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ABSTRACT

This paper describes the introduction of a new website at TCGplayer, who provide an online store for
Magic the Gathering collectible cards. This paper describes an experiment that was undertaken to test a
new, responsive design, against the current, non-responsive design. It was predicted that redesigning the
shopping cart for a mobile device screen, will result in a higher Perceived Usability (PU), and higher
satisfaction, as indexed using the Technology Acceptance Model (TAM).
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1. INTRODUCTION

Magic: The Gathering (MTG) was created by the Wizards of the Coast in 1993 [1, 2]. It is
thought to be the first Collectible Card Game (CCG) and it has created a large subculture of
devoted players. In MTG, players compete with each other using their own decks of cards which
they purchase within Local Gaming Stores (LGS), trade with one another, or buy through the
secondary market [3, 4].

MTG, played by over twenty million people worldwide, has grown into a large scale,
contemporary social activity, which has created a new revenue source for the gaming
entertainment industry [1, 2, 4]. lllustrating just how lucrative the CCG market is, the Pokemon
franchise, which does include a CCG, is the highest-grossing media entertainment franchise
today. Pokemon generates more money than Star Wars or Harry Potter [5]. Further, Hasbro, the
parent company for MTG, claimed that it ended its fourth year of 25% revenue growth since
2015 and since 2014 has brought in an estimated annual revenue of $250 million [1].

1. INTRODUCTION

Magic: The Gathering (MTG) was created by the Wizards of the Coast in 1993 [1, 2]. It is
thought to be the first Collectible Card Game (CCG) and it has created a large subculture of
devoted players (Thomas, M. et al, 2019; Limbert, 2012). In MTG, players compete with each
other using their own decks of cards which they purchase within Local Gaming Stores (LGS),
trade among one another or buy through the secondary market (Thomas, M., Shyjka, A.,
Gjomemo, R., 2019).

1.1. Secondary Markets

The secondary market is valuable for reselling specialty, rare, or collectible items. The CCG
market is twofold: First, there is the primary market, which is comprised of the initial sales of
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new CCGs; and the secondary market, which consists of players buying, selling, and trading used
CCGs [4, 5]. Research shows that MTG currently holds roughly 57.2% of the volume of
secondary card sales [6].

According to recent studies, one-third of shoppers begin browsing for trading cards from a
secondary marketplace [7]. In 2018, secondary online marketplace sales accounted for 52% of
worldwide e-commerce sales, or $1.66 trillion [8]. Examples of secondary retailers are eBay,
Amazon, and Etsy, which continue to grow rapidly in popularity and profitability. For example,
Etsy has reported to now have close to 1.6 million active sellers, and 26.1 million active buyers
[9]. EBay's total e-commerce sales in the US are expected to reach $35.89 billion, which works
out to be approximately 6.1% of all US e-commerce sales [10]. The CCG world also has several
well-known secondary market giant stores to shop from. Setting the market value for cards and
collectibles are Channel Fireball, Star City Games, and TCGplayer.

TCGplayer, a secondary market retailer for MTG, offers a digital marketplace for buying and
selling gaming memorabilia. On average, they provide over four million pages of pricing data
each day via their website [11]. The estimated annual revenue for TCGplayer in 2019 was $60.6
million [12].

Currently, several of their web pages are unresponsive and therefore present multiple friction
points for users. The risk for TCGplayer is that their unresponsive web pages could decrease the
Perceived Usability (PU) of a site which, in turn, could negatively impact the shopping behavior
of the customer.

1.2. Responsive Design

Four billion people are anticipated to be using internet retail by 2020 [13]. For any CCG industry
to continue to be prosperous, understanding and predicting shopper’s behaviors, and how they
access these secondary marketplaces, will be crucial. By creating positive user experiences across
all device screen sizes, revenue gains from returning shoppers within the secondary market can
be bolstered [14, 15, 16].

Pointing to the essence of responsive design, research shows that most shoppers prefer accessing
e-commerce and m-commerce sites using their mobile phones [17]. It has also been shown that
consumer loyalty is higher for m-commerce sites that are responsive, aesthetically designed, and
built from the user's perspective [14, 16].

M-commerce can be thought of as an extension of e-commerce with the former having its own
requirements for interface design [18]. For example, on a desktop screen, the overview is high,
due to the larger screen size which affords full context, creating a sense of direction and Ease of
use (EOU). In contrast, the smaller mobile screen limits overview of the m-commerce ecosystem,
which impacts Perceived Ease of Use (PEOU). Shoppers in a modern online retail market expect
all the websites they use to be responsive and enjoyable to interact with.

