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Situating Augmented Reality in the K-12 Classroom 
 

Introduction  
 

National dialogue and scholarly research illustrate the need for science, math, technology, and 

engineering (STEM) innovations in K-12 environments 
[1]

. President Barack Obama affirms this 

need by stating, “… Leadership tomorrow depends on how we educate our students today-

especially in STEM.” In response, there has been an increased use of technology in the K-12 

classroom setting to stimulate interest in STEM fields, e.g. 
[2]

. One way technology is introduced 

in the K- 12 classroom is through collaborations with post-secondary education. In engineering, 

faculty and graduate students often engage in outreach activities with K-12 to increase student 

exposure and understanding of engineering to promote the engineering career pathway.    
  

Considering the breadth and depth of engineering, various technologies have been introduced to 

enhance content delivery and further improve the student learning experience. One application 

of technology that has been used in K-12 settings is augmented reality (AR). AR technologies 

project virtual objects onto real world scenes. For example, Construct3D is an application 

designed to deliver mathematics and geometry concepts to high school students through 

augmented construction scenarios. Although Construct3D researchers cited improvements in 

students’ spatial skills, robust conclusions about the impact on learning could not be drawn 

because the application lacked a theoretical basis in educational research. Similarly current AR 

application literature highlights researchers attempts to evaluate and measure student learning in 

AR applications with little basis in learning science or educational psychology literature 
[3]

. 

Research is needed to better understand how different learning theories can be used to inform 

implementation of AR applications in K-12 environments. Doing so, allows researchers to 

consider the teacher’s and student’s role when evaluating the usefulness of AR applications.   
  

One explanation for the design of AR applications with little basis in learning theory is the 

disciplined focused training of post-secondary engineers. Engineering faculty and students have 

great technical depth in an engineering discipline but sometimes lack training in educational 

research. This knowledge differential may lead to the design of technology interventions that 

are not embedded in concepts of knowing and learning. It is important to acknowledge that as 

the field of engineering education matures, post-secondary engineering faculty are gaining 

more exposure to educational research studies guided by various learning theories. Even so, 

because there is a great deal of focus on bringing technology into the classroom and 

engineering faculty are involved in curriculum design and engineering outreach content, it is 

crucial that the instructional design supported by AR applications be based on learning theory 
[4]

.  
  

Engineering education researchers, Newstetter and Svinicki 
[4]

, offer engineering faculty and 

graduate students a “primer” of three conceptual frameworks that present learning theory to 

engineers in an approachable way, with examples of how the theory can be used to influence 

post-secondary instructional design. We suggest that post-secondary engineering educators 

should also follow these recommendations as they develop technology to be used in the K-12 

environment. 



In this paper, we create a guide for how one conceptual framework discussed by Newstetter and 

Svinicki can be used to incorporate an AR application to teach engineering concepts in K-12. 

We leverage the situated framework to outline how situative learning theory can be used to 

design instruction to teach electrical engineering concepts in a fourth grade classroom. Situative 

learning will allow us to evaluate how learning can take place within the context of a classroom 

by using virtual information. We outline the role of the student, teacher, and AR application; 

exemplify class activities and assessment; and discuss the purpose of grading within the 

situative framework. Using literature and curriculum from TeachEngineering.org 
[16]

, we will 

offer a guide for engineering educators to design an environment in which situative learning 

theory leveraged with AR applications can simulate real world problems that support 

measurement of student learning outcomes. 
 

First, we provide a brief review of the literature as it relates to augmented reality and situated 

learning. Then, we outline guidelines for using seven instructional components as they relate to 

the situative framework. We complete the guidelines by providing an explanation of how AR 

technology supports the instruction of engineering concepts in a fourth grade classroom. We 

conclude by discussing implications for student learning and engineering educators. The 

guidelines presented in this work are grounded in situative learning theory, and can be easily 

transferred to other grade levels. The example application in this paper can be used as an outline 

for other grades levels; though the application will need to be adapted to accommodate specific 

grade level learning objectives and subject matter. 
 

