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ABSTRACT
The study examines the effectiveness of unplugged gaming activities for stimulating Computational 
Thinking (CT). Departing from traditional, sedentary digital gamification, physically active alternatives 
were sought to reduce the potential health risks of excessive screen time. Additionally, efforts were 
made to engage girls. Using a mixed-methods approach, 311 adolescents (13–15 years old) were 
randomly assigned to an escape room or treasure hunt, where over a five-day summer vacation 
program, they participated in activities designed to improve CT components. Quantitative analysis 
revealed significant improvements in CT test scores after the intervention in both conditions for 
both genders. Qualitative analysis confirmed these findings and further highlighted their impact on 
engagement. Collaborative learning and cognitive challenge were positive aspects, while some 
challenges related to team dynamics and task complexity were also identified. The study 
demonstrates the potential of physically active gamification in CT education and highlights the 
importance of taking gender-specific experiences into account.

Introduction

Education is seen as crucial to preparing individuals, ensur-
ing they have the knowledge and skills that contribute to 
society and the economy (Vonitsanos et  al., 2024). 
Consequently, the learning objectives and educational meth-
ods need to be adapted to the developments that take place 
in the world. In the era we currently live in, digital technol-
ogy and Artificial Intelligence are affecting our lives more 
than before, resulting in a society where we are intercon-
nected through the Internet, have a rapid flow of informa-
tion, and have the ability to use smart, connected devices to 
facilitate our daily lives as well as to foster further innova-
tion (Vonitsanos et  al., 2024). This has made computational 
thinking a vital ability that is being incorporated into edu-
cational programs worldwide (Belmar, 2022).

Computational Thinking (CT) concerns the ability to 
develop algorithmic solutions to complex problems 
(Ezeamuzie & Leung, 2022). Essential components of this 
ability are abstraction, decomposition, pattern recognition, and 
algorithmic thinking. The usual approach to teaching individ-
uals CT concepts is through programming, including 
drag-and-drop interfaces that familiarize them with visual 
programming languages and later introduce them to syntax 
and writing codes for text-based programming (the latter 
usually in secondary education) (Sun et  al., 2024). 
Computational education is usually “hands-on” and 
game-based, allowing students to learn through error and 

emphasizing the value of being able to debug (Bocconi et  al., 
2022). However, such educational methods contrast with the 
desire to unplug, disconnect adolescents from the Internet 
and digital devices as a means of reducing the physical and 
mental health risks of over-use which include myopia, obe-
sity, and psychological distress (Pardhan et  al., 2022; Rocka 
et  al., 2022; Santos et  al., 2023).

The present study, therefore, is focused on alternative, 
unplugged gamified ways to foster CT in adolescents through 
physical activities, such as escape rooms or treasure hunts.

Theoretical framework

When elements of games are used to help students engage 
with educational content, this is called gamification (Krath 
et  al., 2021). From motivation theories, gamification is 
thought to decrease negative affect associated with more for-
mal ways of learning (e.g., frustration, boredom) and increase 
engagement and motivation (Krath et  al., 2021; Triantafyllou 
et  al., 2024a). According to Self-Determination Theory, gam-
ification satisfies the basic psychological needs that foster 
intrinsic motivation in the following ways: (a) it contributes 
to felt autonomy as it provides students control over the 
process and actions, (b) it increases feelings of competence 
by providing clear objectives and results, and (c) it can 
increase feelings of relatedness, although this highly depends 
on the social context provided (e.g., teamwork, or individual 
activities) (Luarn et  al., 2023). Behavioral theories further 
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explain students’ active approach, feeling stimulated by 
extrinsic reinforcement, such as rewards and leaderboards 
(Hellín et  al., 2023). Concerning learning, gamification is 
thought to have an advantage if it provides a context wherein 
students can learn by discussing their ideas with others or 
learning from others, including by observation (Krath et  al., 
2021; Triantafyllou et  al., 2024a). Moreover, it often allows 
direct feedback, which can be key to facilitating learning 
(Krath et  al., 2021; Triantafyllou et  al., 2024a). This aligns 
also with constructivist learning theories affirming that high 
quality educational experiences leading to deeper compre-
hension and longer retention contain cognitive challenges 
and meaningful social interactions resulting in a positive 
emotional climate (Mystakidis et al., 2021).

Gamification seems particularly important for CT. A study 
among 7th graders showed that students do not always have 
positive attitudes toward programming. Especially among 
girls, these attitudes were more negative, even though their 
average CT skills were better than boys on average (Sun 
et  al., 2022). Programming attitudes, in turn, were found to 
predict the development of CT (Sun et  al., 2022). The more 
negative female attitudes toward CT are also found in other 
studies and align with the more general lower interest for 
Science, Technology, Engineering, And Mathematics (STEM) 
among females (Torres-Torres et  al., 2024).

In the context of CT, gamified learning is almost auto-
matically assumed to be computer- or otherwise 
digital-device-based. For example, a well-known interna-
tional initiative is the Bebras competition, which provides 
interactive online challenges (e.g., puzzles, logic problems) 
that stimulate decomposition, pattern recognition, abstrac-
tion, and algorithm design learning among students of dif-
ferent ages (Triantafyllou et  al., 2024b). Nevertheless, several 
studies have demonstrated the positive learning effects of 
unplugged gamified activities on CT. For example, a study 
among 7th-grade students used a board game in which the 
students needed skills necessary for CT, including planning 
their play figure’s moves by decomposing a larger construc-
tion task into smaller steps and using instruction cards in 
sequences to create a path and collect resources (i.e., creat-
ing algorithms) (Kuo & Hsu, 2020). The aforementioned 
board game fostered the students’ CT, especially when they 
worked on precise, pre-assigned tasks (Kuo & Hsu, 2020). A 
meta-analysis of unplugged activities, based on 13 studies, 
revealed a large effect on fostering CT in K-12 education 
(Chen et  al., 2023). Nonetheless, these and other studies that 
Chen et  al. (2023) included in their more extensive system-
atic literature review were most often investigating the effect 
of board games or unplugged computing challenges and 
competitions, such as Bebras.

Present study

While previous research has confirmed that unplugged gam-
ified activities can foster students’ CT, there are two critical 
research gaps. First, prior studies have focused on largely 
sedentary activities (Chen et  al., 2023). While these activities 
may offer the benefit of not further increasing students’ time 

on digital devices, other ways of gamifying learning activities 
are needed to stimulate more physical activity. Second, it is 
still unknown if gender affects the results obtained when 
using gamified activities to foster CT (Chen et  al., 2023).

