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Abstract:  

In recent decades, the increased use of digital games by students at all education levels 

has attracted the attention of many researchers interested in the effect games used in the 

classroom have on learning. Despite the strong interest internationally in the use of 

educational games in the teaching of Biology, in Greece the degree of corresponding 

research is limited. The purpose of our research is to examine the effect that games have 

on Greek high school students’ acquisition and retention of knowledge relating to 

genetics concepts. The sample consisted of 32 K-9 students, who were divided into two 

groups. In the first group, the chosen teaching approach was based on the traditional 

teaching method, while in the second group, it was based on the use of an educational 

genetics card game. All students completed the same assessment test both before and 

immediately after the teaching interventions. Based on the results, it was found that both 

approaches yielded statistically similar learning outcomes, with students in the group 

taught by the game-teaching approach performing better on average than those in the 

control group. 
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1. Introduction 

 

The increasing use of games by students outside school has attracted the interest of 

researchers, educators, and curriculum designers. For this reason, there is a wealth of 

research on the use and effectiveness of games in the educational process (Gourgiotou, 

2009; Hwang et al., 2013; Li and Tsai, 2013; Sung and Hwang, 2013; Sadler et al., 2015; 

Papazoglou, 2016; Papadakis, 2018; van Gaalen et al., 2021). While the above research 

shows that games used as teaching aids yield positive results for both teachers and 

students at all levels of education, the efficacy of using a game in one area of learning 
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when applied to a specific group of students does not mean that it will be the same for 

all games, in all areas and with all students (Hays, 2005). For instance, although card, 

board, or digital games have similar effectiveness, often a digital game may require a 

longer period of engagement from players before they become familiar with the game 

environment, and then benefit from learning (Annetta et al., 2009; Onisiforou, 2014).  

 Perhaps the secret of success relating to the use of games lies in the careful design 

or selection of the appropriate game which fits both the learning objectives themselves 

(Rastegarpour and Marashi, 2012) and the standards against which they are evaluated; 

in other words, if the game achieves the teaching goals of the subject it aims to teach, it 

can also serve as an evaluation tool to highlight the benefits that students gain from it 

(Hogle, 1996). 

 

2. Literature review  

 

2.1 Educational games 

A. What Educational Games are, and how they are used in the educational process 

A very popular term referring to all kinds of learning and education based mainly today 

on digital games (e.g., business, military, medical, marketing, etc.) is the term “serious 

games” (Cheng, 2013), which we will herein expand by replacing it with the enhanced 

term “educational games”. At the time, 1970, that Abt (1970) introduced the former term 

(and Ben Sawyer popularized it in 2002), it referred mainly to board games and card 

games which had no entertainment purpose and solely promoted a serious purpose 

(Cheng et al., 2015; Tentolouri, 2015). These are games that have a clear and carefully 

studied educational goal, and are not primarily intended for fun (Tentolouri, 2015). 

 According to Hays (2005), there are specific cases and reasons that educational 

games can be employed in teaching. Thus, games could be used to assess the students' 

cognitive level, when they are required to attain a specific educational level and measure 

students’ performance based on specifically designed evaluation criteria. They also could 

provide course content to students, help them become familiar with special knowledge 

and skills areas, and at the same time help them change their own behaviors and 

attitudes. Moreover, educational games could act as an engaging lesson pre-organizer 

that can be employed before other forms of teaching, replacing them with regard to the 

presentation of pertinent information or the development of students’ skills. Finally, they 

could have an important role in enhancing students' retention and assimilation of 

knowledge and related skills (Hays, 2005). 

 

B. The importance of using games in Biology teaching 

Biology studies living organisms that have structures and functions which evolve and 

have the ability to respond and adapt to the changes and demands of the natural 

environment. The interactions of living organisms constitute a complex network that is 

difficult to manage, both within the science of Biology itself and in the process of teaching 

its concepts. In a Biology class, this large mass of information often discourages students 

who are taught using the traditional approach of the oral presentation by the teacher, 
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followed by students working alone to complete an activity or worksheet. Since game-

based learning relies heavily on collaboration between students, it is an approach related 

to the theory of constructivism: Students learn not only by themselves, but also from 

fellow students (Athanasiou and Papadopoulou, 2015). Thus, to enhance the learning of 

a variety of biological concepts, some carefully selected educational games could be 

introduced as soon as students are taught the basic components of a particular course 

(Spiegel et al., 2018).  

