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Abstract

:

One of the crucial 21st-century digital skills, in the context of digital transformation, is problem solving—equally so in the fields of science, technology, engineering, and mathematics (STEM). In the context of kindergarten, learning through play is central; therefore, pretend play, and particularly guided pretend play, is suggested as an innovative way to foster skills for digital problem solving. As yet, the potential of pretend play for children’s learning about digital transformation and digital problem-solving processes has hardly been researched. The paper examines how children solve digital problems in guided pretend play. In an explorative intervention study “We play the future”, an information technology center (IT center) is introduced as one of the play corners for pretend play in kindergartens, together with other inputs such as a smart home corner (Internet of Things) or autonomous vehicles. Children’s play was video recorded. From the 15 participating kindergartens, 13 h of sequences involving the IT center were analyzed using content analysis. The findings indicate that children identify problems in a play situation and solve them using problem-solving strategies, such as devising new applications and installing software. Furthermore, the findings show that the kindergarten teacher’s participation in the pretend play is important for enabling longer and more complex problem-solving processes. Consequences for further teacher training to foster problem-solving skills during guided pretend play are discussed.
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1. Introduction


In our technology-based society, science, technology, engineering, and mathematics (STEM) are central. These disciplines have been combined as an area of interest for scientific careers, and the expression “STEM” has been coined [1]. STEM topics have been increasingly recognized as appropriate and relevant for early childhood education [2,3]. Whereas science and mathematics are often focused on in early childhood education, technology and engineering receive less attention. They are referred to as “the missing T & E” in early childhood STEM [3] (p. 16). Technology—digital technology in particular—will become increasingly important in the future. Digital information and communication technologies influence the ways in which we inform ourselves, communicate and interact, produce, and consume. Digital transformation thus affects almost all areas of our daily lives and work [4,5]. Digital transformation refers to the changes in structuring processes anew, which is made possible through digitalization and technology, thus bringing people, data, and technology together in new ways [6,7]. In the last two decades in particular, rapid technological progress has occurred, also influencing the further development of digital information and communication technologies [5,8]. In light of digital transformation, it is vital to identify what and how children need to learn in order to navigate the digitalized world and use digital technology, as well as be equipped with the necessary skills to develop digital technologies and shape digital transformation [5,9]. In order to be able to participate in the future, children need to acquire certain skills, which are referred to as “21st-century skills” [10]. This term covers a range of skills: In addition to technical skills and information management, skills such as communication, collaboration, creativity, critical thinking, and problem solving are equally crucial 21st-century skills. These skills should and can be fostered early on [2,4]. These skills, with the exception of technical skills and information management, can also be referred to as soft skills [11]. In order to deal successfully with the rapid change of digital transformation, soft skills such as communication, collaboration, critical thinking, and problem solving are required. Problem solving can be seen as a particularly important soft skill for digital transformation [11] and is an important skill in STEM in general [12,13], as well as for digital technology [10,14].



1.1. Problem Solving and Digital Technology


Problem solving involves deliberate cognitive reasoning [15,16,17,18]. “Problem solving begins with recognizing that a problem situation exists and establishing an understanding of the nature of the situation. It requires the solver to identify the specific problem(s) to be solved and to plan and carry out a solution, along with monitoring and evaluating progress throughout the activity” [16] (p. 123).



When combining problem solving with digitalization, there are two possibilities for problem solving [5]: (1) using digital media to learn problem solving and then solve problems, or (2) knowing, understanding, and applying functionalities and basic principles of the digital world to the problem solution. Knowing, understanding, and applying functionalities and basic principles of the digital world means understanding the processes behind the use of digital technologies. For example, children should be able to recognize algorithmic structures and to plan, formulate, and apply a structured algorithmic sequence to solve a problem [19,20]. The two possibilities of problem solving are not limited to a certain domain or academic subject [5]. Computational thinking is required to solve problems related to digital technology. Computational thinking can be conceptualized as a specific method of problem analysis and problem solving [21], whereby a problem is represented and decomposed in terms of algorithms and abstractions and then solutions are developed that allow for an automated process to solve the problem [22,23].



A variety of types of problems can be distinguished [24,25]. In the context of digital technology, three main types of problem solving have to be dealt with: (1) design problems, (2) diagnosis problems, and (3) debugging problems. A design problem is an ill-structured problem with a vague goal statement that only provides an indication of how a solution might be judged as better than other viable options. A diagnosis problem requires the selection and evaluation of treatment options. The outcome, however, is defined. A debugging problem means an ill-structured problem where the identification of fault(s) is the focus. Debugging means fixing a bug, for example, in software [26].