The aim of the present study is to investigate the poten-
tial of active, unplugged, gamified activities for secondary 
school students’ CT (boys and girls). Two specific approaches 
were selected based on the literature: escape room and trea-
sure hunt (Fotaris & Mastoras, 2019; Henriksen et  al., 2021; 
Martia & Nurafni, 2023; Pazakou et al., 2025; Snelson, 2022). 
Although previously used for a variety of other educational 
objectives, both approaches seem to be experienced by stu-
dents as enjoyable and immersive (Fotaris & Mastoras, 2019; 
Snelson, 2022). These approaches also stimulate teamwork, 
creativity, and critical thinking (Fotaris & Mastoras, 2019; 
Henriksen et  al., 2021). Important for the present study was 
that they can be presented in an unplugged, physically 
active, manner. It was, thus, hypothesized that both 
approaches would result in increased CT knowledge acquisi-
tion, following the evidence found for other unplugged 
approaches (Chen et  al., 2023). Furthermore, following the 
findings of previous studies using gamification approaches 
for educational purposes, no gender differences were 
expected in the learning outcomes (Veldkamp et  al., 2021; 
Zahedi et  al., 2021). As a secondary aim, competence beliefs 
and experiences were also explored. After all, competence 
beliefs and positive feelings can positively impact motivation 
(Ryan & Deci, 2000). Finally, given the limited evidence 
base, these feelings, and especially the in-depth information 
about the experiences, can be informative for future research-
ers and curriculum designers who desire to select and 
fine-tune the best activities to teach students CT.

The research questions guiding this study were:

RQ1: Do gamified unplugged activities (treasure hunt and 
escape room) significantly improve college students’ 
computational thinking (CT) knowledge?

RQ2: How do gender and the type of gamified activity 
(treasure hunt vs. escape room) influence computa-
tional thinking improvement and students’ affective 
experiences (competence beliefs, tension, negative 
affect)?

RQ3: What are students’ and game masters’ qualitative 
experiences regarding the computational thinking 
challenges and the gamification elements of the 
activities?

Materials and methods

Participants

Participants were 311 secondary school students aged 
13–15 years old. There were 156 students in the treasure 
hunt condition and 155 students in the control condition. In 
each group, about half of the students were boys (48.7% in 
the treasure hunt and 47.1% in the escape room). The age 
distribution was the same in both groups (mean = 14.80, 
standard deviation = 0.80).
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Procedure

The study took place at a summer camp, run by the local 
Orthodox Christian parish, in Greece. The camp environ-
ment prohibited the use of digital devices, necessitating the 
use of non-digital tools for all activities. Participants were 
divided into four cohorts, each scheduled for a one-week 
stay at the camp. Some participants departed earlier than 
planned due to family commitments or illness, and their 
data were not used in the study. Within each cohort, partic-
ipants were further divided into subgroups based on their 
room (cabin) allocations. Participants were randomly 
assigned to one of the two gamified activity conditions: 
escape room or treasure hunt.

The educational program spanned five days and was 
structured in two distinct phases: (a) the instructional phase 
and (b) the applied phase (Figure 1). The instructional phase 
took two days. The first day, the researcher-educator pro-
vided an overview of the program placing particular empha-
sis on the element of collaboration and exploration. 
Additionally, participants were encouraged to ask questions 
and express their expectations. Thereafter, the assessment 
was administered to measure baseline CT skills. After the 
baseline assessment structured lessons were delivered on 
core CT concepts, including definitions, real-world examples, 
and interactive discussions. On the second day, the partici-
pants engaged in hands-on activities to reinforce CT con-
cepts. These were logic puzzles and brainteasers requiring 
decomposition, pattern recognition, and algorithmic think-
ing through teamwork-based activities involving building 
structures and applying CT principles.

The applied phase took place on the third and fourth 
days and consisted of gamified activities (3 h per session). In 
the escape room condition, participants worked collabora-
tively to solve a series of interconnected puzzles and 

challenges within a multi-stage escape room scenario that 
required them to apply their CT skills. In the treasure hunt 
condition, participants engaged in deciphering clues, follow-
ing logical paths, and using CT strategies to locate “hidden 
treasures.” Table 1 presents the activities for both experimen-
tal conditions. While there were some minor differences in 
the specific learning objectives, both conditions focused on 
collaboration and teamwork and used activities of progres-
sive complexity. On the fifth and final day, a post-intervention 
measurement and valuation took place. After having com-
pleted the individual tests and survey, a guided group dis-
cussion encouraged participants to reflect on their 
experiences, share insights, identify challenges, and discuss 
specific instances where they applied CT skills.

Instructional design

The escape room and treasure hunt formats were selected 
based on the research recommendations made by Hamari 
et  al. (2016) on gamification in education, which demon-
strate that challenge-based learning environments can 
increase student motivation and content retention.

The instructional design was guided by Shute et al. (2017) 
framework, which organizes CT into six key facets: decom-
position, abstraction, algorithms, debugging, iteration, and 
generalization. To ensure pedagogical effectiveness, we incor-
porated the design principles from Huang and Looi (2021) 
on CT in K-12 education. In practical terms, we aimed at: 
(a) representing ideas in multiple ways, (b) supporting incre-
mental and iterative development, (c) fostering debugging 
and error identification skills, and (d) promoting both indi-
vidual reasoning and collaborative problem-solving. 
Importantly, each activity incorporates elements of produc-
tive failure (Kapur, 2008), where students encounter 

Figure 1.  Graphic overview of the research design.
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Table 1. D escription of the activities.

Activity Learning objective Description
Inst. design 
principles*

Completion Time 
(est.) Time limit

Escape room
1. Binary code 

challenge
Binary code understanding, 

pattern recognition, 
collaborative 
problem-solving

Teams decode five 8-bit binary numbers to spell 
the word “CLOCK,” identifying the location of 
a hidden envelope containing two more 
binary numbers that form a four-digit code 
to unlock the exit. Teams can use decoder 
charts with a 5-min time penalty.

PAT, B1, B2 20′ 30′

2. Pattern lock 
decryption

Pattern recognition, sequence 
analysis, abstraction

Teams solve six distinct visual pattern puzzles, 
selecting the correct continuation (A, B, C, or 
D). Each letter corresponds to a specific 
number (A = 2, B = 5, C = 7, D = 8), forming a 
six-digit code to unlock the final challenge.

PAT, ABS, B2, B3 25′ 35′

3. Logic circuit puzzle Boolean logic application, 
step-by-step planning, 
logical thinking

Teams analyze a circuit with “AND” and “OR” 
gates, calculating outputs for all input 
combinations. The completed truth table 
reveals a binary sequence that unlocks a 
padlock protecting the key. Incorrect 
calculations result in invalid codes.

