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 Teachers’ beliefs and skills in, and attitudes towards technology are the factors shaping 

their technology use in education. However, teacher preparation programs don’t 

sufficiently support pre-service teachers in this regard. One way to improve their 

technology beliefs and skills in, and attitudes towards technology is to have them design 

theory-based technology learning environments. In this study, pre-service mathematics 

teachers designed anchored instruction-based mathematics learning environments and 

their approaches for the process were revealed. 52 pre-service teachers went through a 

14-week learning period and then asked to build technology-based mathematics learning 

materials. Their materials were designed based on three design principles of anchored 

instruction. Upon the completion, projects applying all the necessary requirements in 

good, average, or poor level were selected with a purposive sampling method. The 

requirements were specified as workability, interactivity, narration, completeness and 

representing anchored instruction’s three design principles. The designers of these 

selected projects were interviewed with semi-structured interview questions. Results 

indicated that their design approaches are in line with anchored instruction theory’s 

suggested benefits. Their technology beliefs are positively affected and their judgments 

about technology-based instructional material design are supported by related literature 

in favor of students’ learning. Implications for teacher education programs are discussed. Research Article 

1. Introduction 

Technology has been used extensively in every part of our lives and gained more and more importance every 

day. The field of education is no exception, and teachers play vital role in the integration of technology to 

education. This outcome is indicated in a research study with 3500 teachers from 22 different countries (Law 

et al., 2008). Studies with award winning technology-user teachers (Ertmer et al., 2012) and with over 1000 

teachers (Miranda & Russell, 2012) point out the factors that shape teachers’ technology use as their beliefs 

and skills in, and attitudes towards technology. In this respect, teacher preparation programs need to educate 

pre-service teachers on the integration of technology well to support them graduate with a good understanding 

of technology in education (U.S. Department of Education, Office of Educational Technology, 2017, p.1). It is 

also necessary that pre-service teachers have experience in learning about and designing technology to 
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recognize the value of technology in education. Thus, they may develop a positive attitude towards technology 

integration and be motivated to use technology in their future profession. 

For technology integration to be successful in educational settings, teachers are required to gain essential skills 

such as having technological knowledge with appropriate pedagogical methods to teach their contents (Koehler 

& Mishra, 2009), before starting their professions. Moreover, these skills should be provided based on proven 

theories (Design-Based Research Collective, 2003) so that they can get the most benefit of technology use in 

education. Otherwise, they may go no beyond using basic presentations or drill and practice tools, which may 

not effectively support students’ learning. Teachers are required to design and assess authentic learning 

experiences and assessments to expand learning (International Society for Technology Integration in Education 

(ISTE), 2008). Theory-supported learning conditions results with productive outcomes for students’ learning 

experiences. Pre-service teachers designing of technology-supported learning environments, in which learning 

theories are applied, must be supported (Design-Based Research Collective, 2003). However, teacher education 

programs do not sufficiently fulfill pre-service teachers’ such needs and, their beliefs, skills, and attitudes 

towards technology in education are not paid much attention (Uerz et al., 2018). In this regard, in this study 

pre-service teachers’ theory-based design experiences are supported, and their technology-based design 

experiences are revealed. The theory was specified as anchored instruction based on Design-Based Research 

Collective (2003) suggestion. 

In this study, it was investigated whether pre-service mathematics teachers would develop an understanding of 

technology integration in teaching by creating anchored instruction theory-based learning environments. 

Anchored instruction was utilized in the process as a theory for pre-service teachers to reveal their 

understanding of technology integration in education. In this study the research question was “What are pre-

service mathematics teachers’ design approaches of technology-based mathematics materials based on 

anchored instruction theory?” To address this question, 52 pre-service teachers went through a 14-week 

learning period and were asked to build technology-based mathematics learning platforms afterwards. The 

learning platforms were designed based on three design principles of anchored instruction. Upon the 

completion, a total of six groups of two pre-service teachers, 12 in total, were interviewed with semi-structured 

interview questions. Their answers were analyzed with a descriptive analysis under the themes in anchored 

instruction framework. It was expected that revealing pre-service teachers’ theory-based design approaches 

would help us get better understanding of whether such experiences can be helpful for expanding their skills, 

attitudes, and beliefs in technology. 

2. Literature 

2.1. Anchored Instruction 

The process of the present study, from training pre-service teachers to analyzing their products, was framed 

around three design principles of anchored instruction framework. Anchored instruction is based on Situated 

Learning and Situated Cognition theories and advocates presenting instruction in meaningful contexts 

(Cognition and Technology Group at Vanderbilt (CTGV), 1990). Meaningful contexts serve as a place, in 

which all the problems with the necessary data (e.g., hints, feedback) are embedded (i.e., embedded data design 

principle) in a realistic storyline (i.e., narrative principle). This context is presented to students in a video (i.e., 

video-based format principle) and students are expected to solve problems in a group, in which they are 

supposed to generate problems (i.e., generative format principle). Problems are complex in nature that 

necessitates students to solve each problem in at least fourteen stages (i.e., problem complexity principle). The 

story is presented as an adventure and the entire video includes more than one adventure (i.e., pairs of related 

adventures principle). Lastly, this learning environment supports linking mathematical thinking to other 

curriculum areas, such as science and history, since the context includes these areas-related problems as well 
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as mathematics (i.e., links across the curriculum principle). In summary, the theory includes seven design 

principles (see CTGV (1997), page 46). 

Information presented in schools mostly cause knowledge to remain inert (Whitehead, 1992). Inert knowledge 

can only be recalled when explicitly asked, otherwise it cannot be recalled in problem situations (CTGV, 1990). 

Learning can be situated in meaningful learning contexts and becomes meaningful. Accordingly, knowledge 

gained in such educational contexts will no longer remain inert (Williams, 1992). The rationale is that learning 

can only be shaped through the situation where it is to be used and it is way more than an inter-individual 

process. “There is no activity that is not situated” (Lave & Wenger, 1991, p. 33) and knowledge can be gained 

while performing learning activity in real-life cases (Brown et al., 1989). These are the basis of anchored 

instruction bringing real life situations in classrooms via video-based technology. 

Anchored instruction has positive contributions to teaching and learning in different topics. Anchored 

instruction provides a learning environment where students can actively participate in learning, learn in more 

meaningful way and are more motivated (Susanto & Riyanto, 2020). In the literature, anchored instruction 

framework combining virtual chemistry laboratory and augmented reality (Hou & Lin, 2017), including 

introduction to programming in an authentic context (Magana, Falk, Vieira & Reese, 2016), and including 

physics concepts (Malik et al., 2021) have positive effects on students learning, self-believes, and knowledge 

acquisitions. Anchored instruction has been utilized for teaching mathematics in special education (Bottge et 

al. 2015; Castillo, 2020) and second language learning (Chen, 2019; Indriani, 2020). It was also utilized in 

creating effective hands-on teaching materials (Susanto, R., & Riyanto, 2020; Susanto & Lestari, 2020). In 

comparative studies, video-based anchored instruction has more positive effect on learners’ achievement and 

remembering over traditional teaching (Arah et al., 2017; Kennedy et al., 2017). In teacher education, anchored 

instruction support mathematics teachers’ pedagogical content knowledge in the subject of Geometry (Saputra 

et al., 2020). Video-based learning environments combining multimedia learning and anchored instruction 

support high school teachers’ teaching in their classrooms. Teachers use vocabulary practices, and their 

students engage in the learning environments significantly more (Kennedy et al., 2017). As a result, we can 

claim that teachers need to be aware of such theory-proven methods to improve educational environments. 

