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Cognitive learning outcomes of virtual vs. in-person gamified
workshops: A pre-post survey experiment
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Abstract

In response to the COVID-19 pandemic, the use of gamification in education intensified as it
allows for higher levels of participation in online environments, which can increase student
motivation through greater interaction. However, there is little research on using the same
gamification elements in different settings. Therefore, we explore the different cognitive
learning outcomes of participants in virtual and in-person gamified workshops. We developed
a gamified workshop concept on sustainable transport logistics that was used for virtual and in-
person settings in Austria. To ensure the quality of our workshops, we have introduced a pre-
post experiment where learning effects are measured by a survey. The main findings show that
gamification has proven to be a useful pedagogical strategy to achieve cognitive learning
outcomes in in-person and virtual workshops. However, the cognitive learning outcome differs
significantly between the participants of virtual vs. in-person gamified workshops. Our study
shows that more attention needs to be paid to gamification in virtual vs. in-person settings to
maximize the cognitive learning outcome of users with different demographic characteristics.
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educators to ensure quality of the teaching content
and a lack of technical infrastructure [4]. While
technology provides students with extensive
access to information and encourages the creation
and sharing of knowledge, educators were
required to identify ways to foster students’
motivation and engagement without in-person
interaction [5]. It was necessary to develop
attractive teaching strategies that increase
students' motivation and engagement as well as
maximize their knowledge acquisition [6]. In
recent years, gamification has proven to be an
effective way to increase student motivation and
knowledge. It involves using game elements such

1. Introduction

As a result of the COVID 19 pandemic,
education experienced significant interventions
and transformation. One of the most influential
adjustment was the replacement of in-person
teaching environments with virtual environments
due to lockdowns and limitations of personal
contact around the world [1]. Millions of students
were negatively affected by the restriction of in-
person interactions, leading to mental health
consequences such as despair, insecurity or
anxiety [2]. According to the United Nations more
than 87% of the global student population in 165

countries were influenced by the temporary
closure of educational institutions [3]. The
transition to a virtual environment included
challenges such as a lack of preparation time for
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as points, badges, and leaderboards in a non-
gaming context to motivate students. [7-9].
Several studies examined the effectiveness of
gamification in virtual environments before the
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COVID 19 pandemic [7, 8, 10], which focused on
gamification in e-learning environments. During
the pandemic, [11] analyzed gamification in an
academic environment focusing on differences
between engineering and social science students.
Using a mixed methods approach, with qualitative
interviews and a quantitative survey, the authors
showed that gamification is a valuable
pedagogical strategy to increase student
engagement in an academic context. An important
finding of the study is that in virtual gamified
courses, teachers should encourage students to
turn on their cameras to foster collaboration.
Another study by [12] used gamification during
the pandemic to examine differences between a
gamified flipped course, a non-gamified online
flipped course, and a gamified traditional online
course. Contrary to the expectations on the impact
of gamification, students in the non-gamified
class performed significantly better than students
in the two gamified online classes. The authors
found that participation was affected due to poor
networking and communication in online classes.
In addition, they noted that technical support,
professional  training for teachers, and
strengthening students' sense of belonging to their
classes are necessary to ensure quality of gamified
learning in virtual environments. Conversely, a
study by [6] using a quantitative survey of 140
primary and secondary school students discovered
that virtual gamification had a positive impact on
learner motivation and proposed that gamification
can be used as a method to achieve the United
Nations Sustainable Development Goal 4 of
ensuring quality education.

The contrasting results of these papers
encourage further research on gamification in
virtual environments [5, 7, 11]. Thus, we set the
focus of this paper on investigating differences of
cognitive learning outcomes between virtual vs.
in-person gamified workshops. We evaluate the
performance of participants regarding knowledge
retention of facts. This kind of cognitive learning
outcome (CLO) is referred to as conceptual
knowledge [13]. This study is guided by the
research question: What differences in cognitive
learning outcomes exist in virtual vs. in-person
gamified workshops?