DEC, ALG, B3, B4 25′ 35′

4. Network flow 
challenge

Network topology 
understanding, system 
thinking, component 
relationships

Teams match network device pictures to correct 
locations on a network diagram. Each device 
card reveals a number on its back. The 
correct device arrangement reveals a path 
code between the ISP and Computer 2 that 
unlocks the prize.

DEC, ABS, B3, B4 25′ 35′

5. Algorithm assembly Programming sequence 
understanding, algorithmic 
thinking, debugging

Teams write instructions to guide a blindfolded 
teammate through a floor maze using 
direction cards (move forward, turn left/
right). Encountering walls requires restarting, 
while penalty squares deduct time. Bomb 
squares force algorithm recreation.

ALG, DEB, ITR, B5, 
B6

30′ 40′

6. System architecture 
challenge

System design, component 
integration, abstraction

Teams reconstruct a modular computer system 
model where components must be 
connected in a functional configuration, 
demonstrating understanding of system 
architecture and relationships between 
hardware elements.

DEC, ABS, GEN, B5, 
B6

30′ 40′

Treasure hunt
1. Binary trail hunt Binary code application, 

sequential thinking, map 
navigation

Teams follow a treasure hunt across campus by 
decoding binary numbers into letters (e.g., 
L-I-B-R-A-R-Y). Each location contains an 
envelope with the next binary clue, 
ultimately leading to the hidden treasure at 
the decoded location.

PAT, B2, B3 25′ 35′

2. Logic path hunt Logic gate operations, 
problem-solving, spatial 
reasoning

Teams solve logic gate puzzles at different 
campus locations, with each solution 
corresponding to a letter value. The 
sequence of correct solutions spells 
“STADIUM,” leading teams to the final 
treasure location.

ALG, PAT, B3, B4 30′ 40′

3. Network trial 
challenge

Network topology, data flow 
analysis, critical path 
identification

Teams arrange network device cards on a 
diagram. When correctly placed, the numbers 
on the backs of cards along the path from 
Modem→Router→Switch→PC1 form a code 
that indicates the treasure’s location on a 
chart.

DEC, ABS, PAT, B3, 
B4

25′ 35′

4. Code path 
challenge

Pattern identification, 
algorithmic application, 
abstraction

Teams navigate through a series of encoded 
messages using progressive substitution 
ciphers. Each decoded pattern reveals 
coordinates to the next challenge location, 
with complexity increasing at each stage.

PAT, ABS, ITR, B3, B4 30′ 40′

5. Algorithm trail 
quest

Algorithm development, 
precise instruction design, 
optimization

Teams create step-by-step navigational 
algorithms to guide a blindfolded teammate 
from a starting classroom to treasure in the 
laboratory, following a grid-based floor plan. 
Hitting obstacles requires algorithm revision 
with time penalties.

ALG, DEB, ITR, B5, 
B6

35′ 45′

6. System path 
challenge

Algorithm execution, 
optimization, system-level 
thinking

Teams follow pseudocode instructions to 
physically navigate between locations, 
requiring precise interpretation of commands 
and efficient pathfinding to reach the final 
treasure location within time constraints.

ALG, ITR, GEN, B4, 
B5, B6

35′ 45′

*CT facets: DEC: decomposition; ABS: abstraction; ALG: algorithms; DEB: debugging; ITR: iteration; GEN: generalization; PAT: pattern recognition. Bloom’s taxonomy 
levels: B1: remembering; B2: understanding; B3: applying; B4: analyzing; B5: evaluating; B6: creating.
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controlled challenges that promote deeper conceptual under-
standing through problem-solving persistence.

The progression of difficulty across levels follows Bloom’s 
revised taxonomy (Anderson & Krathwohl, 2001), beginning 
with remembering and understanding binary representations 
(Level 1), advancing through application and analysis of log-
ical circuits (Levels 2–3), and culminating in evaluation and 
creation of algorithmic solutions (Levels 4–6).

Assessment of CT acquisition is embedded within the 
activities through performance metrics (completion time, 
error frequency) and process observations that align with 
the assessment approaches that Brennan and Resnick (2012) 
recommend. The proposed assessment model allows instruc-
tors to identify misconceptions in real-time and provide tar-
geted scaffolding.

Table 1 presents the integration of these principles into 
the CT activities, detailing the specific learning objectives, 
the activity descriptions, and the time parameters for imple-
mentation, whereas Figure 2 illustrates the camp layout and 
indicative examples of the CT challenges.

Instruments

The Appendices provide all instruments used in this study.

Quantitative data collection
Computational Thinking was measured with three different 
tests. The tests were developed for the purpose of this study, 
inspired by several online resources1 as well as formal edu-
cational resources dedicated to unplugged programming.2 
The first test consisted of 10 multiple-choice questions, each 
presenting the correct answer among three wrong alterna-
tives. For example, the students were asked “What is a 
‘pseudo-code’?” with the potential answers: (a) It is a type of 
programming language; (b) It is a simple way of expressing 
a program or algorithm that uses a mixture of English 
phrases and syntax resembling programming languages (cor-
rect answer); (c) It is a form of shorthand notation for rep-
resenting binary data; or (d) it is a type of code used for 
debugging purposes. The second test consisted of 10 sen-
tences, and the students needed to fill in the blanks (e.g., 
the purpose of ________ in a program is to store data that 
can be used by the program [correct answer: variables]). The 
third test involved matching 10 CT concepts with their cor-
rect definitions.

Competence Beliefs were measured with the scale devel-
oped by IJsselsteijn et  al. (2013). The scale consists of 5 
items (e.g., “I felt skillful”) on a Likert scale from 0 = not at 
all to 4 = extremely. This scale seems appropriate to evaluate 
gamification experiences in young samples (Lampropoulos 
et  al., 2023). The scale showed acceptable reliability in the 
present study (Cronbach’s α = .74).

Emotional Feelings were investigated using the tension 
and negative affect scales of the same authors (IJsselsteijn 
et  al., 2013). Tension was operationalized by 3 items (e.g. I 
felt frustrated) and negative affect by 4 items (e.g., It gave 
me a bad mood). The same 0–4 Likert scale was used. 
Sufficient internal consistency was found for both tension 
(α = .65) and negative affect (α = .74).

Qualitative data collection
The post-intervention discussions were conducted in a 
semi-structured format by the team leaders and the lead 
researcher at the conclusion of the activities. The conversations 
focused on two main topics: the CT activities and the experi-
ences with the educational games. Team leaders were instructed 
to encourage participation from all students, based on pre-
defined prompts, while allowing for natural conversation flow.

For the topic of CT, the following prompt was used:

“Think back to the escape room/treasure hunt activity. Describe a 
time when you had to break down a complex puzzle or a chal-
lenge into smaller, easier-to-solve steps. How did this approach 
help you solve the puzzle? Did you use any strategies that you 
think a computer programmer might also use?”