Augmented Reality 
 

Coined by Professor Tom Caudell, AR has existed for over thirty years in various forms. It 

combines the real world with virtual interactions by overlying 3D images onto real objects. 

Users of AR technologies can see the real world with the addition of computer-generated images 

opposed to virtual reality where all the users’ interactions are simulated. In contrast to being 

fully immersed in a virtual environment, AR users’ are aware of their surroundings and 

interactions with the physical world. The utilization of AR can enhance real life with artificial 

images 
[5]

. Along with enhancing life, it can bring new dynamics to industry, academia, and 

government sectors. 
 

While AR has existed in several forms for quite some time now, it has yet to be fully embraced 

as an assistive tool for learning in academia. The usage of AR in education has been inserted in 

many subjects e.g., 3D representation of cells in biology, displaying molecular structures in 

chemistry, and solving puzzles at museum exhibits in history. Researchers believe that 

education can profit from AR development because any subject can be more colorful, 

interesting, and interactive. The 2005 EDUCAUSE Learning Initiative acknowledged that the 

use of augmented reality in the educational setting could possibly make the learning experience 

much richer. This technology offers great promise by leveraging the unique blending of real 

and virtual worlds to produce new educational opportunities 
[9]

. Some of these opportunities 

could potentially provide rich, contextualized learning for understanding concepts related to 

mathematical education. 

 

There have been several studies that evaluate AR applications on student motivation and 



learning. According to O’Shae, AR has the potential to enhance student motivation, 

involvement, and excitement due to the active role it allows the students to encompass. 

Additional to increased engagement and learning, AR experiences could provide positive 

impacts to the cognitive process if it is well designed 
[9]

. Another advantage of AR is students’ 

ability to learn about the concepts and environment around them without being removed from 

the classroom 
[11]

. 

 

While student evaluations suggest positive experiences with AR, learning outcomes have been 

difficult to measure because the applications lack grounding in educational theory. Some 

researchers have addressed this dilemma. Larsen and researchers analyzed the pedagogical 

effectiveness of an augmented reality system in a science course to better understand concepts 
[10]

. The 5E model of instruction, based in constructivist learning theory, was used to compare 

an augmented reality system to traditional presentation methods. Their results stated that the 

pedagogical effectiveness was very positive rated and the use of AR raised students’ interest which 

increased the majority of participants learning of science concepts. Still, the majority of current 

AR literature reflects the prior point: researchers’ attempts to evaluate and measure student 

learning in AR applications has little basis in learning science or educational literature. We 

believe our guide will add to the literature by designing AR applications within the situated 

learning environment. 
 

Situated Learning 
 

Situated learning theory is based in the situative conceptual framework and examines how 

learners gain knowledge through social contexts and interactions with materials and people. 

When discussing theory, it is important to understand the nature of knowing and consequently 

what signifies learning and how such views impact instruction and shape the course 

environment [4]. 

 

Knowledge is viewed “as distributed among people and their environments, including objects, 

artifacts, tools, books, and the communities of which they are a part 
[12]

.” Knowledge moves 

beyond individual construction to incorporate the impact that the environment has on how an 

individual conceives and experiences learning. Learning is signaled by an individual's 

meaningful participation in a community of practice. Progressive participation can be described 

as more effective or more meaningful contribution to the community over time 
[12, 4]

. An 

individual learner variably moves across observation, participation, and contribution roles within 

the community. 

 

Engineering instructional design aligns well with situative learning theory based on three 

characteristics of the field. Engineering requires use of representations, aligns with professional 

practices, and has a strong emphasis on design 
[13]

. For example, in an engineering design 

project, group activities create opportunities for students to form a community of learners while 

working to solve open ended problems. Students working to find a sustainable energy solution 

engage in research activities and team meetings where information is shared and negotiated 

among team members, and individual students walk away with knowledge they may not have 

acquired from individual studying or research. Situated learning theory recognizes participation 

in a community of learners as opportunities to increase student knowledge. 



 

Engineering educators serve to benefit from applying situative learning theory to the design of 

their instruction. Authors have recommended that engineering learning can be improved by 

focusing on teamwork and collaboration activities; engineering identity formation; student 

identities; role of representations; and use of tools while learning 
[13]

. With proper guidance, 

engineering educators can use situative learning theory to address these focal points in the K-12 

classroom. 
 