1.3. Technology Acceptance Model

In addition to considering responsive design and its effects on usage, it is also important to
appreciate the mental model of the user [19, 20]. Studies have found that when compared to users
who had no previous exposure to a shopping application, experienced users took longer to browse
for items after an interface update was applied [21]. Other research suggests that a user's mental
model directly affects their intention to use a smartphone application [20]. This implies that the
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longer a user has become accustomed to an interface or system, the greater the friction when that
interface changes. Further, the user friction could increase exponentially the further the design
moved away from the initial design. Therefore, it becomes important to consider the amount of
time a user has interacted with the system under consideration and other similar systems outside
of that ecosystem. When implementing any future augmentations, it is important to consider how
the user may react, in order to reduce user friction.

The Technology Acceptance Model (TAM), introduced in 1986, is one of the most adopted
models for predicting behavior toward acceptance, or adoption, of hardware or software systems
[13, 22, 23, 24]. TAM essentially predicts intention to use and amount of use of a technology
[25]. The TAM primarily relies on two variables; namely, Perceived Ease of Use (PEOU) and
Perceived Usefulness (PU) which are influenced by the system’s attributes (external variables)
and the behavioral intention (Figure 1) [26, 27]. This multifaceted relationship guides researchers
toward predicting actual system usage.

Perceived
Usefulness

Behavioral
Intention

External
Variables

; Actual
System Use

Perceived
Ease of Use

Figure 1. The Technology Acceptance Model [28].

Previous research utilized the TAM to evaluate the likelihood of adoption of an m-commerce site
[29]. They found that a user’s PEOU is indicative of its PU which directly affects behavior and
actual usage. In other similar studies, the user interface design of the website was found to be
influential and important toward the acceptance of technology [3, 31]. Tractinsky (1997)
pioneered a particular form of design research by revealing data that links aesthetics, or the
beauty of a website, with high PEOU [32]. Further TAM studies found it was important that e-
commerce sites be attractive to users and that navigation be clear because it provides the users
with a sense of confidence [13].

Koufaris (2001) demonstrated how emotional and cognitive experiences influenced a shopper's
return to an e-commerce store and for having unplanned purchases [25]. These results were
supported by prior TAM research showing that PU was a more important predictor of intended
system usage than PEOU [22, 24, 33]. In other words, PU, which emerges out of responsive
design, can affect consumer’s willingness to adopt a site, perform a purchase, and return to the
site again.

2. EXPERIMENT

Several of TCGplayer’s web pages were previously unresponsive and therefore presented
multiple friction points for potential users. In order to increase PU, and for the purpose of this
research, specific attention was focussed on TCGplayer’s most critical commerce page, their
unresponsive shopping cart.
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Within TCGplayer’s checkout process, shoppers are directed towards the shopping cart where
they have the following interaction options: view items, edit, save for later, return to shopping or
delete items. Since this page is currently unresponsive, this forces users on mobile devices to
pinch and zoom to interact with their items.

This experiment aims to test the new, responsive design, against the current, non-responsive
design. The prediction is that redesigning the shopping cart for a mobile screen, will result in a
higher PU, and higher satisfaction, as indexed using the TAM.

Since research demonstrates that increased adoption could lead to an increase in consumer
spending, unplanned spending, and consumer loyalty, the literature surrounding responsive
redesign and its effects on PU needs to be researched further and expanded upon. Understanding
just how impactful responsive design is on shoppers' behavior, specifically as it relates to m-
commerce sites and the potential to influence PEOU and PU, is important [34].

2.1. Design

The experiment conducted was a between-subjects design. Participants were randomly assigned
to one of the following conditions: non-responsive (Group A) or responsive (Group B). All
participants attended the lab once and after each condition completed an 11 question Technology
Acceptance Model (TAM) survey to measure PEOU, PU, and Output Quality (OUT).

2.2. Participants

Twenty-five individuals were recruited from TCGplayer’s employee population. The participants
were divided into 2 groups consisting of 13 participants in group A and 12 participants in group
B. There were 10 females and 15 males. Participants did not receive any type of compensation.

2.3. Materials

A standard Samsung smartphone was used to access TCGplayer’s website in both conditions.