Mostly in the above-mentioned studies found in the literature anchored instruction-based materials were 

created to test the effectiveness of the materials in one-group experimental designs. Additionally, these studies 

recommended accessible anchored instruction-based videos which are delivered over the Internet. None of the 

studies have put an effort to understand whether pre-service teachers could create their materials based on 

anchored instruction theory. This theory would help them understand the true benefits from the materials that 

they may use in their teaching practices in their future practices. While anchored instruction related activities 

are helpful for students’ meaningful learning, the use of anchored instruction causes a challenge for teachers 

as they cannot figure out how and where they should fit them into existing curricula (Hwang, et al., 2019). The 

present study aimed taking advantage of anchored instruction. Anchored instruction was not used as a teaching 

framework in the present study. Instead, it was used to help pre-service mathematics teachers use it as a 

framework to develop their technology-based learning tools. Three design principles of anchored instruction 

were utilized in this study (CTGV, 1990, p. 46). One of these principles is video-based format. The 

hypothesized benefits of this principle are more motivating, supporting complex comprehension and being 

especially helpful for poor readers. These elements are helpful for students’ learning, problem solving and 

understanding. In this study, pre-service teachers created animations instead of video-based learning 

environments because animated objects are supportive for students’ motivation, sense making, comprehension, 

attitudes and mathematics learning (Sato, 2016; Alexandron et al., 2018; Oktavianingtyas, 2018; Lubis, 2018; 

Dalacosta & Pavlatou, 2020). The second principle was narrative. Its hypothesized benefits are being easier to 

remember, more engaging and helping students notice the relationship between mathematics and everyday 
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situation. Finally, the last principle was embedded data design principle. Its hypothesized benefits were 

allowing decision making, motivating to find and the relations of data with specific goals. As a result, it was 

expected that pre-service teachers can develop a deeper understanding of anchored instruction, its benefits on 

learning environments and technology use in education. Accordingly, a closer look is needed in teachers’ 

technology knowledge in educational settings and developing technology materials in education. 

2.2. Teachers’ Technology Knowledge in Educational Settings 

Teachers, who are the appliers of technology in education, should have necessary skills to be successful in 

integrating technology in their classes and need training in teacher education programs before starting their 

professions (Instefjord & Munthe, 2017). Specifically, teacher educators must be the role models for pre-

service teachers so that they can learn integrating technology into educational settings (Tondeur et al., 2020). 

Pre-service teachers who are involved in technologically equipped classrooms activities increase their 

awareness of the advantages of technology in education (Lux & Lux, 2015). Moreover, classroom experiences 

are supportive for pre-service teachers’ technology integration in their lesson plans (Mouza & Karchmer-Klein, 

2013) However, how to teach with technology effectively is not well addressed in teacher education programs 

(Uerz et al., 2018). Mostly teachers have little understanding of effective technology use in their classrooms 

(Paratore, et al., 2016). At the first five years of their professions, teachers mostly use PowerPoint programs 

out of all technological tools (Tufte, 2003), which may be ineffective, have no effect on students learning, and 

even be harmful for students’ academic performances if misused (Baker et al., 2018; León & Martínez, 2021). 

Yet, teacher education programs shape teachers’ beliefs in technology integration, their knowledge about it 

and self- efficacy (Paratore et al., 2016). It is expected that teacher educators must be the role models using 

technology effectively in their classes (Tondeur et al., 2020). However, mostly instructors at teacher education 

institutions do not use technology in their classes, are not comfortable with it (Sprague, 2004; Onyia & Onyia, 

2011; Voogt & McKenney, 2017; Martin, 2018) and struggling with the integration of technology (Voogt & 

McKenney, 2017).  

Teachers confident with their technological skills believe the benefits of technology on students’ learning 

(Saubern et al., 2020; Kıyıcı & Dikkartın Övez, 2021). Improving pre-service teachers’ technology competence 

is necessary in this respect. In the literature, studies have different ways to do so. For example, Chien et al. 

(2012) in their study had pre-service teachers design online science courses. They observed that pre-service 

teachers have improved their level of technology competences. Moreover, pre-service teachers believed they 

felt readier for technology integration in education for their future professions. Teachers and teacher 

candidates’ technological material creation was suggested to improve their teaching practices (Munday et al., 

1991; Nurhayati, Suryani & Suharno, 2020). Moreover, technology competency is the most powerful predictor 

of teachers’ technology integration in their classrooms (Agyei & Voogt, 2011). In Lee and Lee’s (2014) study, 

pre-service teachers have created lesson plans that integrate instructional media and other technology tools. 

The authors measured pre-service teachers’ confidence in technology integration in education. Results showed 

pre-service teachers’ media development skills are highly positively correlated with their self-competence for 

technology integration. Additionally, only lesson planning was the significant predictor for technology 

integration in their future classrooms. 

International Society for Technology Integration in Education (ISTE, 2008) standards for teachers advocate 

teachers must “design, develop and evaluate authentic learning experiences and assessments incorporating 

contemporary tools and resources to maximize content learning in context” (p.1). When teachers design 

technology-based activities for teaching, their attitude towards technology improves (Erümit, 2020). Thus, it 

is essential to teach teachers how to design, develop, and evaluate technology-based learning with meaningful 

contexts, which is supported by theories. In this study, pre-service mathematics teachers designed, developed, 
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and evaluated technology-based learning supported by anchored instruction theory. They were the developers 

of mathematical materials based on anchored instruction theory.  

2.3. Technology-Based Materials  

Technology-based materials support students learning when effectively used (Paratore et al., 2016). A 

technological material combining text, images, video, sound supports learners learn better, and it transfers and 

transmits meaningful information (Mayer, 2007; Susanto & Riyanto, 2020). However, getting or preparing 

technology-based learning tools is not cheap and easy. Eight conditions affect the implementation of 

educational technology innovations (Ely, 1999). One is the availability of resources including software and 

media. This situation brings the idea of having teachers create their own educational applications in easier and 

cheaper way. Creating educational applications requires a deep programming knowledge. However, 

programming especially in the early stage is difficult to learn and students mostly have difficulty in 

understanding of the concepts (Kinnunen, & Malmi, 2008) and abstract concepts of the programming is not 

easily learned and embodied (Cam & Kiyici, 2022). Moreover, it takes a lot of time and patience to gain such 

knowledge to be able to create technology-based applications.  