The structure of this paper is as follows:
Section 2 describes the theoretical background
that provides our hypotheses. Section 3 describes
the research methodology used for this study
including the gamified workshop design. The
results of the quantitative survey are presented in
Section 4. Section 5 provides the conclusions

drawn from our results and an outlook for future
research.

2. Theoretical background

Previous research has demonstrated that
gamification is broadly used to design learning
environments that aim at positive experiences
such as a higher level of students’ learning and/or
motivation [14] as well as better knowledge
retention [15, 16]. Findings from an experiment
that compares non-gamified and gamified groups
found that gamification yielded positive results
including an increase in class participation and
course success [17]. One of the latest conducted
meta-analyses investigated the effects of
gamification on CLO and found a stable positive
impact in the reviewed studies [15]. Summarizing
the findings of earlier research, we propose that
gamification, in the context of a gamified
workshop, is an appropriate measure to increase
CLO in both, virtual and in-person settings.
Hence, we formulate the following hypotheses:

H1: The CLO increased after attending a
gamified workshop.

H1la: The CLO increased after attending an in-
person gamified workshop.

H1b: The CLO increased after attending a
virtual gamified workshop.

Numerous studies have demonstrated that
gamification is an effective tool to increase
student motivation [7-9]. Nonetheless, the impact
of gamification in online learning environments
remains controversial. Multiple studies have
identified motivational problems linked to
gamification in virtual settings, implying that
students may not be as engaged or motivated as
they would be in an in-person classroom setting
[5, 7, 8, 10]. As such, it is imperative to examine
whether gamification can effectively increase
learners' motivation, and therefore knowledge
retention, in online learning settings. Based on
this premise, we put forward the following
hypothesis:

H2: The CLO is higher when attending a
gamified workshop in person than virtually.

Our gamified workshop design is not targeted
at a certain age group and is used in various
settings, predominantly in schools for higher
education, vocational schools, and adult
education, resulting in a wide range of participant
age. Previous research on the effects of age on
CLO in gamification is inconsistent. Some
researchers have found that there tends to be a gap
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in the adoption, motivation and learning effects of
gamification between different age groups [18-
20]. As the gamified workshop involves the use of
digital gamification applications (e.g., an
augmented reality app), it is important to explore
whether a virtual setting, in conjunction with
digital gamification components, produces age-
related differences in CLO. Prior research has
identified digital components as potential barriers
for older participants, warranting a focus on age-
related differences between the younger and older
generations [18, 19]. To test the effect of age on
the cognitive learning outcome, we differentiate
between digital natives referring to individuals
born into the digital age, and digital immigrants
who learned to use technology later in life [19].
To delineate the terms digital natives and digital
immigrants, we follow existing research and
divide participants based on age. Specifically, we
define digital natives as individuals aged 17 to 24
belonging to the older cohort of Generation Z and
those up to 30 years old belonging to Generation
Y (born after 1991). By implication, digital
immigrants are participants over the age of 30 [19,
21-23]. Given the various ages of our workshop
participants and the use of digital game elements
in both workshop types, we evaluate CLO
regarding age as follows:

H3: The level of CLO after attending the
gamified workshop differs between digital natives
and digital immigrants.

H3a: The level of CLO differs between digital
natives and digital immigrants after in-person
gamified workshops.

H3b: The level of CLO differs between digital
natives and digital immigrants after virtual
gamified workshops.

Research studies on gender differences and
CLO show conflicting results. On the one hand it
is indicated by [24] that female students
outperform male students in terms of knowledge
gains. On the other hand [25] did not find
significant differences between genders. Another
study argues that discrepancies between genders
are converging [26]. Considering the conflicting
results concerning the moderating effect of gender
on CLO, we hypothesize no gender bias:

H4: There are no differences in CLO after the
gamified workshops regarding genders.

H4a: There are no differences in CLO after
attending the gamified workshops in person.

H4a: There are no differences in CLO after
attending the gamified workshops virtually.