We illustrate this by offering a guideline of how to use augmented reality application in a fourth 

grade classroom to teach concepts related to electrical engineering. The guideline follows a 

three part outline; we describe an individual instructional component as it relates to the situative 

framework; provide an explanation of how AR technology supports the instruction of 

engineering concepts; and provide a more tangible view of instructional design using a fourth 

grade lesson plan for teaching circuitry. 
 

Guidelines to Situating AR 
 

Table 1 summarizes the guidelines for integrating an AR application for teaching and learning 

electrical engineering concepts. We propose that following this guide, engineering educators can 

work with elementary teachers to incorporate AR into lesson plans to provide a more tangible 

and engaging environment for the students. First, we will review the three principles that 

summarize situative learning theory and will form the basis for the guide as suggested by 

Newstetter and Svinicki 
[4]

. 

1. Students should have opportunities to participate in the social and material practice 

of the targeted community. Since learning occurs as students progressively 

participate in the community, instructional activities should reflect the real world 

problems. In this way, learning occurs when students “interact with the tools, people, 

and physical world” to better understand the impact (pros and cons) and culture 

considerations of tools around them. 

2. Students are encouraged to try on the identity of the community members. 

3. Students should have the ability to create their own learning path. Projects and 

problems should be designed to allow students to explore multiple approaches and 

strategies but still arrive at needed outcomes. This often requires problems that are 

“rich and complex.” 

 

Instructional  Component Situative Learning AR Engineering Example 

Prototypical Instruction Learning occurs in a simulated 

work setting of the community 

of practice. 

AR application use graphic 

information to explain 

simulated circuit design in a 

power outage. Shown in 

Figure 1.  

Teacher Roles The teacher may facilitate the 

learning process, co-learn with 

Teacher can use the AR 

application to illustrate circuit 

component such as current, 



students, or evaluate the final 

project. 

resistors, or power supply that 

is otherwise difficult for the 

student to envision. Shown in 

Figure 2.  

Student Roles The student role is to become a 

larger participate in learning, 

i.e. the student should move 

from an observational role to a 

contributing role. 

Interacting with augmented 

simulations created by AR, 

students will develop adequate 

problem solving skills and 

transferrable solving methods 

to apply to new problems. 

Content Outcomes Students demonstrate that they 

can operate within the 

community with a full 

understanding of the 

“constraints of affordances”. 

Along with the spatial 

reinforcement, students will be 

able to use the AR application 

to solve problems similar to 

power outages, understanding 

the constraints of circuit 

design. 

Class Activities The activities should create an 

“authentic” learning 

environment for students. 

During a hands on activity, 

students will use the AR 

application to build and 

investigate the characteristics 

of parallel and series circuits. 

Shown in Figure 3.  

Assessment Assessment occurs in the form 

of reflections, e.g., portfolios 

or journaling. 

While participating in class 

activities and instructional 

sessions, the AR application 

will collect performance data 

on the student to evaluate their 

comprehension. 

Purpose Grades Qualitative feedback occurs 

throughout the learning 

process to allow students to 

work through their difficulties. 

The AR application will be 

programed to provide real-time 

scaffolding in lessons. 

 

Table 1. Guidelines to Situating AR 

 

Prototypical Instruction 

Instructional component: Learning occurs in a real world environment or a simulated work 

setting of the community of practice. Learning may also occur through a simulated environment 

as a representation of a real world problem. In this instructional component, the teacher will 

present the students with a real but theoretical problem. 



 

Classroom Illustration: For our proposed problem, teachers will ask students to imagine they 

are helping their parents decorate the Christmas tree. As they are preparing to hang up the lights, 

they realize that one of the bulbs is out. In an effort to fix the lights, the circuit is overloaded and 

the power goes out. The teacher will ask the students to think about a solution to this problem. In 

the profession, diagrams are used to teach engineers how to build circuits. Therefore, 

interpreting circuit diagrams is an essential skill for electrical engineers. In learning how circuits 

are built, students will understand how circuits are used to power devices and even light bulbs 

on the Christmas tree. 