For the topic educational games, the prompt was:

“What aspects of the escape room/treasure hunt experience did 
you find the most fun or engaging? Did the competitive elements, 
puzzles, teamwork, or the story of the game make it more enjoy-
able? If you could design your own escape room or treasure hunt 
game, what features would you include to make it even more fun 
and interesting?”

Each team leader used his/her mobile phone as a voice 
recording device to capture the discussions for later analysis. 
The data were later transcribed to facilitate the analysis.

Analysis

The study employed a mixed-methods approach. The quan-
titative analysis was carried out using SPSS (v.30). Before 
conducting the Repeated Measures ANOVA, the assumption 
of normality for the dependent variables was assessed, 
including the normality of the difference scores between the 
pretest and post-test measures. Visual inspection of histo-
grams and Q-Q plots confirmed normality, and no severe 
skewness or kurtosis was found (Kim, 2013). For the evalu-
ation of overall progress in CT from pretest to post-test, 
paired sample t-tests were utilized. This approach was cho-
sen to directly assess significant changes in mean scores 
within the same group of students over time. Repeated mea-
sures of Analysis of Variance (ANOVA) were used when 
evaluating if gender (boys vs. girls) and type of activities 
(escape room vs. treasure hunt), as between-group variables, 
affected the mean scores obtained on the different assess-
ments. This test was chosen given that the same participants 
were measured at multiple time points (pretest and post-test), 
allowing for the examination of within-subject changes over 
time while controlling for individual differences (Sharpe & 
Cribbie, 2023). Analysis of Variance (ANOVA) was used to 
examine the quantitative evaluations (competence beliefs, 
tension, negative affect) which were collected post- 
intervention. This approach allowed for the comparison of 
mean scores across different conditions and genders, with 
Bonferroni adjusted pairwise comparisons applied to control 
for Type I error rate in multiple comparisons (Field, 2018).

The qualitative data were analyzed using thematic analysis 
(Braun & Clarke, 2021). After thorough data familiarization 
(the first step of thematic analysis), the most representative 
quotes relevant to the research questions were organized by 
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topic and activity, as well as positive vs. negative for the stu-
dents and game masters (i.e., team leaders) separately. To 
obtain objectivity, a second, independent researcher used 
these quotes (>100) to first derive codes (second step), label-
ing similar quotes when there were at least 3 that could be 
coded with the same label. Thereafter, from these codes, the 
larger themes were identified and labeled (third step). For 
Computational Thinking, themes included engaging and 
enjoyable activities, breaking down problems into smaller 
parts, and interest in further learning (positive feedback), 
alongside losing sight of the bigger picture and frustration 
(negative feedback). For Gamification, themes encompassed 
engagement and motivation, collaborative learning, and cog-
nitive challenge (positive feedback), contrasted with 

progress-related stress, team dynamics issues, and unclear 
learning purpose and outcomes (negative feedback). The first 
researcher checked this analysis’s relevance and correctness to 
ensure the themes formed an accurate description of the data 
(fourth step). There were no points of disagreement and the 
fifth and sixth steps (defining and naming themes and pro-
ducing the report) were made using these themes.

Results

Effects on computational thinking

Table 2 shows the averages and standard deviations of the 
students on the pre-and post-tests of CT. On average, 

Figure 2. O verview of the summer camp layout (upper frame) and indicative visualizations of the CT activities.
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students on the pretest knew more than 6 of the answers 
correctly, and on the multiple-choice test, they approached 
an average of 7. Paired sample t-tests confirmed that signif-
icant progress had been achieved at the end of the summer 
camp. On average, the students knew more than 7 of the 
answers correctly on the tests on the sentence completion 
and matching test, with a mean score of 7.50 on the 
multiple-choice test at the end of the summer camp. As 
shown in Table 2, the effect sizes for all three CT assess-
ments were found to be medium to large (Multiple Choice: 
d = .71; Sentence Completion: d = .65; Matching: d = .73). On 
average, students improved by more than half to nearly 
three-quarters of a standard deviation in their CT knowledge.

Repeated measures of ANOVA on the multiple-choice 
questions revealed a large significant effect of time, F(1, 
307) = 159.36, p < .001, ɳp

2 = .34, confirming the students’ 
computational knowledge improvement. There also was a 
small main effect of gender, F(1, 307) = 12.36, p < .001, 
ɳp

2 = .04 which indicated that the CT scores of boys generally 
were better than those of girls. No other significant main or 
interaction effects were found, except for a three-way inter-
action of time, condition, and gender, F(1, 307) = 4.65, 
p = .032, ɳp

2 = .02 (Figure 3). Boys and girls showed improve-
ments in both conditions, although for boys the escape 
room (d = .49) seemed to be slightly more effective compared 
to the treasure hunt (d = .69). However, the difference 
between the treasure hunt and escape room groups of boys 
were insignificant at pretest as well as post-test, and the 
same was found for girls (although the pretest scores of girls 
in the treasure hunt condition were marginally lower, 

p = .061). The smaller effect of the treasure hunt for boys did 
lead to a significant overall difference in the post-scores 
between the escape room (M = 7.68, SD = 1.64) and the trea-
sure hunt (M = 7.31, SD = 1.57), t(309) = 2.07, p = .040, d = .23. 
The difference between the scores of the escape room and 
treasure hunt groups had not been present at the pretest, 
with M = 7.03, SD = 1.88 and M = 6.73, SD = 1.73 respectively, 
p = .142.

The same analysis was repeated for the sentence comple-
tion task. Only a main effect of Time was found, F(1, 
307) = 128.53, p < .001, ɳp

2 = .30. There were no other main or 
interactions effects of gender and/or condition. As such, it 
indicates that the students had higher scores on the sentence 
completion task at the end of the summer camp compared 
to before the summer camp, regardless of whether they had 
participated in the treasure hunt or escape room and regard-
less of their gender, with similar scores for boys and girls. 
On the final matching task, the same results were found. 
There only was an effect of Time, F(1, 307) = 162.30, p < .001, 
ɳp

2 = .35.

Quantitative evaluations
Table 3 shows the means and standard deviations obtained 
on the quantitative evaluations. Within the potential range 
of scores from 0 to 4, the scores reflect that students, on 
average, felt competent and experienced little tension or neg-
ative affect. Analysis of Variance was used to examine the 
quantitative evaluations of the two conditions, with 
Bonferroni adjusted pairwise comparisons.

