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Abstract—Studies have shown that digital game-based learning (DGBL)
can stimulate learners and increase motivation. However, in order to accomplish
these goals, we must understand the role and impact of the game elements. This
study aimed to examine the effects of four-game elements on player performance:
Instructions and assistance, narrative, competition, and challenge. An additional
factor examined was players’ age. The data was collected using BIG DATA
from the ‘Wandering’ game platform, which recorded the scores of 3,281 users
across nine different games during the period 2015-2020. Users played as part
of their visit to ‘Musa,” a multidisciplinary museum of local cultural materials in
Tel-Aviv, Israel, either in ‘Family’ game mode or in ‘Group’ mode. According to
the results of our study, players performed better on ‘Group’ games. In addition,
players’ performances improved when narrative depth was significant and the
play area was smaller. Separating our data into two groups led to additional
results: players in ‘Family’ mode performed better when the game instructions
included a video, while in ‘Group’ modes, participants performed better when
a human guide was available to some extent. The results of this study and their
implications can assist educators and game designers in planning more accurate
and effective learning games.

Keywords—game-based learning (DGBL), instructional game elements, game
performances, BIG DATA

1 Introduction and background

Since the 1980s through the early 2000s, researchers have been interested in the
new possibilities of enrichment video games can provide. They pointed out that this
environment has the ability to contain enormous amounts of content, give immediate
feedback, and motivate the participants intrinsically within a fun, safe, and risk-free
environment [1, 2, 3]. Other scholars have stressed that video games could function
as an excellent ‘incubator’ for developing life skills, such as identifying patterns,
recognizing and solving problems, and making quick decisions [4]. Today, many
studies explore the advantages of video games as an effective tool in various fields,
including sport, medicine, math, and mental health [5, 6, 7]. Education has been one of
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the most popular areas for integrating digital games, offering both great promise and a
fascinating research field for many educators and instructional designers [8].

Many studies have shown that digital games can serve as an effective and powerful
tool for improving and strengthening learning [9-17]. To be precise, research has
shown that the integration of digital games into educational systems can often improve
the learning process and usually improve students’ motivation, making learning more
appealing. Moreover, studies suggest that games promote a stronger positive emotion
toward learning than traditional learning methods [18]. For these reasons, digital
educational games have become popular in learning environments such as schools,
military training facilities, and workplaces [19, 20, 21]. This study examines a set of
nine educational digital games designed and operated within a museum environment,
in order to understand their effect on participants. In the following section, we review
the research literature regarding different types of learning games and the impact of
specific game elements on players.

1.1  Motivation and performance in digital learning games

In contrast to standard video games, learning games are designed to achieve an
educational goal beyond simple enjoyment [22, 23]. The topic of motivation in
digital games has been extensively discussed and researched over the years, due to its
critical significance for retaining players in the game, producing better performances,
and increasing players’ participation [3, 24, 25, 26]. Flow, immersion, presence, and
engagement filled the world of game research, as well as questions regarding how
to keep players engaged for as long as possible [27-30]. Game developers realized
motivation (defined as the desire to participate and the intensity to succeed [31]) is a
key factor for encouraging players to play more [32], and in the educational world, it is
a key factor to a deeper learning processes [33, 34].

It is important to note that, despite the popularity of digital learning games, there
have been studies that question whether or not they are as effective in improving
learning outcomes as attributed [17, 35], yet there is hardly a question about their role
in enhancing motivation. Studies consistently and unequivocally demonstrate that
learning games increase learners’ motivation and engagement in the study material and
in-class [26, 35, 36, 37].