The TAM survey provided a way to measure what a participant is seeing as helpful when it
comes to accepting a system or technology. When filling out this survey, participants were asked
questions which indicated the degree to which they believe that using TCGplayer’s shopping cart
web page will be free of effort (PEOU); the degree to which they believe that using TCGplayer’s
shopping cart web page would enhance his or her shopping performance (PU); and finally, the
degree to which they believe that the TCGplayer shopping cart helped them perform their task
well (OUT).

The TAM can be used to measure many different systems, and at different temporal scales.
However, for the purposes of this study, participants were asked to rank how they felt at the
moment. A shortened version of the standard TAM questionnaire was used, containing 11
questions that were the most salient to this research.

2.4. Procedure

Upon arrival at the lab, participants were seated at a table and presented with the informed
consent form. Having signed the consent form, participants were presented with the smartphone
and briefly explained the procedure. Participants in Group A (non-responsive) were asked to
complete the task of editing the quantity of an item in the shopping cart from 1 to 4, followed by
tapping the "Checkout" button. After this task, they spent approximately 10 minutes filling out
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the TAM survey questions. The second condition, Group B, (responsive) completed the same
task followed by the same TAM survey questions. The total experiment lasted no longer than 20
minutes per participant.

3. RESULTS

To test the hypothesis that guided the current study, descriptive and inferential statistical tests
were conducted using data from the three categories of TAM questions: PEOU, PU, and OUT.
Table 1 presents a summary of descriptive statistics for each of the dependent variables within
each group and each category of question.

Table 1. Summary of Descriptive Statistics

Group A Group B

M (SD) M (SD)
PEOU
Q1 4.85(1.95)  5.17 (1.60)
Q2 5.00(2.20)  4.50 (1.62)
Q3 4.85(2.15)  4.74 (1.71)
Q4 4.85(2.00)  5.16 (1.64)
PU
Q1 4.38(2.14)  4.45(1.31)
Q2 4.08(2.33)  3.83(L.70)
Q3 4.00 (2.31)  4.80 (1.64)
Q4 4.70 (2.06)  4.70 (1.60)
ouT
Q1 4.80(2.35)  4.50 (1.53)
Q2 510 (1.71)  4.42 (1.51)
Q3 451(2.30) 4.7 (L.75)

3.1. Perceived Ease of Use (PEOU)

The first metric of PEOU was to determine the degree to which a person using the checkout
experience would be free of effort.

Within Group A (non-responsive), most respondents indicated a high PEOU with the majority of
responses being a [6] or [7]. Out of 13 participants, 23% said they found the TCGplayer shopping
cart clear and understandable [PEOU 1], 38% indicated it was easy to use [PEOU 3]. Further,
31% indicated that the shopping cart experience did not require a lot of their mental effort [PEOU
2].

The POEU results for Group A are given in Table 2 and illustrated graphically in Figure 2.

Within Group B (responsive), respondents indicated a slight mix of PEOU response. Out of 12
respondents, 25% rated the cart's clarity at a [4] [PEOU 1], while 33% rated it a [7]. However,
there was a clear division for [PEOU 2] where 25% indicated a [4] for the shopping cart
experience not requiring a lot of their mental effort, while only 8% indicated a [7]. In general,
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[PEOU 2] responses trend toward lower ratings, with a higher percentage indicating that the

responsive cart experience required a lot of their mental effort.

The POEU results for Group B are given in Table 3 and illustrated graphically in Figure 3.

Table 2. (Group A) Overview of results for perceived ease of use factor

Strongly Disagree

a b~ wN

6
Strongly Agree

PEOU 1 PEOU 2 PEOU 3 PEOU 4

(%0) (%) (%) (%)

0 8 8 0

23 15 15 9

8 8 8 15

0 0 8 8

23 8 0 15
23 31 31 23
23 31 31 31

Table 3. (Group B) Overview of results for perceived ease of use factor

PEOU 1 PEOU 2 PEOU 3 PEOU 4
(%) (%) (%) (%)
Strongly Disagree 0 0 0 0

2 0 17 17 12

3 17 12 12 12

4 25 25 8 17

5 17 17 33 17

6 12 25 17 25

Strongly Agree 33 8 17 25
Perceived Ease of Use, Group A
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Figure 2. (Group A) Overview of results for perceived ease of use factor
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Perceived Ease of Use, Group B
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Figure 3. (Group B) Overview of results for perceived ease of use factor
3.2. Perceived Usefulness (PU)

The next series of questions set out to measure Perceived Usefulness (PU). These questions were
designed to determine the degree to which a person using the checkout experience would enhance
their performance. Within Group A (non-responsive), 31% chose [5] for [PU 4] indicating that
they found the TCGplayer cart to be useful. Further, the highest rating [7], was chosen 25% of
the time, across all PU questions.