On competence beliefs, a main effect of Condition was 
found, F(1,307) = 93.64, p < .001, ɳp

2 = .23, reflecting that stu-
dents who had participated in the escape room had felt 
more competent. However, there were also significant effects 
for Gender (F[1,307] = 318.73, p < .001, ɳp

2 = .51) and Gender 
x Condition (F[1,307] = 90.54, p < .001, ɳp

2 = .23) with boys 
reporting more competence beliefs in the escape room. 
Interestingly, girls from both groups felt more competent 
compared to boys, p < .001.

Table 2.  Mean pre- and post-test scores on computational knowledge.

Test
Pre-test M 

(SD)
Post-test M 

(SD) t
Effect  
size d

Multiple choice 6.88 (1.81) 7.50 (1.61) 12.53*** .71
Sentence 

completion
6.27 (2.08) 7.12 (1.17) 11.41*** .65

Matching 6.34 (1.95) 7.01 (1.72) 12.82*** .73

***p < .001.

Figure 3.  Pre- and post-test scores on the multiple-choice test for boys and girls in the treasure hunt and escape room condition.
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For tension, there was a main effect for Condition, 
F(1,307) = 200.65, p < .001, ɳp

2 = .40, reflecting that students 
who had participated in the escape room had felt less ten-
sion. There were also significant effects for Gender 
(F[1,307] = 6.12, p = .014, ɳp

2 = .02) and Gender x Condition 
(F[1,307] = 18.86, p < .001, ɳp

2 = .06). Both boys and girls had 
felt less tense in the escape room compared to the treasure 
hunt. However, while there was no gender difference in the 
experienced tension during the treasure hunt (p = .186), boys 
had felt significantly more tense than girls in the escape 
room, p < 001.

Finally, on negative affect the strongest Condition effect 
was found, F(1,307) = 446.28, p < .001, ɳp

2 = .59. Again, there 
also was a Gender(F[1,307] = 18.19, p < .001, ɳp

2 = .06) and 
Gender x Condition (F[1,307] = 27.38, p < .001, ɳp

2 = .08) 
effect. Both boys and girls had felt more positively in the 
escape room compared to during the treasure hunt. However, 
girls in the escape room had felt more positively compared 
to boys, p < .001. In the treasure hunt, the feelings of boys 
and girls had been comparable.

Qualitative evaluations
The feedback given by the students in the discussion groups 
provided further insights into their experiences. Within the 
topic of CT, the positive feedback revealed three themes: (1) 
engaging and enjoyable activities, (2) breaking down problems 
into smaller parts, and (3) interest in further learning. The 
negative feedback was captured by two themes: (1) losing 
sight of the bigger picture and (2) frustration.

Positive feedback
Participants in both the escape room and the treasure hunt 
activities expressed overly positive views of the CT chal-
lenges. Many emphasized that they had found the activities 
engaging and enjoyable, with comments, such as “This was 
way more fun than regular school” (escape room) and “the 
activity was cool.” Several participants appreciated the 
problem-solving aspects, comparing it to detective work 
(escape room) and enjoying the process of “figuring things 
out (escape room and treasure hunt).”

A common theme was the benefit of breaking down 
problems into smaller parts, which made complex tasks feel 
less difficult and more manageable. For example, one stu-
dent in the escape room said: “Breaking down the puzzle 
into smaller parts helped a lot. It made it less scary and 
more fun.” In the treasure hunt condition, participants simi-
larly related the small steps to positive feelings, as reflected 

in their quotes: “Each small win made me feel more confi-
dent” and “Each step we solved felt like a team victory.” This 
theme was also clear to the game masters. For example, one 
of them mentioned: “Students appreciated the clarity that a 
step-by-step approach provided, making it easier to track 
progress and solve puzzles systematically” (escape room).

While overall, the evaluations of the two conditions were 
highly similar, the participants in the escape room showed 
interest in further learning, with comments, such as “I 
want to learn more about programming now” and “can we 
do another escape room soon?” In the treasure hunt, this 
interest was not as explicit. This finding aligns with the 
somewhat more positive evaluations of the escape room 
compared to the treasure hunt.

Negative feedback
Despite students positively commenting on breaking down 
problems, in some cases, students experienced they were 
losing sight of the bigger picture, e.g., “I found it difficult 
to keep track of all the pieces we had solved. It got confus-
ing quickly” (treasure hunt) and “I felt lost and didn’t know 
where to start” (escape room). These comments indicate that 
the breaking down was sometimes confusing. A Game 
Master noted, “The iterative process of trial and error was 
sometimes frustrating for students who preferred more direct 
solutions” (escape room).

A second theme was frustration. In some cases, students 
had felt the tasks were too difficult. This was described in 
both conditions with words, such as “frustration” and “stress-
ful.” It seemed to decrease motivation to continue [e.g. 
“Some puzzles were too confusing and I gave up” (escape 
room)]. This theme clarifies that, while the activities seemed 
enjoyable for most students, some individual students may 
have felt it was above their competency or Zone for Proximal 
Development.

Effects of gamification

Within the topic of gamification, three themes captured 
positive feedback: (1) engagement and motivation, (2) collab-
orative learning, and (3) cognitive challenge. The negative 
feedback was presented by: (1) progress-related stress, (2) 
team dynamics, and (3) unclear learning purpose and 
outcomes.

Positive feedback
Overall, the adoption of gamification seemed successful in 
achieving engagement and motivation. The students 
expressed how they had immersed in the activities that they 
had experienced as enjoyable, as reflected by quotes like: 
“The story made it feel like a real adventure, not just school 
stuff ” (escape room) and “Acting out the roles [team leader, 
team navigator, detective, scout] was hilarious and made 
everything more fun. It was like being in a real-life game” 
(treasure hunt). The activities transformed the learning expe-
rience into something desirable, “The whole thing felt like a 
game, not boring school work” (escape room). This theme 
was confirmed by the feedback provided by the Game 

Table 3.  Mean scores and standard deviations on the quantitative evaluations 
of boys and girls.

Variable Gender Escape room Treasure hunt p
Competence 

beliefs
Boys 3.18 (0.39) 2.51 (0.34) <.001
Girls 3.47 (0.24) 3.47 (0.25) .907

Tension Boys 0.84 (0.47) 1.31 (0.51) <.001
Girls 0.52 (0.32) 1.40 (0.36) <.001

Negative affect Boys 0.86 (0.43) 1.49 (0.37) <.001
Girls 0.48 (0.24) 1.53 (0.34) <.001

Note. p-Values are obtained using post-hoc Bonferroni-corrected pairwise 
comparisons.
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Masters, “The fun and interactive nature of the game made 
learning [about CT] enjoyable” (escape room). However, dif-
ferent from the student experience, some Game Masters had 
experienced stronger emergence in the treasure hunt, e.g., 
“The treasure hunt’s focus on adventure and exploration 
provided a unique thrill and sense of discovery, different 
from the confined space of an escape room.” On the other 
hand, the expression “The physical nature of the treasure 
hunt led to issues with pacing and fatigue, affecting students’ 
ability to maintain focus and energy” provides some clue 
that this positive effect may not have been achieved to its 
full potential because of the physical challenges.

