking for
ways to achieve the greatest possible impact using these technologies. The aim of this paper is to provide insights
into the effects on visitor engagement when using QR codes as a cost-effective means for delivering digital content
in museum-like spaces. In order to do so, we ran two controlled experiments structured in two research cycles and
following a Design-Based Research (DBR) methodology.
Overall, the results of this study enhance the understanding of how QR code technology should be used as an
alternative to other, more expensive technologies in museum-like spaces. This is done by achieving the greatest
possible impact on visitor engagement. These results can help administrators, decision makers or curators of public
and open spaces increase the interactivity of their spaces on a low budget, as well as providing a more engaging
experience to their visitors.
The rest of the paper continues as follows. In Section 2, we provide details of the methodological process that
was followed. We also provide details of the data gathering techniques and statistical analyses that were used to
analyze engagement during the two research cycles. Sections 3 and 4 report the experimental design, as well as the
main results from the first and second research cycles, respectively. In Section 5, we discuss the main results of both
research cycles in order to gain a better understanding of (1) the effects of using traditional QR codes on visitor
engagement when compared with traditional display screens, and (2) the uses of QR codes that have the greatest
impact on visitor engagement. The conclusions in Section 6 summarize the lessons learned about how QR code
technology should be employed as an alternative to other, more expensive technologies by achieving the greatest
impact on visitor engagement.
2. Methodology
This section presents the methodological approach that was followed in order to study the effects on visitor
engagement when using QR codes as a cost-effective way to deliver digital content in museum-like spaces.
2.1 Design-Based Research
The Design-Based Research (DBR) approach was used in order to understand the effects of QR codes on visitor
engagement in museum-like spaces on a broad level. We selected this methodology because it provides an
understanding of the effects of a technological intervention within a real-life context by blending empirical and
theory-driven designs (Design-Based Research Collective, 2003). One of the benefits of this methodology is that it
allows the use of mixed method approaches for gathering and analyzing data. DBR therefore helps rich data to be
gathered simultaneously for many factors and can also be adapted to the specific context. Another benefit of this
methodology is its iterative nature. This allows improvements to be made faster than when using systematic
experimentation for each individual factor. The objective of this study was to examine visitor engagement with QR
codes by using iterative experimentations in real-life contexts. We therefore selected this methodology as being the
most appropriate for this purpose.
More specifically, we used an existing framework for DBR called Integrative Learning Design (ILD) (BannanRitland, 2003). This framework organizes the research process into four phases: (1) Informed exploration, for
studying the needs, available theory and audience; (2) Enactment, which consists of the design of the technology; (3)
Evaluation of the local impact, in order to analyze the impact of the technological intervention on a local level; and
(4) Evaluation of the broader impact, which takes into account the concerns related to the adoption of the
technological intervention by a wider audience. The ILD framework has been used in the field of Technology
Enhanced Learning to organize and think about how design research can lead to effective learning practices in
different contexts (Roschelle et al., 2010; Álvarez et al., 2011; Cordero et al., 2015).
In this study, we adopted ILD as an organizational framework to understand the effectiveness of QR codes in
different contexts and organize the research into two cycles (Figure 1). In both research cycles, traditional QR codes
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are analyzed in comparison with another solution. The aim of this is to gain insights into how their use affects visitor
engagement in museum-like spaces. In the first cycle (Cycle 1) we conducted an experiment at the Royal Botanic
Gardens, Kew (Kew Gardens), to analyze the effects on visitor engagement when using QR codes to access
information (video and text) at the exhibits, versus using a screen located next to the exhibit. The experiment was
guided by the following research question: RQ1. Is there any difference in visitor engagement when using a screen
to deliver rich content about an exhibit, as opposed to a QR code? The results from the first cycle allowed us to
understand the limitations of the QR codes as a means for delivering information and to propose improvements for a
second experiment.
The second research cycle (Cycle 2) is an improvement informed by Cycle 1. In Cycle 2, we ran a similar
experiment in an open space within a university campus hall. Based on the results from the first cycle, as well as the
conclusions by Shin et al. (2012) regarding the potential of QR codes for allowing social interaction, we analyzed
whether two-way QR codes have a positive effect on visitor engagement, in comparison to traditional one-way QR
codes. Visitors cannot only interact with two-way QR codes in order to get information; they can also contribute by
leaving comments. The research question that was addressed in Cycle 2 asked the following: RQ2. Is there any
difference in visitor engagement when using one-way and two-way QR codes to deliver rich content for an exhibit?
From now on, and in order to improve the readability of the text, we will refer to one-way QR codes as QR1 and to
two-way QR codes as QR2.
Finally, we produced a summary of the results obtained in both cycles. The aim of this was to provide a broader
evaluation and therefore gain a better understanding of (1) the effects of using traditional QR codes on visitor
engagement, versus traditional display screens, and (2) the uses of QR codes that have the greatest impact on visitor
engagement.

************************
Figure 1 The two cycles of the ILD Framework conducted in this experiment. Adapted from Rochelle et al. (2010).