A variety of theories seek to model the process of problem solving, distinguishing different phases [12]. The present paper follows the model of Betsch et al. [15], which is close to the above OECD [16] definition. The model suggests five phases [15,16]: First, the problem must be recognized and identified (phase 1). Second, the actual situation and the goal need to be analyzed (phase 2). After that, it is possible to create a plan for solving the problem (phase 3), and execute the plan and monitor (phase 4). In the last step, the results must be evaluated (phase 5). The evaluation may lead to re-identifying the problem. Figure 1 shows the process of problem solving.



In problem solving, various strategies are required. Future generations will be confronted not only with gains through digitalization, but also with challenges and problems [13]. In order to deal with these challenges, it is important to learn to apply different digital strategies of problem solving within new situations, where no predefined strategy is as yet known (for example, how to modify or adapt software, or how to program specific functions on a robot). In such situations, children need to be able to think flexibly and creatively about how to overcome obstacles in the process of finding a solution. Consequently, ill-structured problems are becoming ever more relevant [13]. In relation to the aforementioned 21st-century skills for problem solving in a digital technology context, it is clear that digital technology education needs to be multifaceted. Digital education cannot be confined to using a tablet or other devices. It means, for example, “helping children gain technology literacy or teaching them that technology is used to expand our knowledge beyond what our senses can tell us, and to reflect on and share what we find out” [3] (p. 16). Less is known about how children can learn such flexible and undefined digital strategies to solve ill-structured problems and reason on how digital processes function, as well as how they can be supported during the learning process [27,28].



Preschool children can imagine problem-solving strategies without solving the problem in real life; they have been found to use science-relevant concepts to solve problems set by researchers (e.g., to determine which one of two bags holds pillows, rather than rocks) [2]. Young children have positive attitudes to programming, as they learn programming embedded in social interactions [29]. These findings point to the potential of pretend play for digital education, as it relies on imagination and is embedded in social interactions.




1.2. (Guided) Pretend Play to Promote Problem-Solving Skills in Digital Technology


Pretend play is seen as an important way to encourage learning processes in early childhood and promote problem-solving skills [30,31] and scientific thinking [32,33,34]. Young children’s play is a legitimate form of scientific thinking [34,35,36]. Following Fridman et al. [37], play-based, open-ended exploration sparks children’s inquisitiveness and fosters their metacognition and self-regulation abilities. Pretend play can also help to cope with frustration [38]. All these aspects are relevant to a problem-solving process. Exploring science topics in early childhood can lead to a better understanding of scientific concepts in later life [39]. Exploring digital transformation in early childhood can lead to an understanding of digital technology processes [40]. Vogt and Hollenstein [9] can show that young children explore processes of digital transformation during pretend play and acquire important 21st-century skills through pretend play.



Children’s interest and motivation for digital professions can be sparked in early years through digital education [9,40,41,42,43]. For example, children explore the concept of digital transformation amongst themselves and in play with the kindergarten teacher [9,41,42]. During pretend play, children demonstrate skills necessary for the digital future [10,41]. Pretend play promotes an active, creative, and critical use of digital technology for children to imagine themselves as professionals who actively shape digital transformation [9].



Play guided by teachers leads to high-quality play and provides children with learning opportunities in different areas [44,45]. Guided pretend play refers to the use of play to introduce curricular topics by providing materials and supporting pretend play [46]. Within guided pretend play, teachers have an important role to guide the focus on digital transformation, introducing ideas of transforming everyday processes and raising questions as to why something works or not [9,47]. Children rely on support in the problem-solving process from expert persons [4]. The presence of the kindergarten teacher is important in order to expand reasoning about digital processes, as the teacher asks questions or suggests paths for problem solving. As pretend play allows for anything to be assumed, stated, or done, the feedback of the kindergarten teacher can trigger further reasoning, such as asking about the reason for stating or doing something. The guidance of the kindergarten teacher is even more important, as direct feedback from the digital technology is missing. When children deal with real, functioning technology, feedback as to whether something works or not is instant. It could even be said that the direct feedback of the digital technology partially replaces feedback from the teacher [48]. As these pretend play impusles on digital transformation do not include any functionning devices, the feedback from the teacher is crucial in order to develop reasoning further.



Teachers need to be aware of digital processes in order to be able to provide high-quality play guidance. Several initiatives seek to provide teacher training in digital competencies [19,20]. However, there is still a great need to develop this further. In early childhood teacher education, little time is devoted to how to teach STEM and digital technology [49,50,51]. Several studies found that early childhood educators perceive themselves to be badly equipped to teach STEM and digital technology [51] and are thus reluctant to include STEM and digital technology in kindergarten [49,52].