In the literature, visual programming tools such as Scratch, Alice, Blocky Games and Greenfoot were found to 

be beneficial tools when used as an introduction to programming for users (Noone & Mooney, 2018). These 

programming tools are free, and users can create their animations and games easily with these tools without 

having a deep programming knowledge. After using such programming tools, learners’ programming self-

efficacy becomes higher. Different from Alice and Greenfoot, Scratch has 2D images rather than 3Ds as in 

Alice. Additionally, different from other two programming tools, images could be either drawn or imported 

and more different types of projects can be created with Scratch (Maloney et al., 2010). The pre-service 

teachers used Scratch programming tool to create technology-based materials in the present study. Scratch has 

texts, images, animation, and audio recording features (Pinto & Escudeiro, 2014). With these features, 

programming commands are dragged and dropped to create multimedia-learning environments (Nikou & 

Economides, 2014; Resnick et al., 2009). These features of Scratch make it easier to learn programming 

through which games, stories, cartoons, and simulations can be created (Ouahbi et al. 2015). Since all the 

commands are visual and easy to use, age and background in programming don’t matter (Marcelino et al., 

2018). Users’ creativity (Ouahbi et al., 2015; Pinto & Escudeiro, 2014), collaborative learning ability (Nikou 

& Economides, 2014) and problem-solving ability (Shin & Park, 2014) can also be improved with this 

programming tool. In this study, this visual programming tool was used by the pre-service teachers to create 

technology-based mathematics learning materials. However, these materials should fulfill some essentials to 

be beneficial for students learning. 

Pre-service teachers’ technology-based instructional material design activities improves their technology 

understanding and attitudes toward technology in educational settings (Chien et al. 2012; Lee & Lee, 2014; 

Erümit, 2020; Tondeur et al. 2020). However, such endeavor is not enough because pedagogical use of 

technology in educational settings is required (Sprague, 2004; Chien et al., 2012) since all the educational 

media is not helpful. It was claimed that an educational media presenting instruction should apply domain 

knowledge, evaluation, and conceptual theory to be successful (Sangsawang, 2015). To take the most 

advantage of technology in educational settings, Design-Based Research Collective (2003) advocates 

designing technological learning environments based on proven theoretical methods and suggest that anchored 

instruction supported learning designs are helpful for students. They advocate “the design of innovations 

enables us to create learning conditions that learning theory suggests are productive...” (p. 5), and add that 

Jasper series, an Anchored Instruction example, test context-based learning close to students’ experiences 

supporting metacognition. In the literature too, designing teaching material with anchored instruction was 

proven to be valid and these materials improve students’ critical thinking (Susanto & Lestari, 2020). 
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In this study, pre-service mathematics teachers created anchored instruction theory-based learning 

environments using a visual programming tool. They used an authentic context, revealed their designing 

process based on anchored instruction theory and evaluated this process. Instead of using readily available 

technological tools in their profession, they learned designing technological tools in an authentic context. 

Marshall & Rossman, (1995) states “The participant’s perspective on the phenomenon of the interest should 

unfold as the participant views it, not as the researcher views it” (p.80). Because the participants’ views are 

valuable and important, the purpose here is to reveal their perspectives about designing educational technology 

tool in an authentic context. Accordingly, it was aimed to reveal pre-service mathematics teachers’ perspectives 

when they designed an educational tool, technology-based mathematics learning platforms in this study, based 

on anchored instruction theory.  

Previous studies mostly used cases to teach concepts in the anchored instruction framework. Studies having 

pre-service teachers design anchored instruction materials are very limited. Only one study by Abbas (2008) 

had pre-service teachers prepare anchor videos to teach science and measured their perceptions about anchored 

instruction model. Their materials were videos as opposed to animations created by pre-service teachers in this 

study. This study is unique in having pre-service teachers design technology-based mathematics materials, 

animations, based on anchored instruction. Moreover, this study reports the analysis of their material creation 

process in anchored instruction framework. It was expected that creating their materials based on anchored 

instruction help them get better understanding of the theory itself and future classroom activities supported by 

the theory. They were expected to increase their beliefs in technology and learn how to support student learning 

with technology. As Design-Based Research Collective (2003) advocates, creating learning environments 

which are suggested by a learning theory yields productive results.  As a result, it was expected that pre-service 

teachers would learn designing theory-based productive learning environments. In this regard, the research 

question was “What are pre-service mathematics teachers’ design approaches of technology-based 

mathematics materials based on anchored instruction theory?” 

3. Methodology 

3.1. Participants and Procedure  

52 pre-service mathematics teachers participated in this study. They were in their senior years at a college of 

education in a public university in Turkey. At the beginning, the pre-service teachers went through a 14-week 

learning period. In the first ten weeks, the pre-service teachers learned how to integrate technology in 

mathematics classes and some challenges they might face during technology integration. They learned 

mathematics education related technological applications and designed technology integrated mathematics 

lesson plans. For the last four weeks, they learned a block-based visual programming and designed several 

small projects, in which they applied what they learned during this period: scene changing, animating, inserting 

sounds, and providing interaction with users etc. A social networking group was created on a social media 

platform to communicate outside class. It was used to share their weekly assignments, final project ideas and 

to make comments to each other’s work.  

Upon the completion of learning period, they designed technology-based mathematics learning platforms in 

pairs based on anchored instruction theory (see Figures). For this, they wrote their stories first, in which 

mathematics word problems, hints and necessary feedback were embedded. They received feedback on their 

stories until the stories satisfactorily represented anchored instruction. They then designed their projects with 

their stories. The characters, scenes, problem-answer conversations in their stories were all used in their 

projects on the blocked-based visual programming tool. Six groups of students were selected for the purpose 

of this study with a purposive sampling method. The selection was made based on applying all the necessary 

requirements in good (n=2), average (n=2) or poor level (n=2) in their projects.  The requirements were 
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specified as followings: workability, interactivity, narration, completeness and representing anchored 

instruction’s above-mentioned principles. Points were given for each requirement such as three points for good, 

two points for average, and one point for poor projects. As a result of the grading, the groups of students with 

whom the interview were conducted were selected. The identities of pre-service teachers are not to be disclosed 

in this paper. Rather, they are named PT1, PT2, PT3, PT4, PT5 and PT6, each representing a group of two pre-

service teachers, who voluntarily responded the interview questions in the study. During the interviews, notes 

were taken in written form and recorded by a tape recorder for data analysis. 