1.2 Learning games: individual and multiplayer

There are many types of educational digital games available: games designed for an
individual (single player or single player facing a computer) and games intended for
several participants (collaborating, competing or both). Despite the fact that both types
of games are very common, studies have shown that a game that combines collaboration
between players in a multiplayer setting produces more effective results than a single-
player experience [16, 35]. These findings are in line with studies conducted on
traditional educational environments [38, 39] and student preferences [40]. In this study,
we examine the data of players from nine different games, all collaborative in nature and
some also competitive. Given the similarity between the games, the data will be analyzed
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as a whole, as well as in separation between two types of participation — ‘Family’
mode and ‘Group’ mode. ‘Family’ mode was played by independent museum visitors,
often families. In this mode, all members played collaboratively on one device but
without sharing the game with other users. In other words, the game involved a single
user (note that it is a single user and not only one player) and a race against a personal
timer. ‘Group’ mode, however, was played by groups visiting the museum as part of an
organized tour. The ‘Group’ mode was characterized by accommodating a large number
of users during one gaming session, allowing them to see each other, and sometimes
even to compete (yet always collaborative too, since, like ‘Family’ mode, each user
represents the team of three to four players collaborating on one device). Another
characteristic of the ‘Group’ mode was the joint game time: regardless of when each
user logged in, the activity time was dictated in advance for all group players.

1.3  Game elements and their impact on participants in learning games

Game environments contain a wide range of elements, such as rules, feedback,
goals, competitions, challenges, narratives, progress, collaboration, rewards, and stages
[1, 41]. Werbach and Hunter [42] compared designing a new house (which requires
knowledge of different dimensions and the professional skills to combine everything
into a successful work) to the complexity of designing and executing a game. Many
researchers have realized that, in order to be able to plan a successful game, one must
understand more deeply its mechanics. In order to do so, some researchers have chosen
to isolate one or more individual game elements and have conducted experiments to
reveal their effect on gameplay [21, 36, 37, 41, 43, 44, 45, 46]. They aimed to uncover
which of the elements have a significant impact on the player and to understand the
mechanism for this: which are key to effective learning, motivation, and enjoyment,
and which are weak or not necessary at all. With this knowledge, they believed
that educators and game designers could plan accurate game experiences, tailored
appropriately to the learning context and the desired outcome. In this study, we focus
on examining four common elements: instructions and assistance (instruction method
and in-game assistance), narrative integration (station order and narrative depth level),
competition, and challenge. The age of players was examined as an additional factor
and was considered as a background factor.

Instructions and assistance. Research shows that the type of instruction given before
reading a text can influence the cognitive process that takes place during reading
and learning. Likewise, it is possible that instructions on participants’ performances
are important in learning digital games. Our study includes two types of pre-game
instructions: one with a video clip and the other without it. We will compare the number
of stations completed by participants with and without video, in order to examine the
effect of this parameter.

In numerous studies, teachers and instructors have been shown to play a crucial role
in determining the success of a learning game [47, 48]. It is a challenging task requiring
the instructor to have a broad set of skills including technical abilities, playful literacy,
specialization in the material being taught, and a solid pedagogical foundation [49].
A high priority was also placed on the availability and quality of assistance provided
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to students during the game. The results of a study of about 250 high school and high
school students, in which assistance was offered to players (individual and team)
during the game, demonstrated conclusively that help influenced their performance
and motivation [50]. The instructor assistance has been shown to be also crucial in
university [51]. Clark and his colleagues [35] found that the more humane and massive
the assistance provided in a game, the more positive and substantial the impact on
players. As part of this study, we will examine whether instructor assistance is a factor
influencing participants’ performance. To this end, we shall examine two levels of
accompaniment offered to players in the ‘Group’ mode — ‘close’ and ‘distant’. In the
‘close’ mode, the guide was physically present throughout the game activity, whereas
in the ‘distant’ mode the participants were made aware that the guide was available to
them, but he was not in their immediate vicinity.

Narrative. According to researchers, a narrative element in a learning game produces
positive attitude and engagement towards the learning material, enhances authenticity
and enjoyment, and leads to better participation [37, 43, 46, 52, 55].

Narrative is examined in this study using two parameters — order of stations and
narrative depth.

