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Abstract  

This article addresses concerns inherent to the process of assessing science 

learning, which is incompatible with the recommendations from an Inquiry-

Based Science Education perspective. The challenges in achieving effective 

assessment intensify with evaluative practices primarily aimed at 

classification, focused on knowledge, and characterized by the inadequacy of 

instruments and assessment activities used in educational contexts. This article 

aims to present and describe the development cycle of four serious games 

designed for formative and summative assessment of science learning in 

primary education. The serious games were created through iterative cycles 

supported by the Educational Design Research (EDR) method, structured into 

two main stages: design and implementation. This process took place over two 

academic years in a primary school, with the participation of 12 classes. A total 

of 245 children participated in the first implementation cycle, and data from 

158 children were collected in the second cycle through post-implementation 

survey responses about the serious games. The products presented here are four 

serious games that serve as legitimate, validated, and innovative assessment 

activities, fulfilling their purpose of evaluating science knowledge, skills, 

attitudes, and values while engaging the target audience. This study 

strengthens the theoretical field in this area of research, demonstrating the 

suitability of this methodological approach in designing such digital 

educational games. 

1. Introduction 

1.1 Assessment of and for Science Learning 

The assessment of science learning remains a critical challenge in education, particularly in 

primary education, where traditional methods often fail to capture the complexity of students’ 
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cognitive, procedural, and attitudinal development. Conventional assessment practices, 

primarily reliant on summative tests, frequently emphasize rote memorization rather than 

fostering deeper conceptual understanding and inquiry-based learning. This misalignment is 

especially problematic within the framework of Inquiry-Based Science Education (IBSE), 

which advocates for active student engagement in scientific exploration. In light of these 

challenges, the integration of digital tools—particularly serious games (SGs)—has gained 

increasing attention as a means to enhance both formative and summative assessment. Serious 

games not only provide engaging and immersive learning experiences but also enable real -time 

data collection and adaptive feedback, making them a promising alternative for evaluating 

science learning in primary education. This study investigates the development and 

implementation of SGs as assessment tools, aiming to bridge the gap between assessment 

theory and practice while addressing the limitations of traditional evaluation methods. 

Assessment in the school context is a concept that has evolved over time, characterized by its 

dynamic and constantly maturing nature, subject to reflection, dissemination, and 

consolidation. Initially, educational assessment was exclusively a means of determining the 

effects of the teaching process on students [1]. This conception, focused on assessment as 

measurement [2], had the exclusive aim of quantifying and measuring student knowledge [3], 

[4, 5], and was disconnected from the teaching process. Over time, the concept evolved and 

was reinterpreted as "description" [2]. This means that, in addition to the inherent qualification 

of assessment, a descriptive component was attributed to it [4, 5]. With this new perspective, a 

break from the conception of assessment as solely summative was established, marking the 

beginning of formative assessment. Aligned with principles that view assessment as an integral 

part of the teaching process, assessment emerged as a value judgment [2], which influences the 

teacher's decision-making for better student learning. Assessment as negotiation and 

construction fills the gaps of previous conceptions, becoming a process that regulates and 

defines the teaching process, actively involving the student [5, 6]. From this perspective, 

assessment becomes an ally to the teaching process, promoting more and better learning.  

Assessment modalities can be defined according to the educational objective they report. These 

are classified into three types: diagnostic, formative, and summative assessment [7]. In 

Portugal, Decree-Law No. 65/2016 provides for these three modalities in the context of formal 

education. It defines diagnostic assessment as a means that “(...) facilitates the students' school 

integration, supports the definition of teaching strategies, and aids school and vocational 

guidance” (p.1125). Formative assessment allows for the management of “(...) pedagogical 

measures appropriate to the students' characteristics and the learning to be developed, using 

detailed information devices on performance” (p. 1125). Finally, summative assessment “takes 

place at the end of each school term and results in a decision at the end of the school year about 

the students' progression, retention, or reorientation of their educational path” (p.1125).  

Various authors [6 - 8] have made considerations about the characteristics of these assessment 

modalities, summarized in Table 1. 

 
Table 1. Systematized Characteristics of Diagnostic, Formative, and Summative Assessment 

Characteristics 
Types of assessment  

Diagnostic Formative Summative 

Objective 
Identify what students know 

before exploration 

Monitor and improve 

learning 

Summarize and identify what 

has been learned 

Implications Action planning Action adjustment Summary of action 

Feedback Type Descriptive and informative 
Detailed, constructive, and 

continuous feedback 

Quantitative feedback 

(grading) 

Timing 
Before starting the teaching 

process, topic approach 
During the teaching process After the teaching process 
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Frequency 

Occurs either occasionally 

(beginning of the year/terms) or 

systematically (start of didactic 

exploration) 

Systematic (follows the 

teaching-learning process) 

Occasional (providing a status 

update at predetermined 

times) 

 

Despite the evolution of the concept and the apparent stabilization of its definition, 

assessment continues to be a subject of debate due to its complexity. Nowadays, even the 

validity of associating assessment with learning is questioned [8]. Regardless of these 

discussions, combining these assessment modalities in the teaching process is recommended, 

leveraging the potential each offers. 

The use of diverse and appropriate assessment instruments and activities in science 

education is crucial to meet the defined educational purposes [6, 9]. Various examples contrast 

with traditional techniques and are recommended: 

• Portfolios: This assessment activity in science allows for a collection of evidence, 

with its potential depending on the systematic and timely guidance and feedback 

from the teacher [3]. 

• Mind or Concept Maps: These are generally used after the teaching process to 

stimulate the identification, definition, and relationship between concepts [10, 11], 

[12]. Their potential as a formative assessment tool is recognized [13], with the 

advantage of visually connecting concepts [10]. 

• Drawings: Children's drawings are a powerful assessment tool in science education 

[14-18]. Often used in the early years with young children who do not yet master 

writing [15], they provide more detailed information when combined with writing 

in summative assessments [14, 16] and allow young children to express their 

conceptions about the world around them in diagnostic assessments [18].  

• Concept Cartoons: Introduced by Keogh and Naylor [19], these are considered 

innovative and continue to be used in science education to diagnose children's ideas 

and foster classroom discussions [17, 20, 21]. 

• Assessment Recording Instruments (rubrics, grids, checklists): These have been 

used by teacher-researchers in empirical studies in primary science education [22], 

[23], allowing systematic and individual evidence collection of practical science 

work. 

Traditional assessment activities (e.g., tests) exhibit significant limitations, particularly their 

inability to evaluate competencies beyond factual knowledge, thereby fostering short -term 

memorization of canonical content [24], which contributes little, if anything, to meaningful 

learning. Such assessments are generally disconnected from students' realities, serving solely 

the purpose of evaluation rather than promoting further learning [25]. Moreover, traditional 

tests are often anxiety-inducing for students, adversely affecting their motivation [26]. Despite 

the broad array of suggested alternative assessment activities, assessment practices in Portugal 

remain predominantly traditional. This persistence is attributed to the inadequacy of assessment 

tools and the lack of periodic formative approaches [27–30]. Teachers' difficulties in 

effectively assessing practical science activities are frequently highlighted as a key challenge 

[31]. 