3.2. Design and Materials 

In a qualitative framework, a case study approach was used in this study. A case study allows deeply 

understanding of a phenomenon, and a theoretical framework becomes a scaffold and provide basis for 

qualitative research (Merriam, 2013). For these reasons, a theoretical framework, the anchored instruction, was 

utilized from the beginning to the end in a case study approach in this study. The pre-service teachers’ design 

approaches were examined after they designed their mathematical materials based-on anchored instruction 

theory. They were also asked to use a social networking website to share their projects from the beginning to 

the end and make comment to each other’s work. Their design approaches were unfolded from their 

experiences mirrored in the interviews. The pre-service teachers were interviewed based on semi-structured 

interview questions with 13 open-ended questions. For the appropriateness of this tool, an expert’s view in the 

department of computer education was taken. The first 10 questions were created based on anchored 

instruction’s three design principles and their hypothesized benefits (see Table 1). These principles were video-

based format, embedded data design and narrative format principles. Instead of the video-based format as a 

medium type, the pre-service teachers created animated learning environments. For this format, the questions 

were related to their approaches for motivating students, helping students comprehend their stories, and helping 

poor readers understand the story flow. For the narration format, the questions were related to making the 

stories understandable (i.e., to support remembering), connecting mathematics to everyday life, and the story 

characters’ support for problem solving. For the embedded data design, the questions were related to their 

approaches for making problems recognizable in the story, designing their projects and stories to support 

problem recognition, creating a problem-solving environment, their precautions in case students cannot solve 

problems, and the feedback support. The last three questions were based on their experiences while designing 

their materials and their thoughts about such learning environments: difficulties they had while designing, 

positive and negative sides of such learning environments, and contribution of the process to their future 

profession. It took more than an hour to complete the interviews.  

3.3. Data Analysis 

The pre-service teachers’ responses to the interview questions were tape-recorded and during the same time 

notes were taken. The voice records and notes were then written on paper sheets and coded by a single coder 

twice in a three-month time interval. The codes were then analyzed with a descriptive analysis under the themes 

in the anchored instruction framework (see Table 1). The themes were animation (as a replacement of video-

based format), narration and embedded data. For the pre-service teachers’ experiences, the themes were 

difficulties, negative and positive sides of designing, and contribution of the process. The codes were created 

deductively under these themes from the interviews. There was 81.2% intra-rater consistency between coding.  
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Table 1. 

Three design principles and their hypothesized benefits of anchored instruction (CTGV, 1997, p.46) 

Video-based format A. More motivating 

B. Easier to search 

C. Supports complex comprehension 

D. Especially helpful for poor reader yet it can also support 

reading 

Narrative with realistic problems A. Easier to remember 

B. More engaging 

C. Primes students to notice the relevance of mathematics and 

reasoning for everyday events 

Embedded Data Design A. Permits reasoned decision making 

B. Motivating to find 

C. Puts students on an “even keel” with respect to relevant 

knowledge 

D. Clarifies how relevance of data depends on specific goals 

4. Results 

4.1. Pre-Service Teachers’ Design Approaches Based on Anchored Instruction Framework 

The pre-service teachers’ answers to the first ten interview questions were divided into three themes under 

anchored instruction framework: Animation, narration, and embedded data. In the animation theme the 

categories were motivating, problem comprehension, and supporting poor readers. In the narration theme the 

categories were understandable, real-life connection, real life situations and character support. Lastly in the 

embedded-data theme the categories were problem recognition, animation vs. story for problem recognition, 

supporting and feedback support. The categories were determined based on the suggested benefits of the three 

above-mentioned design principles of anchored instruction theory. 

Animation Theme 

Table 2. 

Pre-service teachers’ approaches to catch attention 

Animation (Theme) 

Motivating (Category) 

Codes f % PT # 

Voiceover 6 19.35 PT1, PT2, PT3, PT4, PT5, PT6 

Animated characters 6 19.35 PT1, PT2, PT3, PT4, PT5, PT6 

Background images 5 16.13 PT1, PT2, PT3, PT5, PT6 

Narrated question-feedback 4 12.9 PT1, PT2, PT4, PT6 

Scene switch 4 12.9 PT1, PT2, PT3, PT4 

Question-related visuals 3 9.68 PT2, PT3, PT4 

Music 1 3.23 PT6 

Vivid colors 1 3.23 PT2 

Speech balloons 1 3.23 PT4 

Total 31 100  

Pre-service teachers’ approaches to catch students’ attention to their projects varied from using voiceover, 

animated character, background images, narrated question- feedback, scene switch, question-related visuals, 

music, vivid colors to speech balloons.  Some of their comments were as followings:  
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 “Voiceover makes animation even more catchy” (PT6). “We made the characters’ motions eye-

catching” (PT5). “The visuals in the story setting are supportive and may catch students’ 

attention” (PT2). “We wanted students to actively participate to our material. For that, we used 

visual characters with audio” (PT4). 

Table 3. 

Pre-service teachers’ approaches to help students comprehend problems 

Animation (Theme) 

Problem comprehension (Category) 

Codes f % PT # 

Voice + Speech balloons (text) 5 22.72 PT1, PT2, PT3, PT4, PT5 

Dialog problems 4 18.18 PT1, PT2, PT4, PT6 

Daily life  4 18.18 PT1, PT2, PT3, PT6 

Visual support 4 18.18 PT1, PT2, PT3, PT5 

Holds 3 13.63 PT2, PT4, PT6 

Animating 2 9.09 PT1, PT6 

Total 22 100  

Pre-service teachers’ statements indicated that they supported students’ problem comprehension by using 

speech balloons with voice, dialogue type problems, daily life, visual support, holds, and animating. Some of 

their comments were as followings: 

“We used text and voice features in the project to support students’ problem understanding” (PT4) 

“We gave the problems as dialogues and expected that students would interpret them” (PT2). “We 

made sure each number and symbol are associated to the real life” (PT3). “We asked a ticket 

related problem, created a ticket-seller character and had him ask the problem. At that moment, 

teacher walked towards him that is an eye-catching instance” (PT1) 

Table 4. 

Pre-service teachers’ approaches to support poor readers 

Animation (Theme) 

Supporting Poor Readers (Category) 

Codes f %  PT # 

Holds 6 25 PT1, PT2, PT3, PT4, PT5, PT6 

Voiceover + Text 6 25 PT1, PT2, PT3, PT4, PT5, PT6 

Standby time 6 25 PT1, PT2, PT3, PT4, PT5, PT6 

Short texts 4 16.67 PT3, PT4, PT5, PT6 

Background-problem Compatibility 2 8.33 PT2, PT3 

Total 24 100  

Pre-service teachers stated that they paid attention to holds, voiceover and text, standby time, short texts, and 

background-problem compatibility to support poor readers. Some of their comments are below:  

“We had holds within sentences so that students would have time to think, have an idea and make 

sense” (PT6) “We gave texts with voices. Thus, slow or poor readers could make it” (PT5). “We 

cut long sentences into short pieces in speech balloons and created easy, understandable 

sentences” (PT4). 
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Narration Theme 

Table 5. 

Pre-service teachers’ approaches to make their stories understandable 

Narration (Theme) 

Understandable (Category) 

Codes f % PT # 

Daily life 5 22.77 PT1, PT2, PT3, PT4, PT6 

Plain language 4 22.22 PT1, PT4, PT5, PT6 

Ordinary things 3 16.66 PT2, PT3, PT6 

Conversation 2 11.11 PT1, PT3 

Tale 1 5.55 PT5 

Level-appropriate 1 5.55 PT4 

Introduction 1 5.55 PT5 

Language rules 1 5.55 PT6 

Total 18 100  

Pre-service teachers said when they designed their projects they paid attention to daily life, plain language, 

ordinary things, conversation, tale, level-appropriateness, introduction, and language rules to support 

remembering. Some of their comments are below: 

“We paid attention to wording. That is, not to make kids confused, we avoided verbalism and used 

explanatory and plain sentences” (PT5). “We considered using circumstances, words and objects 

students are familiar with. So that they would connect those to what they already know” (PT3). 