 

AR support: The AR application will provide students with information that can help them 

better understand the simulated circuit board design. This application will display graphical 

information onto physical objects in the classroom such as the electrical outlets and light                     

switches to explain how different circuits would look under abnormal conditions. This will 

encourage the understanding and mastery of authentic environments that electrical engineers 

might encounter during a power outage. The benefit of creating a real world environment is an 

augmented perception of reality, as it exists in the present. 
 

 
Figure 1. Students investigating electrical components in an outlet 

 

Teacher Roles 

Instructional component: In a situated AR experience, the teacher may take several roles, 

depending on his or her expertise. Primarily in K-12 environments, the teacher may facilitate the 



learning process, co-learn with students, or evaluate the final project. According to Shelton, to 

create more cognitively beneficial student engagement teachers need to find new ways of 

representing spatial relationships 
[6]

. The exploration into novel areas using AR offers a new way 

for teachers to deliver abstract concepts to students.  
 

Classroom Illustration: Teachers will bring local electricians and engineers in the classroom to 

talk about power outages. These interactions will allow students to interact with other members 

of the community of practice. Researchers suggest that this engagement with members of the 

community allows the students to see themselves as peers with the electrical engineers versus a 

more formal relationship that happens between teachers and students. The teachers will then 

introduce and facilitate key points of the experiences that the electricians mentioned. 
 

AR support: During the interaction session with the AR application, teachers will facilitate 

questions and answers to allow students to develop a strong sense of engagement with the 

narrative that the power is out in their home and the physical space of the classroom. The last role 

of the teacher is to illustrate circuit components using AR graphical representations and monitor 

the collaboration within the student groups for troubleshooting in case they encounter problems. 
 

 
Figure 2. Teacher showing students a simulated 20K ohm resistor



Student Roles 

Instructional component: The student role is to become a larger participate in the learning, i.e. the 

student should move from an observational role to a contributing role. The simulated environment 

will allow students to learn skills used by engineers, helping to clarify students’ understanding of 

what engineers do. They should feel a strong ownership that they are experts or becoming experts 

in the field of engineering. Students will be able to abstractly understand circuitry relative to how 

current flows through circuits by reading text and seeing 3D graphics of resistors, power supply, 

amplifier, etc. AR provides a multisensory approach to learning that links text, image, sound, and 

movement to support student collaboration. 
 

Classroom Illustration: Students will form teams to explore circuitry in the classroom. Holding 

the AR application in front of local objects, e.g. light switches, outlets, or projectors, a 3D virtual 

circuit board will appear to display current flow. While participating in groups, students will have 

the opportunity to ask questions and clarify any questions they may have with their peers. 

Students should be encouraged to interact with the AR app, their peers, and to discover 

knowledge on their own. These opportunities allow students to become active members of the 

community. 
 

AR support: The use of AR adds more meaning to topics that students may not experience in the 

real world. For example, students would normally not be able to see electrical circuits of an 

outlet, remove and replace components of a circuit, or be able to develop a solution to fix the 

problem. Interacting with augmented simulated circuits created by the AR, students will develop 

adequate problem solving skills and transferrable solving methods to apply what they learned in 

the classroom to different settings. 
 

Content Outcomes 

Instructional component: Students demonstrate that they have achieved outcomes when they can 

operate in the community with a full understanding of the “constraints and affordances” of the 

situation 
[7]

. The unique affordances of AR include the greater fidelity of real world environments, 

the ability of team members to talk face-to-face on multiple dimensions, and the capacity to 

promote kinesthetic learning through rich spatial contexts 
[6]

. 
 

Classroom Illustration: To evaluate student outcomes, each student will create an incomplete 

circuit using AR representations, i.e., text, and graphics for their team members to correctly 

solve. Students will have the opportunity to facilitate troubleshooting and answer questions on 

content that their team members are struggling with. This allows for reinforcement of spatial 

understanding of current moving through a closed or open circuit. The affordance of this 

demonstration is the reassurance of the student becoming a member of the community in an 

authentic environment. 
 