 Following are descriptions of several attempts by teachers and researchers to 

introduce educational games into Biology lessons. Based on these studies, it seems that 

educational games do in fact promote students’ knowledge retention and motivation of 

biological topics: 

 Vaccines, vaccination, immune system, and lymphocytes were the concepts 

around which a corresponding educational game was designed for K-10 students, giving 

encouraging results when implemented to 22 students, in terms of developing their 

reasoning skills on similar issues (Maniatakou et al., 2020). Cardoso et al. (2008) 

developed an interdisciplinary board game involving the human immune system 

response against a bacterial infection for teaching molecular biology at a high school. 

Their results were positive, as teachers and students found this game an easy and 

interesting tool for teaching the aforementioned topics, and at the same time, the correct 

answers in the students' post-test increased by 5-30% (compared to the previous pre-test). 

Gutierrez (2014) describing the learning outcomes of an educational card game designed 

on biological concepts for the biology classes at Bulacan State, points out that statistically 

significant differences were found in favour of the card game compared to the traditional 

teaching methods. Additionally, students who played evaluated the card game as very 

satisfactory using five criteria: goals, design, organization, playability, and usefulness. 

 As the above examples show, educational games, in general, are a useful teaching 

tool at various educational levels, because they often motivate students (Cheng et al., 

2015), facilitate the acquisition of knowledge and skills, increase the engagement in the 

learning process (Annetta et al., 2009), improve performance, contribute to a better 

understanding of abstract concepts and principles of science/biology (Cheng et al., 2015; 

van Gaalen et al., 2021), evoke pleasure and joy, and can improve retention of information 

in the long term (van Gaalen et al., 2021). 

 

2.2 Purpose of the research and research questions 

The present research paper aims to examine the acquisition and understanding of certain 

concepts of Genetics by third-year Greek high school students (K-9) through two 

different teaching approaches: one approach is based on the traditional method in which 

the teacher presents material orally, after which the students work individually to 

complete a worksheet, while the other is based on the collaborative method, which 

utilizes an educational game with cards built around hybridization.  

 The educational goals that students were expected to achieve in both cases 

included: 

1) locating the alleles of a gene in a chromosome representation  
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2) distinguishing the dominant from the recessive alleles of a gene and representing 

them in uppercase and lowercase alphabet letters, respectively 

3) distinguishing the genotype from the phenotype 

4) identifying a heterozygous and homozygous individual (relating to a specific trait) 

and forming their genotypes. 

More specifically, the research questions that arose are: 

a) Does the use of an educational card game yield better learning outcomes than the 

traditional teaching method? 

b) Does the use of an educational card game enhance the retention of the 

corresponding concepts? 

c) Does the use of an educational card game enhance students' interest in Biology? 

 

3. Methodology 

 

In our research, we examined whether there is a relationship between the independent 

variable (teaching approach: traditional vs educational game) and the dependent variable 

(student performance) (Elliot et al., 2002). In order to ensure the objectivity of the 

research, all the factors of the research, i.e., the educational objectives of the course, the 

assessment test, the duration of the educational interventions, and the teacher who 

performed the interventions, were kept constant; only the educational approach was 

differentiated. 

 

3.1 Research sample  

A convenience sample of high school students was used. The sample was comprised of 

32 K-9 students (15 years old) from two classes of a public high school in Athens. They 

were divided into two groups (with equal sex distribution) of 16 students: the first 16 

students formed the experimental group, which was taught via the Genetics game (“the 

game group” / gg), while the rest formed the control group, which were taught using the 

traditional approach (“the traditional group” / tg). 

 

3.2 Research tool for data collection 

3.2.1 The Knowledge Test 

The data collection tool was an assessment test consisting of 22 multiple choice questions, 

which we structured according to Bloom’s Taxonomy educational goals (Bloom, 1956) 

that we had originally set and described in the section above, and addressed the topics 

that the students were to be taught. The test was initially administered to 5 people (1 

biology University Professor, 1 secondary biology teacher, 2 biology education 

researchers, 1 science education researcher) to ensure the validity (face validity) of the 

instrument. After their suggestions, the test was given its final form. 

 For each question, there was one correct answer out of four possible answers. All 

students had to state how confident they were about their answer by choosing one of 

three “degree of confidence” options (Π = very sure, Μ = moderately sure, or Κ = not at 
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all sure) to identify any randomly chosen correct answers. An indicative sample of the 

Knowledge Test is presented in Figure 1. 