“To make our story understandable, we gave it in conversation format” (PT1). “We paid attention 

to the language rules, expressed the story with more clear sentences” (PT6). 

Table 6. 

Pre-service teachers’ approaches to make real life connections 

Narration (Theme) 

Real life connection (Category) 

Codes f % PT # 

Ordinary cases 5 22.72 PT1, PT2, PT3, PT4, PT6 

Daily life problems 5 22.72 PT1, PT2, PT3, PT4, PT6 

Ordinary problems 3 13.63 PT1, PT4, PT6 

Case related problems 3 13.63 PT5, PT6 

Internalizing  2 9.09 PT1, PT2 

Real life objects 2 9.09 PT5, PT6 

Total 22 100  

Pre-service teachers’ approaches to make real life connections to the problems in their stories are as followings: 

ordinary cases, daily life problems, ordinary problems, case related problems, internalizing, and real-life 

objects. Some of their comments are below: 

“We selected appropriate problems for students’ level. The problems were from scenes or 

scenarios students would’ve seen before. All the problems we have are associated with real life” 

(PT3) “We specifically selected the problems within the ordinary problems that would be 

encountered in life. Because complicated problems may distract students’ attention” (PT4) “Our 

problems were suitable to the plot and the natural structure of the story. So, we gave the message 

that mathematics is everywhere” (PT5) “We paid attention to a natural story, because (in real life) 

things are not planned. We thought they would understand better if they internalize things” (PT2) 
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Table 7. 

Pre-service teachers’ approaches using real life situations as a basis for problem solving 

Narration (Theme) 

Real life situations (Category) 

Codes f % PT # 

Ordinary situations 4 23.52 PT1, PT2, PT3, PT4, PT6 

Story related problems 4 23.52 PT1, PT2, PT5, PT6  

Connected problems 3 17.64 PT1, PT2, PT5 

Role model 3 17.64 PT2, PT3, PT6 

Daily life problems 2 11.76 PT1, PT4 

Ordinary family 1 5.88 PT4 

Total 17 100  

Pre-service teachers’ interviews revealed that they used ordinary situations, story related problems, connected 

problems, role model, daily life problems and an ordinary family in their narrations to use real life situations 

as a basis for students’ problem solving. Some of their comments are as follows: 

“We produced problems where they may occur and students may experience” (PT6) “Essentially, 

when we created our story, we based the problems on real life. Story represented daily life and an 

ordinary day. Thus, all problems were produced like that” (PT1) “We continued on daily, 

connected, related (problems) with the examples they may see on streets” (PT2) “She (the 

character) do not get integers. Student may put himself in her shoes. I am having difficulty in 

integers too, he may think” (PT3) 

Table 8.  

Pre-service teachers’ approaches using characters to support students’ problem solving 

Narration (Theme) 

Character support (Category) 

Codes f % PT # 

Solution giver 5 31.25 PT1, PT2, PT3, PT4, PT6 

Feedback 4 25 PT1, PT2, PT5, PT6 

Problem asker 4 25 PT1, PT2, PT4, PT6 

Character doing wrong 2 12.5 PT3, PT6 

Helper 1 6.25 PT5 

Total 16 100  

Pre-service teachers said they used characters as solution giver, feedback giver, problem asker, the ones doing 

wrong and helper. Some of the comments are given below: 

“Having the characters solve problems will be beneficial for students to see how to solve the 

problems” (PT2) “If student gives incorrect answer, the character gives feedback and says its 

incorrect and then explains correct solution” (PT1) “Character is doing mistakes, then we ask 

students to check these mistakes. They will put themselves in the characters’ shoes” (PT6) “Some 

characters in the story help the main character. That will make students develop positive feelings. 

If they feel positively, they may want to solve problems” (PT5). 
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Table 9.  

Pre-service teachers’ approaches to make problems recognizable for students 

Embedded data (Theme) 

Problem recognition (Category) 

Codes f % PT # 

Voice-over 3 17.64 PT2, PT4, PT6 

Ask and wait block 2 11.76 PT1, PT6 

Time period 2 11.76 PT2, PT3 

Question sentence 2 11.76 PT1, PT4 

Visuals 2 11.76 PT2, PT3 

Answer box 2 11.76 PT1, PT4 

Verbal expressions  2 11.76 PT2, PT4 

Help 1 5.88 PT5 

Talking animals 1 5.88 PT5 

Total 22 100  

Embedded Data Theme 

Interviews with the pre-service teachers revealed that they used the followings to help students recognize 

problems: Voice-over, ask and wait block, time period, question sentence, visuals, answer box, verbal 

expressions, help and talking animals. Some the comments from the interview are as followings: 

“Because voice-over is a stimulant, students might take the main character’s help request: could 

you please help me?” (PT4) “By putting time period, students may have enough time to read the 

problems” (PT3) “Problems were given as question sentences during characters’ conversations” 

(PT1) “For problems to be recognized, we used verbal reactions the characters make. Such as 

when they see numbers, one of the characters reacts as if she is surprised” (PT2)  

Table 9a.  

Pre-service teachers’ way of using Scratch and their stories for students to recognize problems 

Embedded data (Theme) 

Problem recognition animation vs. story (Category) 

Codes f % PT # 

Voice-over in animation 3 27.27 PT2, PT4, PT5 

Problems in story 2 18.18 PT1, PT3 

Visuals in animation 2 18.18 PT1, PT2 

Feedback in animation 1 9.09 PT1 

Muting in animation 1 9.09 PT3 

Stimulants in animation 1 9.09 PT4 

Ask and wait in animation 1 9.09 PT6 

Total 11 100  

Pre-service teachers’ approaches to use visual programming and the story for students to recognize problems 

are voice-over, problems in story, visuals, feedback, muting, stimulants and ask and wait code. Some of the 

comments are 

“With voice-over we showed that the main character is sad. She has happy voice, if students find 

the correct answer” (PT5) “Specifically, we wrote our story with daily life problems. Thanks to 

the program, we converted them from abstract to concrete” (PT3) “We can see if students get a 

question wrong because animation helps seeing individual process. We can’t give feedback based 

on student’s mistake with story only” (PT1). “Using ask and wait code was effective. It was 

important for students to be activated” (PT6) 
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Table 10. 

Pre-service teachers’ approaches to create problem-solving environment 

Embedded data (Theme) 

Problem solving context (Category) 

Codes f % PT # 

Scene visual 3 27.27 PT1, PT2, PT3 

Problem situation 2 18.18 PT1, PT2 

Voice-over 2 18.18 PT4, PT6 

Interesting story 1 9.09 PT5 

Conversation flow 1 9.09 PT1 

Help request 1 9.09 PT4 

Problem scenes 1 9.09 PT3 

Total 11 100  

Pre-service teachers’ interviews showed that they used the followings to create problem-solving context: Scene 

visual, problem situation, voice-over, interesting story, conversation flow, help request and problem scenes. 