************************
2.2. Variables, instruments and data collection
We defined a set of instruments and data gathering techniques that were used for the two research cycles in order to
compare the effects of the different technologies that were being analyzed. First, we defined the variables that were
used in this study for measuring engagement. Second, we described the instruments and data collection methods that
were used to gather information on these variables.
In order to measure visitor engagement, we defined a set of variables that needed to be taken into consideration,
based on the context of the study. For this purpose, we have considered the differences and similarities between
museums and museum-like spaces. In terms of the similarities, in both museums and museum-like spaces visitors do
not follow a unique path of exploration; do not have equivalent backgrounds or previous knowledge; and belong to
different segments of the population (families, children, young adults or adults) (Falk et al., 1998; Ahmad et al.,
2013; Schwan et al., 2014). In terms of the differences, museums are spaces dedicated to host a collection, whereas
museum-like spaces are spaces that were not designed to host a collection but that can possess (always or during
particular periods) exhibits for their visitors. The main difference between these two types of spaces is that visitors
to a museum go there with the specific intention of visiting the museum, albeit with different motivations (Falk et
al., 1998). In museum-like spaces, visitors that go there do not necessarily have an intention to see a collection and
go there with another purpose, such as spend their leisure time there.
Most studies reported in the literature are focused on measuring engagement in museums. These studies have
taken into consideration variables that range from the target audience to the atmosphere of the exhibits (lighting,
decoration etc.). Schwan et al. (2014) did an extensive review of several studies showing the different approaches to
measuring engagement. However, measuring engagement in museum-like spaces is more difficult as it is often not
the visitors’ initial intention to visit the space. In this study, we have defined the variables that we considered to be
the most relevant for the museum-like context.
The first of these variables is Content consumption. This variable measures the amount of information
consumed at each exhibit. In some studies, the visitors’ behavior with the content of an exhibit has been used as a
measure of engagement. For example, several researchers have analyzed how visitors approach an exhibit in a
museum and how deeply they interact with its content and used this as a variable to study what type of atmosphere
attracts people (i.e. lighting and decoration) (Stamps, 2007; Boyce, 2004). In this study, which focused on museum-
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like spaces, where people are passers by and have no motivation to read or pay attention to the exhibits, we
considered the amount of content consumed per visitor to be an effective variable for measuring engagement.
The second variable is Time. This variable measures the level of involvement that visitors show when they
encounter information. Time has been used to measure the “holding-power” of the exhibit; i.e., the average amount
of time visitors spend at the exhibit (Serrell, 1998). Fleck et al. (2002) studied the behavior of visitors in front of an
exhibit and observed that the typical visit lasts for between one and two minutes. However, when they are engaged,
visitors extend their visits for up to 10 to 15 minutes. Although time is of course something that is relative to the
exhibit and its content, we still considered it to be a good measure for analyzing the involvement with the exhibit
shown by the visitors.
The third variable is the Visitors’ perceived quality of the experience. This variable measures how visitors
evaluate their encounter with the exhibit by rating their interest of the content and their general opinion of the
experience by answering a questionnaire. Pekarick et al. (1999) analyzed visitors’ experiences in a museum by
taking into consideration their perception of the objects in the museum and how they were presented, their learning
process, and their emotional responses. The same authors pointed out that the occurrence and type of experiences
differ depending on the environment and the visitor (including their expectations of the visit). We therefore included
visitor perception as a variable for measuring engagement in order to have a sense of the visitors’ perspective.
We used different techniques for gathering data on each variable. An observer was in charge of gathering data
for the variable “Time spent at the exhibit”, using a chronometer to measure how long a visitor spent in front of the
exhibit. To measure “Content consumption” (video provided through a screen or a QR code; and text written on the
exhibition panels) and the for measuring the “Visitors’ perceived quality of the experience”, we defined a fourquestion survey that was answered on paper. Questions 1 and 2 were designed to measure “Content consumption”,
which was a video (provided through a screen accompanying the panel at the exhibit, or through a QR code on the
panel) and a piece of text (provided on the panel at the exhibit). Questions 3 and 4 were designed to measure the
“Visitors’ perceived quality of the experience”. The specific questions on the questionnaire were the following:
● [Q1] How much of the video did you watch?
● [Q2] How much of the text did you read?
● [Q3] Please, tick the boxes that best describe the information you just saw. Options: Interesting, Too basic,
Too detailed, Entertaining and Not for me/us.
● [Q4] What would you say to other visitors regarding this kind of exhibit? Options: Don’t bother, Didn’t like
it, Just Fine, Really Good, The Best.
2.3. Data analysis
The data gathered in each cycle were independently analyzed using the following statistical analyses. First, in order
to measure “Content consumption”, we calculated the percentage of answers in Q1 and Q2 for the different means of
delivery in each cycle. We then compared these percentages for each of the types of delivery that were analyzed in
each cycle. For “Time spent at the exhibit”, we assessed the normality of the data (we discovered that it was nonnormally distributed), so as to then conduct a non-parametric statistical test (Wilcoxon Signed-Ranks Test in this
case) to analyze significant differences in time. To measure the “Visitors’ perceived quality of the experience” we
analyzed the percentage of answers given by the visitors to each of the options in Q3. Additionally, for the visitors’
experience we also ran a t-test and a non-parametric test (Wilcoxon Signed-Ranks Test in this case) to analyze
significant differences in the ratings of the exhibits provided by the visitors in their answers to Q4 for the two
different conditions that were studied in the cycle. It is important to note that an extensive study by de Winter et al.
(2010) revealed no loss of statistical power when conducting the non-parametric Wilcoxon test instead of the
parametric t-test when comparing data from Likert scales. We therefore followed this suggestion when conducting
our study.
3. Cycle 1: QR Codes vs. Screens
This section describes the details of the experiment carried out in Research Cycle 1 and presents the main results, as
well as a discussion of these. The research question guiding the design of the study is the following: RQ1. Is there
any difference in visitor engagement when using a screen to deliver rich content about an exhibit, as opposed to a
QR code?
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3.1. Context
The intervention for Research Cycle 1 was carried out at the Royal Botanical Gardens located in Kew, London. The
Gardens present a living collection of plants that has been arranged according to taxonomic and geographic
relationships. Since its opening in 1759, the selection and arrangement of the collections at Kew has always had a
scientific and economic purpose. Today, Kew is a world-leading plant science, sustainability and conservation
organization that conducts worldwide projects with more than 800 organizations in over 100 countries. Its double
role as a scientific organization and one of London’s major visitor attractions affords an opportunity to establish a
dialog with visitors around the importance of plants, conservation and biodiversity.
Information at Kew is currently presented using three main components: static panels, video and online content.
Throughout the Gardens, information panels are placed next to specific plants, collections or historical features;
these panels provide visitors with general information, e.g. referring to the overall collection presented in that part of
the garden or plants of particular botanical, economic or other interest. Additionally, a video provides in-depth
information regarding the collections. The informative videos are all under 5 minutes long and cover a range of
topics, e.g. how the species at Kew relate to their natural environment and how the plants grow in the wild. In
general, panels provide a few key ideas regarding the species and are basic enough to be of interest to broad
audience segments; videos cater to those who are looking for more information.
In order to reduce costs and decrease the intrusiveness of the static video panels, the Gardens invested in a set of
panels that feature a QR code. QR codes in these panels digitize the hyperlink to provide more detailed information
about the plants in the collections from Kew’s website. The codes were either incorporated into the information
panels or on some of the labels that are used to manage the collections at Kew. In addition to these panels, the Kew
Gardens commissioned their first mobile app in 2011 (available on iOS and Android devices). The app features four
core functionalities: wayfinding (location-aware map), seasonal highlights, general information and “dig deeper”.
The first three were designed specifically to help visitors plan their overall visit; find their way around the site; and
choose activities, attractions and places to see. The “dig deeper” section was designed to access on demand video by
scanning the QR codes located in the panels with an in-built reader included in the app that uses the phone’s
integrated camera. The app retrieves the content linked in the QR from Kew’s website and optimizes it to fit the
phone’s screen. This helps mitigate certain usability issues related to the small size of a smartphone screen. These
codes can also be read using a third party scanner app. In this case, the content is accessed through a web browser.
3.2. Experimental design
A specific plant was selected for the experiment in order to assess the differences in visitor engagement
between the immediate access to information provided by the static video panels and the remote access provided by
the QR code. The plant, saguaro cactus (Carnegiea gigantea), is housed in the desert zone of the Princess of Wales
Conservatory at Kew. Two different information panels were designed for this plant (Figure 2). One of the panels
included a screen, while the other panel included traditional QR codes. Both panels were designed based on the
standard layout and design used at Kew. Each panel contained 120 words of text that provided general information
about the cactus. Alongside the text, visitors could watch a 3-minute video and read the text on the panel. The video
on the video panel was available on a screen, while on the QR panel it was available online using QR codes.