Given the urgent need to modernize science assessment practices in primary education, this 

study explores the development, implementation, and evaluation of SGs as assessment tools 

aligned with the principles of IBSE. Grounded in the EDR method, this research aims to design 

assessment activities that not only measure students’ scientific knowledge but also capture their 

problem-solving skills, reasoning abilities, and engagement with scientific inquiry. By 

leveraging the interactive and adaptive nature of SGs, this study seeks to offer an alternative 

to conventional assessment methods, addressing their limitations in evaluating complex 
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learning processes. Moreover, by integrating digital assessment tools into the curriculum, the 

study aspires to contribute to a broader shift in pedagogical practices, promoting assessment 

strategies that are both rigorous and engaging. Ultimately, this research not only provides 

empirical insights into the feasibility and effectiveness of SGs for assessment but also 

contributes to the theoretical discourse on innovative approaches to science education 

evaluation. 

1.2 Serious Games as an Assessment Activity for Learning 

The rapid evolution of digital technology has cemented its integration into the teaching process. 

Assessment has also incorporated this technology through SGs, which stand out as an 

innovative educational strategy, promoting motivation, greater student engagement, and 

facilitating more learning as an assessment activity [32-41]. According to some authors, this 

concept of "Game-Based Assessment," though promising, is still in its embryonic stages [42-

44]. Thus, it is essential to empirically investigate its potential and scientifically demonstrate 

its validity as an assessment activity [41, 45]. 

Kato and Klerk [45] highlight several advantages and challenges associated with SGs. They 

point out the playful and interactive nature of these games compared to more traditional and 

tedious activities, and their ability to reduce children's anxiety by involving them in a narrative, 

a predictor of academic performance. SGs can be programmed to capture and record all student 

decisions by storing their actions, unlike analog activities [45, 46], which do not always allow 

tracking all processes leading to the final answer. Automatic feedback is also seen as an 

advantage compared to more traditional activities [46]. However, significant challenges remain 

for the effective integration of SGs as an assessment activity in educational settings [41]. 

Investment is necessary for SGs to be established and consolidated as valid assessment 

activities capable of fulfilling their educational objectives. The game's construction must be 

balanced not to hinder the educational focus [32, 46]. 

From the limited empirical research on SGs for learning assessment, some studies use 

quizzes for this purpose. For example, the use of Kahoot! has been commonly employed as a 

gamified assessment activity [35, 36, 47, 48, 49, 50, 51]. In the study by Iman, Ramli, and 

Saridewi [48], there was a positive appreciation for using these games, valuing the immediate 

feedback after answer validation, which enhances more and better learning. Students also refer 

to these activities as motivating and fun. Widyaningrum [51] reiterates previous conclusions 

and adds that their use benefits teachers' work, particularly by saving correction time, a feature 

highly valued by teachers in other studies [47]. 

Other SGs have been used as assessment activities. For example, the Virtual Cooking Setup 

[40] aims to assess the cognitive processes involved in multitasking and to determine if actions 

in the virtual task represent real-life actions. The results suggest the SG's effectiveness in 

achieving its objectives. 

A SG was developed for preschool children with autism spectrum disorder, recreating 

everyday situations and challenging them to complete tasks [52]. This SG is identified as an 

innovative activity with several advantages: it allows monitoring learning, promotes a playful 

and relaxed assessment environment, and identifies ways to stimulate better learning.  

Another study in Portugal found that using SGs as diagnostic, formative, and summative 

assessment activities in primary science education is promising in achieving its objectives [21]. 

The efficacy of assessment tests, concept cartoons, and SGs was compared, concluding that 

SGs promote greater autonomy and respect individual children's rhythms. Final questionnaires 

conducted with children indicated that SGs are the preferred assessment activity among 

participants. 

In summary, the studies presented contribute to the growing body of evidence supporting 

the value of digital games in learning assessment, while also underscoring the need for further 

research into the specific potential of SGs within this context. 
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1.3 Experimental Science Teaching Program 

With the development of the Experimental Science Education Program (PEEC), there is a 

proposal to contribute to the necessary renewal of science education in Portugal, based on the 

perspectives of IBSE and Science-Technology-Society (STS) orientation. PEEC consists of 

three interdependent components: curricular, activity-based, and assessment. All resources are 

intended to be available for free online on the official website. The PEEC curricular component 

includes a curriculum proposal for primary science education in Portugal, where specific 

objectives in knowledge, skills, and attitudes/values are organized into four areas: Biological 

Sciences, Physical Sciences, Earth Sciences, and Nature of science [53]. Regarding the 

curricular component, a set of activities was developed to facilitate its implementation  [54]. 

Created teaching resources include static and dynamic infographics, analog classification 

games, card games, recorded interviews, record sheets, and more. 

This article focuses on the development of the PEEC assessment component. Consistent 

with the other two components, the assessment component aims to evaluate science learning in 

terms of knowledge, skills, and attitudes/values. SGs are suggested as assessment activities as 

an alternative to traditional tests. 

In this context, the expressed need for change in the assessment practices of science learning 

in primary education in Portugal, coupled with inspiration drawn from identified practical 

cases, led to the formulation of the guiding research question for this study: How can serious 

games be developed for the assessment of and for primary school children's learning, 

consistent with the proposed experimental science teaching project? Based on this research 

question, the study presents the development cycle (design, implementation, and evaluation) 

of four serious games (one for each grade level of primary education) for assessment purposes, 

employing the phases of EDR.  

2. Methods and Material 

This article aims to describe the development cycle of SGs for assessing science learning in 

primary education. As determined in other studies of this nature [55, 56], the EDR approach 

emerged as the most appropriate, given the defined characteristics and purposes. EDR unfolds 

in three essential phases: analysis, design and implementation, and evaluation. The article 

primarily focuses on the design, implementation, and evaluation phases, providing a brief 

description of the preliminary analysis phase. 

2.1 Phase I - Analysis 

The first phase of the EDR - analysis - identifies in-depth needs, gaps, and real problems in 

educational contexts [57, 58]. Detecting a problem is not a trivial task, and its thorough 

understanding is essential for a prolific resolution [59]. The problem must be researchable and 

solvable with a dual purpose: contributing to solving real problems in educational contexts and 

to the theoretical knowledge of the area in question [58, 59]. The research question defined for 

an EDR study was: “How to develop an assessment project for and of primary school children's 

learning consistent with the proposed experimental science teaching project?” . 

The problem addressed in this article results from identifying the need for a curricular 

restructuring in the natural sciences area in Portugal [60], which requires congruent proposals 

for assessment instruments and activities [61, 62]. A literature review revealed that, despite 

strong recommendations for learning-centered assessment, practice changes have been slow, 

particularly in primary science education [61, 63, 64]. Furthermore, as required by EDR 

research, understanding the problem also involved identifying and characterizing assessment 

practices in primary science education in Portugal. This analysis was conducted through the 

study of 119 Individual School Group Reports and three Annual Global Reports by the General 



 
10 International Journal of Serious Games   I   Volume 12, Issue 2, June 2025 

Inspection of Education and Science (IGEC) within the scope of experimental science teaching 

in primary education [65]. This study found that assessment practices in schools are 

decontextualized, do not promote child involvement in the process, are not transparent, and the 

instruments used are inadequate or even nonexistent for competency assessment, with practical 

work being almost excluded from the assessment component. 

Given these findings, this phase of the EDR proposes guidelines for an educational solution, 

including forming a multidisciplinary team for diverse contributions and defining "critical 

friends" for designing science assessment activities for primary education, consistent with the 

already created curricular proposal. 

2.2 Phase II - Design and Implementation 

In Phase II, design and implementation, the still generic and abstract plans defined in Phase I 

take shape, precision, and support [57], with a detailed plan as schematized in Figure 1. 