Some of their comments are 

“For each problem, necessary problem scene picture was given as a problem situation” (PT1) 

“Characters solve problems where the story takes place. When characters encounter with a 

problem, they try to solve it where problem occurs” (PT2). “Our story has an intriguing plot. For 

it to be continued, students are expected to solve problems. Problem solving context is a part of 

the story and story continues with correct answers to the problems” (PT5) “For every different 

type of problem, we had different scenes so that students wouldn’t get bored” (PT3). 

Table 10a. 

Pre-service teachers’ approach to support students in case they cannot solve problems 

Embedded data (Theme) 

Supporting (Category) 

Codes f % PT # 

Solution 6 40 PT1, PT2, PT3, PT4, PT5, PT6 

Feedback 5 33.33 PT1, PT2, PT3, PT4, PT6 

Re-ask question 2 13.33 PT1, PT5 

Voice-over 1 6.66 PT2 

Motivate 1 6.66 PT4 

Total 15 100  

Pre-service teachers’ methods to have students solve problems precisely were to provide solution, feedback, 

re-asking question, voice-over and motivating. Some of their comments are  

“When a question is solved wrong, we said you did wrong and then showed him how he is supposed 

to solve it. We asked him to check his solution” (PT6) “In case they can’t solve problems we give 

feedback about the answer and how to solve the problems. This is the case after each answer they 

give” (PT2). “For a question answered wrong, our program asks it again and waits. There comes 

a text on screen saying, “Your answer is wrong, do it again”” (PT1) “For students to solve 

problems we motivated them by saying “I wish you could solve the problem; it would be fun!”  

(PT4). 
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Table 11. 

Pre-service teachers’ approach to support students to take advantage of feedbacks 

Embedded data (Theme) 

Feedback support (Category) 

Codes f % PT # 

Persuasive text 5 35.71 PT1, PT2, PT3, PT4, PT5 

Characters 3 21.42 PT1, PT2, PT6 

Voice 2 14.28 PT2, PT3 

Solution 2 14.28 PT1, PT6 

Hint 1 7.14 PT4 

Animation flow 1 7.14 PT2 

Total 14 100  

Pre-service teachers’ approach to help students take advantage of the feedbacks was to use persuasive text, 

characters, voice, solution, hint, and animation flow. Some of their comments are 

“In animation, in case students give wrong answer, we used sentences such as “think again” to 

give feedback and to have students go for correct solution” (PT1) “We gave the feedback with 

voice. We gave the necessary feedback for wrong and right answers” (PT3) “We provide hint such 

as “we have to do subtraction, don’t we?” Expected him to say yes or no” (PT4) “Story flow is 

not continued unless students see feedbacks. For the animation to be continued, students need to 

learn, read and listen to the feedbacks” (PT2) 

4.2. Pre-Service Teachers’ Experiences/Thoughts while Designing Their Learning Environments: Difficulties, 

Positive and Negative Sides, and Contributions to the Future Career  

a. Difficulties. Pre-service teachers were asked about the difficulties they had during their animation building 

process. Their responses were summarized as a concept map below: 

Fig. 1. Difficulties of design process 

Mostly the difficulties were switching scenes, setting characters’ position and movement, reflecting their 

stories into coding because of limited features of the block-based visual programming tool. Moreover, they 

said adding time pauses for voice, providing feedback and talks were the problems. They stated watching the 
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animation repeatedly to see if what they coded was working all right was an issue for them. Some of their 

comments are below:  

“While we wanted to correct an issue with the program or check the flow, we had to watch it over 

and over every single time. This situation caused us to lose time, was a tiring activity and thus 

created a negative situation” (PT1). “We placed nearly all events, characters’ movements and 

talks one after another. Since we added the sounds lastly, there was a mess in timing with the flow” 

(PT5).  

b. Positive and negative sides. Pre-service teachers were also asked what they think about the positive and 

negative sides of presenting mathematical problems in this kind of learning environment. Their thoughts about 

the positive sides were organized as a concept map below: 

Fig. 2. Positive sides of the learning environment 

They stated that it is a non-traditional method with multimedia learning features that may address students’ 

multiple senses. Audio-visual support may catch students’ attention. Cartoons and animations in a learning 

environment may be catchy for students since kids already like cartoons and animations. This learning 

environment might be stimulating since it might motivate and entertain students and catch their attention. 

Moreover, students might internalize what they learn, find it interesting since it might intrigue students. 

Additionally, individual learning as all in computer-based learning environments might be supported with such 

learning atmosphere and student participation could be increased in learning. Students’ problem 

comprehension and as a result their problem solving could be improved. They also think that students’ 

mathematical perception could be improved. Some of their comments are below: 

“In traditional learning environments, there is one-way communication. Here we take advantage 

of visual and audial memory, multiple intelligence and learning by doing. It is a contemporary 

approach” (PT2). “First of all, it is eye-catching. It is going to be different from traditional 

methods. It is very appropriate for motivating and intriguing” (PT4). 
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Fig. 3. Negative sides of the learning environment 

As negative sides they said such learning environment might not be beneficial for those with technology 

phobia.  If such environment is used for cooperative learning, providing feedback could be difficult and high-

level students may get bored. They mentioned some of the story and programming incompatibilities because 

of limited features. They believe this learning environment would be meaningless for those who are non-visual 

learners. Some of their comments are: 

“There could be some problems during implementation because of some technological issues, for 

example a power cut or lack of computers…” (PT1) “Only one negative side of such learning 

environments might be that it could be waste of time for smart students” (PT5).  

c. Contributions. Pre-service teachers were asked whether they think visual programming could contribute to 

their material design in future. Their answers were mostly yes. It is because it saves time, has advantage of 

reusability, appropriate to technology age, and supports teaching and learning. It is a non-traditional method 

and makes abstract mathematical concepts concrete. Some of their comments are: 

“It contributes to material design. We can help students grasp knowledge with visual support. It 

has advantage of making abstract concepts concrete thanks to visual features” (PT3). “It can be 

reused over and over which is not the case for concrete materials. It is appropriate for the 

technology-age we are in” (PT6) 

Their thoughts about the contributions of the learning process were organized as a concept map below: 
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Fig. 4. Contribution of the learning process to material design 

5. Discussions 

In this section, pre-service teachers’ views about the process are discussed under Animation, Narration and 

Embedded Data Design themes in relation with the related literature. These themes were determined from the 

Anchored Instruction’s design principles, which were used in this study. A descriptive analysis was used under 

these themes. Moreover, pre-service teachers’ thoughts about the positive and negative sides of the 

environment, their difficulties while designing and contribution of the process are discussed. 

5.1. Theme1: Animation (As a Replacement of Video-Based Design) 

Video-based format in Anchored Instruction have some hypothesized benefits: Being more motivating, 

supporting comprehension, easier to search and helping poor readers. This study used animated learning 

environment as a visual and dynamic platform replacing video-based format. Pre-service teachers were asked 

how they designed their animated learning environment to make it motivating, comprehensible and helping 

poor readers.  