An element that received explicit attention, was that col-
laborative learning was evaluated positively. Several students 
in both conditions mentioned they had liked “working as a 
team.” Some also referred to the team-competition element, 
e.g. “I loved trying to beat the other teams! It made it super 
exciting” (escape room). This was also emphasized by the 
Game Masters, e.g., “Many students appreciated the oppor-
tunity to work together, share ideas, and support each other” 
(escape room).

Finally, it became clear that the experience of cognitive 
challenge was evaluated positively. Highly similar quotes in 
both conditions, referred to thinking hard, such as: “The 
puzzles were really cool because we had to think hard and 
work together.” (escape room) and “The puzzles were actually 
cool! We really had to use our brains and work as a team” 
(treasure hunt) [emphasis added]. The Game Master formu-
lated this on the level of different approaches: “Students 
appreciated that some clues required sequential thinking, 
while others allowed for non-linear, creative approaches to 
find the treasure” (treasure hunt). It may be that the variety 
helped different students contribute, a possible reason or 
explanation as of why they may have emphasized the team 
element when providing positive feedback on it being cogni-
tively challenging.

Negative feedback
Students who were not winning tokens or could not com-
plete the tasks successfully reported progress-related stress. 
For example, one student said “Losing lives was stressful 
because we were scared to run out” (escape room). Another 
student who had participated in the treasure hunt explained 
“I felt stressed when we couldn’t earn the tokens because 
some puzzles were just too hard.” The competitive element 
may have contributed to these feelings. As explained by one 
student in the treasure hunt: “Seeing other teams ahead of us 
on the leaderboard made me feel kind of bad about our 
progress.” The progress-related stress was also observed by 
the Game Masters “Some students felt that the competitive 
aspect created stress and sometimes overshadowed the learn-
ing objectives.”

Further, team dynamics were not positively evaluated by 
all students, despite the fact that it was experienced posi-
tively in many cases. Complaints were mostly about some 
not contributing sufficiently, such as “Our team didn’t work 
well together. Some people did all the work, others just 
watched” (escape room) and “Some people in our group 

didn’t really participate. It felt like a few of us were doing all 
the work” (treasure hunt). Others were about not getting 
along, such as “I wish I could have chosen my team. We 
didn’t really get along, so it was hard to work together.” The 
Game Masters explained the potential underlying cause of 
mixed initial computational skills of the group members: 
“Variability in computational thinking skills among team 
members affected group performance and satisfaction” 
(escape room). In the treasure hunt condition, the physical 
space seemed to be yet another barrier: “Some students 
found it challenging to coordinate physically with team 
members, especially in large or complex spaces.” Here, 
besides computational ability, physical ability also played a 
role: “Physical ability varied greatly, affecting how much 
each student could contribute to the hunt.”

The theme unclear purpose and learning outcomes was 
labeled to reflect the fact that students did not always under-
stand why they were participating. For example, a student 
expressed “The story was confusing. I wasn’t sure what we 
were supposed to do or why.” Some students also directly 
referred to not having learned anything, such as: “The escape 
room was okay, but I didn’t really learn anything new.” This 
was not how it was experienced by the Game Masters: 
“Many students recognized that using logic and structured 
thinking, similar to programming, helped them efficiently 
solve puzzles.”

Discussion

The present study focused on the possibility of teaching stu-
dents CT using physically active, unplugged activities with a 
mixed-method approach. The expectation that positive 
results would be obtained with treasure hunt and escape 
room activities among boys and girls was confirmed. 
Consistent and statistically significant improvement, coupled 
with these medium-to-large effect sizes, indicates that the 
gamified activities were indeed effective in tangibly enhanc-
ing students’ CT knowledge. Furthermore, the qualitative 
analysis of group discussions revealed that both students and 
Game Masters were positive about the stimulation of CT 
and the use of gamification. Students experienced the activ-
ities as engaging and enjoyable, and especially found the 
problem decomposition valuable; breaking down problems 
into smaller parts made it more manageable and less intim-
idating. Nevertheless, some students lost their view of the 
bigger picture and/or felt frustrated when they found the 
tasks too difficult. The adoption of gamification practices 
appeared successful, as evidenced by students’ and Game 
Masters’ reports of engagement and motivation related to 
collaborative learning and cognitive challenges. On the other 
hand, progress-related stress, negative team dynamics, and 
unclear purpose or learning outcomes were mentioned less 
frequently.

While previous research had provided initial evidence 
concerning the use of mostly sedentary unplugged gamified 
activities to foster students’ CT (Chen et  al., 2023), the  
present study showed beneficial effects of treasure hunt and 
escape room activities, which were physically active forms  
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of gamification. The activities had been selected based on 
previous research showing their educational value and poten-
tial is stimulating student motivation (Fotaris & Mastoras, 
2019; Henriksen et  al., 2021; Snelson, 2022). Previous studies 
have not compared treasure hunt and escape room activities, 
however. The present study was able to provide this compar-
ison by randomly assigning the students to either condition. 
The statistical analysis confirmed that the groups were sta-
tistically equivalent at baseline, which facilitated the inter-
pretation of the observed patterns of improvement. While 
both activities can be used successfully for CT, a slight 
advantage to using escape rooms over treasure hunts was 
found. The escape room activities seemed slightly more 
effective for boys compared to the treasure hunt, and both 
boys and especially girls felt less tension and more positive 
about the overall experience. Moreover, from the qualitative 
findings, the desire to learn more about programming and 
participate in similar activities was also more clearly present 
among the students who had participated in the escape 
room activities. A possible explanation is that the physical 
space is more confined when using escape room activities, 
which can help students feel more connected and better pro-
tected by the oversight of the Game Masters. After all, 
according to Self-Determination Theory, relatedness helps 
students feel intrinsically motivated (Ryan & Deci, 2000). 
Moreover, the oversight may have resulted in the objectives 
and results being clearer during the escape room activities as 
the Game Masters were able to oversee the process quickly 
and were able to provide continuous communication. 
According to Self-Determination Theory, this can have ful-
filled students’ need for feeling competent better than in the 
treasure hunt, which in turn may have increased their moti-
vation (Ryan & Deci, 2000).