Based on the research literature, it can be assumed that problem solving could best be fostered in early childhood through pretend play [30] so that children get to know, understand, and apply functionalities and basic principles of the digital world. However, there is a lack of studies about problem-solving strategies during pretend play. Furthermore, the potential of guided pretend play for children’s engagement with digital transformation processes and for the acquisition of 21st-century skills—in particular, digital problem solving—has as yet hardly been researched.




1.3. Aims


The present paper focuses on guided pretend play on topics of digital transformation to encourage young children to engage with processes of digital transformation and to acquire 21st-century skills. For this purpose, the present study developed pretend play inputs for kindergarten. The pretend play inputs included ideas for play corners and role-play situations, as well as ideas for enriching play with variations, in order for children to integrate topics related to digital transformation in free play. As a context to learn about digital problem solving, pretend play inputs on digital transformation can be set up [9]. Central to the pretend play inputs on digital transformation is the setting up of an information technology center (IT center) as a play corner in the kindergarten classroom. The children pretend to be an IT specialist, thus pretending to provide, install, and maintain hardware, software, and network components as well as localize and eliminate errors. Furthermore, an IT specialist instructs users in the use of equipment and takes care of repairs. The pretend play role of IT specialist allows for many digital problem-solving situations to be invented and played out. The IT center can be linked to other inputs of digital transformation. As examples, the IT specialists are summoned when the 3D-printer does not work, the police needs IT specialists to come up with a new solution for tracking, or a food laboratory seeks to automate production.



The focus of the present study is to explore children’s ability to generate solutions to problems related to digital technology during guided pretend play in the context of an IT center play corner.



The following research questions are explored:




	
What kind of problems emerge during guided pretend play in the IT center?



	
In what way do children solve digital problems in guided pretend play?



	
What reasoning do children co-construct in guided pretend play as to the functioning of digital processes?



	
How do teachers foster problem-solving skills through guided pretend play?










2. Materials and Methods


The above research questions require a mixed-method design with regard to data analyses [53]. Qualitative analysis allows for distinguishing problem-solving approaches, whereas quantitative analysis is used to determine in what ways problem solving within pretend play differs with or without the teacher being present.



2.1. Sample and Study Design


In the context of the exploratory intervention study “We play the future”, children’s pretend play was analyzed in order to investigate the problem-solving strategies that the children use when solving digital problems. In addition, the analysis sought to explore how children explain problem-solving processes and how the teachers support such processes. The intervention study was conducted in 15 kindergartens in Switzerland. The teachers were recruited through advertisements in professional magazines and online.



The intervention consisted of professional development and the implementation of inputs for pretended play on digital transformation. The kindergarten teachers attended a half-day professional development course provided by the research team. They then implemented at least three pretend play inputs in their kindergarten classrooms for 3.5 months. The kindergarten teachers introduced the pretend play inputs on digital transformation by taking part in the role play and modeling digital problem-solving processes. Subsequently, the children could play on their own during free play (ca. one to two hours per day) and the teacher were encouraged to participate in the play from time to time in order to foster ideas and support reasoning co-constructively.



The participated children were 4 to 6 years old. No data about the children’s characteristics such as socio-economic background or prior knowledge were collected. Kindergarten is part of compulsory education in Switzerland. Children attend kindergarten five days a week for a total of approximately 18 h per week. Sequences of free play are included every day for 1 to 1.5 h. Kindergarten education follows a competence-based curriculum. Information technology and media is regarded as a cross-sectional area [54].




2.2. Pretend Play Inputs


As part of the project “We play the future”, pretend play inputs were developed in eight different areas of digital transformation [55]. The project uses existing play corners and imaginatively expands them through the theme of digital transformation (the family corner becomes a smart home corner) and sets up new play corners, for example, an IT center. The eight inputs are based on current digital transformation initiatives [7] and possible future developments and include the core digital processes needed for digital transformation, such as data transfer via sensors and microchips. In addition, care was taken to ensure that the topics were closely related to the everyday experience of young children. The inputs for the pretend play include eight areas: (1) IT center, (2) robotics, (3) 3D printer, (4) autonomous vehicles, (5) Internet of Things, (6) police and tracking, (7) online shopping, and (8) food laboratory [9].



As part of the project, the participating kindergartens were provided with various materials for the pretend play (e.g., old laptops, wooden tablets with replaceable cardboard surfaces) as well as concrete descriptions of how to introduce and implement the inputs in the kindergarten [55]. These materials only included non-functioning devices in order to support pretending and to concentrate on co-constructive reasoning on digital transformation.