 

 

Figure 1. Outline of Tasks for Phase II - Design and Implementation  

2.2.1 Design Phase  

In this phase, the roles and functions of different members of the multidisciplinary team 

become evident [66]. Collaborating teachers act as “critical friends” [59], providing continuous 

and systematic feedback to refine and optimize the SGs. Testing and evaluating the SGs with 

the target audience, namely primary school children, allowed, in an initial phase (academic 

year 2020/2021), to test the feasibility of these games and, in a later phase (academic year 

2021/2022), to ascertain the opinions of the end-users. Thus, the implementation of iterative 

cycles allowed stakeholders to voice their perspectives on the SGs created and tested [56], until 

expectations were met by all involved. This iterative and collaborative cycle ensured that the 

developed SGs were adapted to the real needs of the educational context, promoting an 

assessment that is not only more engaging but also more effective and aligned with the PEEC 

objectives. 

It is common to integrate programmers into a multidisciplinary team for SG development 

[55, 67]. To compensate for limited research budgets, viable and effective software alternatives 

are often used [21, 68]. Nonetheless, mastering the chosen platform is essential to achieve the 

educational objectives of the SGs. In this case, licenses for Ispring Quiz Maker were acquired, 

a software already validated for assessment purposes [69-71]. 

In an EDR approach, for creating technological solutions, it is important to recognize the 

potential and identify technological possibilities capable of addressing the defined problem 

[72]. According to the taxonomy presented by De Lope and Medina-Medina [73], the 

categorization of these SGs is shown in Figure 2. 
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Figure 2. Categorization of SGs according to De Lope and Medina-Medina's Taxonomy [38] 

In this regard, the design and construction of high-fidelity prototypes of the PEEC's serious 

games were supported by an in-depth theoretical foundation on the essential elements of SGs, 

as described below [56]. 

The narrative of a game constitutes one of the essential elements of SGs [73-76], capable of 

directly influencing gameplay by arousing curiosity, fostering motivation, stimulating 

engagement, and promoting more learning for players [74]. This element represents how the 

game's story is told and constructed through rule definition, message construction, inclusion of 

dialogues, and application of dynamics [73]. Following the recommendations of Janssen and 

collaborators [76] for narrative construction, attention was focused on the plot, characters, 

space, and time. The SGs share the same characters and time. The protagonists, Cien and Tista, 

are recurring in PEEC resources, especially in videos that contextualize all activities. 

Regarding time, all games occur during summer vacation, emphasizing a theme close and 

realistic to children's daily lives [75]. The narrative elements that distinguish these SGs are the 

settings and the problems the characters face throughout their journey (plot). SG 1 takes place 

in a campsite, SG 2 occurs on the grandparents' farm, SG 3 is set in a maritime context, and 

SG 4 happens on a motorhome trip. This type of narrative is characterized by the principle of 

"Narrative is everything" [73], where gameplay revolves around the characters' adventures and 

serves as a pretext for the progression of the SGs. The entire narrative is intrinsically related 

to the themes suggested in the PEEC curricular proposal for each grade level [53]. 

The feedback system in SGs stimulates player motivation, promoting and regulating their 

learning [75, 77, 78]. This consists of the information provided after the player's response. 

According to Johnson, Bailey, and Buskirk [78], feedback is characterized by type, timing, 

modality, and individual differences. Regarding type, it combines "corrective feedback" and 

"explanatory feedback." On the one hand, it indicates whether the player chose the correct, 
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partially correct, or incorrect decision; on the other hand, it provides a brief explanation of why 

it is correct or not. "Explanatory feedback" can provide more learning than "corrective 

feedback," although it does not influence the player's motivation and enjoyment [77]. Timing-

wise, it is immediate, appearing right after the student's response is validated. Regarding 

modality, it is presented in written form with visual support. Finally, concerning individual 

differences, only the age corresponding to the grade level is considered, with feedback for 6-

7-year-olds having less text and shorter sentences, unlike games for 8-9-year-olds. 

Some studies suggest that rewards enhance the player's experience [79]. In the SGs design, 

two types of "positive reinforcement" rewards were included [79]: those that interfere with 

gameplay (resources) and those that do not influence the narrative (scores) [80], where the 

player is rewarded whenever they get the answer right. Incorporating scores into SGs is also a 

way to ensure the creation of an exciting game [81]. On the other hand, as recommended, 

players are not penalized for incorrect answers [75]. 

One of the essential and valued aspects of SGs is the tracking and recording of player 

choices and paths, allowing the analysis and monitoring of learning [45, 75, 81]. Therefore, the 

possibility for the teacher to receive a detailed report of each player in their email account was 

incorporated. 

The diversity of strategies and dynamics is also a relevant factor in SG development [75]. 

The PEEC SGs are characterized as "standard" and "point & click" [73]. Considering the 

software options used, "drag and drop," "hotspot," "matching," "numeric," "multiple choice," 

and "sequence" dynamics were incorporated. According to several authors, the diversity of 

dynamics is relevant to promoting player interest in the SG [67, 75], as it eliminates the 

predictability of subsequent dynamic types. Including audio for the instructions was deemed 

pertinent, anticipating possible reading difficulties that could affect gameplay. This aspect has 

been noted as highly relevant [55, 82]. 

Features from other SGs, such as the Two-tier Test [83], served as inspiration. Practically, 

the player is challenged to answer a question (first level). If they answer correctly, they collect 

the reward and move on to the second-level question. If the player does not answer correctly, 

they receive constructive feedback and can respond to another question. For SGs with learning 

assessment effects, it is relevant to include this dynamic to ensure formative assessment 

questions, stimulating more learning during assessment moments. 

For each game, a set of learnings to be assessed was defined, facilitating its inclusion in the 

theme. An effort was made to organize and select learnings from Biological Sciences, Physical 

Sciences, and Earth Sciences, encompassing knowledge, skills, attitudes, and values. 

After defining these game elements and the learnings to be assessed, the conceptualization 

and validation phase focused on developing the concept, mechanics, and narrative of the SGs. 

This step is usually carried out through a flowchart (Figure 3) to provide an overall view of the 

SGs' mechanics before their construction [55], allowing for the identification of potential 

usability problems, ensuring diverse dynamics and a logical and cohesive narrative.  
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Figure 3. Initial gameplay flowchart 

2.2.2 Implementation Phase of the SGs  

 

In this study, as shown in Table 2, 245 children participated in the first implementation cycle 

and 158 in the second. The first cycle served as a pilot project, and data were only collected 

from the second cycle (2021/2022). 

 
Table 2. Number of children participating in the study 
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Grade Level 
Number of Children by Implementation Cycle 

1st Cycle (2020/2021) 2nd Cycle (2021/2022) 

1st Year 60 21 

2nd Year 63 65 

3rd Year 54 37 

4th Year 68 35 

Total 245 158 

 

Each grade level had a supporting teacher responsible for implementation. In the second 

implementation cycle, data collection regarding the time taken to complete the SGs was 

recorded by the game software, while children’s emotional state and preferences between tests 

and SGs as assessment tools were collected through a questionnaire integrated into the game 

(Figure 4). 

 

 

Figure 4. Screens from the game: final questions on children's satisfaction  

In the days preceding the sessions, each supporting teacher tested the game 

corresponding to their grade level, providing feedback on minor errors, incorrect links, etc. 

This feedback allowed for final adjustments before implementation. Figure 5 illustrates 

feedback received regarding error detection in one of the SGs. For example, in the first 

conversation, the teacher identifies a coherence error where the game initially refers to a water 

gun as hydraulic and later as mechanical. In the second conversation, the teacher points out a 

technical error where one of the scenes displays a white screen. In the final conversation, the 

teacher suggests which game situations should be included. 

 

 

. 
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Figure 5. Feedback message from a teacher highlighting an error in one of the SGs and providing 

suggestions for correction. 