3. Methodology
3.1. Gamified workshop design

The objective of the gamified workshops is to
educate the participants about sustainable
transport. This topic was chosen for its
appropriateness in evaluating the efficacy of
gamification in facilitating learning. Prior
research revealed a lack of knowledge among
individuals of diverse ages, genders, and
educational backgrounds regarding sustainable
transport [27, 28]. Moreover, it is a domain of
significance for scientific inquiry, as sustainable
transport has the potential to mitigate carbon
emissions and promote sustainable modes of
transportation according to the European Green
Deal goals [29].

Table 1
Agenda for virtual and in-person gamified
workshops
Time Treatment Gamified
element
9:00- Pre-test
9:15 questionnaire
9:15- Interactive Storytelling
10:00 lecture
Time constraints,
10:00- Interactive quiz rewards,
11:00 (Kahoot) leaderboard,
competition
11:00- Augmented Time constraint,
11:45 reahtY g:lzmme: avatar.,
“Logistify” storytelling
points,
11:45-  Game “Career immediate
12:15 Activity” feedback,
cooperation
12:15-  Closing, award, Competition
12:30 post-test

The target audience originates from varying
educational levels, i.e., vocational schools or
higher educational institutions in Austria, and age
groups, ranging from students starting at the age
of 14 to participants of adult education programs.
To exclude the possibility of research bias, all
gamified workshops were held by the same
instructor group. The agenda and the gamified
elements are identical in both workshop types to
allow profound comparability. A detailed
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schedule can be found in Table 1. Both workshop
types last 3.5 hours. The agenda items were
supported by various media and digital formats
using image-rich presentation slides for the
interactive lecture, the online quiz tool "Kahoot",
the publicly available augmented reality app
"Logistify" [19] and the adaptation of the game
"Activity" for logistics jobs.

Reduced interpersonal interaction is the main
difference between the virtual and in-person
workshops, e.g., limited eye contact, leading to a
reduced possibility of checking the attention of
the participants. Since previous studies point out
motivational issues within online environments,
as stated by [5, 7], the participants were asked to
turn on their cameras during the virtual gamified
workshops as recommended by [11].

3.2. Pre-post-survey experiment
Table 2
Measurement items for CLO
Item Question
(points)
CLOo1 Why will the use of sustainable

(4) modes of transport become more
important in the future?
CLO2 What factors can be used to assess
(4) the modes of transport in terms of
sustainability?
CLO3 Approximately what percentage of
(1) global CO2 emissions are
attributable to the transport sector?
CLO4 A barge can transport a ton of cargo
(1) almost ___ times as far as a truck
for the same energy consumption.

CLO5 How many lorries can a Danube ship
(1) (pushed convoy with 4 lighters)
replace?
CLO6 Who is the inventor of the
(1) Hyperloop?
CLO7  In Austria, people are stuck in traffic

(1) jams for an average of ___ hours
per year in traffic jams.
CLO8  The digital transformation is divided
(1) into____ evolutionary stages.

was used for this study. First, participants
completed a pre-test, then the treatment took place
through a virtual or in-person gamification
workshop, followed by the post-test. For both
measurements, we used an online questionnaire.
The structured questionnaire contained closed
questions on socio-demographic characteristics
and knowledge questions to measure performance
of the participants regarding CLO shown in Table
2. The answers of the respondents were evaluated
using a 7-point Likert scale. The CLO
measurement contains two multiple-choice
questions (CLO1, CLO2) with four possible
options and six single-choice questions with four
options (CLO3 to CLOB8). Therefore, a maximum
score of 14 could be achieved.

3.3. Data set and analysis

The 17 gamified workshops were conducted
between January 2021 and November 2022 in
Austria. In total, 428 questionnaires were
completed (233 pre-survey, 195 post-survey). For
the data analysis, the answers were transferred
into a data set. Data cleaning and transformation
were done using Microsoft Excel and the
statistical evaluation was done using Jamovi.
Table 3 shows the sample sizes per workshop type
and the drop-out quote. The drop-out in the virtual
workshop (29.1%) was remarkably higher than in
the in-person setting (8.8%). No categorical
differences between respondents and non-
respondents were collected. We checked whether
the participants quit the survey at a specific
question. It showed that no specific question is
responsible for quitting.