To make it motivating, pre-service teachers mostly reported they used animated characters, background 

images, narrated question and feedback, and scene switch. What they used least were music, vivid colors, 

question-related visuals, and speech balloons. To support users’ problem comprehension, they reported they 

mostly used voice along with text presented in speech balloons and visual support to the problems. Problems 

were presented as dialogs between the characters and connected to the daily life. Using holds between sentences 

in the problems and animating characters during problem presentation was mentioned the least. To support 

poor readers’ understanding of the story, they reported they mostly used holds between the sentences in the 

problems, voiceover support to the problem texts, pausing, and shortened texts. What they used least was 

background images supporting the problem scene so that poor readers could have a better sense of the 

problems. 

In total, all six groups reported they used narration to support learners’ motivation and learning. Narrating 

questions and feedbacks were the methods for four groups of pre-service teachers to motivate students for 

learning. For instance: “We catch students’ attention by narration. We did that because we didn’t want students 

to get bored of reading the text” (PT4). “We gave the feedbacks narrated if they get the questions wrong” 

(PT2). “We narrated the questions because it makes them catchier” (PT6). 
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In the literature, using personalized narration in on-screen text was found to be supportive for students’ 

motivation (Park, 2015). Moreover, narrated feedback supports academic performance (Chiang & Vazquez, 

2017) and narrated explanation improves students’ understanding of new concepts (Hautala et al., 2018).  

On the other hand, moving characters were found to support catching students’ attention (Dalacosta et al., 

2009; Dalacosta & Pavlatou, 2020). Parallel to this, all pre-service teachers reported they used animated 

characters. For instance: “We chose the characters from animated ones to make the story entertaining” (PT1).  

AL-Ayash et al., (2016) report positive effects for the use of vivid colors on students’ learning performance. 

One group, PT6, has reported using vivid colors in their projects to motivate students: “We used vivid colors 

on the background images, such as red in the school”. Animated learning environments increase students’ 

comprehension of difficult science concepts (Dalacosta et al., 2009). Additionally, text is better comprehended 

when narrated by an adult than text without narration (Yildirim et al., 2010a).  In computer environments when 

on-screen text narrated, it is comprehended better (Park, 2015). Five groups of pre-service teachers reported 

they provided problems in text, which were presented in speech balloons, and narrated them. For example: 

“We tried to present problems with visuals, speech balloons and voice to make the problems easily 

understandable” (PT5).  

Visuals help learners make sense of stories (Lubis, 2018) and supports comprehension of texts (Sato, 2016). 

Four groups of participants said they utilized visuals to support comprehension: For instance, “We presented 

the problems as visuals, with which students would come across in daily life” (PT2). “Specifically, to help 

students comprehend number line problems, we used a building picture as a background image” (PT3). 

As a result, it can be concluded that pre-service teachers’ methods to make their learning environments 

motivating, supporting comprehension, easier to search and helping poor readers were all supported in the 

literature. That is, their way of presenting problems in the animation is supported by the literature.  

5.2. Theme 2: Narrative 

Narrative format in anchored instruction has several hypothesized benefits: Being more engaging, easier to 

remember and relevance of mathematics and everyday events. Pre-service teachers’ approaches to use these 

benefits were summarized below. 

To support students remembering of their story, mostly pre-service teachers reported they used daily life 

situations, plain language, and ordinary things in the story. What was used least was a tale, an introduction to 

the characters at the beginning and paying attention to language rules. To show students that mathematics and 

everyday events are connected, mostly pre-service teachers reported they used ordinary cases, daily life 

problems, ordinary problems, and case related problems in their narratives. Real life objects such as nuts, trees, 

popcorns etc. in their narratives were used the least. Pre-service teachers were asked how they used real life 

situations as a basis to problems to support students’ problem solving. They reported they mostly used ordinary 

situations, story related problems, problems that are connected and a role model in their story. The use of an 

ordinary family in their stories was mentioned least. Lastly, they mostly reported they used characters as a 

solution giver, feedback provider and a problem asker to support problem solving. The characters were used 

as those who are doing wrong in mathematics and a helper who is correcting the mistakes.  

Mathematical knowledge given in classrooms is often detached from real life situations. Anderson, Reder and 

Simon (1996) claim “action is grounded in the concrete situation in which it occurs” (p.5). Thus, knowledge 

given in real-life settings is recommended. However, it is not always the case to bring students and real-life 

settings together. In such case, technology helps. Anchored instruction theory, which brings real life into 

classrooms via technology, advocates that learning occurs where it is to be used. Pre-service teachers’ 

approaches to use real-life situations and ordinary objects for students’ mathematics problem solving are in 
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line with this idea. Some of their comments were as follows: Everything in our story has examples from real 

life. Each child may go to a mall, a movie theater and may want to buy something and make calculations in 

daily conversations” (PT6) “Problems in our story were from those problems students would’ve experienced 

in daily life. This makes it easier for students to understand and answer the problems” (PT2). 

Pre-service teachers presented their stories in voice over form. They only presented mathematical word 

problems with voice and text. Yildirim et al. (2010) in their studies found that students’ comprehension was 

better when they listen than when they read. In addition, pre-service teachers said they used a plain language 

to make the story and the problems understandable. For example, “It was important to use plain and 

understandable language. We used daily Turkish instead of mathematical language”. (PT6) 

Lockwood (2006) defines role models as ones providing a sample to success that one would demand. Pre-

service teachers were asked how they managed the story characters that are helping students to solve problems. 

They stated they used the characters as solution providers or helpers, which were showing an achievement as 

Lockwood (2006) argues. “Some characters in the story help the main character. That will make students 

develop positive feelings. If they feel positively, they may want to solve problems” (PT5). “Let’s do it together, 

the character said. Then the problems were solved step by step…” (PT4). That is, the characters were the ones 

who are good at mathematics problems might be a well of role models for students. 

Meaningful contexts as stated in Anchored Instruction theory is helpful for learners to see knowledge as a tool 

to be used (CTGV, 1990). They are better helpful in providing word problems than the ones isolated (Bottge 

et al. 2015). As mathematics word problems are anchored to a story, solving them in the story is helpful in 

terms of seeing them meaningful (Leonard et al., 2005). While pre-service teachers used stories as a meaningful 

context for the problems, they had story related and connected problems. Their stories were of ordinary 

situations that anyone would encounter. “We completely used ordinary situations based on two students going 

home from school” (PT2). “The problems we used in our story, which is narrating real life, support the story. 

Thus, the problems have become daily life problems” (PT1). That is their story use was in line with the 

anchored instruction theory. As a result, what they have done would be beneficial for students’ problem 

solving. 