************************
Figure 2 Panels designed for the study that offer different ways of accessing the video, as well as a block of text
about the species. Left: video. Right: QR code with a link to the video.

************************
3.3. Participants and procedure
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The study was conducted over a three-week period during the first quarter of 2012. 200 visitors (N=200)
participated in the experiment. 100 (N=100) participants interacted with the “Screen & Paper” version, of which 11
were part of a family, 63 were from a group of adults, and 26 were single adult visitors. 100 (N=100) participants
interacted with the “QR codes” version, of which 14 were part of a family, 73 were from a group of adults, and 13
were single adult visitors. Of the 100 visitors interacting with the “Screen & Paper” version, 11 were part of a family
and 63 were from a group of adults.
On any given day, two time slots of 3 hours were chosen and each panel was displayed next to the saguaro
cactus for a period of time. One researcher was in charge of inviting visitors approaching the exhibit to participate in
the experiment. Visitors who agreed to participate were presented with one of the two panels and asked to take a
look at it for whatever period of time they felt was suitable. Visitors were explicitly asked to do what they would
normally do when they encounter information panels around the Gardens and to not feel any pressure to read the
whole text, watch the whole video or access online content if they would not normally do so. When an Internet
connection was required to access digital resources through the visitors’ smartphones (QR codes), this could be done
through the visitors’ own 3G-network or Kew’s free wireless network. Once the visitors said they had finished with
the exhibit, they were asked to answer the survey.
3.5. Results Cycle 1: Screen vs. QR Codes
Figure 3 shows the results for the variable “Content consumption”. The data shows that there is greater consumption
of the video content when it is delivered using the Screen, in which 33% of the visitors viewed the entire video and
64% viewed a section of it. This is compared to the QR code, in which only 1% of people viewed the entire video
and 2% viewed a section of it. We conducted a Chi-square test to compare the proportion of people who consumed
all of the content when using the Screen versus the QR version and found a significant difference chi2
(1,N=100)=36.28, p<.001. We also built a confidence interval for both proportions and are therefore 99% confident
that the proportion of people who consume video using the Screen is within 24.6% and 42.7%, whereas the
proportion of people who consume the video using QR is within 0.1% and 7.9%. Moreover, the data also reveals
that the visitors consume a much higher percentage of the text on the panel when it is complemented with a QR code
(80% of people read all of the text on the QR panel, compared with 51% of people who read the whole text on the
panel with the screen). Likewise, we conducted a Chi-squared test to compare these proportions and again found a
statistically significant difference chi2 (1,N=100)=18.60, p<.001. Afterwards, we built a 99% confidence interval for
each of the proportions, revealing that we are 99% confident that the proportion of people who consume text on the
panel with a screen lies within 67.98% and 88.28%, while the proportion of people who consume such content on
the QR panel lies within 38.46% and 63.4%.