Similar to previous studies using gamification approaches 
for educational purposes (Veldkamp et  al., 2021; Zahedi 
et  al., 2021), we found that both the treasure hunt and the 
escape room resulted in positive learning outcomes for boys 
and girls. Girls had even felt more competent in the escape 
room compared to boys. This finding has implications for 
CT education in terms of motivation. Research shows that 
girls tend to have less favorable attitudes toward CT com-
pared to boys (Sun et  al., 2022), aligning with less STEM 
interest among females (Torres-Torres et  al., 2024). By using 
gamified approaches, girls may be motivated to learn CT 
and other STEM-related skills. Overall, CT in girls seemed 
to be similar to that of boys, except for a difference found 
in the multiple-choice exam before as well as after the inter-
vention. This finding aligns with previous research showing 
that the male advantage in math and science is inflated 
when using multiple-choice questions (Griselda, 2024). 
According to the “paradox of choice,” especially anxious or 
less confident students are likely to feel confused when pre-
sented with alternatives (Griselda, 2024). The fact that, in 
the fill-in-the-blank and the matching test, no gender differ-
ences were found suggests that girls may have underper-
formed on the multiple-choice exam because they felt 
insecure.

The themes of “losing sight of the bigger picture” and 
“frustration” point to a challenge in designing problem-solving 

tasks, especially those involving decomposition (breaking 
down problems into smaller parts). Although problem 
decomposition is a core CT skill (Ezeamuzie & Leung, 2022) 
and was welcomed by many students, the iterative process of 
solving smaller puzzles sometimes led to cognitive overload 
or a disconnection from the overarching problem. This sug-
gests that the support provided may have been inadequate 
for some students: it left them struggling to reintegrate their 
solutions or maintain a coherent understanding of the larger 
challenge. The reported frustration suggests that the diffi-
culty occasionally exceeded some students’ optimal challenge 
level. According to theories of optimal challenge and flow, 
tasks that are too difficult can lead to anxiety and with-
drawal rather than sustained engagement (Krath et al., 2021). 
A possible solution may be to include more explicit mecha-
nisms for metacognitive reflection (e.g., regular check-ins or 
visual progress charts that help students contextualize their 
current task within the broader problem).

Further, while not as pervasive as the positive feedback, 
the presence of some negativity about the gamification ele-
ments indicates areas where the gamified design or facilita-
tion could be refined. Progress-related stress suggests the 
competitive elements may have inadvertently created some 
anxiety for a few students. Issues with team dynamics high-
light the need for more structured collaboration support, 
and the finding that some experienced unclear learning pur-
pose and outcomes underscores the importance of explicitly 
bridging the gap between engaging game mechanics and the 
underlying educational objectives to ensure meaningful 
learning for all students.

Limitations and future work directions

The study naturally comes with its limitations. Although 
multiple CT tests were used, they focused more on knowl-
edge than skill. The students showed improved skills during 
the activities, but as these were team efforts, no information 
about individual students’ gains was obtained. From the 
qualitative data, there seemed to be a few students who 
found the activities difficult. Another limitation was that the 
intervention included an instructional and an applied phase, 
but only the effects of both together were assessed. It there-
fore remains uncertain which specific instructional and stu-
dent activities were most helpful in obtaining the results. 
There also was no control group of students who were 
engaged in CT activities on digital devices. As such, it 
remains uncertain if the improvements made were similar or 
different from those that can be obtained with more stan-
dard CT lessons, such as programming, and writing code for 
text-based programming on the computer (Sun et  al., 2024). 
Future studies may wish to include a control group and add 
measures to more completely assess CT skills in practice on 
the individual level. In future studies, it may also be assessed 
if activities can be further fine-tuned to match the initial 
level of students to avoid frustration for the few for whom 
activities seemed too difficult. Alternatively, students may be 
grouped in ways that more advanced students can help stu-
dents who are still at a beginner’s level. With respect to the 
group dynamics, noting the reported advantages of team 
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collaboration in gamified experiences (Pazakou et al., 2025), 
developers of treasure hunts, escape rooms, or other playful 
activities can take into consideration including more 
team-building activities to use the opportunity and also 
increase students’ social skills (Georgopoulou, 2024). Future 
studies may also include (video) observations of the interac-
tions between Game Masters and students to explore the 
closeness and feedback differences in different games to fur-
ther explore the possibility that certain activities allow for 
(slightly) better fulfillment of the student need to feel relat-
edness and competence.

Conclusions

In conclusion, the study was able to confirm the first 
research question (RQ1: Do gamified unplugged activities 
(treasure hunt and escape room) significantly improve col-
lege students’ computational thinking (CT) knowledge?). 
There indeed were significant improvements in students’ 
computational thinking knowledge after participating in the 
summer camp activities. Regarding RQ2 (i.e., How do gen-
der and the type of gamified activity influence computa-
tional thinking improvement and students’ affective 
experiences?), specific effects were found for the 
multiple-choice CT questions. There was a small main effect 
of gender, with boys generally scoring better than girls. 
Moreover, while both boys and girls improved in both con-
ditions, the escape room appeared slightly more effective for 
boys. This led to a significant overall difference in post-test 
multiple-choice scores, favoring the escape room. However, 
for the sentence completion and matching tasks, improve-
ment occurred regardless of gender or activity type. With 
respect to competence beliefs, students in the escape room 
felt more competent. Further, while boys reported more 
competence in the escape room, overall, girls from both 
groups felt more competent compared to boys. With respect 
to tension, students in the escape room felt less tension. 
Both boys and girls experienced less tension in the escape 
room, but boys felt significantly more tense than girls within 
the escape room condition. Finally, with respect to negative 
affect, the escape room led to significantly less negative 
affect. Both boys and girls felt more positively in the escape 
room, but girls in the escape room felt more positively com-
pared to boys. In the treasure hunt, feelings of boys and 
girls were comparable.

Finally, to answer the third research question (RQ3: What 
are students’ and game masters’ qualitative experiences 
regarding the computational thinking challenges and the 
gamification elements of the activities?), the qualitative 
results were mostly positive. Themes for computational 
thinking included the activities being engaging and enjoy-
able, the benefit of breaking down problems into smaller 
parts, and an expressed interest in further learning. The 
negative feedback was captured by the themes “losing sight 
of the bigger picture” (indicating confusion with problem 
integration) and experiencing “frustration” when tasks were 
perceived as too difficult. Regarding the experiences with 
gamification elements, themes included high engagement 

and motivation, positive experiences with collaborative 
learning (including team competition), and appreciation for 
the cognitive challenge presented by the puzzles. Negative 
feedback was found in “progress-related stress” (especially 
from competitive elements), challenges with “team dynam-
ics” (unequal contribution, interpersonal friction, skill vari-
ability, physical coordination issues), and “unclear learning 
purpose and outcomes” (students not always understanding 
the educational objective of the activities).