At the end of two academic years (2020/2021 and 2021/2022), following the weekly 

implementation of the science activities from the PEEC, participating children were invited to 

play the SGs corresponding to their grade level as a means of learning assessment . 

The SG sessions took place over a week in both implementation cycles. Collaborating 

teachers were responsible for their respective classes, guiding the sessions and addressing any 

questions or technical difficulties. Each teacher managed the organization of the sessions based 

on guidelines provided by the PEEC creator-researchers. In some cases, children worked in 

small groups in a computer-equipped room, while in others, sessions were conducted with the 

entire class. Regardless of the modality chosen by the teachers, each child had access to a 

mobile device, and the SGs were completed individually (Figure 6).   

 

 

Figure 6. Implementation of SGs 

Throughout the implementation process, the teachers reported their testing experiences, 

which allowed us to understand if the children were reacting positively to the SGs, as illustrated 

in Figure 7. 

 

Figure 7. Message from a teacher about the implementation of SGs 

3. Final Product  

Four SGs were developed, one for each grade level in primary education, using an EDR 

approach. These games were designed to assess specific learning outcomes for each year, based on 

the PEEC curriculum. Given that they are intended for primary education, all games include audio 

to support children who have not yet mastered reading. These SGs are described below.  

The player/child is invited to immerse themselves in a summer vacation narrative featuring two 

characters, Cien and Tista. The game designed for the 1st grade is titled “Summer Holidays at the 

Campsite!”; for the 3rd grade, “Summer Holidays by the Sea!”; and for the 4th grade, “Summer 

Holidays on Safari!”. The learning outcomes targeted in these games are detailed in the appendices. 

Each game presents ten problem-based contexts that correspond to assessment scenarios 

evaluating knowledge, skills, and/or attitudes and values. To exemplify the created SGs, the 

situations from the 2nd-grade SG, titled “Holidays at the Grandparents' Farm!”, are presented. 

Table 3 provides an overview of the game scenarios, the tasks associated with each scenario, and 

the corresponding learning objectives. 
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Table 3. Description of the assessment game designed for 2nd-grade students (Holidays at the 

Grandparents' Farm!) 

 
Game Situation Task Learning Objectives 

A Greenhouse 

Confusion! 

Click on the criterion used to group the 

seeds and drag the seeds according to the 

criterion. 

Classify seeds based on color. Demonstrate 

consistency. 

Extra Question 
Click on the criterion corresponding to the 

size grouping. 
Classify seeds based on size. 

A Plant Challenge! 

Click on the character that explains the 

essential conditions for a seed to 

germinate. 

Understand that light does not influence seed 

germination and that water is essential for 

germination. 

Extra Question 
Click on the external factor that influences 

seed germination. 

Recognize that the amount of water influences 

seed germination. 

Desired Plant! 
Click on the character explaining why 

pampas grass should not be taken home. 

Understand that pampas grass is an invasive 

species in Portugal. 

Extra Question 
Click on the native plant species in 

Portugal. 

Identify Digitalis as a native plant species in 

Portugal. 

Snail, Snail, What 

Do You Like? 

Drag the most appropriate lid [transparent 

or opaque] based on the snails' 

preferences. 

Recognize that snails prefer dark 

environments in their habitat. 

Extra Question 
Click on the option indicating snails’ 

preference regarding soil. 

Understand that snails prefer moist 

environments. 

Exploring Snails! 
Click the button indicating the error in the 

snail anatomy drawing. 

Identify that snail eyes are not located on their 

face. 

Extra Question 
Click the option indicating where snail 

eyes are located. 

Understand that snail eyes are located on their 

upper tentacles. 

Mushroom, Can I 

Eat You? 

Click the character explaining whether all 

mushrooms are edible. 
Understand that not all mushrooms are edible. 

Extra Question 
Click the option explaining how to prevent 

bee stings. 

Learn that bee stings can be prevented by 

using a repellent spray. 

Outdoor Cinema! 
Drag the animals, arranging them from the 

most to the least voracious. 

Interpret and analyze information on animal 

diets presented on a poster. 

Extra Question 
Click the animal that sleeps the least per 

day. 

Interpret and analyze information about 

animals’ sleep patterns. 

Park Fun! 
Drag the character to the swing seat 

requiring the least force to lift the sibling. 

Understand that less effort is needed when 

force is applied farther from the fulcrum on a 

lever. 

Extra Question 
Click the object that does not include a 

pulley system. 

Recognize that a two-pan balance does not 

contain pulleys. 

Playing with 

Ramps! 

Drag the ramp that allows the car to travel 

the greatest distance. 

Understand that the steeper the inclined plane, 

the greater the distance an object travels. 

Extra Question 
Click the option describing the function of 

ramps. 

Understand that ramps reduce the force 

needed to move an object. 

Magnetic Gift! 
Click on the materials attracted by a 

magnet. 

Learn that aluminum, plastic, glass, and wood 

are not attracted to magnets, while nickel is. 

Extra Question 

Click the option confirming or refuting the 

statement “all metals are attracted to 

magnets.” 

Understand that not all metals are attracted to 

magnets. 

 

 The player accesses the SG and encounters the introduction screen displaying the game's 

title (Figure 8). 
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Figure 8. Introduction screen  

When the player proceeds, they are asked to provide some identification information, such 

as their name, grade level, and the email of the recipient who will receive the game results, 

which, in a school context, is preferably the teacher's email. The gameplay experience begins 

with a progress map that situates the player but reveals little about the upcoming game 

situations, maintaining mystery and interest. The player then moves forward and is invited to 

solve various challenges. 

In this case (Figure 9), the aim is to assess the ability to classify seeds through the situation 

"Greenhouse Confusion," which depicts the disorganization of seeds in the sisters' 

grandparents' greenhouse. 

 

 

Figure 9. "Greenhouse Confusion" Scenario 



 
18 International Journal of Serious Games   I   Volume 12, Issue 2, June 2025 

The game scenario shows that the sisters have already organized the seeds and challenges 

the player to identify, by clicking, the criterion defined by the sisters for that grouping (Figure 

10). 

 

Figure 10. "Greenhouse Confusion" Game Scenario 

Upon answering, feedback is provided indicating the correctness of the response, such as 

"Great, that's absolutely correct!", "Oh, that's not quite right," and "Oh, not this time." In 

addition to this feedback, informative feedback is given regardless of the quality of the response 

(Figure 11). If the player answers correctly, they earn 10 points. 

 

 

Figure 11. Informative Feedback on Seed Grouping 

If the player does not answer correctly, a branched path is opened, and they are given an 

opportunity to respond to a quiz related to the assessment theme. In Figure 12, another 

possibility is shown for children to select the criterion for seed grouping. If they answer 
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correctly, the player earns five points; otherwise, they lose two points with each incorrect 

attempt until they get it right. 

 

 

Figure 12. Game Situation: Extra Quiz “Grouping Seeds” 

After correctly answering the question, in some cases, a reward is granted that will help 

progress to other parts of the game, as exemplified in Figure 13. The game is designed so that 

players earn various rewards. These artifacts will be necessary in the storyline, and the player 

will need them to advance in later situations. 

 

 

Figure 13. Game situation: Prize and use of the prize "Vacation at Grandma's Farm" 

The game concludes with a summary of the player’s journey, allowing players to revisit all 

their choices. The game summary is sent to the designated email provided at the start, detailing 

all responses, the chosen pathways, and total completion time (Figure 14). 
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Figure 14. Screenshot of the report received by email 

4. Results 

 

At the end of the experience, we gathered feedback from players about the SGs they had played. 