************************
Figure 3 Content consumption for Research Cycle 1: Screen (N=100 visitors) vs. QR (N=100 visitors) versions.

************************
Figure 4 shows the distribution of the time spent by the visitors at the exhibit for the Screen and QR versions.
Due to the non-normally distributed data, a Wilcoxon Signed-Ranks Test was conducted to test for significant
differences in time (measured in seconds) between the Screen (Mdn=85.5, N=100) and QR code (Mdn=40, N=100)
versions. There was a significant difference between the two methods for delivering information in terms of the
effect on the amount of time that users spent interacting with the exhibit, W = 8121, p < .001. Specifically, the
results show that people spent significantly more time consuming content from the Screen version than from the QR
version.

************************
Figure 4 Distribution of time spent interacting in Cycle 1 for Screen (N=100 visitors) and QR (N=100 visitors)
versions.

************************
Figure 5 shows the distribution of the time spent interacting with the exhibit by the different types of visitors
in Cycle 1, for both the Screen and QR versions. When conducting the Wilcoxon tests to compare the different
groups, we find that there is no significant difference between the time spent interacting with the exhibit by adults
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and families for the Screen version of the experience (W= 341.5, p-value=0.9455). The same is true when
comparing the time spent interacting with the exhibit by adults and families for the QR version of the experience
(W=490, p-value=0.8127), as well as when comparing the time spent interacting with the exhibit by adults and
families for both versions of the experience (Screen and QR) (W=1716, p-value=0.9423). Considering the results
which revealed that people spent more time with the screen than with the QR code, the results from the Wilcoxon
test suggest that the type of intervention (Screen or QR) has an impact on the time spent interacting with the exhibit
by the visitors.
************************
Figure 5 Distribution of time spent interacting with the screen in Cycle 1 (Row 1) (N_adults_only=63;
N_group_family=11; N_single_visitor=26) and with the QR code (Row 2) (N_adults_only=73;
N_group_family=14; N_single_visitor=13), by type of visitor.
************************
Finally, Figure 6 shows the analysis of the ratings given by the visitors to the exhibit. Due to the non-normally
distributed data, a Wilcoxon Signed-Ranks Test was conducted to test for significant differences in the ratings given
by the visitors to the exhibit, comparing the Screen (Mdn=4, N=100) and QR code (Mdn=4, N=100) versions.
There was no significant difference between the two types, W = 5398.5, p < .2804. As explained in the methodology
section, we conducted this test with no loss of power when compared to a parametric version, such as the t-test (De
Winter et al., 2010). In addition to this, the data in Table 1 shows that the vast majority of visitors considered the
information in the exhibit to be interesting, regardless of how it was delivered. These two results therefore indicate
that the method of delivery does not have an effect on the visitors’ perception of the experience.

************************
Figure 6 Rating of Exhibit. Distribution of ratings given by the visitors to the exhibit in Cycle 1: QR vs. Screen
versions.

************************
************************
Table 1 Descriptors assigned to the information available on each panel for Research Cycle 1: Screen vs. QR
versions.