5.3. Theme 3: Embedded Data Design 

Pre-service teachers’ way of making problems in the story recognizable varied from using voice-over, ask and 

wait block, time periods after asking a problem, question sentences, visuals supporting the problem situation, 

answer box and verbal expressions. Characters’ help requests and talking animals, who ask what is wrong with 

the character, was used only by one group. Pre-service teachers mostly supported students’ problem recognition 

in their animations rather than in their stories. Voice-over, visual feedback, muting, stimulants, and ask and 

wait blocks were their way of supporting problem recognition. Having daily life problems in the story was only 

two groups’ way of making problems recognizable. Scene visual, problem situation and voice-over were the 

mostly used features by pre-service teachers to create a problem-solving context. Creating an interesting story, 

conversation flow, main characters’ help request, and problem scenes were the least used features. 

It is proven that for difficult mathematics problems, problem solvers use visual strategies, such as drawing 

(Lowrie & Kay, 2001). However, only higher mathematical problem solvers have the visual imagery ability 

for problem solving (Van Garderen, 2006).  It might be argued that supporting students with visual illustrations 

may help those who have limited visual imagery ability. However, illustrations representing problem situation 

may have no effect on students’ word problem solving when presented next to a problem (Dewolf et al., 2015). 

Nevertheless, animations when used with narrations are found to be beneficial for students (Mayer & 

Anderson, 1991; Mayer, 2017). Pre-service teachers said they narrated their animations while using moving 

objects to support students’ problem recognition and to create a problem-solving context. “After a question is 
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answered, students and teacher character move to the taxi. The taxi moves on, background images change, 

and movie theater scene comes up” (PT1) “If a student solves a problem wrong, voice-over goes like “I guess 

we did something wrong”. If he solves it correct, voice-over goes like “good job”. We expect student to solve 

all problems” (PT4). 

Moreover, their method to support students’ problem recognition was to use features such as voice-over or 

feedback in their animations. For instance, pre-service teachers stated that they used feedback to support 

students’ problem solving in case students cannot solve problems. The use of feedbacks supports students’ 

mathematical problem solving when given immediately and in summative format specifically on computer-

based learning environment (Fyfe & Rittle-Johnson, 2016). One example comment for this is: ““For the wrong 

answers, the program allows students to think. In case answer is wrong we give feedback: “Your answer is 

wrong, let’s listen to the teacher”, and then the story continues” (PT1). Their way to use feedback was 

generally to show the correct solution such as “To help students see the feedback, we showed the correct 

solution for those who solved it correct or incorrect” (PT6). However, only one group used hint-type feedback, 

which was shown to be the most effective type of feedback supporting students’ mathematical problem solving 

(Bringula et al., 2017). “We provide hint such as “we have to do subtraction, don’t we?” Expected him to say 

yes or no” (PT4).  

The pre-service teachers were also asked how they provided the feedback support so that students may take 

the most benefit. Pre-service teachers stated they used the characters as a role model who is showing feedback. 

Role models demonstrating an achievement may lead to an inspiration for a learner to succeed (Lockwood, 

2006). One example comment was: “When we write a problem, we wrote it as if characters solve it correct” 

(PT2). Thus, it can be concluded that their way of using feedback may yield a success for learners who use the 

projects pre-service teachers have created.  

As a result, pre-service teachers’ use of embedded data design is supported by the literature and in line with 

anchored instruction. 

5.4. Thoughts about the Process 

The Ministry of National Education of Turkey (MNE, 2018) requires teachers to be well skilled in technology 

that is to access, produce, evaluate, store, produce, interchange and present information. In supporting ISTE 

(2008) standards for teachers, this study had pre-service teachers design, develop, and evaluate an authentic 

learning experience. They have produced technology-based environment with a visual programming tool to 

teach mathematics. They were asked what they think about the process in general such as difficulties during 

the development of the projects, positive and negative sides of such problem-solving environments and 

contributions to their material design process, if any.  

Designing online courses (Chien et al., 2012) or technological materials (Munday et al., 1991; Lee & Lee, 

2014) were proven methods and an indicator showing that a teacher will integrate technology in his classrooms 

(Agyei & Voogt, 2011). Additionally, teachers’ beliefs and attitudes toward technology are stated as the biggest 

reasons for their technology integration and knowledge about technology (Ertmer et al., 2012). Pre-service 

teachers mostly have positive reactions to the process in this study. They believe that as a non-traditional 

multimedia-learning environment, their projects would help students with their multiple senses. They are 

appropriate for students’ interests, motivating, entertaining and thus they would make students like 

mathematics. They believe, if used as an individual learning environment, students would participate more in 

their learning as opposed to collaborative learning. Additionally, they believe this learning environment will 

be more beneficial for visual learners. They additionally stated they would use this kind of environment in the 

future for their material design. Instead of concrete materials, their projects would be used over and over in a 
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convenient way. Such learning environments are teaching and learning supportive, helpful to make 

mathematics concrete and suitable for technology natives.  

Block-based visual programming tools have limited features such as characters and scenes were stated as 

problems when reflecting their stories to this visual programming tool. Designing new projects could eliminate 

their personal difficulties such as inserting voice or providing feedback. These problems might be occurring 

because they have no programming background. For instance, they did not have to watch their animations 

repeatedly to correct an issue because the visual programming tool they used in fact allows monitoring only 

the codes they wish to monitor. With these results, we can conclude that pre-service teachers with such learning 

and designing activity could see the positive and negative sides of technology in education. Thus, they may 

develop an attitude towards technology integration in education. As a result, they may decide whether to use 

technology in their future profession. 

6. Conclusion and Limitations 

In this study, pre-service mathematics teachers had a meaningful experience in designing their own technology-

based learning environments. They designed, developed, and evaluated technology-based learning 

environment they created. Their technology-based creation was based on the three design principles of 

anchored instruction theory. The results of this study showed that pre-service teachers can design technology-

based learning environments, which is in line with related literature. Moreover, their design process is based 

on a proven theory, which is anchored instruction in this study. It can be claimed that they learned supporting 

students learning with a learning theory, using technology effectively in classroom settings, and designing 

technology-based environments which support students’ learning. 

Pre-service teachers’ evaluation of the process was highly positive, and they developed a positive 

understanding of technology use in education. Moreover, their design approaches were supported by anchored 

instruction theory and took the advantage of the suggested benefits of the theory. As a result, their projects can 

support students learning. It was observed that they made use of the positive learning elements supported by 

technology-related literature. If teacher education programs guide pre-service teachers through designing such 

learning environments, the outcome would be beneficial for pre-service teachers to develop positive beliefs 

about technology based instructional design. Pre-service teachers’ technology beliefs will affect their 

technology integration in their future classes. If teachers’ technology beliefs can be improved, they can 

integrate technology in their future professions.  

This study was limited to a small sample size of participants. However, the results are promising in that pre-

service teachers’ beliefs in technology increase, they can have theory-based design experiences and learn how 

to support students with technology. For these reasons these types of studies are worthy of further investigation. 

It is the limitation of this study that this study did not measure whether pre-service teachers have improved 

their technology competences. In this regard, future studies can measure pre-service teachers’ technology 

competences with reliable questionnaires. Moreover, this study is limited to one block-based visual 

programming tool which doesn’t have enough features to reflect project ideas. Different programming tools 

could be used, different design experiences could be provided, and results could be interpreted accordingly in 

the future studies.  
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