Order of stations. In our study, all learning games will be classified as ‘free’ or
‘linear’ based upon the participants’ ability to choose their path in the game. In ‘free
order’ games, participants did not have to follow a predetermined station order and
were free to decide their game path. In ‘linear order’ games, however, the order of
stations was predetermined by us (the game designers), and participants could not
alter it. ‘Free’ games typically featured a weak narrative of the game, since it was
impossible to predict where the participants will go or adapt the narrative accordingly,
while ‘linear’ games typically featured a strong, clear and well-constructed narrative.

Narrative depth. In this study, we separated the games into three categories based
on their narrative depth — ‘weak,’ ‘medium,’ and ‘strong.” Games without any narrative
elements, or with a slight narrative layer, were classified as ‘weak’ narrative depth.
We regarded narrative depth as ‘medium’ for games that were motivated by a story
and reflected it to some extent in their graphics. Lastly, narrative depth was classified
as ‘strong’ for games that had an evolving story throughout the game, that was also
reflected in their graphics.

Competition. Competition is one of the most common game elements, and usually
involves points, tags and scoreboards [19]. A competition can be between individuals
or between groups, face-to-face or over a computer, in person, against oneself, against
time, against luck, etc. [41, 45]. Although competition effectiveness in improving
learning remains uncertain [21, 45], it is still considered one of the most popular game
elements. According to many studies, competition improves motivation and learning
performance, creates challenges, a sense of ability and meaning, and even encourages
greater effort, teamwork, active participation and enjoyment of games [21, 26, 36, 37,
44, 54]. In our study, we compare two different game options that were available in
‘Group’ mode: competitive and non-competitive.

Challenge. The challenge element is also a popular one in games [1, 3, 26, 41].
Studies show that challenges improve participants’ learning, motivation, sense of flow,
and performance [27, 55], as well as their level of enjoyment and satisfaction [34, 43].
Providing there is a balance between the abilities of the players and the game difficulty,
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it is expected that the players will experience levels of satisfaction and enjoyment [27,
56]. However, if the level of challenge is not appropriate for the participant (i.e., too
easy or too difficult), motivation and interest are likely to decrease [2]. This study
examines the challenge element using the parameter of ‘size game area’. In general, the
longer the museum game was, the greater the physical and cognitive effort the players
had to exert. For this reason, we categorized our nine educational games into three
sizes — ‘small,” ‘medium,” and ‘large.” A ‘small’ game area included a visit to only one
exhibition. A ‘medium’ play area included visits to two to four exhibitions. A ‘large’
game area included visiting five or more exhibitions.

Participants’ age. Studies have examined game-based learning among different
age groups and have produced diverse findings regarding the impact of player age
on game performance [14, 17, 18, 35, 53]. In some studies, researchers found that
as age increased, performance improved [57, 58], but others found the contrary [17].
Other studies have found no effect at all [59]. Children [10, 17, 58], adolescents [18,
52], and students [14, 26, 54] make up the three main target audiences of learning
games, and we have a good representation of all of them in our study data. In order to
investigate whether age influences performances in learning games, we will compare
the number of stations completed by participants in the ‘Group’ mode by three age
groups: elementary, middle and high school, and adults.

2 Research objective and research questions

The purpose of this study is to examine the effect of four game elements and one
background characteristic on motivation and performance in nine museum digital
learning games. To this purpose, we used eight independent variables: Game mode,
Instruction method, Level of assistance, Order of stations, Narrative depth, Competition,
Game area size, Player’s age. The dependent variable was the number of stations the
players complete, and its values range from 0.75 to 28.322. The station numbers are
not round, since we performed a data comparison between the various games. To learn
more, see section 5.3. We asked the following research questions:

1. Are there differences in the number of stations completed by participants with
‘Family’ mode and participants with ‘Group’ mode?

2. Is there a relationship between the number of stations completed by the participants
and the following variables: Instruction method, Level of narrative depth, Size of
the play area?

3. Is there a relationship between the number of stations completed by the participants
of the ‘Family’ mode and the following variables: Instruction method, Order of the
stations, Level of narrative depth, Size of the play area?

4. Is there a relationship between the number of stations completed by the participants
of the ‘Multi-player’ mode and the following variables: Level of assistance,
Competition, Level of narrative depth, Size of the play area, Participants’ age?