************************
3.6. Discussion and limitations of the experiment in Research Cycle 1
The results from this first research cycle show that delivering information using a QR code or via a screen has an
effect on visitor engagement. These differences are significantly positive in favor of the Screen version, in terms of
the time spent by the visitors at the exhibit and the amount of content they consume (when the content is delivered
through a video). However, the results show that visitors read more of the text on the panels with a QR code than the
panels with a screen. This suggests that people do tend to consume the content that they can consume directly, in
this case either video or text.
In addition to this, we also detected some limitations in the study that could have influenced the results that
were obtained. Firstly, because of the characteristics of the museum-like environment where the experiment was
conducted, the visitors participating in the experiment were mostly adults. According to a recent study by Demir et
al. (2015), this segment of the population is less willing to use such technology than typical college-age students.
We are likely to see higher levels of adoption of this technology among this segment of the population in the future.
Further work is therefore required to determine whether the age of the visitors could influence the use of QR codes.
Secondly, QR codes were only used in this experiment as a source of information. However, according to Shin
et al. (2012), users perceive QR codes as a social space through which they can interact with others through
activities comprising entertainment, education and socializing. This study therefore suggests that visitor engagement
could be increased by including QR codes in the panels as a way of socializing and not just to consume information.
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These results, together with a review of the literature, point to some research questions that warrant further
exploration: What would have happened in another museum-like environment with a segment of the population that
is more open to using QR code technology? And, what is the effect on engagement if the QR code is included not
only as a means to provide information but also as a way for the visitors to contribute with their own information? In
the next research cycle we propose a new experiment to answer these research questions.
4. Cycle 2: One-Way QR Codes (QR1) vs. Two-Way QR Codes (QR2)
This section describes the details of the experiment carried out in Research Cycle 2 and presents the main results.
The research question guiding the design of the study is the following: RQ2. Is there any difference in visitor
engagement when using one-way and two-way QR codes to deliver rich content for an exhibit?
4.1. Context
The experiment was conducted in November 2014 within the context of an Information Systems class at an
Engineering School in Santiago de Chile. In this class, the students learn how to design, implement and deploy an
Information System in order to increase the productivity of an organization. For the last three weeks of the class, the
students have to work on a project in teams of 4 or 5. In this project the students are asked to design a new product
to help a fictitious company innovate and become more competitive.
One of the phases of this project consists of doing a preliminary evaluation of their product. To do so, the
students were asked to prepare: (1) a one-minute video about their product and upload it to YouTube, and (2) a
poster to be displayed in the campus hall for three days. The posters included textual information describing the
design of the product, two figures showing the prototype of the design and a QR code linking to the video presenting
this product. 84 students participated in the activity (3 women and 81 men). In total, the groups produced 20 posters,
each with the same structure but different content.
All of the QR codes used in the posters were created using etiquetAR (Pérez-Sanagustín, Martínez, & Delgado
Kloos, 2013). etiquetAR is an authoring tool based on QR code technology that supports the generation of one-way
and two-way QR codes. There are several advantages to using this tool. First, once a QR code is created, the creators
can update the content whenever they want without changing the image. This makes the QR codes generated with
this tool very convenient in places such as museums, where the content can change depending on the exhibition.
Second, these etiquetAR QR codes can link to more than one URL, offering the opportunity to provide the same
information in different languages, for example. Finally, the person who created the QR code can easily change it
from a one-way QR code to a two-way QR code, and vice versa, by clicking on a button. For the visitor, using this
tool is the same as with any QR code, since QR codes generated with etiquetAR can be read with any QR code
reader. In the experiment, when a visitor scanned a QR2 code with their smartphone, they were shown the video that
it linked to and, below the video, a text box to include a comment. The users could also see a list of comments left
by previous visitors.
4.2. Experimental design
All of the posters were designed following the same standard, which was provided to the students by the lecturers.
The poster comprised 4 different sections of textual information (with a limited number of words): (1) The problem
(50 words), (2) The solution (100 words), (3) The technology used in the solution (50 words), and (4) the added
value of their proposal (50 words). Furthermore, there was also a space for including two images of the prototype
and the QR code. A sentence was included below the QR codes inviting people to scan the codes. More specifically,
the two messages included in the posters read as follows: “Scan this code to watch a video about the product”, and
“Scan this code to watch a video about the product and add your comment”. All of the posters were printed in color,
with the same dimensions (200 cm long x 55 cm wide). The same company printed all the posters so as to avoid any
differences. Figure 6 shows an example of two of the posters.
In this experiment, and in order to reduce the number of variables to be compared, we analyzed the visitors’
interaction with the video content and the text. Furthermore, we also collected the visitors' ratings of the experience.
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************************
Figure 7 2 examples of posters designed for the experiment in Cycle 2

************************
4.3. Participants and procedure
The study was conducted over two days at the university campus hall for three hours each day, from noon to 3 p.m.
This time slot was chosen because it is the busiest period of the day at the campus hall, since this is when the
students have time for lunch and change between classes. The campus hall is a square surrounded by buildings of
classrooms, where the students have a space to spend their free time, with seats and tables to have lunch. For the two
days of the experiment, each team displayed their poster on one of the sides of the hall, without following a predetermined order.
The campus hall was selected for this experiment for two reasons. First, it shares similarities with the space
where we conducted the first experiment: it is museum-like space, an open public space where people pass by, with
different motivations and interests. Second, it is a space for leisure that was designed without any educational
purpose in mind. Finally, both spaces were “augmented” with exhibits for transforming the space into a museumlike space.
Two students from each team stayed by their poster throughout the three-hour time slot every day. One of the
students was in charge of recording the time spent by each of the visitors that stopped in front of their poster. The
other student was in charge of asking the visitors who stopped to answer the survey in order to rate the content of the
poster, as well as the quality of the experience. Five researchers supervised the activity. Each researcher had to
supervise 4 of the teams to ensure that the students were counting the time correctly and to make observations about
the process. On the first day, half of the posters were randomly selected to use a QR1 code and the other half to use
a QR2 code. On the second day, we switched the behavior of the QR codes for all of the posters, i.e., the posters that
featured a QR1 code on the first day were given a QR2 code on the second day, and vice versa. All of the posters
therefore used a QR1 and QR2 code during the experiment.
All students, lecturers and professionals that were in the campus hall when the experiment took place had the
opportunity to participate. A total of 370 (N=370) engineering students of typical college age (between 18 and 23)
participated in the experiment. 210 people (N=210) interacted with the posters featuring the QR1 code and 160
people (N=160) interacted with posters featuring the QR2 code.
4.4. Results
This section details the results obtained from the data analysis that was carried out. The results are arranged
according to the three variables that define engagement in the context of this work.
Figure 8 shows the results for the variable Content consumption. For the QR1 posters, 62% of the visitors read
all the text and 37% read some. 30% watched the entire video and 22% watched part of it. These percentages are
similar for the QR2 posters: 59% of the visitors read all the text and 39% read some. 28% of the visitors watched all
of the videos embedded in the QR2 codes and 25% watched part of them. This data also reveals that, in both
versions, the percentages of video consumption are lower than the consumption of text, which is directly accessible
for the visitors. We can therefore conclude that the type of QR code that is used does not have an effect on the
percentage of information consumed by the visitors.