2.3. Data Collection and Analysis


In view of the exploratory research questions, a qualitative design was devised for this research project, relying on video observation. The children’s play was video recorded on two occasions within 3.5 months. The children’s play was filmed using two video cameras on tripods and additional small microphones placed in the play area. Overall, 45 h of recorded video material was collected. The teachers repeatedly joined the pretend play. Written informed consent was obtained from the parents and the teachers for the videos. On the day of the video recordings, the children could decide independently whether they wanted to participate in the video recordings or devote themselves to another play area.



The data were analyzed using mainly qualitative content analysis [56] within a “qualitative-dominated crossover study” [53,57]. For the analysis of the problem-solving processes and the problem-solving strategies, 21 videos (almost 13 h) were selected, which all involved a sequence with the IT center. These 13 h of video material were analyzed in depth. The video material was coded using MAXQDA 2020. A category system was developed in advance based on theoretical concepts of problem solving [56]. During coding, some categories based on open coding were added (see Table 1).



From the 12:50:00 h of video material, a total of N = 75 sequences were identified as problem-solving situations. Situations were coded as problem-solving situations if a problem was clearly expressed (e.g., “The tablet is broken,” “The refrigerator no longer works,” “We want to create a new app”). Each problem-solving situation was subsequently coded in more detail. Each situation was coded along the following lines: (1) teacher-guided problem-solving process, (2) type of problem, (3) phase of problem solving, and (4) problem-solving strategy (see Table 1).



Nearly 20% of the video material was randomly selected and coded by two persons, independently of each other. The double-coder inter-reliability was substantial, with a kappa of κ = 0.71 [58].



In order to compare the problem-solving processes with or without the teacher being present, quantitative analyses were used. With the help of chi-square test, the frequencies of problem-solving phases and strategies as well as the length of these sequences were tested on the significance between pretend play with or without the teachers’ presence. This follows the mixed methods design of a qualitative-dominated crossover study, whereby quantitative analysis follows dominantly qualitative data collection and analysis [57].





3. Results


First, an overview of the frequency of the problem-solving sequences will be given, then the results will be presented following the research questions.



From the 12:50:00 h of video material involving the IT center, 75 sequences of problem solving were identified, totaling 02:32:51 h. In all 15 kindergartens, problem-solving sequences involving the IT center were identified. It is clear that establishing a play corner as an IT center facilitates pretend play with digital problem solving. In 10 of the 15 kindergartens, 32 sequences were guided by the kindergarten teacher (01:46:05 h). Thus, problem-solving sequences had a mean duration of 01:19 min when children played on their own, whereas the mean duration when guided by the kindergarten teacher was 03:00 min. The difference was statistically significant (exact Mann–Whitney U-test: U = 686, p < 0.05). The effect size was r = 0.25, which is a small effect [59].



Children initiated 57 (76%) of these problem situations; the kindergarten teachers initiated 18 situations. From the sequences with the teachers present, 44% were initiated by the children and 56% by the teachers.



The presentation of the results follows the research questions: (1) problems arising, (2) problem-solving strategies, and (3) reasoning about digital technology. For each of these research questions, the results were analyzed by comparing pretend play sequences with or without the teacher the teacher being present, thus providing results for research question 4 (support of the teacher for problem solving). The qualitative analysis of the problem-solving sequences is illustrated using excerpts. Then frequencies of different phases and digital strategies are summarized. In order to compare pretend play sequences with and without the teachers’ presence, chi-square tests were used to determine whether the differences in frequencies were significant. In the Results section, quantitative analysis using chi-square tests and data on frequencies follows the qualitative analysis, which is based on excerpts and content analysis [53,56].



3.1. Problems That Arise during Guided Pretend Play, Where the IT Center Is Involved


During the 75 sequences of problem solving, 81 codes regarding the type of problem were assigned. A total of 40 codes for type of problem were given in situations with the kindergarten teacher present. A total of 72 of all of the types of problems coded were debugging problems (n = 72; with the kindergarten teacher present: n = 33). Five design problems and four diagnostic problems occurred during pretend play in the IT center, most of them when the kindergarten teacher was present.



The following two situations represent typical debugging problem-solving situations when children played amongst themselves:



Excerpt 1:




A customer (child 1) calls the IT center and describes the following: “My cell phone is broken” (17:46). The IT specialist (child 2) responds and asks the customer to come over. “Hello, what’s broken?” (17:56). The customer explains that the phone is no longer working: “It doesn’t work anymore” (18:04). The IT specialist takes care of the problem and pretends to screw the phone with the screwdriver (18:14). “So, finished!” (18:18). The customer picks up his phone and leaves the IT center.





Excerpt 2:




A child, pretending to be a pirate, calls the IT center and explains that the motor of the autonomous sailing pirate ship is not functioning properly (06:08). The IT specialist types on her laptop (06:18). Now she asks the pirate if the motor is working again (06:27). “No” (06:30). The IT specialist types again on her laptop and asks once again “Does it work now?” (06:36). Now, the motor is working again (06:42).