 
Knowledge Test 

Date: ……………………  

Student: …………………………… 

1. How confident are you about your answers? 

Very sure 

(Π) 

Moderately sure 

(M) 

Not at all sure  

(K) 
 

1. What is the term that describes the process of parents passing on characteristics to their offspring? 

A. Genes B. Heredity C. Chromosomes D. DNA 
 

2. Which contains the complete “package” of information about the characteristics we inherit from our 

parents? 

A. Chromosomes B. Genes C. RNA D. Alleles 
 

3. The gene is part of the chromosome that… 

A. codes for a specific 

characteristic 

B. determines the 

sequence of amino 

acids in a protein 

C. is responsible for 

causing diseases 

transmitted from 

parents to children 

D. All three 

 

4. The organisms that carry two sets of chromosomes, one from the father and one from the mother, 

are: 

A. haploids B. prokaryotes C. diploids D. monocytes 

Figure 1: Indicative Sample of the Knowledge Test 

 

 The test was initially conducted prior to the intervention in order to assess the 

knowledge of students in both the gg and tg groups (i.e., the pre-test), and was also 

conducted immediately after the completion of the teaching intervention (i.e., the post-

test). The answers that were considered as correct were the ones where the students gave 

scientifically sound answers, while at the same time, they were adequately certain of their 

answers. To check the degree of knowledge retention, we conducted the same test one 

month later. 

 

3.2.2 Ιnstructional Materials Motivation Survey (IMMS) questionnaire 

IMMS is a reliable and valid assessment tool relating to the use of an educational game 

in the classroom which measures the degree of students’ motivation in relation to the 

educational material of a particular course, and contains 36 Likert scale questions (Keller, 

2009; Brits and van Oordt, 2018). As described by Brits and van Oordt (2018) and Keller 

(2009), it was designed based on the theoretical model ARCS (attention = attention, 

relevance = correlation, confidence = confidence, satisfaction = satisfaction) by J. Keller, 

and was based on a synthesis of psychological theories about human motivation based 

on empirical data. 

 The IMMS questionnaire “refers to the students' motivation for learning, and indicates 

their willingness, desire, need or even compulsion to participate in the game and successfully 

complete the whole educational process" (Brits and van Oordt, 2018). 

 The 36 questions it contains consist of: 
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• 12 questions that evaluate the content of the lesson and investigate whether the 

organization of the lesson both attracts and retains the attention of students, and 

ensures the avoidance of boredom (i.e., attention questions) 

• 9 questions assessing whether the new knowledge is related to students' previous 

knowledge and experiences as well as their abilities and needs, and whether 

students will apply this knowledge in the future (i.e., correlation questions) 

• 9 questions assessing the extent to which the learner has encountered difficulties 

in understanding the new knowledge, and to what extent they consider that the 

way the lesson is presented (through the game) ensures effective learning and 

success (i.e., confidence questions).  

• 6 questions focusing on the positive feelings that the student had during the lesson 

and the satisfaction they felt after having understood the lesson and acquired a 

complete perception of it (i.e., satisfaction questions) (Keller, 1987; Brits and van 

Oordt, 2018). 

 

3.3 Conducting the research 

The survey was conducted during the months of April-June of the school year 2022. The 

application of the research required five teaching hours for each group, regardless of the 

teaching method that was followed. The content of each intervention teaching hour is 

shown in Table 1. Finally, to evaluate the retention of the learned knowledge, we 

conducted the same Knowledge Test at the end of June. 

 

3.4 The intervention 

In the first lesson, students from both groups were asked to complete the assessment test 

(the pre-test) so that the researchers could identify students’ prior knowledge. In the 

second lesson, both groups attended the same PowerPoint presentation dealing with 

concepts of Genetics (such as heredity, chromosomes, genes, homologous chromosomes, 

alleles, dominant and recessive genes, phenotype, genotype, gametes, fertilization, etc.). 

In the third and fourth teaching sessions, the games group played the Genetics game, 

while the traditional group completed the worksheet which generally was used in the 

traditional teaching approach (notation of genetic concepts and simple exercises on 

them). In the fifth teaching session, both groups completed the same assessment test (the 

post-test) that they had completed during the first teaching hour (Table 1). Additionally, 

the students of the game group filled out the IMMS questionnaire. 