The PU results for Group A are given in Table 4 and illustrated graphically in Figure 4.

Within Group B (responsive), [PU 2] had 33% indicating a low score of [2] when deciding if the
responsive TCGplayer cart increased their productivity. Overall, 25% - 33% of the group graded
the shopping cart at a [4] across all questions.

The PU results for Group B are given in Table 5 and illustrated graphically in Figure 5.

Table 4. (Group A) Overview of results for perceived usability factor

PU 1 (%) PU 2 (%) PU 3 (%0) PU 4 (%)

Strongly Disagree 8 23 15 8
2 23 8 23 15

3 0 8 8 8

4 23 15 8 0

5 8 15 15 31

6 15 8 8 15
Strongly Agree 23 23 23 23

Table 5. (Group B) Overview of results for perceived usability factor

PU 1 (%) PU 2 (%) PU 3 (%) PU 4 (%)

Strongly Disagree 0 0 0 0
2 8 33 17 8

3 17 8 0 17

4 25 25 33 25

5 25 17 17 8

6 25 8 25 33
Strongly Agree 0 8 8 8
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Figure 4. (Group A) Overview of results for perceived usability factor
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Figure 5. (Group B) Overview of results for perceived usability factor

Within Group B (responsive), [PU 2] had 33% indicating a low score of [2] when deciding if the
responsive TCGplayer cart increased their productivity. Overall, 25% - 33% of the group graded
the shopping cart at a [4] across all questions.

The PU results for Group B are given in Table 5 and illustrated graphically in Figure 5.
3.3. Output Quality (OUT)

The final questions regarding Output Quality (OUT) were measuring the degree to which a
person believes that using the checkout experience assists them in getting the job done- finishing
the checkout process. Within Group A (non-responsive), 46% of respondents rated [OUT 2] at a
[6], indicating they had no problem with the output of the TCGplayer shopping cart. Also, 38%
of participants rated [OUT 1] at a [6], indicating that the quality of the responsive cart design was
perceived to be high.

The OUT results for Group A are given in Table 6 and illustrated graphically in Figure 6.
Group B (responsive) rated [OUT 1] at a 6 which accounted for 42%. The next lowest score was

25% for a rating across [OUT 2, 3]. Evenly, respondents indicated a moderate satisfaction with
the results and quality of the cart’s output.
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The OUT results for Group B are given in Table 7 and illustrated graphically in Figure 7.

The hypothesis predicted that the responsive shopping cart (Group B) would be rated higher than
the non-responsive shopping cart (Group A) across all TAM survey questions.

Table 6. (Group A) Overview of results for output quality factor

OUT1(%) OUT2(%) OUT 3(%)

Strongly Disaaree 23 0 15
2 0 15 15

3 0 0 0

4 15 23 8

5 0 0 15

6 38 46 23
Strongly Agree 23 15 23

Table 7. (Group B) Overview of results for output quality factor

OUT1(%) OUT2((%) OUT 3 (%)

Strongly Disagree 0 0 8
2 8 8 8

3 17 25 17

4 8 17 25

5 8 25 17

6 42 17 17
Strongly Agree 0 8 8

Output Quality, Group A
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Figure 6. (Group A) Overview of results for output quality factor
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Figure 7. (Group B) Overview of results for output quality factor
3.4. Statistical Tests

A two-sample mean, t-test, assuming unequal variances, was run within all three TAM factors
(PEOU, PU, OUT) and across all questions (Q1-Q4) to determine if there were significant effects
between the groups.

For factor PEOU, Q1 (M = 4.85, SD = 1.95), Q2 (M = 5.0, SD = 2.20), Q3 (M = 4.85, SD =
2.15), and Q4 (M =4.85, SD = 2.0). This is illustrated in Figure 8.

Hence, there was no significant difference between Group A and Group B, Q1 (M =5.17, SD =
1.60), Q2 (M =4.50, SD =1.62), Q3 (M =4.74, SD = 1.71), and Q4 (M = 5.16, SD = 1.64), t(25)
=-0.03, p = 0.50 across all PEOU factors (Table 1).