In excerpt 1 the source of the problem was unknown; the customer said only, “The phone is no longer working.” In the play situation, the IT specialist came up with reasoning for why the phone did not work anymore. The IT specialist identified a non-digital problem. It was just a problem with a screw, and he solved the problem with a screwdriver. In comparison, in excerpt 2, the IT specialist identified a software problem, as she was typing on her laptop and used the remote access. The problem-solving process needed a short test phase and a small correction, as the IT specialist had to type on the laptop again before the problem was solved. Nevertheless, the problem-solving strategy was just typing on a digital device without any verbalization of what the IT specialist was doing.



Excerpt 3 shows a situation again without the guidance of the kindergarten teacher. The children identified a problem regarding the connection between the tablet and the refrigerator.



Excerpt 3:




The IT specialists (children 1 and 2) are performing a technical check in the home corner: “We’re checking to make sure all the equipment is okay” (19:14). The IT specialist (child 2) notices that the refrigerator door cannot be opened and that this is probably due to the defective microchip: “But that doesn’t work... THAT doesn’t work” (19:24). The other IT specialist (child 1) reaches for the tablet and tries to scan the microchip on the refrigerator door with it. The resident (child 3) intervenes because the IT specialist has not activated the scanning app on the tablet (19:34). The IT specialists (children 1 and 2) then scan the microchip and find that it still does not work: “But it still doesn’t work” (19:45). The IT specialist (child 2) checks the SIM card and finds that the problem is caused by a defect on the SIM card: “Now we have to look at the SIM card. The SIM card is not working anymore.” (19:50). The IT specialists want to replace the SIM card (19:54). The IT specialist (1) goes and organizes a screwdriver. Following this, the IT specialist (2) screws and says, “So, now I got it” (20:45). The IT specialist (1) scans the microchip again with the tablet and checks it for functionality: “Now it works again” (21:58).





The sequence highlights a number of problem-solving strategies: with (1) the exchange of the microchip (hardware), (2) the exchange of information (the resident advises that the scanning app has not been activated), and (3) the testing of functions (scan procedure). The analysis of the situation shows that the children were able to pretend to solve a more complex problem situation and to use different problem-solving strategies. They created a plan to (1) have a look at the SIM card, (2) organize a screwdriver, and (3) pretend to screw out the SIM card—and they verbalized what they were doing. This kind of more complex problem-solving situation was rare when the children played amongst themselves without the guidance of the kindergarten teacher. More often, when children played amongst themselves, problem solving involved neither digital strategies nor verbalization of the digital strategy, as in excerpts 1 and 2 above. The children pretended to solve the problems in a very brief manner in excerpts 1 and 2 and tended to use conventional strategies (screwdriver, excerpt 1) to solve the problem or did not verbalize what they did (typing on the laptop, excerpt 2). By contrast, in excerpt 3 the children used different problem-solving strategies and partly verbalized what they did.



The following situation represents a problem-solving situation during guided pretend play, where the kindergarten teacher participated:



Excerpt 4:




In the IT center, three IT specialists are pretending to be working, with child 1 on a tablet, child 2 at the computer, and the teacher sitting in between the children also in the role of one of the IT specialists. A customer (child 3) comes to the IT center with a laptop and says to one of the IT specialists (child 1), “The computer is broken” (04:04). The teacher, in the role of a fellow IT specialist, guides child 1 to ask the customer, “What is broken?” (04:28). The customer explains, “I don’t know either, it somehow… When you watch a movie, the movie plays in Italian” (04:32). The IT specialist (child 1) asks what language the customer needs for the videos (04:53). The customer clarifies the language “English and some more French” (05:02). The teacher involves the other IT specialist (child 2) and asks the child, “Can you please log in?” (04:58) At the same time, the IT specialist (child 1) is busy with the tablet and asks the customer, “Is this disk broken?” (05:10). The customer is shown two different disks on the tablet: “There is this one or that one” (05:14). The teacher explains to the customer that the IT specialist (child 2) will now log into the system (05:26). The IT specialist (2) logs in on the computer and starts typing. The IT specialist (1) points at his tablet and says to the other IT specialists, “Yes, that is right. It’s not the language they speak” (0:05:40). The teacher pretends to notice an error message on the computer: “Ah yes, look there’s an error message. We see it there” (05:52). She asks the IT specialist (child 2), “Can you reprogram that?” (05:57). The teacher checks with the customer that English is the desired language (06:01). The customer says, “In English and in French” (06:05). Now the teacher joins child 2 at the computer and also types and verbalizes that she is reprogramming the language: “Ok, look, the error message is gone. I think, we’ve solved the problem. However, wait a moment, I just want to have a look again, because yesterday I had…” (06:24). The teacher is typing on the keyboard of the computer again and says, “Oh, no, now the language is Chinese. Please, try to reprogram, IT specialist (child 2), you can do that” (06:34). The teacher asks the customer if it is right, that everything on his laptop is in Chinese. The customer looks at his laptop and says, “Yes.” The task of reprogramming is again given to the IT specialist (child 2) (06:39). After a new attempt (typing on the keyboard) the IT specialist (child 2) solves the problem, and the customer confirms that the correct language is now set: “It’s all good” (06:55).