 

A. Game teaching approach: "Small creature, what do you look like?" 

The experimental group (gg) approached the concepts of Genetics through the use of the 

educational card game "Small creature, what do you look like?", which had been created by 

the researchers. The students played the Genetics card game in groups of four. Within 

each four-member team, two opposing pairs were formed, playing the game in turns, and 

at any single time there were two players and two observers/rule keepers who kept track 

of the rules and the score. 
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 In more detail, each team tried to determine the phenotype and/or genotype of the 

"small creatures" illustrated on each card randomly selected, while the opposing team 

had to check the result in order to credit the corresponding points. In this way, students 

had to interpret genotypes and/ or phenotypes. After all the cards had been drawn, the 

team with the most points won. 

 

B. Traditional teaching approach  

The control group followed the traditional teaching approach. Thus, during the third and 

fourth teaching hours, the students of the control group (tg) were evaluated on their 

knowledge of the same concepts as the experimental group, but worked individually to 

complete a printed worksheet designed to evaluate their understanding of the concepts 

presented. The following is an extract from the worksheet (Figure 2). 

 

1. In humans, hair color is controlled by a dominant allele (T) which produces black hair, and a recessive 

allele (t) that produces red hair. 

Genotypes for black hair …………… or …………. 

Genotype for red hair ………….. 

 

2. Eye color is controlled by a dominant allele (A) that forms brown eyes, and a recessive allele (a) that 

forms blue eyes.  

Genotype for brown eyes …………… .or ………… 

Genotype for blue eyes ……… .. 

 

3. The picture below shows an egg and a sperm.  

a. If fertilization takes place between them, what will be the genotype and phenotype of the offspring 

that will emerge? What will the sex of the offspring be? (T, t = alleles for hair color, and A, a alleles for 

eye color) 

genotype ………………………. phenotype ………………… sex ………………… 

Figure 2: Extract from the tg students’ worksheet 

 

4. Results 

 

In order to extract the results, the students' answers were processed with the help of the 

SPSS statistical package. Descriptive statistics were performed to answer the research 

questions and, although the number of students in the sample was relatively small, the 

statistical test of means for two independent groups (independent samples t-test) was 

used to make an initial comparison and a first imprint of the trends. 

 

4.1 Comparison of post-intervention tests between the game group and the traditional 

group 

After the intervention, a statistical test (independent samples t-test) of the means of the 

answers to the evaluation tests of the two groups was performed to compare their 

performance in terms of the effectiveness of the teaching method. Tables 2 and 3 present 

the data analysis from these post-tests. The results did not show a statistically significant 

difference between the performance of the students in the game group and those in the 
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traditional group after the intervention. However, the game group tended to outperform 

the traditional group, on average. 

 

4.2 Measurement of post-intervention retention of knowledge  

In order to investigate whether the knowledge gained after the intervention was better 

retained by the game group than the traditional group, students were asked to once again 

complete the same Knowledge Test they had taken before and after the intervention. We 

performed the independent samples t-test on the students’ responses, and did not 

observe a statistically significant difference (sig = 0.319 and t = 0.978) in terms of the 

retention of knowledge taught, with the game group having slightly better retention than 

the traditional group (Table 4). 

 The purpose was to determine to what degree the students were motivated and 

how they felt during and after the game, both overall and in relation to the four 

subcategories of the IMMS questionnaire (i.e., Attention, Correlation, Confidence, and 

Satisfaction). For our purposes, a score of 3-4 is considered high as it refers to the answers 

"3 = I quite agree" and "4 = I totally agree" that the levels measure. 

 Along with the overall motivation, based on the average scores of the individual 

sub-categories, it is evident that the game attracted more student attention and interest 

and created a feeling of satisfaction and pleasure both during and after its application. In 

addition, the correlation with previous knowledge, experiences, and needs of the 

students (2nd subcategory) had a slightly lower score than the other subcategories, while 

the belief that the material could be learned quite easily was at a high level, thus 

demonstrating that the game playing creates strong learning motivation. 

 Table 5 below shows the average scores and the standard deviation of each 

subcategory of the IMMS questionnaire. 

 

5. Discussion and Conclusion 

 

This research is part of a broader research endeavour. Thus, the effectiveness of each of 

the teaching approaches was tested separately, and a statistically significant difference 

emerged before and after the interventions in terms of learning outcomes. In other words, 

it seemed that both methods could achieve the cognitive goals that were originally set. 

At this point, however, we wanted to learn if there were comparative differences 

regarding the degree of success of the learning outcomes based on the educational 

approach. The findings of the present study showed that immediately after the 

intervention, students who played the game of Genetics had statistically the same 

performance as their counterparts in the traditional group, although the former tended 

to exhibit better average learning results. 