Table 3
Sample size (n = 428)
Workshop Test No. Drop-out
type %
In-person pre 147 8.8
post 134
Virtual pre 86 29.1
post 61

We studied the effect of gamified workshops
with quantitative methods using an experimental
study comparing virtual and in-person gamified
workshops. A one-group pre-test-post-test design

To assign pre- and post-answers for a single
person, the anonymous questionnaire asked for
the first three letters of the first name, the month
of birth and the age. In combination with the date
of the workshop attended, this results in an 1D
code for the pairs of answers. Through this
procedure, the answers remain anonymous but
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can be paired. First, a pivot table is set up based
on the distinction of pre and post answers. The
resulting table contains separate columns
(variables) for all CLO items in the pre- and post-
survey (CLO1pre, CLO2p0st, ..., CLO8pre, CLO8post)
with the achieved score as data values. A total
score was calculated as well resulting in the
variables CLOsumpre and CLOsumpost. The total
score variables are used to assess hypothesis 1 to
4. Additionally, we analyze the individual items
to determine in which parts of the gamified
workshop less or no knowledge is retained. As a
result, individual parts of the gamified workshop
can be specifically adapted in future.

The next step was to group the answers
regarding the pair ID. This resulted in a table of
261 pre-post-pairs of answers (rows) and 22
variables (pair ID, gender, age group, workshop
type, 18 CLO wvariables). 167 participants
completed pre- and post-test both and 94
participants completed either pre- or post-test
which results in 28 missing pre-tests and 66
missing post-tests. As the tests were filled out
voluntarily by the participants, the missing values
can be attributed to three reasons: Arriving late,
leaving the workshop early or not being interested
in participating in the evaluation.

To test significance levels, we use a
confidence interval of 95% with Student’s t-test
for paired samples tests and Welch’s t-test for
independent samples due to better reliability in
cases of unequal variances and sample sizes of the
groups. Another advantage of the Welch test is
that a test for the normal distribution of the data is
obsolete [30, 31]. Nevertheless, when there are
more than 25 observations per group and no
extreme outliers, the t-test is still an appropriate
tool to analyze the moderately skewed
distributions of the outcome variable [32].

4. Results

Out of the 261 participants, 101 (38.7%) were
part of virtual gamified workshops and 160
(61.3%) took part in the in-person gamified
workshops. Figures 1 and 2 show the boxplots for
CLOsumpre and CLOsumpest respectively per
workshop type. The boxplots show that the two
groups have similar medians and means in the pre-
test, whereas they differ noticeably in the post-
test. The following subchapters investigate the
CLO further for virtual vs. in-person gamified
workshops as well as differences in these two
environments regarding gender and age group.
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Table 4 gives an overview of the socio-
demographic profile of our sample. There is an
imbalance in the gender distribution, as there were
more female (62.1%) than male participants
(37.2%).

Table 4
Sample socio-demographic profile (n = 261)
Variables %
Gender divers 0.8
female 62.1
male 37.2
Age group 30 or younger 63.6
Older than 30 36.4
4.1. CLO for virtual vs. in-person

gamified workshops

In total 167 participants completed both pre-
and post-tests. For this sample, a paired samples
t-test was used to measure whether the gamified
workshop had a significant effect on the CLO by
comparing the mean scores achieved in the pre-
post-tests. We evaluated the results of every single
knowledge question as well as the sum achieved
by each person. Student’s t is calculated despite a
violation of normality criteria because the sample
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size is greater than 30 [33]. As shown in Table 5,
all t-tests show significant results except for
CLO3. No CLO was measured in CLO3 due to a
positive value in the pre-post difference.
However, since the total response score CLOsum
significantly  improved between the two
measurements, we can interpret the result in favor
of H1 and accept the increase in CLO after
participation in the gamified workshops as
statistically significant with p<0.001 (t=-17.94).