This excerpt illustrates the finding that with the teachers’ guidance, the problem-solving processes were significantly longer. A whole process of problem solving occurred. Firstly, child 1 identified the problem (05:10). Thereafter, the three IT specialists, the two children and the teacher, suggested a problem-solving plan (05:26). The teacher and child 2 were executing the plan and the teacher was evaluating it (06:34). After a new reprogramming phase, the IT specialists solved the problem, and the customer confirmed that everything was now good. During the problem-solving process, the teacher supported the IT specialists to ask questions to obtain more information about the problem (04:28) and verbalized what she was thinking (06:24). The teacher pretended to make a mistake. She reprogrammed the language setting to a language that was not requested. Thus, the problem was not yet solved and it needed further problem solving. The kindergarten teacher, in her role as an IT specialist, encouraged child 2 as IT specialist to take charge of reprograming and solving the problem. The children and the teacher, in their roles as IT specialists, used different problem-solving strategies, such as trying out and testing, exchanging information, posing questions, typing on a digital device, and modifying the software and the settings.




3.2. How Children Solve Digital Problems


Problem identification is the first step in the problem-solving process. Once the problem has been identified, the problem-solving process includes phases such as analyzing the goal and the actual situation, creating a plan, executing a plan, and evaluating the results [15,16]. The results indicate no significant differences between the frequencies of problem-solving phases that occurred during guided pretend play with and without the teachers present (χ2 = 5.46, df = 4; p = 0.24). Looking at the frequencies of phases beyond problem identification, on average two additional phases occurred with the teacher present, whereas without the teacher, only one additional phase occurred on average. It is noticeable that many problems were identified during the analyzed pretend play situations (n = 114). For example, one child contacted the IT center and told them that something had happened. The IT specialist asked what kind of problem it was and the child answered that something was broken. After that, nothing else was done or mentioned on that problem situation and the children’s play continued with another focus. No further phase of the problem-solving process began. For the processes where a second phase of problem solving followed the identification, the next steps were also often very brief, particularly when children played on their own. They identified a problem, then typed on a digital device, and after that gave the device back without verbalizing what they did. Figure 2 shows the frequency of all processes across all problem-solving sequences. In Table 2 a variety of different successions of problem-solving phases found in the pretend play situations is visualized.



Children used different strategies during the problem-solving sequences. In total, 122 problem-solving strategies were coded during the 75 problem-solving situations. A total of 94 of these 122 problem-solving strategies were coded during guided pretend play with the teacher. Most of the problem-solving strategies were digital strategies (n = 104). A strategy was coded as “no digital strategy” when the problem-solving strategy involved actions such as turning off the device, recharging, or using a screwdriver.



When guided by the teacher, the children used significantly more problem-solving strategies compared to playing amongst themselves (χ2 = 19.42, df = 5; p = 0.002).



Furthermore, the results demonstrate that the children could solve the identified problems using digital strategies. Figure 3 shows the frequency of problem-solving strategies in total and during guided pretend play. Children used strategies not relying on digital problem solving (e.g., solving the problem with a screwdriver) n = 18 times in total and n = 13 (72%) times during guided pretend play with the kindergarten teacher. Children mostly modified or adapted software (n = 45): They programmed, installed an app or a function, or modified a setting. A total of 38 of these 45 “modify/adapt software” codes were coded during guided pretend play with the teacher (84%). Just typing on a digital device (e.g., a computer, laptop, or tablet) without any verbalization of what they were doing was the second most frequent, at n = 25 of the N = 122 problem-solving strategies. A total of 14 (56%) of these situations arose during guided pretend play with the kindergarten teacher. Children exchanged information or asked questions 17 times, for example, to get more information about the problem. In 68% (n = 11) of these n = 17 situations, children did so while guided by the kindergarten teacher. In n = 12 times, children exchanged a sensor or microchip, 75% (n = 9) during guided pretend play with the teacher. Furthermore, the children tried out or tested the function n = 10 times, n = 9 of them guided by the kindergarten teacher.