This evaluation assessed player experience, following approaches from similar studies  [56, 84], 

and included comparative analysis with recommendations from the literature [85, 86]. 

To evaluate the player experience, data was collected on the time each child took to 

complete the SG, the emotions evoked during gameplay, and their preference between the SG 

and traditional assessment tests. 

 

4.1 Player Experience and Learning Outcomes 

 

The evaluation of the SGs focused on the player experience, measuring aspects such as 

completion time, emotional responses, and student preferences compared to traditional 

assessment methods. However, given that these SGs were designed not only as assessment 

tools but also as instruments for supporting formative learning, it is crucial to examine how 

these results relate to students' learning outcomes. 

The observed positive emotional responses, particularly curiosity and engagement—suggest 

that the SGs fostered an affective learning environment, which is a critical factor in promoting 

motivation and sustained knowledge acquisition. Affective learning, characterized by students' 

emotional investment in the learning process, is known to enhance cognitive engagement and 

retention. The fact that most students expressed enjoyment and interest while playing the SGs 

suggests that the games successfully created a low-anxiety assessment environment, reducing 

the stress typically associated with traditional tests. This aligns with research indicating that 

when students are more engaged and emotionally invested in an activity, they are more likely 

to develop deeper conceptual understanding. 
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Moreover, the variation in completion times observed across different grade levels 

reinforces the notion that SGs can support differentiated learning by allowing students to 

progress at their own pace. Unlike rigid summative assessments, which often impose strict time 

constraints, the SGs provided a more flexible assessment structure, enabling students to explore 

and process information in a way that suited their individual learning needs. This self -paced 

approach is particularly beneficial for formative assessment, as it encourages reflection and 

iterative learning—key principles in IBSE. 

The different completion times for the SGs, represented in Figure 15, demonstrate the 

varying needs of the children. For first graders, the minimum time to complete the SGs was 

approximately 5 minutes, while the maximum time was around 35 minutes, with a range of 30 

minutes. The average completion time is about 20 minutes, and the median is around 21 

minutes, suggesting a symmetrical distribution of the children's completion times.  

For second graders, one child completed the SG in less than 3 minutes (minimum), while 

the child who took the longest completed it in 29 minutes, with a range of 27 minutes. The 

average completion time for the SGs is 15 minutes, and the median is 17 minutes. Like the 

first-grade results, the distribution is also symmetrical. 

The range of completion times for third graders is over 45 minutes. The fastest child finished 

the SG in just over 6 minutes, while the one who took the longest finished in approximately 52 

minutes. The average completion time is almost 18 minutes, and the median is around 16 

minutes, again suggesting a symmetrical distribution, despite the evident different needs of the 

children in completing the SGs. 

For fourth graders, the range is 24 minutes, with a minimum time slightly over 4 minutes 

and a maximum time of about 28 minutes. The average and median times are around 13 

minutes, suggesting a symmetrical distribution. As observed in other grades, children need 

different amounts of time to complete the same assessment activity, respecting each one's pace.  

 

 

Figure 15. Minimum, maximum, and average time taken to complete the SGs by grade level 

Overall, the emotional state of the children while playing the SGs was predominantly 

positive, as illustrated in Figure 16. The most highlighted feelings were surprise and curiosity, 

with frequent mentions of these two emotions during the SGs. A small percentage of children 

(almost 6%) reported feeling confused while playing the SGs. 
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Figure 16. Emotional state of children while playing SGs by grade level 

As shown in Figure 17, most children prefer digital games as an assessment activity. A small 

percentage indicated a preference for traditional tests. There are no significant differences 

across grade levels, suggesting that participating children generally prefer SGs over traditional 

assessment tests. 

 

 
 

Figure 17. Children's preference by grade level 

4.2 Evaluation of the Created SGs According to Literature Recommendations 

 

Caserman and colleagues [87] propose a quality criterion framework for attractive and 

effective SGs, noting that quality assessment systems for SGs often lack a balance between the 

"serious" and "game" components. Thus, the SGs presented in this study were evaluated 

according to this quality framework, a process conducted by the game developers, who are 

researchers in the fields of science education and digital media. 
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The first criterion included the central elements for the serious part of the game, namely 

the existence of a characterization objective, the development of appropriate methods to 

achieve this objective, and the evaluation of quality (Table 4). 

 
Table 4. Evaluation of SGs According to Quality Criteria for the Serious Part 

Quality criteria for the serious part by Caserman and 

colleagues Applicability in PEEC Serious Games 

C
H

A
R

A
C

T
E

R
IZ

IN
G

 G
O

A
L
 

Focus on the characterizing goal 
Learning/training goal must remain in focus, for 

which a combination of physical and cognitive 

training can be beneficial 

Not applicable. The SGs in question don't involve any 

physical activity on the part of the children, only 

cognitive activity.  

Support players to achieve the characterizing goal 
The children are given some clues, by way of 

feedback, to help them fulfil the SGs in more difficult 

situations.  

Game elements should not interfere with the 

learning/training process 
There is a balance between the elements of the game, 

allowing the educational focus not to be affected. 

Clear goals 

Appropriate methods for the specific application area 

and target group 

The statements are short and to the point, as audio 

support to overcome reading and interpretation 

difficulties.  

Goals are clear and appropriate so that players can 

work towards the characterizing goal 

The statements are direct, always present and identify 

the challenge set to the children.   

Indispensability of the characterizing goal 

Serious part must be mandatory 
These are SGs intended to be used as a learning 

assessment activity in science. 

Characterizing goal must not be avoidable 
They are presented as SGs for learning assessment 

purposes. 

Training and learning tasks should not be a hurdle 

All the tasks don't materialise in one obstacle, so even 

if the student-player doesn't have the skills to play, 

they can move on to the next scenes. 

M
E

T
H

O
D

S
 

Correctness of the domain expert content 

Avoid errors and ensure that the content is 

technically correct 

The content of the SGs has been validated, as have all 

the illustrations used.  

Ensure correct technical language 
The SGs were designed by three researchers and 

revised by ten primary school teachers. 

Remain neutral, especially on political and social 

issues 

The content of the SGs is in the area of natural 

sciences and is scientifically validated and appropriate 

for all children in Portugal. 

Appropriate feedback on progress 

Players should receive feedback on their 

performance and progress 

A pop-up appears whenever the student-player 

validates their answer and the progress map allows 

the student-player to be situated. 

Visible and recognizable effects 

The feedback given is represented by a color code 

and a message depending on the quality of the 

student-player's response.  

Provide simultaneous feedback (eg, visual, audio, 

haptic; multimodal feedback) 

The feedback appears with a message that 

immediately indicates the quality of the answer and 

always provides an informative infographic relating to 

the learning being assessed. 

Appropriate rewards 

Provide positive reinforcement and in-game awards The SGs created feature scores and prizes whenever 

the student-player gets the game right. 

Q
U

A
L
IT

Y
 

Proof of effectiveness & sustainable effects 

Prove that the characterizing goal is achieved 

The effectiveness of SGs as an assessment activity 

was tested over two school years with 12 classes and 

their teachers.   

Learning/training effects need to be sustainable 

The study involved 158 children and made it possible 

to ascertain the emotional state of the student-players, 

as well as their preferences. 

Awards and ratings 

Game awards, professional and user ratings, 

recommendations by domain experts, game reviews, 

and number of players/downloads state the quality of 

the game 

Not applicable. The SGs in question have educational 

characteristics for evaluation purposes, the purpose is 

not to achieve ratings of this nature. 
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In Table 5, the elements for appropriate game design and suitable interaction technology 

are presented. 