Table 5
Paired samples t-test results (n = 167) for CLO
items and CLOsum

For the virtual group, the results of the paired
samples t-test for H1b are shown in Table 7. The
sample size consists of 46 complete pairs of pre
and post-measurements. No increase in CLO
could be detected for CLO3 and CLO4. However,
in all other knowledge questions, as well as for
CLOsum, a statistically significant difference
could be identified. Thus, H1lb can also be
accepted.

Table 7
Paired samples t-test results for virtual gamified
workshops (n=46) for CLO items and CLOsum

CLO Hpre Mpost Hpre~Hpost p

CLO  Hpre Hpost MpreHpost p 1 1935 2283 -0.347 0.017

1 2.102 2.629 -0.527 <.001 2 1.826  2.370 -0.543 <.001

2 1.922 2.569 -0.647 <.001 3 0.457  0.457 0.000 0.500

3 0.413 0.293 0.12 0.993 4 0.196 0.152 0.043 0.757

4 0.126 0.371 -0.246 <.001 5 0.217 0.826 -0.608 <.001

5 0.21 0.76 -0.551 <.001 6 0.565 0.891 -0.326 <.001

6 0.449 0.88 -0.431 <.001 7 0.283 0.674 -0.391 <.001

7 0.371 0.784 -0.413 <.001 8 0.304 0.500 -0.196 0.005

8 0.371 0.539 -0.168 <.001 sum 5.783 8.152 -2.370 <.001

sum 5.964 8.826 -2.862 <.001

Since the previously calculated mean values of
Table 6 CLOsumpos: differ in the paired samples t-test, we
Paired samples t-test results for in-person  suspect that the CLO is higher in the group of in-

gamified workshops (n=121) for CLO items and
CLOsum

CLO Hpre Hpost Hpre~Hpost p
1 2.165 2.760 -0.595 <.001
2 1.959 2.645 -0.686 <.001
3 0.397 0.231 0.165 0.999
4 0.099 0.455 -0.355 <.001
5 0.207 0.736 -0.529 <.001
6 0.405 0.8760 -0.471 <.001
7 0.405 0.826 -0.421 <.001
8 0.397 0.554 -0.157 <.001

sum 6.033 9.083 -3.050 <.001

As a next step, we tested whether there is an
increase of CLO in the virtual and in-person
setting in order to accept or reject Hla and H1b.
We separated the data set by workshop type and
conducted paired samples t-tests likewise for H1.
The results in Table 6 below show similar patterns
as in Table 5. Despite a contradicting learning
outcome in CLO3, we consider H1A to be
statistically accepted due to a p-value of smaller
than 0.001 in the overall CLO result of the paired
samples CLOsumgre and CLOSUMpost With @ mean
difference of -3.05 (t = -15.94).

person participants than in the virtual group,
which is addressed in H2. We assume that the two
groups started at the same knowledge level since
the means and variances of CLOsumyre in the pre-
test of virtual participants (1=5.99 6=1.90) and in-
person participants (u=6.03 6=2.08) are similar
and show no significant difference (p=0.865 t=-
0.171). Welch’s t of CLOsumpos: reveals that after
the gamified workshops, there is a significant
difference with p<0.001 (t=-3.615) between the
virtual and the in-person group. The virtual group
achieved a lower mean score (U=7.98 ¢=1.88)
than the in-person group (u=9.12 6= 2.35).

We additionally aimed at quantifying the gain
of cognitive learning achieved by virtual versus
in-person participants. We introduced a variable
CLgain as follows:

CLgain = CLOsumy,s; — CLOSUMyyye (1)

CLgain was calculated for pairs where both
tests have been completed. This results in a
sample size of 167 pairs, 46 virtual cases and 121
in-person cases. The descriptive statistics reveal
that the virtual group has a mean CLgain of 2.37
(0=1.88). The in-person group achieved a mean
CLgain score of 3.05 (6=2.10). We used a one-
tailed test as we have an effect assumption of
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CLgain being greater in the in-person group. The
results indicate a significant difference in the
group means with a p-value of 0.023 (t = -2.02).