************************
Figure 8 Content consumption for Research Cycle 2: QR1 (N=210 visitors) vs. QR2 (N=160 visitors)

************************
Figure 9 shows the distribution of the variable Time spent by visitors at the exhibit for the QR1 and QR2
versions. Due to the non-normally distributed data, a Wilcoxon Signed-Ranks Test was conducted to test for
significant differences in time (measured in seconds) between the QR1 version (Mdn=300, N=210) and the QR2
version (Mdn=360, N=160). There was a significant effect on the amount of time that users spent interacting with
the information, W = 13310.5, p < .001. This data reveals that visitors spent more time at posters with a QR2 code
than those with a QR1 code.
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************************
Figure 9 Distribution of time spent by the visitors at the exhibits in Research Cycle 2 for the QR1 and QR2
versions.

************************
Finally, Figure 10 shows the distribution of the ratings given by the visitors to the exhibits. An independent
samples t-test was conducted to test for significant differences in ratings between the QR1 version (M=3.59,
S.E.=.25, N=210) and the QR2 version (M=3.64, S.E.=.29,N=160). There was no significant effect for QR type,
t(345) = -0.53, p = .599. In other words, the type of QR code that is used does not have an effect on how the visitors
value the exhibit. Furthermore, the data in Table 2 shows that the ratings given to the content are very similar for the
two types of QR code. In both cases, over 60% of the visitors rated the information in the exhibit as interesting and
over 20% as too detailed. Considering this, we can therefore conclude that the type of QR code does not have an
effect on the variable Visitors’ perceived quality of the experience.

************************
Figure 10 Rating of exhibit. Distribution of ratings given by the visitors to the exhibits in research Cycle2 for the
QR1 and QR2 versions.

************************
************************
Table 2 Descriptors assigned to the information available through each panel in the Research Cycle 2: QR1 vs. QR2

************************
In addition to this, we also analyzed the number of comments left by visitors when using the QR2 code that
referred to the posters. 11 visitors commented on the posters that featured QR2 codes. These comments were
distributed across 6 different posters, two of them with 3 and 4 comments; the rest with 1. All of the messages were
comments relating to the video, the text or the idea that was presented on the poster. The longest message was 99
characters long (including spaces), and the shortest was 24. Although the number of comments is not very high, this
information suggests that some visitors did use this functionality.
5. Discussion
We have summarized the results from the two research cycles to provide a broader evaluation of the best approach
to using QR codes in museum-like spaces so as to maximize the impact on visitor engagement (Table 3). In this
study, the results of an initial experimental cycle were used to inform the design of a subsequent second cycle, albeit
in a different domain. Given the limitations of this methodological approach, we were not able to statistically
compare the results between cycles without undermining the validity of the results. For this reason, the trends that
we detect based on the qualitative cross-analysis of the two cycles presented in this section are questionable and
pose new research questions that warrant further study.