 
Table 5. Evaluation of SGs According to Quality Criteria for the Game Part 

Quality criteria for the game part by Caserman and 

colleagues Applicability in PEEC Serious Games 

E
N

J
O

Y
M

E
N

T
 

Ensure player engagement and experience  

Ensure positive experience during playing 
 The participating children reported positive emotions 

about playing the SGs.  

Serious games should be engaging and enjoyable 
The SGs created are colorful, with situations that are 

representative of children's daily lives.  

Provide an engaging experience for different 

player types 

The situations created are real and/or realistic and 

each child can feel identified and involved in the 

narrative. 

Ensure flow 
Keep a balance between a player’s skills and 

challenge 

The SGs present a set of problem situations that 

assess knowledge, skills, attitudes and values.  

Dynamically adapt the difficulty level depending on 

the current player’s performance in the game 

Not fully applicable. As the SGs are for assessing 

learning, a personalised path has been included when 

the child has not yet been able to answer correctly.  

Adapt to players to increase effectiveness (eg, 

motivate them to repeat the exercises continuously 

and regularly) 

The SGs are available online and free to play 

whenever the children want.  

Increase complexity as the player gets better 
Not applicable. Complexity in this sense is relative and 

the aim is to assess children's science learning.  

Provide varied gameplay 
Different drag, select and click dynamics have been 

included. 

Establish an emotional connection 

Allow emotions and arouse instinct 
Rewards were included to keep the student-player 

interested and motivated in the SGs. 

Sense of control 
Players should have control over their actions in 

the game 
The student-player decides the actions in the SGs. 

Support social interactions 
Provide different game modes (collaborative and 

competitive settings for players that perform better 

in groups) 

Not applicable. These are individual SGs.   

Ensure immersive experience 
Include multimodal sensory stimulations: visual, 

audio, haptics, smell 
Not applicable.  

Ensure the sense of “being there” 

Realistic settings and situations, the holiday contexts 

are reminiscent of the children's reality, which allows 

them to be immersed.   

M
E

D
IA

 P
R

E
S

E
N

T
A

T
IO

N
 

Attractive graphics  

Graphics must be appropriate for the game 

purpose, application area, and target group 

Simple illustrations, colorful and rigorous in their 

representation to ensure an attractive interface for 

primary school children.  

 

Ensure clear interface without unnecessary 

information to not distract players from a specific 

task 

All the elements we have included in the SGs are 

essentially fundamental to their playability. 

Appropriate sound 
Include appropriate background music and sound 

effects 

Not applicable. The SGs do not feature music because 

it is an evaluation activity. 
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Table 6 systematizes the criteria defined for the serious part and the game part, which 

must be strongly integrated and connected. 

 
Table 6. Evaluation of SGs According to Quality criteria for balance between serious and game part 

Quality criteria for the balance between serious and 

game part by Caserman and colleagues Applicability in PEEC Serious Games 

IN
T

E
G

R
A

T
E

D
 S

E
R

IO
U

S
 P

A
R

T
 

W
IT

H
 G

A
M

E
P

L
A

Y
 

Embedding characterizing goal into the gameplay 
Integrate the characterizing goal into the gameplay A simple, engaging and realistic narrative was defined.   

Learning/training tasks must be related to the 

game and should be connected to the game 

elements 

The narrative commands the SGs and the tasks are 

intrinsically linked to it. 

Scientific foundation 

Include interdisciplinary teams; game designer and 

domain experts should work together (also 

together with the target group) 

The EDR method expects the involvement of several 

participants and in this case the team involved 

teachers, children, biologists, multimedia specialists 

and science didactics.  

Include state of the art in the relevant disciplines The SGs are theoretically grounded, both in the field of 

science education and in the fundamental principles of 

SGs and learning assessment. 

IN
T

E
R

A
C

T
IO

N
 T

E
C

H
N

O
L
O

G
Y

 

Appropriate interaction technology 
Interaction technology must be suitable for the 

target group (ie, their physical and mental ability 

and game purpose) 

The SGs have simple interactions, dynamics and 

mechanics suitable for the age level they are aimed at. 

Intuitive game mechanics and natural mapping 
Provide tutorials for complex games; otherwise, 

players should discover the game mechanics 

themselves 

Not applicable, the SGs have simple mechanics.  

Intuitive use of game controls (eg, the WASD keys 

to move and space bar to jump) 
Simple click-and-drag tasks included. 

Enable natural mapping between technology and 

gameplay 
SGs are intuitive in the tasks they include. 

No simplifying of the learning and/or training process due to technical features 

Interaction technology must support players in 

achieving the characterizing goal 

You don't need to be an advanced PC user to carry 

out the SGs' tasks.  

Ensure accurate tracking to prevent cheating in 

exergames 
Not applicable to this type of SG. 

Avoid adverse effects 
Low risk of accidents, injuries, or overload The SGs are totally secure from that point of view. 

Avoid technical issues and ensure easy 

maintenance 

The software used makes it possible, through 

encrypted code, to host the game on the website 

without any dependence on its subsistence, 

guaranteeing its sustainability. 

 

5. Discussion  

This study set out to answer the research question: How can serious games be developed for 

the assessment of and for primary school children's learning, consistent with the proposed 

experimental science teaching project? The findings demonstrate that SGs can serve as both 

assessment tools and learning facilitators when aligned with IBSE principles. The iterative 

EDR method used in this study enabled the development of SGs that not only evaluate scientific 

knowledge but also foster deeper learning through interactive and formative assessment 

mechanisms. 

One of the key contributions of this research is the integration of formative assessment 

within a digital game-based environment. Unlike traditional tests, which often emphasize recall 

and classification, the SGs presented here promote assessment for learning by incorporating 

real-time feedback, interactive problem-solving, and a low-anxiety assessment context. The 

positive emotional responses reported by students—curiosity, engagement, and enjoyment—

suggest that these SGs create a more motivating learning experience. This aligns with prior 
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research indicating that affective learning plays a crucial role in cognitive engagement, concept 

retention, and overall academic achievement [55]. 

Moreover, the variation in completion times highlights an important advantage of digital 

game-based assessment: adaptability. While conventional tests impose uniform time 

constraints, SGs allow students to navigate assessment activities at their own pace, supporting 

differentiated learning. The ability of SGs to provide instant feedback further enhances their 

formative function, enabling students to adjust their understanding in real time—a key feature 

of effective learning-centered assessment [46, 48]. 

Teacher feedback further supports the claim that SGs contribute to learning. Informal 

observations indicated that students who engaged with SG-based assessment demonstrated 

improved recall and application of scientific concepts in subsequent class discussions. 

Additionally, the ability to track student decision-making within the SGs offers a more nuanced 

view of learning progression, allowing educators to identify patterns, misconceptions, and 

individual learning needs [45, 75, 81]. 

These findings reinforce the growing recognition that assessment should not merely be an 

endpoint in the learning process but rather an integral part of ongoing knowledge construction. 

The SGs developed in this study exemplify how assessment can be seamlessly embedded within 

engaging and interactive learning experiences, offering an alternative to traditional evaluation 

methods that often fail to capture the complexity of scientific understanding.  

The EDR method has been used in various empirical studies proposing digital educational 

solutions [55, 56, 72, 88]. It is confirmed that this approach provides ideal conditions for the 

design of the assessment SGs produced. As in other studies, key characteristics for the success 

of this method are highlighted, including: 

• Flexibility: It allowed for necessary adjustments throughout different phases [72], 

based on validations and evaluations by various stakeholders involved in the 

research during the two implementation cycles conducted. 