5. To what extent do the independent variables predict the number of stations completed,
among the game’s participants?
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6. To what extent do the independent variables predict the number of stations completed
among the game participants in the ‘Family’ mode?

7. To what extent do the independent variables predict the number of stations completed
among the participants in the ‘Multi-player’ mode?

3 Research field

The nine museum digital learning games, that were included in this study (See
Table 1), were created and played between 2015 and 2020 in ‘MUSA - Eretz-Israel
Museum, Tel-Aviv’ in Israel. The museum, which is one of the largest museums in
Israel, showcases local cultures that lived in the area in different periods, next to
contemporary Israeli art and craft (http://www.eretzmuseum.org.il). It occupies an area
of'about 200 dunams, includes fifteen separate pavilions, and has hundreds of thousands
of artifacts in its collection. It is also the first museum in Israel to have offered a wide
range of games for the use of the public. The content and game design of the learning
games were developed by the Museum’s Education Department, while the platform
and technological interface were developed by the game platform ‘Wandering’ (known
before as ‘Experiencity’, https:/muse.run/wandering). In accordance with a ‘place-
based learning’ model, stations were created to include active tours in the museum
exhibits, which required both physical and mental activity on the part of players. As
participants completed stations in the game, they earned points and a ‘V’ mark in the
game, and the system kept track of their achievements behind the scenes.

The museum games were always viewed as a social and collaborative event rather
than a personal one. Family members or groups were asked to play together on one
phone/tablet (recommended for 3-4 players in a squad). Game technology did not
include automatic location detection. Hence, players navigated using a paper museum
map of the museum or - in some games - from a digital map that appeared on the screen.
Because of the large museum area and the system navigation limitations, walking times
in the games were sometimes long (read about the game walking differences and the
comparison method in 6.3, ‘Comparison’) .

4 Research population and data collection

We collected all data for this study from the ‘Wandering’ game platform, which
automatically recorded each player’s information and score. Based on data collected
between January 2015 and July 2020, the study includes the performance of 3,281
users in nine educational games offered by the museum to its visitors. Due to the extent
and diversity of the data and their source, they can be considered BIG DATA [60]. As
mentioned before, participants for the games were instructed not to play alone, but
to play together on one device, in cooperation with other players. Observations have
revealed that this guideline were met by the vast majority of participants, so that any
registered ‘user’ (3,290) can be considered as representative of a 4-3 player squad (3.5
on average). By multiplying these numbers, we arrive at an estimate of 11,515 players
represented in the data. The data can be broken down into two categories: a group of
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players in ‘Family’ mode, comprising 1694 users (about 52% of respondents) and a
group of players in ‘Group’ mode, comprising 1,587 users (about 48% of respondents).

The ‘Family’ mode included users from four games: ‘Around Musa’ (independent
version) - 666 users, ‘Israeli Picnic’ - 63 users, ‘The Archaeological Quest’ - 497 users
and ‘The Coins Challenge’ - 471 users. ‘Family” mode participants were museum
visitors who took part in the games independently throughout the museum’s open
hours. They received explanation postcards from the sellers at the counters. Players in
this group were adults and children of various ages (usually families).

The ‘Group’ mode included users from four games: ‘Around Musa’ (‘multi-player
version) - 848 users, ‘Need to Product’ - 250 users, ‘Passcode’ - 143 users, ‘The map’
- 144 users, ‘Jacqueline Kahanov’ - 44 users and ‘Greek experience’ - 164 users.
‘Group’ mode includes museum visitors who have taken part in games in an organized
framework - schools, the military, and business organizations. The game mode was
offered only during guided tours and participants were not able to continue playing
after the time was up. Participants in the ‘Multi-player’ mode included elementary
students from third to sixth grades, middle and high school students, and adults.

5 Research tools

5.1 The data production process

This research is quantitative and based on data collected from the ‘“Wandering’ game
platform. Among the data transferred were the username, game date, and number of
points earned.