3.3. Children’s Reasoning about How Digital Processes Function


The reasoning about how digital processes function is depicted in Figure 4. The results indicate that children significantly more often provided reasoning on how digital processes function with the kindergarten teacher present than without the teacher present (χ2 = 22.72, df = 2; p < 0.001). A total of 52 occurrences involved just “it is broken” without any special explanation. Only in n = 15 of these situations did children identify such an unspecific problem during guided pretend play with the teacher. By comparison, children identified a software or connection problem (e.g., a wrong setting, error message, or connection issue) in n = 50 situations in total, and within these situations, n = 37 were guided by the kindergarten teacher. Children identified no digital problem (e.g., a screw is loose or lightning hit the rocket) n = 12 times, and in half of those (n = 6) the teacher was present.





4. Discussion


The present paper aims to explore children’s ability to generate solutions to digital-related problems during guided pretend play. The analysis of all sequences of the IT center shows that compared to the total duration of the IT center sequences (12:50:00 h), only little time was used for problem sequences (02:32:51 h, including 01:46:05 h with teachers present).



To sum up, the guided pretend play in the IT center shows potential for problem-solving sequences, which often the children initiated and the teacher expanded. The problem-solving sequences with the teacher were on average twice as long as the duration when the children played alone.



The findings indicate that the pretend play inputs on digital transformation enabled children to explore cognitive problem-solving processes and to acquire an understanding of digital processes, thus possibly supporting the acquisition of computational thinking skills [21]. Most of the problem-solving situations arose with the children initiating a problem. During guided pretend play, the children identified many digital technology-related problems and solved them with digital strategies such as devising new applications and installing software. The children identified problems in the play situation, tried to debug (i.e., found the error in the language setting), programmed (i.e., secured a door with a digital code), and installed (i.e., connected a new sensor to the coffee machine). These observations show that the children got to know, understood, and applied functionalities and basic principles of digital technology in their pretend play [5] and acquired crucial competences needed for the digital future [10,60]. Nevertheless, the children’s reasoning about how digital processes function was often unspecific (“It is broken”) when they play amongst themselves and more specific when the kindergarten teacher played with them.



Guided pretend play, in which the kindergarten teachers directly participated in the play, revealed much potential for extensive problem solving, involving reasoning on digital functioning. The results show that during pretend play, digital problem-solving processes with teacher involvement were significantly longer and more extensive in terms of employing problem-solving strategies and engaging in reasoning as to how digital technology functions. Specific problem-solving strategies arose largely during guided pretend play situations with the teacher present, such as modifying or adapting software as well as trying or testing problem solutions. The reasoning about how digital processes function was verbalized more often and a digital device was not just deemed broken. The problem-solving process did not overall differ in relation to the kind of problem-solving phases between the situations with or without the support of the kindergarten teacher. However, it can be concluded that the teacher’s guidance and participation in the play encouraged the children to see the solution of the problem in the software, to exchange ideas and ask questions, and to try out problem solutions. The potential of guided play is emphasized by Hirsh-Pasek et al. [30], who promote guided pretend play with the kindergarten teacher to foster problem-solving skills. The teacher’s participation is even more important because the children do not receive direct feedback from functioning technology, which in other contexts has been found to partly replace the teacher’s support [48].



Pretend play guidance can be a promising way to promote the exploration of digital transformation topics for young children in relation to digital transformation. This is in line with other studies that show that the quality of free play is improved through guided pretend play [44,45]. Guiding pretend play on digital transformation requires teachers to establish play areas with materials that simulate digital artefacts but also to actively play along, modeling understanding of digital processes and encouraging children’s ideas. Nevertheless, the results underline the importance of further training on digital expertise in order to be able to recognize relevant play situations and draw digital technology correctly into the play situation. Often teachers in early childhood education do not feel sufficiently prepared for digital education [49,50,51]. In the present sample, teachers completed half a day’s professional development about digital transformation processes, guided pretend play, and fostering gender equality in technology education. The current results underline the importance of providing teachers with further training, specifically on problem-solving processes during guided pretend play. Problem-solving processes in the digital context are very complex. Teachers therefore need more in-depth training to support children’s problem solving during guided pretend play.