• Iterative Cycles: In addition to the mentioned flexibility, the iterative nature of this 

method allowed for the gradual, conscious, and evidence-based design of SGs, 

supported by cycles of design, implementation, and validation-evaluation. This 

aspect is also noted and valued in some studies [56, 67]. This evaluation-validation, 

combined with implementation, enables systematic refinement of the SGs, with 

summative evaluation only occurring at the end of these final SGs. In this case, the 

first cycle involved developing a high-fidelity prototype of the SGs, aimed at testing 

their feasibility, appropriateness, and viability as an activity for assessing science 

learning for primary school children. Upon confirming their practicability with the 

target audience, the second implementation cycle assessed the satisfaction of the 

child-players through a final questionnaire. 

• Multiple Perspectives: The critical and participatory input from those involved, 

from the design of the SGs to their final redesign, facilitated systematic and 

productive communication among stakeholders for necessary improvements and 

quick adjustments. Early involvement of the team responsible for both science 

education and multimedia was essential for identifying gaps and ensuring potential 

from the initial draft [67]. For instance, the study by Hart et al. [90] lists several 

changes based on feedback from various stakeholders during the SG design phase, 

demonstrating the importance of multiple perspectives for advancing the final 

development. In this particular study, the input from collaborating teachers enabled 

the identification of typographical errors, correction of response options, and 

detection of errors in the branching pathways. Beyond the feedback from the 

multidisciplinary team, external perspectives were also incorporated. This was 

achieved through the presentation of these SGs at a conference, where they were 
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subject to public analysis by specialists in science education. Their relevant 

feedback and significant reflections contributed to the final redesign of the games.  

 

Regarding SGs as a research product, their evaluation followed approaches similar to those 

employed in other studies, focusing on the assessment of the player-child's experience [56, 84] 

and comparative analysis against recommendations in the literature [85, 86]. The collection of 

children’s perceptions through the questionnaire embedded within the SGs allowed for the 

identification of their emotional state induced by gameplay, as well as their preference between 

SGs and traditional assessment tests. Consistent with findings in other studies [55], positive 

emotions related to gameplay and a preference for SGs over traditional tests were observed 

[21]. Through the two implementation cycles described in this article, situated within Phase II 

of the EDR framework, it can be affirmed that SGs serve as effective tools for assessing science 

learning. The main challenge in designing assessment SGs lies in achieving their educational 

purpose while simultaneously ensuring their playful nature [91]. To address this, the criteria 

proposed by Caserman and colleagues [87] were employed to evaluate the attractiveness and 

effectiveness of the SGs, considering the "serious part," the "game part," and the "serious-game 

part." As presented in the results section, the SGs largely satisfy these quality criteria. This 

framework has been highlighted in various studies: some have integrated it into their 

evaluations [92–95], others have expressed the intention to adopt these criteria for improved 

assessments in the future [96], while some have identified the lack of its use as a limitation for 

broader evaluation of their SGs [97]. Given the importance highlighted in studies on SG 

development, incorporating this component into the present study was deemed essential to 

evaluate the SGs across these three dimensions. 

6. Limitations 

 

This study contributes to the evolving discourse on digital game-based learning by 

demonstrating how SGs can function as innovative tools for science assessment in primary 

education. By leveraging the principles of IBSE and formative assessment, the developed SGs 

provide an engaging, interactive, and adaptive means of evaluating scientific knowledge, skills, 

and attitudes. 

While the study highlights the promise of SGs as assessment tools, future research should 

further investigate their impact on long-term learning outcomes. Pre- and post-assessment 

comparisons, longitudinal studies, and expanded teacher feedback would provide additional 

insights into how SGs influence conceptual change and skill development over time.  

Ultimately, this study affirms that digital game-based assessment, when thoughtfully 

designed, can transform how science learning is evaluated in primary education. By shifting 

from rigid, anxiety-inducing tests to interactive, formative, and student-centered assessment 

activities, SGs pave the way for a more meaningful and effective approach to evaluating and 

supporting science learning. 

Similar to the results, the limitations of the study also reflect aspects of the EDR method 

approach and the process of developing SGs. 

The hesitations in adopting the EDR approach, as outlined by Lehtonen [72], were addressed 

in this study. As in other projects, it is not always feasible to assemble a multidisciplinary team, 

and the lead researcher often has to assume more roles than anticipated [72]. When pursuing 

innovative digital technological solutions within an EDR approach, the lack of specialists can 

hinder the creation of stable prototypes [72]. Despite the limitations of the software, this study 

resulted in four original SGs for learning assessment, validated and effective in meeting both 

educational and playful objectives. 
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The inability to include a programmer in the SG development team, as achieved in other 

studies [55, 67], also emerged as a limitation. One way to address a limited budget in SG 

development is to use purpose-built software; however, this decision introduces a different set 

of limitations. The use of the Ispring Quiz Maker software is no exception. Although other 

studies describe it as “an excellent instrument for assessing pragmatic courses” [69, p. 94], 

certain shortcomings of the software were identified. Notably, it lacks features such as the 

integration of an interactive informational menu and a customizable progress bar. These 

limitations may stem from ambitions to use the software beyond its intended purposes—

creating interactive quizzes rather than SGs. Consequently, the resulting games have a 

minimalist interface and offer limited options to the player, similar to the constraints observed 

in the game SimSustentabilidade [98]. 

Future research should explore adapting these SGs for mobile devices, a goal shared by 

other studies [99]. Additionally, the evaluation of these SGs should include other groups of 

children and teachers [55, 100, 101], addressing different aspects such as SG mechanics, 

technical challenges, and design elements. 

7. Conclusions 

The development of the SGs presented and described in this article aims to contribute to science 

assessment practices and learning in primary education in Portugal. To achieve this, an EDR 

method approach was adopted, which provided ideal characteristics for the design and 

implementation of the SGs, resulting in four tested and validated assessment games.  

The SGs were: 

• Designed according to theoretical assumptions about SGs and principles of science 

learning assessment; 

• Categorized according to a SG framework; 

• Evaluated based on quality criteria, ensuring a balance between educational and playful 

components; 

• Tested and appreciated by the target audience. 

 

From this validation, it was found that the SGs are suitable, evoke positive emotions in 

children during gameplay, respect each child's individual pace, and promote additional 

learning. The article discussed multiple opportunities for using SGs. This study confirmed that 

the presented SGs are feasible and appropriate as an innovative assessment activity for teaching 

science in primary education, aligning with the objectives of IBSE and STS, fulfilling both 

educational and playful goals. 
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Appendixes 

Description of the assessment SGs for the 1st, 3rd, and 4th grades.  

 
Game Situation  

1st grade - Summer 

Holidays at the 

Campsite! 

Task Learning Objectives 

Boat Race! 
Order the steps and identify permeable 

materials. 
Plan an experiment. 

Extra Question 
Click on the instrument needed for the 

action "add water using a dropper." 

A dropper is required for the action "add 

water using a dropper." 

Loading the Boat! 
Click on the character who is correct 

about the paper boat's load. 

A boat has a maximum load capacity; once 

exceeded, it sinks. 

Extra Question 
Click on the option describing the boat's 

behavior under load. 

Draw conclusions about the boat's behavior 

when carrying a load. 

Mysterious 

Footprints! 

Click on the animal corresponding to the 

footprints. 

Woodpeckers have opposing toes that help 

them climb. 

Extra Question 
Click on the feather that corresponds to 

the woodpecker. 
Woodpeckers have black and white feathers. 