Notes

	 1.	 https://www.twinkl.gr/blog/8-ways-to-take-computing-outdoors, 
https://www.learning.com/blog/unplugged-programming-activities/.

	 2.	 https://www.bebraschallenge.org.
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Appendix  —Instruments

All the instruments were provided in participants’ native lan-
guage.

Demographics

Cabin Nr.://Gender: Boy, Girl, Prefer not to answer//Age: 13, 
14, 15

Knowledge assessment

Part A—Multiple choice questions

1.	 What is Computational Thinking?

a.	 It is the ability to translate complex problems into a 
language that computers can understand.

b.	 It is the process of thinking about problems and 
solutions in a way that a computer can help to 
solve them.

c.	 It is the method to make computers think like 
humans.

d.	 It is the concept of programming computers to solve 
problems.

2.	 What does the term “algorithm” mean in Computer Science?

a.	 It is a set of instructions designed to perform a spe-
cific task.

b.	 It is a type of data structure that stores information.
c.	 It is a programming language.
d.	 It is a term used for the process of debugging code.

3.	 What does “Algorithmic Thinking” involve in Computational 
Thinking?

a.	 Using algorithms to make a computer think like a 
human.

b.	 Creating a set of step-by-step instructions to solve 
a problem.

c.	 Breaking down a problem into smaller components.
d.	 Eliminating unnecessary details from a problem.

4.	 What is the purpose of Decomposition in Computational 
Thinking?

a.	 To write a computer program.
b.	 To compile and run a computer program.
c.	 To break down a complex problem into smaller, 

manageable parts.
d.	 To identify patterns and trends in a set of data.

5.	 What do we mean by “Pattern Recognition” in Computational 
Thinking?

a.	 Identifying the frequency of a certain pattern in a 
computer program.

b.	 Identifying similarities or patterns among small, 
decomposed problems to aid in solving larger ones.

c.	 Using a particular pattern to design a computer 
system.

d.	 Recognizing the pattern in which a computer pro-
gram executes.

6.	 What does “Abstraction” represent in Computational Thinking?

a.	 It is a programming language.
b.	 It is a way to simplify complex systems by ignoring 

or hiding some details while focusing on the 
important ones.

c.	 It is a type of data structure.
d.	 It is a process to debug code.

7.	 What is a “binary system”?

a.	 A system of numbers using only the digits 1 and 0.
b.	 A system of two computers connected over a 

network.
c.	 A system that can only perform two operations.
d.	 A system that can only handle two types of data.

8.	 What is “debugging” in the context of Computer Science?

a.	 It is the process of identifying and removing errors 
in code.

b.	 It is the process of enhancing the efficiency of an 
algorithm.

c.	 It is a programming language.
d.	 It is a method of writing a computer program.

9.	 What is a “pseudo-code”?

a.	 It is a type of programming language.
b.	 It is a simple way of expressing a program or algo-

rithm that uses a mixture of English phrases and 
syntax resembling programming languages.

c.	 It is a form of shorthand notation for representing 
binary data.

d.	 It is a type of code used for debugging purposes.
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10.	 What is “Parallel Processing” in Computational Thinking?

a.	 It is a process of breaking down a large problem into 
smaller parts.

b.	 It is a method of executing multiple tasks 
simultaneously.

c.	 It is a way to debug multiple codes at the same time.
d.	 It is a type of data structure used for storing large 

amounts of data.

Part B—Fill in the blanks
[abstraction, array, Boolean, database, debugging, exception 
handling, hashing, If, linked list, list, polymorphism, recursion, 
sort(), variables, while]

1.	 A ________ loop will continue to execute until the condition is 
false. [while]

2.	 The ________ function is used to sort elements in a list. [sort ()]
3.	 The purpose of ________ in a program is to store data that can 

be used by the program. [variables]
4.	 A ________ is a type of data that can only be True or False. 

[Boolean]
5.	 A ________ statement is used to make a decision based on a 

condition. [if]
6.	 A ________ is a set of related values that can be numeric or 

string, among others. [array]
7.	 A ________ is a data type that can store a sequence of elements. 

[list]
8.	 The process of checking for errors in a program is known as 

________. [debugging]
9.	 A ________ is a model that allows data to be stored, manipulated, 

and retrieved. [database]
10.	 In computational thinking, ________ is a way to simplify complex 

systems by ignoring or hiding some details. [abstraction]

Part C—Matching
Match the following computational thinking concepts with their 
definitions:

1. Decomposition
A. Breaking down a complex problem into 

manageable parts.
2. Pattern recognition B. Identifying similarities or shared characteristics 

among data, information, or scenarios.
3. Abstraction C. Simplifying complex systems by hiding some 

details.
4. Algorithm design D. Developing a step-by-step solution for a problem.
5. Binary system E. A system of numbers using only the digits 1 and 0.
6. Debugging F. The process of identifying and removing errors in a 

program.
7. Pseudo-code G. A simple way of expressing a program or algorithm 

that uses a mixture of English phrases and syntax 
resembling programming languages.

8. Heuristics H. An approach to problem solving which provides a 
good enough solution under given circumstances.

9. Parallel processing I. The simultaneous execution of the same task split 
into independent parts on multiple processors in a 
computer.

1. Decomposition
A. Breaking down a complex problem into 

manageable parts.

10. Encapsulation j. The bundling of data and methods that work on 
that data within one unit, often used in 
object-oriented programming.

Survey

Please indicate how you felt while playing the game for each of 
the items, on the following scale: 0 = not at all, 1 = slightly, 
2 = moderately, 3 = fairly, 4 = extremely

C1. Competence beliefs

1.	 I felt skillful.
2.	 I felt competent.
3.	 I was good at it.
4.	 I felt successful.
5.	 I was fast at reaching the game’s targets.

C2. Tension/annoyance

1.	 I felt annoyed.
2.	 I felt irritable.
3.	 I felt frustrated.

C3. Negative affect

1.	 It gave me a bad mood.
2.	 I thought about other things.
3.	 I found it tiresome.
4.	 I felt bored.

Discussion and reflection

Topic: Computational thinking

Think back to the escape room/treasure hunt activity. Describe 
a time when you had to break down a complex puzzle or chal-
lenge into smaller, easier-to-solve steps. How did this approach 
help you solve the puzzle? Did you use any strategies that you 
think a computer programmer might also use?

Topic: Games
What aspects of the escape room/treasure hunt experience did 
you find the most fun or engaging? Did the competitive ele-
ments, puzzles, teamwork, or the story of the game make it 
more enjoyable? If you could design your own escape room or 
game, what features would you include to make it even more 
fun and interesting?
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