5.2 Data additions and removals

Data additions. The points accumulated by participants during the games were used
to automatically calculate the main variable used in this study - the number of stations
each user completed. Additional variables were added manually to each file: game type,
instructions type, assistance level, age of participants, stations order, narrative depth,
competition, and game area size.

Data removals. Data from all users identified as museum staff and developers was
cleared. Additionally, we removed users who completed only one station or did not
complete any stations at all, since observations revealed that many users enter the
game using their personal devices, but soon moved on to play with their teammates,
as instructed. Therefore, we did not consider them as playing users, and they were not
included in the data.

5.3  Comparison of the data

The nine learning games included in the study had similar types of stations, but
differ in the distance that players had to walk between the exhibitions and stations (see
Table 1, ‘Size of play area’ column) and play time (see Table 1, ‘Play time’ column).
As a means of comparing the performance of the participants in the different games,
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we calculated the average of the stations completed in each game and divided the game
duration by this figure, so we could get the average time spent at each station. Then,
we compared the average times across other games of similar size (small, medium, and
large; details in ‘1.3.5 Challenge in an educational game’). This comparison revealed
the average completion time of a station per game size (small- 3 min, medium — 5 min,
large — 8 min). The difference between them only refers to additional walking time
between stations, not the difficulty of the station or the amount of time needed to
solve it. Thus, the performance data of medium-area games and big-area games were
multiplied (mid-range for 1.6 and big for 2.66), in order to bridge the walking gap and
enable comparison. Unusual was the ‘Around Musa’, which, because it has numerous
stations, the walking time in it is like playing a medium-sized game. As a second step,
we compared the length differences between the games. To achieve this, we chose the
shortest game - 15 minutes - and divided the durations of the other games in a way that
would equal this figure. Finally, we divided the performances of the participants by
these numbers to arrive at the final result.

6 Findings

6.1  Research question 1

We conducted an independent Samples ¢ test to determine whether participants
who played in the ‘Family’ mode completed more stations than those who played
in the ‘Group’ mode. Statistical analysis revealed a significant difference (p < 0.05,
t (2669.354) = -9.075). Participants who played in the ‘Group’ mode (average = 5.47,
standard deviation = 3.97) completed more stations than those who played in the
‘Family’ mode (average = 4.40, standard deviation = 2.54).

6.2  Research question 2

We conducted an independent Samples ¢ test to determine whether the number
of stations completed by participants whose opening instructions included a video
differed from those whose instructions did not. Statistical analysis revealed a significant
difference (p < 0.05, t(2838.631) = —3.910**). Participants whose game instructions
included a video completed a greater number of stations (average = 5.16, standard
deviation = 3.89) than those whose game instructions did not include a video (mean =
4.69, standard deviation = 2.73).

Pearson correlations were also conducted to determine whether there is a correlation
between the number of stations completed by the participants and the level of narrative.
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depth and the size of the game area. However, no significant association was found
in either case. As the order of the stations and the age characteristic could not be tested,
no analyses were performed on this study question.

6.3  Research question 3

An independent samples t-test was performed on the ‘Family’ mode players to
examine the connection between the number of stations completed to the instruction’s
method and the order of the stations in the game. The result was a slight but significant
difference (p < 0.05, t(1218.403) = —2.694**). In other words, those who played
games with video instructions and linear station order completed slightly more stations
(average =4.63, standard deviation = 2.04) than those who played games without video
entry instructions and free station order (average = 4.31, standard deviation = 2.71).

Additionally, Pearson correlation analyses were conducted in order to see if there
was a connection between the number of stations completed and the level of narrative
depth and the size of the playing area. Calculation showed that the two elements
contributed to the number of completed stations in a weak but significant way.
The number of stations completed was negatively related to the size of the game area
(p <0.01, r =-0.200**) while the number of stations completed was positively related
to the narrative depth level (p < 0.05, r = 0.058%). No analysis was conducted for level
of assistance, competition, or age characteristics since these factors had a single value
in family mode games.