AR support: The AR application will facilitate student collaboration and interaction. Also, 

students will use the graphical content and textual information to see how components of the 

circuit interact with each other. Along with spatial reinforcement, students understand the 

constraints of circuit design by using the AR application to solve similar problems to power 

outages. 



 

Class Activities 

Instructional component: Class activities should reflect problems faced by the community as 

much as possible, and create an authentic learning environment for students. The simulated 

environment is essential to the activity component because otherwise it may be hard for the 

students to envision circuitry and its components. More specifically, it can be difficult for 

students to envision current flow through a closed circuit or understand why the light bulb is out 

because it is not enough voltage in the power supply. 
 

Classroom Illustration: During the class activity, students will diagnosis the previously discussed 

power outage scenario. They will learn how current moves through a circuit in relation to how 

circuit components are arranged. Once the students develop a solution to the power outage 

scenario, the teacher can create additional problems for the students to think about that extends 

past power outages. For example, teachers can have students imagine they need to charge their 

mobile devices and the outlet does not work. Looking at the circuitry of that outlet, students will 

determine if there was a shortage, missing component, or faulty wiring. 

 

AR support: All the work performed during the class activities will be done in teams. Students will 

use the AR app to build and investigate the characteristics of parallel and series circuits. From 

these interactions, they will be able to tell the difference between open, closed and blown circuits. 

Once these skills are developed, the students can design a circuit diagram that will output enough 

current to produce light in Christmas light bulbs. Teachers can ask students to          change or 

replace components to investigate if or what affect it would have on the circuitry. The AR 

application can direct the student to outlets and light switches in their immediate environment. At 

each outlet or switch, the AR application will display a 3D graphical simulated circuit. The 

students can be tasked to name each component and how it contributes to the circuitry. 
 

 
Figure 3. Students interacting with AR application during class activity



Assessment 

Instructional component: Assessment occurs in the form of reflections e.g., portfolios or 

journaling. The major benefit for using portfolios, journals, and other forms of reflection is to see 

the approach that students take to solve a problem. Journals have the ability to show teachers the 

students’ reactions to the concepts and class activities, solutions to problems, and document notes 

on potential ideas of how they can become members of the community. Similar to journaling, 

portfolios give teachers a deeper look into the student’s understanding. This deeper look is the 

ability to evaluate the student's’ progress at the end of a class activity and instructional sessions. 

Peer to peer assessment can also occur. Students can discuss journal and portfolio entries with 

each other, allowing them to hear a different perspective and see different examples of how their 

peers communicate what they have learned. 
 

Classroom Illustration: Situative learning evaluates open-ended problems that have multiple 

solutions. However, this can be difficult to capture by using traditional methods such as exams. 

To collect this qualitative data, teachers could set time aside at the end of each unit for students 

to keep electronic records of their experiences with AR. In these electronic records, students 

could input text, photos, or audio directly in the AR application to document their ideas, 

thoughts, and reflection about the engineering concepts. In addition to storing the data for teacher 

use, this method supports peer-to-peer assessment. Students can exchange devices to review peer 

solutions and have paired “think aloud” sessions to share their problem solving approach 

verbally with their peers. In this way, students actively participate in formative assessment. 
 

AR support: Assessment of students’ reactions can be embedded in the AR application. While 

participating in class activities and instructional sessions, the AR application will collect 

performance data on the student. Some of this performance data may include the time it takes 

students to complete a circuit design or to solve a problem given to them by their classmates. The 

AR application can also record the interactions the students have with each other while there are in 

the collaborative teams. This provides an evaluation of students’ comprehension as they 

progressively participate in the community of practice. Once this data is captured, it will be stored 

on a server for teachers to access and assess students’ progress. 

 

Purpose of Grades 

Instructional component: Feedback occurs throughout the learning process to allow students to 

work through their difficulties. Grades are more qualitative in nature, e.g., written descriptions, 

and our assigned at the end of the project. 
 

Classroom illustration: The AR application has the potential to provide students with immediate 

feedback. This is done by presenting the student with multiple-choice, fill in the blank, and 

sentence completion questions during class activities. 