Since both variables CLgain and CLOSUMpost
show significant differences between the groups,
H2 is accepted, which stated that the CLO of the
in-person group is higher than the CLO of the
virtual group.

4.2. Evaluation regarding age

As previously mentioned, we assume that there
is a difference in CLO between varying age
ranges, divided into digital natives and digital
immigrants, due to the presence of digital
gamification elements in our workshops. We
evaluate H3, H3a and H3b by the variable
CLOsumpest. The calculation of CLgain is not
applicable in the case of the two age groups, as the
two groups start the workshop with different
levels of knowledge, i.e., CLOSumpe. We
classified the participants by grouping persons 30
years or younger (n=122) and older than 30 years
(n=73). The Welch’s t-test of CLOSUMpost ShOWS a
significant difference between digital natives
(1=9.14 6=2.10) and immigrants (1=8.14 6=2.41)
with p=0.004 (t=2.95). This leads us to accept H3.

Next, we tested the in-person cases only which
resulted in Welch’s t being statistically significant
with p=0.001 (t=3.29). The digital natives
achieved a mean CLOsumps of 9.62 (n=87
0=2.07) and digital immigrants 8.19 (n=47
0=2.56). With these results, we can accept H3a.

The same procedure was carried out for testing
H3b. The virtual participants older than 30 years
achieved a higher CLOsumpos: score (u=8.04
0=2.14) than the younger age group (u=7.94
0=1.68). We must reject hypothesis H3b due to
the difference not being significant with p=0.851
(t=-0.188).

4.3. Evaluation regarding gender

We test whether there is a difference in group
means between female and male participants in
their CLO. We assume that women and men
started the workshop at the same knowledge level
since the difference in CLOsumpe is not
significant (p=0.424 t=-0.801). We tested for
statistically significant disparity regarding the
mean score CLOSUMost (127 women, 68 men) and
the gain of knowledge CLgain (112 women, 55
men) between these genders using Welch’s t-test.
The female group achieved a CLOSumMpost Score of

pU=8.51 (6=2.32) below the male group’s results
of u=9.24 (6=2.10). The t-test shows a significant
difference with p=0.029 and t=-2.208. For CLgain
women have a mean score of u=2.76 (c=2.06)
whereas for men it is u=3.07 (6=2.06) with the t-
test being not significant (p=0.340, t=-0.924).
This shows that the difference in CLgain between
the two groups is not statistically significant and
we conclude that there is no difference between
the genders in terms of knowledge increase.
However, since CLOsumyos: Shows a statistically
significant difference between women and men,
H4 must be rejected.

The evaluation of CLO for in-person gamified
workshop cases shows a similar result regarding
gender. The female group has a CLOSUMpost Of
pH=8.73 (0=2.46 n=86) and a CLgain of u=2.91
(6=2.11 n=78). The male group achieved in both
measures higher mean scores with p=9.81
(6=1.96) for CLOSumMgest (n=48) and p=3.30
(6=2.10) for CLgain (n=43). Again, the difference
tested with Welch’s t is only significant for the
variable CLOsumpost (p=0.006, t=-2.781) and not
for CLgain (p=0.329, t=-0.982). This result leads
us to rejecting H4a as well. For the knowledge
gain no gender differences are found but for the
CLO there is a significant gap in in-person
gamified workshops.

Finally, we assessed CLO in virtual gamified
workshops in terms of gender, with female sample
sizes of 41 and 34 for CLOsumpes: and CLgain,
respectively, and male sample sizes of 20 and 12.
Within the virtual participants, no statistically
significant difference between these two genders
was found. Although, it can be noted that the
female group achieved slightly higher scores for
CLOSuMpost (=8.05 6=1.94) and CLgain (u=2.41
0=1.94) than the male group for the two variables,
respectively, with p=7.85 (c=1.79) and p=2.25
(6=1.76). The difference is not significant with
p=0.693, t=0.397 for CLOSUmMu.s: and p=0.793,
t=0.266 for CLgain. Consequently, we accept H4b
which assumed no difference between genders in
virtual gamified workshops.