6.4  Research question 4

Anindependent sample t-test was conducted to examine the impact of guide assistance
received by the participants in the ‘“Multi-player’ mode on their completion rate. Analysis
revealed that the group receiving remote accompaniment differed significantly from the
group receiving close accompaniment (p < 0.05, t(1320.612) = 18.137**). Those who
had a remote instructor accompany their game completed almost twice as many stops
(mean = 6.30, standard deviation = 4.12) as those who were accompanied by a close
guide (mean = 3.26, standard deviation = 2.40). Additionally, an independent sample
t-test revealed a significant difference between the station completed by those who
participated in competitions versus those who did not. Statistical analysis revealed a
significant difference between the two groups (p < 0.05, t(1320.612) = 18.137*%*).

The results demonstrate that those who followed a competitive format completed
more stations than those who followed a non-competitive format (average = 6.30,
standard deviation = 4.12). Pearson correlations were carried out in order to examine
whether there was a correlation between the number of stations completed by players
in ‘Group’ mode and the level of narrative depth and size of the gameplay area. We
found that both had a weak but significant impact on the number of completed stations.
There was a weak and significant negative relationship between the number of stations
completed and the size of the game area (p < 0.01, r = —0.219**), while the narrative
depth level revealed a very weak and significant positive relationship (p < 0.05, r =
0.079**). A Pearson correlation analysis was used to determine whether there is a
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connection between the number of stations completed by participants who played in
the ‘Group’ mode and the participants’ age. Based on the calculations, age accounted
for a weak but significant effect (p <0.01, r=0.151%*). The opening instructions and the
order of the stations in the game could not be tested for this research question.

6.5 Research question 5

We conducted a Linear Stepwise Regression Analysis in order to ascertain whether
the number of stations completed can be predicted based on the variables examined
(opening instructions, narrative depth, game area size) and game mode (‘Family’
or ‘Multi-player’). Game mode and narrative depth level were found to explain the
number of stations completed in 2.9% of the cases and both variables are significant,
with game mode being the first variable included in the calculation (Beta =—0.170) and
narrative depth level being the second (Beta = 0.063). The variable opening instructions
and game area size were not included in the model.

6.6  Research question 6

We conducted a Linear Stepwise Regression Analysis in order to ascertain whether
the number of stations completed can be predicted using the variables (instructions
method, station order, narrative depth level, game area size) examined on the ‘Family’
mode. Only two variables were found to explain the number of stations completed in
6.3% of the cases, with the size of the game area being the first variable to enter the
calculation (Beta =—0.265) and the game instructions being the second variable to enter
the calculation (Beta = 0.164). Station order variables and narrative depth levels were
not included in the model.

6.7  Research question 7

We conducted a Linear Stepwise Regression Analysis in order to ascertain whether
the number of stations completed can be predicted using the variables (assistance level,
age of participants, competition, narrative depth level, game area size) examined on the
‘Group’ mode. Based on the analysis, three variables explained 19.8% of the variation
in the number of stations completed: the accompaniment level, the participants’ age and
the playing area size, with the accompaniment level being the first variable entered into
the calculation (Beta = —0.700). The second variable was the participants’ age (Beta =
0.291) and the third was the size of the game area (Beta = —0.403). Competition and
narrative depth were not included in the model.

7 Discussion and conclusions
For several decades, research has shown that learning games have tremendous

educational potential [1, 26]. Recently, researchers have begun to isolate specific game
elements and study their impact on players motivation and learning [37, 41, 44, 45,
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46, 54]. This study is a direct result of such trends. Our objective was to examine the
participants’ performances and the game components in order to better understand the
elements of the game and their effect on motivation. We explored these issues using
Big Data that included the completion rates of thousands of participants, collected over
5 years, from nine learning games offered to museum visitors. According to our results,
some of these gameplay elements had a large and significant impact, while some only
had only minor impact.