 Ιn addition, we had the same findings regarding the retention of knowledge after 

the two educational interventions: We did not find a statistically significant difference 

between the two groups, but in the case of students who had approached the concepts of 

Genetics through the game, the retention trend was found to be an increasing one. 
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The teaching content and activities that emerged during the playing of the game, the 

interpersonal processes and relationships that developed between the students during 

the game, as well as the pleasant atmosphere inside the classroom, may all have 

influenced the students, leading us to record a positive trend in favor of this kind of 

teaching approach. On the other hand, the manner in which students learn, i.e., some 

students may find it easier to learn through games while others may not, or some 

students may prefer to work in groups while others prefer to work individually (Hogle, 

1996), as well as the fact that students, at least in Greece, are more accustomed to the 

traditional way of teaching which does not include any games, may have led to non-

statistically significant differences in results between the two groups. Needless to say, we 

should take into account the fact that our sample was small, which forced us to mainly 

accept the findings of the descriptive statistics analysis; this has brought to our attention 

the need to expand our sample in the future in order to reach more concise conclusions 

from the statistical significance methods. 

 Regarding the IMMS test, the research has revealed that the students who were 

taught through the game method were greatly motivated: The game attracted their 

attention, created feelings of self-confidence and trust in the knowledge they acquired 

during the intervention, and at the same time gave rise to positive feelings and 

satisfaction because they had been able to complete the activity successfully. In general, 

it seems that alternative forms of education have positive outcomes for students 

(Georgiou and Mavrikaki, 2013; Georgiou et al., 2020a; 2020b; 2020c; Paxinou et al., 2022; 

Gata et al., 2023) and it is important to explore and combine them with forms of formal 

education in order to ensure both better learning outcomes and feelings of pleasure from 

the learning process (Georgiou et al., 2022; Sá-Pinto et al., 2022; de Lima et al., 2023).  

 In conclusion, in accordance with Telner et al. (2010) whereby "Involvement in this 

form of learning makes games a very promising form of education in the teaching of Biology", it 

would be worthwhile to invest time and effort in them in the future so as to further 

investigate and evaluate the learning outcomes that they yield. 
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Appendix 

 
Table 1: Content of intervention teaching hours 

Students’ 

group 

1st teaching 

hour 

2nd teaching 

hour 

3rd teaching 

hour 

4th teaching 

hour 

5th teaching  

hour 

Traditional 

group 

(tg) 

Pre-test 
PowerPoint 

presentation 
Worksheet Worksheet Post-test 

Game  

group  

(gg) 

Pre-test 
PowerPoint 

presentation 
Genetics game Genetics game 

Post-test + 

IMMS 

questionnaire 

 
Table 2: Group Statistics 

 
Students’ group N Mean 

Std. 

Deviation 
Std. Error Mean 

Post-test 
Traditional group - tg 16 9.75 5.675 1.419 

Game group - gg 16 11.31 3.962 0.990 

 
Table 3: Independent Samples Test 

 Levene’s 

Test for 

Equality of 

Variances 

t-test for 

Equality of Means 

F Sig. t df 

Sig  

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% 

Confidence 

Interval of the 

Difference 

Lower Upper 

Post- 

test 

Equal 

variances 

assumed 

4.948 0.034 -0.903 30 0.374 -1.563 1.730 -5.096 1.971 

Equal 

variances 

not 

assumed 

  -0.903 26.816 0.375 -1,563 1.730 -5.114 1.989 

 
Table 4: Group statistics 

 Students’ 

Group 
N Mean 

Std. 

Deviation 

Std. Error 

Mean 
Sig. t 

One month  

post-intervention 

Game -gg 16 8.69 5.747 1.437 
0.319 0.978 

Traditional -tg 16 6.81 5.076 1.269 

 
Table 5: Item Statistics 

Subcategories of IMMS Minimum Maximum Mean Std. Deviation N 

1. Attention: 12 questions 3.08 3.58 3.3698 0.17205 16 

2. Correlation: 9 questions 2.67 3.44 3.0694 0.21802 16 

3. Confidence: 9 questions 2.57 3.89 3.2014 0.30149 16 

4. Satisfaction: 6 questions 3.00 3.83 3.3646 0.27365 16 

5. Total: 36 questions 2.97 3.56 3.2517 0.15163 16 
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