There are limitations to the research findings that need to be considered: Firstly, learning processes were not observed over a longer period. Consequently, it is not possible to draw any assumptions about children’s development of crucial 21st-century skills. Additionally, we do not yet know what kind of digital competence kindergarten teachers need in order to facilitate high-quality pretend play in the area of digital transformation. Further research could capture the development of children’s skills and motivation during a longer period while playing with these kind of pretend play inputs, as well as focusing on kindergarten teachers’ competence in fostering digital learning through pretend play. Secondly, the explorative intervention study includes neither a comparison with other approaches of digital education (e.g., picture book, coding a robot, programming on a computer) nor other approaches to learn problem-solving skills (e.g., productive failure vs. direct instruction [28]). Pretend play fosters problem solving by encouraging reasoning as to what the problem with a digital device could be or about the digital transformation process as a whole. Nevertheless, the results should be replicated and expanded with further studies, especially quantitative studies—for example, with a larger number of problem-solving situations.



The results reveal that playing with the kindergarten teacher was characterized by a higher quality of pretend play [44,45], a more complex and extensive problem-solving process, and a deeper and more extensive reasoning on digital transformation.




5. Conclusions


The findings indicate that children initiate problem-solving situations and identify problems. This is in line with the OECD [16], which identified that “problem solving begins with recognizing that a problem situation exists and establishing an understanding of the nature of the situation.” However, problem identification does not automatically result in a problem-solving process in guided pretend play; rather, it requires a sustained dialogue with other children or the teacher. Consequently, the results indicate that solving digital problems with digital strategies is more common when the teacher is involved in the process, as teachers verbalize their reasoning, ask questions, and model digital problem-solving strategies. In the pretend play inputs on digital transformation, the children can practice cognitive problem-solving processes and acquire an understanding of digital processes. Additionally, the children foster the different processes during problem solving. Kindergarten teachers can help structure the problem-solving process. Structuring is central to acquiring problem-solving skills [12] and stimulating reasoning about how digital technology functions. All these processes seem to be important learning opportunities for the children to develop computational thinking [21]. The results emphasize the assumed potential of guided pretend play for children‘s engagement with digital processes and digital problem-solving processes.
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Figure 1. Process of problem solving adapted Betsch et al. [15] and OECD [16]. 
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Figure 2. Problem-solving phases arising during guided pretend play. 
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Figure 3. Frequency of children’s strategies to solve problems. 
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Figure 4. Frequency of children’s reasoning about how digital processes function. 
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Table 1. Extract from category system.
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	Category
	Subcategory
	Reference
	Example





	Problem-solving situation
	
	
	



	Teacher-guided problem-solving process
	
	
	



	Initiating problem-solving situation
	Initiated by child
	
	



	
	Initiated by teacher
	
	



	Type of problem
	Design problem
	[24,25]
	“Can you program this for me and connect it, so I can enter the ice cream I want on the tablet from home?”



	
	Diagnostic problem
	
	“The camera is broken. It was hit by lightning.”



	
	Debugging problem 1
	
	“The alarm system in the house no longer works. Can you log in and search for the problem?”



	Phase of problem solving
	Problem identification
	[15,16]
	“The refrigerator has not ordered all the desired products.”



	
	Analyzing goal and actual situation
	
	“When I watch a movie, everything is in Italian.”



	
	Creating plan
	
	“Wait, I still have to pack all the things I need.”



	
	Executing plan
	
	“There, now we remove that. No, it does not fit. Let’s take another one.”



	
	Evaluating results
	
	“But it still doesn’t work.”



	Reasoning on how digital processes function
	No digital problem
	open coding
	“One screw is loose.”



	
	Software or connection problem
	
	“You will have to come again, the connection does not work.”



	
	“It is broken”
	
	“Something is broken on the train.”



	Problem-solving strategy
	Modify/adapt software
	open coding
	“We have to reinstall this one.”



	
	Typing on digital device
	
	Typing on a digital device without verbalization of what the child/teacher is doing.



	
	Exchange information/ask questions
	
	“Have you disconnected the socket form the mains?”



	
	Exchange sensor/microchips
	
	“Maybe we need a new start button.”



	
	Try out/test
	
	“We need to start the refrigerator again and see if it works.”



	
	No digital strategies
	
	“The battery is empty; you just charge the phone.”







1 In the present paper, not only software bugs are coded as debugging problems, but all problems, where the fault first has to be found.
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Table 2. Possible problem situations and the corresponding problem-solving process.
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	Situation
	Problem-Solving Process





	Children identify problems without solving the problem.
	 [image: Education 12 00092 i001]



	Children solve the problem without verbalization of any other phase of problem solving (excerpts 1 and 2).
	 [image: Education 12 00092 i002]



	Children solve the problem with a minimum of one or more phases of the problem-solving process beside the problem identification (excerpt 3).
	 [image: Education 12 00092 i003]



	Children solve the problem, with the support of the kindergarten teacher, with a minimum of one or more phases of the problem-solving process once the problem identification is complete (excerpt 4).
	First cycle

 [image: Education 12 00092 i004]

Second cycle

 [image: Education 12 00092 i005]
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