7.1 Game mode

According to our analysis, players playing in the ‘Multi-player’ mode completed
a higher number of stations than the ‘Family’ mode players, and in the multivariate
analysis, the variable predicted (albeit weakly) the performance of the participants.
These findings fit to our observations in the museum, but unfortunately, we were
unable to determine, based on the data available, the cause behind it. This issue can be
examined in future research.

7.2 Instructions and assistance

We found that the addition of video clip to the opening instructions improved
participants’ performance and that this variable was found as a predictor in the
‘Family’ mode in the multivariate analysis. These results are in line with the findings
of Liao et al. [61] who found that the use of video instruction improved participants’
achievement in a digital learning game. Note, however, the effect of opening instructions
did not significantly contribute to the analysis of the factors predicting participants’
performance using a multivariate analysis. In addition, and contrary to the results of
Chen and Law [50], our analysis showed that people who received remote assistance
completed a significantly higher (almost double) number of stations, and that this
variable was the strongest predictor of the results for ‘Group’ mode participants. Based
on our observations of game players, we suspect that the distance supervision led to a
sense of freedom, higher motivation, and better performance.

7.3  Competition

Competition was found to not be a predictor for the players’ performance. Our
findings are interesting in the light of Van Eck and Dempsey [62] research, who
showed a connection between assistance and competition. Sadly, our data prevented
us from comparing our results to those of Van Eck and Dempsey [62], but our findings
regarding the effectiveness of remote assistance (compared to close assistance) suggest
a similar direction.

7.4  Narrative

Our finding showed that narrative was not a predictor for ‘Family’ mode. Another
variable we looked at was the depth of the narrative. The multivariate calculation,
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however, found that the narrative depth parameter predicted participants’ performance.
When we examined this parameter separately in the ‘Family’ and ‘Group’ mode,
we found that stronger narrative depths had a slight positive effect on participants’
performances. We emphasize, however, that the effect was small.

7.5  Size of the gaming area

Our analysis revealed that there was no significant impact of the variable on the
number of stations completed by the participants, nor on the prediction of performance.
However, when we analyzed the effect of the variable on the ‘Family’ and ‘Group’
mode, we found that the size of the area had a weak (but significant) effect on the stations
completed by participants (which indicated that a larger game area, and therefore a
greater challenge level by our definition, would result in fewer completed stations).
Furthermore, the multivariate test showed that the size of the game area plays a key role
in predicting the performance of the participants in the game, especially in a ‘Family’
mode. We hypothesize (based on observations and conversations with participants) that
larger area sizes were hard to participants (walking times, difficulty navigating, and
longer playing time) and consequently led to a slower pace and even abandonment
of the game. There is widespread agreement that a challenge must be suitable to a
participant’s abilities and not take too long to complete [2, 63]. In that sense, our large
area games were probably too difficult and lead to weaker game performance.

7.6  Age of the participants

According to our study findings, as participants’ ages increased, they completed more
stations, and this factor predicted participant performance in the ‘Group’ mode. This
conclusion agrees with that presented by Erfani and others [57], who showed that older
children exhibited superior performance. Nevertheless, this result may raise some questions.
In general, it is accepted that children and educational games generate more successful
outcomes compared to adults [17, 18, 45] and our findings may require further research.

In summary, the findings of this study are in agreement with many previous studies
mentioned above and many others. We would like to emphasize that we chose to
study the activity of players in educational games based on a relatively innovative
methodology, based solely on information collected automatically. This methodology
allowed us to conduct causal (rather than correlative) research, as is often the case in
perception studies. This data, collected from an automated system that documented
players’ performance, allowed us to investigate the impact of various instructional
and gameplay elements, in a way that attempts to clarify the impact of participants’
perceptions on outcomes, and to examine their performance objectively. Hopefully, this
study will help game developers and educators better understand the components of
learning-learning experiences by increasing our understanding of learning games. This
will surely result in better activities for active participation, enjoyment, learning, and
a fascinating experience. Finally, we note that our findings and observations suggest
that there are many nuances in player behavior that require further research. Also, we
examined all nine games in this study as a whole. Further research should examine each
of these games separately.
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