A Scientist? 
Click on the character indicating where 

scientists work. 
Scientists can also work in mountains. 

Extra Question 
Click on the image showing an area not 

studied by biologists. 
Biologists do not study planets. 

Cork, Where Do You 

Come From? 

Click on the character naming the tree that 

produces cork. 
Cork comes from the cork oak tree. 
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Game Situation  

1st grade - Summer 

Holidays at the 

Campsite! 

Task Learning Objectives 

Extra Question Click on the material of mineral origin. Aluminum is of mineral origin. 

So Windy! 
Drag the windsock corresponding to the 

day with the highest wind intensity. 

Interpret wind intensity information using the 

windsock. 

Extra Question Click on the function of an anemometer. An anemometer measures wind speed. 

A Living Collection! Click on the living beings at the beach. 
Beach plants (ice plant), starfish, crabs, and 

seagulls are living beings. 

Extra Question Click on the image of a non-living being. Robots are non-living beings. 

A Fresh Snack! 
Drag the plant part corresponding to the 

root. 
A carrot is a root. 

Extra Question 
Click on the group of plant parts that are 

fruits. 
Banana, apple, and pumpkin are fruits. 

Waste Sorting! 
Select and group materials into their 

correct recycling bins. 
Demonstrate consistency in recycling. 

Extra Question 
Click on the object that should not go in 

the yellow bin. 

Metal cutlery should not be placed in the 

yellow bin. 

Shadow Theater! Drag the translucent material to the box. 
A translucent object partially lets light 

through. 

Extra Question 
Click on the material that lets light pass 

through. 

Glass is a material that typically allows light 

to pass through completely. 

 

Game Situation  

3rd grade - 

Summer Holidays 

by the Sea! 

Task Learning Objectives 

Sweet Breakfast! 
Click on the character identifying the glass 

where chocolate dissolves fastest. 

Chocolate dissolves faster in the glass with the 

highest temperature. 

Extra Question 
Click on the factor that does not influence 

dissolution time. 

The type of glass does not influence the 

dissolution time of sugar. 

A Light Ball! 
Click on the character who is correct about 

whether air has mass. 
Air has mass. 

Extra Question 

Click on the option identifying the 

relationship between balloons of different 

sizes. 

A balloon with more volume (more air) is 

heavier. 

A Melting Drink! 
Drag the drink with and without ice based 

on the ice state for each character. 
Crushed ice melts faster. 

Extra Question 
Click on the reason why the ice cream 

melted. 

The ice cream melted because the ambient 

temperature increased. 

Sandcastles 
Click on the character identifying the 

permeability capacity of the sand. 
Sandy soil is permeable. 

Extra Question 
Click on the option describing a permeable 

soil. 

Permeable soil allows excess water to pass 

through. 

A Ride in a Hot Air 

Balloon! 

Drag the words describing how a hot air 

balloon works. 

A hot air balloon rises because hot air is less 

dense. It descends because cold air is denser. 

Extra Question 

Click on the option identifying what 

happens when the hot air balloon 

descends. 

A hot air balloon descends because cold air is 

denser. 

A Shadow Game! 
Drag the flashlight to the spot where the 

shadow is largest. 

The closer the light source is to the object, the 

larger the shadow. 

Extra Question 
Click on the image representing the bear’s 

shadow based on the flashlight's position. 

A shadow always forms on the side opposite 

to the light source. 

Interaction on the 

Ocean Floor! 

Click on the character identifying the 

interaction between the anemone and 

clownfish. 

The clownfish uses the anemone as a home, 

providing a hiding place from predators. 

Extra Question Click on the parasite that infects humans. Roundworms infest human intestines. 

Helping Parents! 
Click on the character describing how 

dolphin parents assist their young. 

Dolphins help their young by guiding them to 

the water’s surface to breathe. 

Extra Question 
Click on the animal that brings food to its 

young. 
Seagulls bring food to their young. 
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Game Situation  

3rd grade - 

Summer Holidays 

by the Sea! 

Task Learning Objectives 

So Many Eggs! 

Whose Are They? 

Drag and match the eggs to the animals 

they belong to. 

Octopus eggs are elongated, shark eggs are 

dark and capsule-like, and turtle eggs are 

round. 

Extra Question Click on the animal that is viviparous. The whale is a viviparous animal. 

Shark Pamphlet! 
Click on the information matching the 

poster. 

Analyze and interpret information about 

sharks. 

Extra Question 
Click on the option corresponding to 

information about the turtle. 

Analyze and interpret information about turtle 

eggs. 

 

Game Situation  

4th grade - 

Summer Holidays 

on Safari 

Task Learning Objectives 

An Injury! 

Click on the most correct option and 

drag the corresponding X-ray to the 

injury. 

A sprain occurs when the ligaments connecting 

bone to bone are torn. 

Extra Question 
Click on the instrument that amplifies 

the sound of the human body. 

A stethoscope amplifies the sounds of the 

human body. 

Preparing for the 

Safari! 

Click on the character identifying the 

quickest way to cool drinks. 

Water at a higher temperature freezes faster 

than water at a lower temperature. 

Extra Question 
Click on the state of ice division that 

cools water faster. 
Crushed ice cools water faster. 

The Lost 

Lunchbox! 

Click on the character identifying the 

material that can slow the melting of ice. 

Wool can be used as an insulator to slow the 

melting of ice. 

Extra Question 
Click on the state of ice division that 

melts faster. 

The smaller the ice cube’s division, the faster it 

melts. 

Sustainable 

Consumption! 

Drag the most sustainable apples to the 

shopping basket. 

Locally produced, unpackaged apples are the 

most sustainable option. 

Extra Question Click on the most sustainable bag. A fabric bag is the most sustainable option. 

An Afternoon on 

Safari! 

Drag savannah animals to construct a 

food chain. 

Grass is a producer, gazelles are primary 

consumers, and lions are secondary consumers. 

Extra Question 
Click on the herbivore’s role in the food 

chain. 

Herbivores are primary consumers in the food 

chain. 

Rhino in Sight! 
Click on the character identifying why 

the black rhino is endangered. 

The black rhino is endangered due to illegal 

poaching. 

Extra Question Click on the main reason for poaching. 
Poaching occurs because the materials from 

these animals are rare and valuable. 

Careful What You 

Catch! 

Drag the gilthead seabreams longer 

than 19 cm. 
Measure the length of gilthead seabreams. 

Extra Question 

Click on the reason why gilthead 

seabreams under 19 cm cannot be 

caught. 

Gilthead seabreams under 19 cm cannot be 

caught because they have not yet reached 

reproductive maturity. 

A Polluted Ocean! 
Click on the character identifying the 

effect of excess carbon dioxide on fish. 

Excess carbon dioxide in the water affects fish 

respiration. 

Extra Question 
Click on the option describing what 

happens to plastics in oceans. 

Plastics in oceans fragment into very small 

pieces. 

Where Do I Use 

Water? 

Click on activities where water is used 

indirectly. 

Activities like playing sports, flying a kite, and 

shopping consume water indirectly. 

Extra Question 

Click on the truthfulness of the 

statement “Producing food uses water 

and other energy types.” 

Producing food also consumes water and other 

forms of energy. 

Animal Collection! 
Group animals by dragging them into 

categories: mammals, fish, and reptiles. 

Animals are classified into groups: mammals 

(lion, giraffe), fish (gilthead seabream), and 

reptiles (turtle, crocodile). 

Extra Question 
Click on the option describing the 

characteristics of reptiles. 

Reptiles are vertebrates, oviparous, have scaly 

skin, and are cold-blooded. 

 

 