************************
Table 3 Summary of the results from the two research cycles.

************************
The first trend is that visitors spend more time consuming the information provided at an exhibit when it is
delivered directly, either through text or on a screen. The data in the first cycle shows that when visitors are
provided with audiovisual information that is delivered directly through a screen, they are more likely to consume
this information. Furthermore, our study reveals that when this audiovisual content is provided indirectly using a QR
code, visitors are more willing to consume the textual information that is provided at the exhibit. This is the
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information that visitors can access directly, without having to interact with the panel. However, this trend is only
observed by qualitatively comparing the results of the two research cycles. Analyzing how visitors with similar
characteristics react to the same content provided directly and indirectly in the same museum-like environment is
worthy of further investigation.
The second trend is that, although accessed less often than on-screen information, QR code interaction does
not affect the visitors’ experience with the exhibits. This is because the perceived quality of the experience is
not influenced by the way in which the information is delivered. The data in the two research cycles show that
the ratings given by the visitors to the content in the exhibits are similar, regardless of the way in which it is
delivered. Furthermore, according to the ratings given to both the exhibit content and the visitors’ experience,
QR technologies, which differ to more traditional methods, do not have a negative effect on the visitors’
experience.
The third trend that was observed is that visitors in cycle 2 spend more time interacting with the QR code
when it is bidirectional, i.e. when QR codes are more interactive and feature a social component. This result is
in line with the results obtained by Shing et al. (2012), who showed that users perceive QR codes as a social
space in which they can interact with others. Furthermore, a recent study by Patel et al. (2015) conducted in a
museum where visitors had the opportunity to produce content in an exhibit and engage with material generated
by others, revealed more entertainment and laughter among the visitors. Additionally, this result also has
interesting implications for the use of this technology in educational settings, where keeping students as
engaged with the materials as much as possible is highly beneficial. In fact, several publications demonstrate the
positive effects of using QR codes in an educational setting, in terms of student motivation (Ceipidor et al.,
2009) and collaboration (Author et al., 2015).
The fourth trend is that the adoption of QR codes is higher among college age students than older people.
The results from the second research cycle reveal greater consumption of the video that is accessible using a QR
code than in the first cycle. The visitors to a university campus are younger and usually better adapted to new
technology, which could also have increased the use of QR codes. This result corroborates the conclusions from
the study by Demir et al. (2015), who indicated that typical college-age students are more likely to adopt this
type of technology than adults within the context of an experiment. Furthermore, a previous study by Shin et al.
(2012) also showed that QR code users are young and educated. Unfortunately, we could not support this trend
statistically with the data extracted from our experiments. This is because we did not have a large enough
sample with a range of different ages participating in each cycle. However, these results open new research
avenues that merit further study. For example, it would be interesting to investigate whether the age of the users
is a factor that has an effect on the adoption and use of QR code technologies, using models such as the
Technology Acceptance Model (Davis et al., 1989).
6. Conclusions
This paper has presented a study on the effects on visitor engagement when using QR code technology as a
digital method for delivering information in museum-like environments. We presented the results from two research
cycles, organized following the Integrative Learning Design framework for Design-Based Research. In both
research cycles, traditional QR codes are analyzed and compared with another solution (the independent variable).
This is done in order to gain insights into how their use affects visitor engagement in museum-like spaces. In Cycle
1 we conducted an experiment to analyze the effects on visitor engagement of using a QR code to deliver
information about the exhibits, in comparison to delivering this information on a screen. The conclusion from Cycle
1 is that there is a greater consumption of textual content among the visitors. In Cycle 2, we aimed to improve the
potential of QR codes. In order to do so, we analyzed whether adding a social component to the QR codes (two-way
QR codes) had a positive effect on visitor engagement when compared with traditional one-way QR codes. The
results of this experiment showed that adding this social aspect to the QR codes had a positive effect on the time that
visitors spent at the exhibit, without negatively affecting their experience. Finally, the second experiment showed
that, when used as a two-way channel of information, QR code technology can be used as an alternative for
delivering digital content in museum-like spaces. This paper has presented a study on the effects on visitor
engagement when using QR code technology as a digital method for delivering information in museum-like
environments. We presented the results from two research cycles, organized following the Integrative Learning
Design framework for Design-Based Research. In both research cycles, traditional QR codes are analyzed and
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compared with another solution (the independent variable). This is done in order to gain insights into how their use
affects visitor engagement in museum-like spaces. In Cycle 1 we conducted an experiment to analyze the effects on
visitor engagement of using a QR code to deliver information about the exhibits, in comparison to delivering this
information on a screen. The conclusion from Cycle 1 is that there is a greater consumption of textual content
among the visitors. In Cycle 2, we aimed to improve the potential of QR codes. In order to do so, we analyzed
whether adding a social component to the QR codes (two-way QR codes) had a positive effect on visitor
engagement when compared with traditional one-way QR codes. The results of this experiment showed that adding
this social aspect to the QR codes had a positive effect on the time that visitors spent at the exhibit, without
negatively affecting their experience. Finally, the second experiment showed that, when used as a two-way channel
of information, QR code technology can be used as an alternative for delivering digital content in museum-like
spaces.
We detected four main trends in the results of the qualitative analysis of the two research cycles. These trends
provide a broader evaluation of the best approach to using QR codes in museum-like spaces so as to maximize the
impact on visitor engagement. The first trend is that visitors spend more time consuming the information provided at
an exhibit when it is delivered directly, either through text or on a screen. The second trend is that the use of QR
codes does not affect the visitors’ experience with the exhibits. This is because the perceived quality of the
experience is not influenced by the way in which the information is delivered. The third trend is that bidirectional
QR codes are a better mechanism for keeping the visitors at an exhibit, compared to traditional QR codes.
According to the data that was collected, visitors spend more time at exhibits with bidirectional QR codes than at
those with traditional QR codes. Finally, the fourth trend is that the adoption of QR codes is higher among collegeage visitors, while their use among older people is still low.
Therefore, in reference to the main objective of this study, we can conclude that although delivering audiovisual
information via a screen may be engaging, when used as a two-way channel of information, QR code technology
could represent a good, cost-effective alternative for delivering digital content in museum-like spaces. Furthermore,
this study puts forward an interesting approach for measuring visitor behavior (actions and interactions) and
engagement in museum-like spaces. This approach is based on analyzing content consumption, as well as the time
spent at an exhibit and the visitors’ perceived quality of the experience. This work could inspire other researchers to
conduct similar studies in galleries and museums, which, according to Patel et al. (2015), are usually disregarded. In
conclusion, the results of this study help understand how QR codes could be employed as a cost-effective
mechanism for delivering engaging experiences in museum-like spaces.
However, this study does have certain limitations that should be taken into account when interpreting the
results. These limitations open up new research opportunities that should be further explored. Firstly, although
carrying out two experiments in different contexts adds value, it also makes it difficult to directly compare the
results from both studies. This is because the experiments differ in their design, domain, environment and the profile
of the visitors that participated in the study. Further research would be needed to analyze whether using two-way QR
codes in the Kew Gardens would have had a positive effect on visitor engagement and analyze whether the profile of
the visitors (age and previous knowledge of the technology) has an effect on the visitors’ interaction with the
exhibit. In addition to this, the two experiments were carried out in two different environments, with random people
whose ages and profiles differed. The results therefore cannot be generalized for other populations. Secondly, the
length of the experiment in Research Cycle 2 (QR1 vs. QR2) was too short to draw conclusions regarding the type
of content provided by the visitors through the bidirectional QR codes. In fact, visitors left only a few comments
using the bidirectional QR codes. Nevertheless, it is worth noting that we did observe a “Honey pot effect” (Brignull
& Rogers, 2003) on the QR codes with comments. In other words, once a QR had received a comment, other
comments were added in a very short period of time. This suggests that visitors are more willing to contribute to
QRs that have already received comments. It would be interesting in future experiments to test whether providing
some initial comments on the QRs would increase the number of comments that are left by visitors.
In addition to encouraging further research in order to generalize our results for different domains and age
groups, we also identify an area of interest for museums. This research shows that museums have the potential to
deliver more interactive and cost-effective experiences that could adapt to the different visitor profiles. Furthermore,
the results of this research have implications for research and practice. In particular, we envisage QR codes as being
a means for implementing the ideas of Cyber-Physical environments introduced by Wahlster (2014), i.e., moving
from the area of Human-Computer interaction –a single user interacting with a single machine- to HumanEnvironment interaction, which includes multiparty communication and adapting to different task domains and user
models.
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Figures