5. Discussion and outlook

We have conducted a pre-post-survey
experiment with gamified workshops in virtual
and in-person environments to find out whether
the setting has an influence on the CLO achieved
by the participants. Table 8 gives an overview of
the results of the hypothesis tests.
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We found significant differences in CLO,
which confirms H1, Hla and H1b. Furthermore,
our results show that participants in face-to-face
workshops have a significantly higher CLO than
those in the virtual gamified setting (H2).

We argued that age may be an important
variable that could further explain CLO
differences between virtual and in-person settings
due to the extensive use of digital gamified
elements throughout our workshops, e.g., by an
augmented reality app. Our results for H3 and H3a
suggest that the generation a person grew up in,
and thus their digital progress, has an influence on
their CLO. Significantly different CLOs were
achieved between the digital natives and
immigrants in the in-person group. However, H3b
provided contradictory results, showing no
significant difference between the two age groups.
Further research is needed to investigate the
influence of age in virtual vs. in-person gamified
environments.

Finally, our results show that there are gender
differences in CLO in the in-person group, which
is contrary to our expectations. We suspect other
factors than workshop type that cause this result,
such as personal interest in the subject area or
outcome expectations. These and other factors
were investigated for the subject area of logistics
by [34], for example. On the other hand, no
difference between genders was found in the
virtual gamified workshop participants. Further
research and evaluation of the workshop format
need to be done to overcome this potential gender
gap for in-person gamified workshops.

Table 8
Summary of CLO hypothesis testing results
Hypothesis Category Conclusion

H1 general Accepted
Hla virtual Accepted
H1lb in-person Accepted
H2 virtual vs. in-person  Accepted
H3 age Accepted
H3a age, in-person Accepted
H3b age, virtual Rejected
H4 gender Rejected
H4a gender, in-person Rejected
Hab gender, virtual Accepted

Our research sheds light on the differences of
cognitive learning outcomes in virtual vs. in-
person environments. We need to diminish these
differences as digitalization is on the forefront.

Strategies need to be developed to overcome the
differences in CLO between virtual and in-person
gamified workshops to ensure the effectiveness of
gamified elements. Nevertheless, our study has
limitations which are avenues for future research:

The research was limited to Austria, hence
evaluation of CLO in gamified workshops in
terms of virtual vs. in-person should be conducted
in other countries as well. Furthermore, our
sample shows a gender imbalance with more
women than men which may could cause bias in
our results. For data analysis, we used full pre-
post-pairs of answers and excluded incomplete
responses. The drop-out rate shown in Table 3 in
the virtual environment is problematic, urging for
collecting information about non-respondents.
The reasons for the high drop-out rate in the
virtual workshop setting need to be evaluated
systematically in future surveys to exclude a bias
based on categorical differences between
respondents and non-respondents.

We evaluate solely the cognitive learning
outcomes without addressing the pedagogical
challenges of using gamification in these different
environments.  The assessment of the
measurement items of CLO suggests that parts of
the gamified workshop may need further
evaluation and improvement. In particular, CLO3
shows contradictory results.

For future research, it would be beneficial to
further explore participants' familiarity with the
use of digital components or devices to better
understand the relationship between age
differences and the terms "digital natives" and
"digital immigrants.”" In this way, it would be an
opportunity to determine whether or not age-
related differences are directly related to the use
of digital devices. Added to this is a lack of
guidelines for gamified online workshops, e.g.,
how to effectively adapt in-person gamified
workshops to virtual ones. This would be of
particularly value for all types of educational
institutions to overcome obstacles in varying
situations. The evaluation of our hypotheses
revealed a difference between the virtual and in-
person settings. It is proposed to further
investigate the impact of reduced interpersonal
interaction to subsequently define how to improve
virtual gamified workshops.
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