The second factor, PU, for Group A, Q1 (M =4.38, SD = 2.14), Q2 (M = 4.08, SD = 2.33), Q3
(M = 4.0, SD = 2.31), Q4 (M = 4.70, SD = 2.06), revealed there was no significant difference
between Group A and Group B, Q1 (M =4.45, SD = 1.31), Q2 (M =3.83, SD =1.70), Q3 (M =
4.80, SD = 1.64), Q4 (M = 4.70, SD = 1.60), t(25) = -0.57, p = 0.30 across all PU factors(Table
1).

There was, however, a significant effect for the third factor, OUT. Group A, Q1 (M = 4.80, SD =
2.35), Q2 =(M =5.10, SD = 1.71), Q3 (M = 4.51, SD = 2.30) showed a higher rating than Group
B, Q1 (M =4.5,SD =1.53), Q2 (M =4.42, SD = 1.51), Q3 (M = 4.17, SD = 1.75), t(25) = 2.23,
p = 0.05, suggesting a higher preference for the non-responsive design. See Table 1.
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Figure 8. Group A and B comparison
4. DISCUSSION

The first questions regarding Perceived Ease of Use (PEOU) were designed to determine the
degree to which a person using the checkout experience would be free of effort. Analysis of
PEQOU, between responsive and non-responsive groups, revealed no significant difference, and
did not support the hypotheses.

The next series of questions, Perceived Usefulness (PU), were designed to determine the degree
to which a person using the checkout experience would enhance their performance. Analysis of
PU, between responsive and non-responsive groups, revealed no significant difference.

The last questions regarding Output Quality (OUT) were measuring the degree to which a person
believes that using the checkout experience assists them in completing the task, i.e. finishing the
checkout process. Analysis of OUT, between responsive and non-responsive groups, did show a
significant difference. Indicating that the non-responsive design produced a more beneficial
experience than the non-responsive one within the OUT category.

It was found that participants, overall, did rate the non-responsive design marginally higher
within all three TAM categories. See Table 1. These results match those found by Holst (2013),
who predicted that shoppers favor accessing e-commerce and m-commerce sites using their
mobile phones [13].

However, these findings do not align with Cyr et al. (2006), and Duzevic (2016), who found that
consumer loyalty is higher for m-commerce sites that are responsive, aesthetically designed, and
built from the user's perspective [14, 16].

Although responsive design is unarguably being a better fit for m-commerce and smartphone
usage, the non-responsive design was rated by the experiment participants as a better experience.
Previous research also posits that one reason for responsive design not being favored over non-
responsive design has to do with the mental model and its effects on PU. The results of this study
align with the findings of Prezenski & Russwinkel (2014), Nielsen (2010), Jung et al. (2015),
who found that more experienced shoppers preferred a design that matched their mental model
and beliefs about a system [19, 20, 21]. Anything that moved too far away from this mental
model was rated lower regardless of the responsive design or any aesthetic enhancements.
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This further suggests that a user's mental model directly affects the intention to use a smartphone
application. The OUT metrics also measures the degree to which a person believes a system helps
them complete a task. Belief is hence also the foundation of the conceptual, mental model.

While the findings show that the non-responsive design was rated higher, there were some
limitations to this study which may have affected the hypotheses not being supported. With a
small sample size of 25 total participants, each condition that was tested had only 13 (Group A)
and 12 (Group B). A larger sample size may have led to the current findings being able to
uncover additional differences that may be present when measuring TAM on PU.

Also, while this study was completed on a randomized sample population, the individuals all
work for TCGplayer and shop frequently on their marketplace. This unfortunately means that
there was no way to remove any bias from their reactions and ratings while viewing either
condition. Whether or not these limitations would have overridden the mental model assumed
effect, is difficult to say and would need further investigation.

5. CONCLUSIONS

Based on these findings, it would be worth analyzing the differences between those who regularly
shop on TCGplayer’s marketplace against those who do not. Any future experimentation could
also examine closely the relationship between the mental model and the new, responsive,
shopping cart interface. Specifically, OUT responses could be examined to create a hypothesis
connecting mental models and the importance of believing in a system's output.

This study did not ask questions specifically pertaining to the exact interface changes that were
made when updating to the responsive shopping cart design. It could potentially be worth
redesigning the experiment to capture sentiment around what features exactly caused friction
byspecifically comparing the existing design with the features that were changed and how that
aligned with mental model beliefs.

This study aimed to shed some light on the interconnected effects of responsive interface design
on PEOU, PU, and OUT. As technology and web applications continue to grow it will always be
important to yield to the user's mental model as a way of guiding the design and improving
usability. While there is still more information to uncover, these findings help elucidate the effect
of responsive and non-responsive designs on perceived usability.
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