AR support: The application will provide real-time scaffolding in lessons to accommodate 

student needs. In this way, the application will reveal more advanced functionality and problems 

as students’ ability to master engineering concepts increases. The student will be provided an 

enriched learning experience because the AR application will adequately challenge students. 

This will support student understanding and achievement growth over time. 

In situating AR in classroom activities, we hope students will be able to describe how current 

flows through parallel and series circuit with various components being added or removed. The 



AR application allows students to envision the spatial relationship between diagram, circuits, 

and its components. Students will also be able to describe the connections among 

representations of circuit symbols. Overlaying the 3D graphics on electrical components create 

concrete examples for students. By illustrating current flow, abstracts concepts become more 

tangible. Lastly, student learning is connected to the community of practice by aligning the AR 

application with engineering professional practice and emphasizing design. 

 

Implications 

 

The intent of this paper was to present a guide for using an AR application embedded in 

situative learning theory to teach circuitry to fourth graders. Singularly using situated learning 

theory could increase students’ engagement and interest towards engineering concepts by 

becoming practitioners of the community, but incorporating AR adds a new dimension by 

immersing the students in an augmented environment. As a result, we believe there are 

implications for both student learning and instructional design. 
 

The enhanced learning environments will allow students to investigate concepts that may be 

too expensive, dangerous or logistically impossible to observe in the real world. These 

guidelines allow students to practice engineering concepts in real situations and conditions of 

professionals 
[14]

. The combination of situated learning and AR is appropriate for engagement 

because it allows students to immerse themselves into the learning situation and create 

meaningful interactions among the students, teachers, community, and virtual objects within 

the context of the classroom. 

 

The circuitry example used in the guide was inspired by a lesson plan on TeachEngineering.org, 

an open access digital library collection that offers post-secondary and pre-college teacher’s 

lesson plans to teach science and math through engineering design curricula in K-12 
[16]

. By 

using Newstetter and Svinicki’s conceptual frameworks and TeachEngineering.org, we illustrate 

how two prominent resources intended for post-secondary and pre-college engineering 

educators can be used by engineering faculty to base their K-12 technology applications in 

educational theory. This guide offers a time and cost-effective way for engineering faculty to 

merge their technical expertise with existing educational resources to improve their K-12 

curriculum and outreach efforts. 
 

Future Work 
 

Our next steps are to prototype our AR application with fourth grade students using a circuitry 

lesson plan. Then, conduct a study that utilizes our proposed guidelines. This study will be 

conducted in a rural area of Virginia in a public school system. We will investigate what the 

benefits and challenges are for situating AR in the classroom, as well measure student learning 

outcomes. We anticipate our findings will provide guidelines for both teachers and engineering 

education researchers to employ and provide additional evidence for the usability of AR 

applications grounded in educational research. 

 

Conclusion 

 



Technology has been increasingly incorporated in the K-12 classroom to promote STEM 

interest and learning as collaborations with post-secondary and pre-college engineering 

educators continue to expand. Augmented reality is one technology application that has been 

used to support students learning a variety of STEM concepts. By overlaying 3D images on real 

objects, augmented reality can target improving engineering related student outcomes, e.g. 

spatial understanding 
[17],[18]

. 
 

We proposed that AR applications grounded in learning theory would foster instruction that 

aligns well with educational principles of how students learn and supports measurement of 

student learning outcomes. We presented guidelines that will help engineering faculty 

incorporate well-established research findings related to learning theory into AR application 

design. We illustrated this through discussing a guide that can be used to teach circuitry, a 

fundamental electrical engineering concept, to fourth graders within situative learning theory. 
 

The use of augmented reality in the classroom has the ability to enhance the learning experience 

for K - 12 students by creating visual and tangible interaction applications that simulate real 

world problems. The National Educational Technology Plan of 2010 believes that one of the 

most powerful ways to transform and improve K-12 education is to instill a culture of 

innovation through technology use. By leveraging learning theory to inform implementation of 

AR applications in K-12, collaborations between post-secondary and pre college engineering 

educators can create well-designed and beneficial educational experiences. 
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