Figure 1 The two cycles of the ILD Framework conducted in this experiment. Adapted from Rochelle et al. (2010).

Figure 2 Panels designed for the study that offer different ways of accessing the video, as well as a block of text
about the species. Left: video. Right: QR code with a link to the video.

Figure 3 Content consumption for Research Cycle 1: Screen (N=100 visitors) vs. QR (N=100 visitors) versions.
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Figure 4 Distribution of time spent interacting in Cycle 1 for Screen and QR versions.

Figure 5 Distribution of time spent interacting with the screen in Cycle 1 (Row 1) (N_adults_only=63;
N_group_family=11; N_single_visitor=26) and with the QR code (Row 2) (N_adults_only=73;
N_group_family=14; N_single_visitor=13), by type of visitor.
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Figure 6 Rating of Exhibit. Distribution of ratings given by the visitors to the exhibit in Cycle 1: QR vs. Screen
versions.

Figure 7 Posters designed for the experiment in Cycle 2: QR1 vs. QR2. Left: poster designed for a QR1 code. Right:
poster including a QR2 code.
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Figure 8 Content consumption for Research Cycle 2: QR1 (N=210 visitors) vs. QR2 (N=160 visitors)

Figure 9 Distribution of time spent by the visitors at the exhibits in Research Cycle 2 for the QR1 and QR2
versions.
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Figure 10 Rating of exhibit. Distribution of ratings given by the visitors to the exhibits in research Cycle2 for the
QR1 and QR2 versions.
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Tables

Research Cycle

Intervention

Cycle1

Screen & Paper
QR Codes

N
Number of
visitors (or groups
of visitors)
100
100

Interesting

Entertaining

Too
Basic

Too
Detailed

Not For
Me/Us

82%
93%

26%
3%

0%
1%

9%
6%

2%
1%

Table 1 Descriptors assigned to the information available on each panel for Research Cycle 1: Screen vs. QR
versions.

Research Cycle

Intervention

Cycle 2

QR1
QR2

N
Number of
visitors
210
160

Interesting

Entertaining

Too
Basic

Too
Detailed

Not For
Me/Us

62%
65%

5%
5%

2%
6%

26%
21%

5%
3%

Table 2 Descriptors assigned to the information available through each panel in the Research Cycle 2: QR1 vs. QR2

Research Cycle

Main results regarding the engagement variables that were analyzed

Cycle 1: Screen (N=100) vs. QR (N=100)

Cycle 2: QR1 (N=210) vs. QR2 (N=160)

● Content consumption: Visitors consume more video content with the screen-delivery mode
than with the QR code. Visitors consume more textual information on panels that feature a QR
code than those accompanied by a screen.
● Time: Visitors spend significantly more time consuming content with panels that have a screen
than those with a QR code.
● Visitors’ perceived quality of the experience: the visitors’ perceived quality of the
experience is the same for both the screen and the QR versions.
● Content Consumption: The type of QR code does not have an effect on the percentage of
information consumed by the visitors.
● Time: Visitors spend significantly more time consuming content with the QR2 version than
with the QR1 version.
● Visitors’ perceived quality of the experience: the visitors’ perceived quality of the
experience is the same for both the QR1 and the QR2 versions.

Table 3 Summary of the results from the two research cycles.

