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Overview 
Academic language is an important focus area in middle school. However, academic writing in science classes is challenging for middle school students. Maker activities can contribute to students’ academic language development through artifact creation with tangible resources (Own, 2018). This makerspace and academic writing project, codesigned by a science teacher and a technology integration specialist, invited middle school science students to work on academic writing through maker activities.
Topics: Maker Activities, Academic Language, Science Learning
Time: In-class time took a total of six, 50-minute sessions. Outside-class time took ~2.5 hours and included pre-writing before class activities and revisions after class activities.
Materials 
· Student devices (e.g., cell phones, tablets) to take pictures of content vocabulary representations.
· A Computer for the technology integration specialist to upload student pictures to a website.
· Student Chromebooks to type/revise writing.
· Makerspace materials (e.g., Cricut, fabric, sewing machine, circuitry kits, clay, paper, glue, markers).
· 8th-grade science core-content vocabulary words (Sealy Independent School District, n.d.).
· Academic vocabulary slides
· Laminated evolution paragraph poster with colloquial expressions (see Poster Text section).
· Discourse and explicit marker List (Makkos, 2018)
· Blocks with phrases/sentences (e.g., expanded noun phrases, non-restrictive relative clauses).
· Grading Rubric
· Makerspace Activity Directions Document.

Context at a Glance 
Setting
Eighth-grade science class in the United States. 
Modality
Face-to-face
Class Structure
Students did pre-writing individually outside of the class. In class, students worked in groups on each of the six maker activities. These were followed by writing revisions where students worked individually to complete final drafts for each activity.
Organizational Norms
The Makerspace and Academic Writing Project was implemented before the outbreak of the COVID-19 pandemic. Students were able to attend classes in person. 
Learner Characteristics
Learners were 32 eighth-grade students in the Appalachian region of the United States.
Instructor Characteristics
The project was codesigned by the regular science teacher and the technology integration specialist working for the middle school. 
Development Rationale
Academic language is important in education. Through constructionism, Own (2018) maintains that maker activities have the potential to contribute to the development of students’ academic language because students are able to create and share external artifacts in a makerspace.


Setup 
Two rooms were used so that there was enough space for each group. These two rooms are adjoined by a door, which stayed open during the activity. Students freely walked back and forth and had access to the same materials. One room offered more surface space and seating than the other. The furniture in the makerspace was lower to the ground than that in classrooms and it was padded. The setting felt more like spending time with a friend in a “coffee shop”, according to the science teacher. The science teacher was in one room, and the technology integration specialist was in the other room.
Before each activity, the teacher prepared eleven manila envelopes containing instructions for the current activity, clean-up procedures, prompts to guide writing revisions, and any paper materials relevant to the day’s activity (e.g., list of transitional phrases). 
At the beginning of each class period, the teacher explained the day’s activities to students (see Instructions in see the Makerspace Activity Directions Document). One representative from each group approached the teacher to retrieve the group’s manila envelope. Once all the groups received their envelopes, the teacher displayed a timer on the main board and passed out each student’s writing piece.
During the activity, the science teacher and the technology integration specialist circulated the room to facilitate learning. When the timer expired, they prompted students to clean up their areas and return their envelopes. Students returned to their original seats and were prompted to revise their papers according to the academic language feature practiced in the activity. At the very end of the period, students’ writing pieces were collected.
Standards 
West Virginia Science Standard, S.6-8. L.12: 
Students will write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments, or technical processes:
· use precise language and domain-specific vocabulary to inform about or explain the topic.
· establish and maintain a formal style and objective tone (West Virginia Department of Education, n.d.).
Context and Setting 
Makerspace Context
This Makerspace and Academic Writing Project was implemented in an eighth-grade science class in Spring 2020 in the Appalachian region of the United States. The school was a 6th-8th grade school with approximately 500 students. The makerspace was a room with various stations along three walls for the following: sewing; jewelry making; vinyl; paper; and fabric cutting; construction (construction bricks, blocks, newspaper connectors, cardboard connectors); consumable and reusable materials; and electronics. The makerspace contained some technological tools such as Cricut, Makey Makeys, free-style circuitry kits, and a littleBits kit. However, it primarily housed low technologies. Interspersed among stations were a standing desk and three tables for workspace. The remaining wall was lined with a chalkboard, white board for a projector, and low shelves for project and material storage. In the middle of the makerspace were two, round, dry-erase tables with stools. The makerspace was adjoined to a kitchen that provided additional counter surfaces, seating, and sinks for clean-up.
Participants
As third-year students at the school, most of these eighth-grade students were familiar with the makerspace, having engaged in the space in sixth and seventh grades. Additionally, the science teacher had utilized the makerspace briefly for students to obtain materials and work in groups on previous projects. However, the science teacher had not conducted a formal, whole-group class in the space. While students were familiar with the space and tools of the learning context, not all of them were accustomed to comporting in a formal learning event within the makerspace. 
Before meeting in a makerspace, the teacher should provide a tour to acclimate students to the new setting and to establish rules and expectations for working in a collaborative environment.

Project Goal
The project was for students to improve their academic writing. Since this activity began before the March 2020 outbreak of the COVID-19 pandemic, the students were able to work on the project at school. The features of academic language include lexical features (the use of content vocabulary and academic vocabulary; Fang & Park, 2019), organizational strategies (Snow & Uccelli, 2009; Uccelli et al., 2013), authoritative indicators (Snow & Uccelli, 2009; Uccelli et al., 2013), and complex syntactic structures (Fang & Park, 2019; Uccelli et al., 2013). Two activities for content vocabulary and one for each of the other four aspects (lexical features, organizational strategies, authoritative indicators, and complex syntactic structures) were created for the students, totaling to six activities.
Instructor Expertise
To implement the activity, practitioners should have a firm understanding of makerspaces and the design process (e.g., students out of the seats, talking, and making a mess). Being prepared to facilitate and not dictate each instructional stage is essential. 
Expertise in academic language is also required. Although this may seem daunting to non-ELA teachers, academic writing is a complex construct that can be broken down into components, as demonstrated by these activities. Once individual features are mastered, the teacher should be able to integrate specific content knowledge. 
Setting up the Makerspace
Students worked in groups of three or four and stayed in the same group throughout the project. The teacher formed each group to include learners of diverse academic performance. All students completed the same activity each day.
Learning Representation
The Makerspace and Academic Writing Project consisted of two parts. Part One was pre-writing. Part Two was maker activities and writing revisions. 
Part 1: Pre-Writing Activity
Upon completion of a unit on evolution, students were asked to produce a piece of academic writing on paper outside of class time. They were provided with the following prompt: 
Hospital Website: Appendectomy
You have been hired by a hospital to write material for a website intended for patients who are recovering from surgery. This site provides information about recovery as well as the actual operations. You have been assigned the section on appendectomies. You must explain how the appendix, unlike most other organs in the body, probably serves a non-essential purpose for humans, so the patient does not have to worry about losing this organ.
Use what you have learned in class about how biological evidence supports evolution to explain why the human body has an appendix even though the organ probably serves no important purpose.
Part 2: Activities & Writing Revisions
The series of six maker activities lasted five days. One activity occurred each day, except for the third day where students completed two activities because of a snow day interruption. After groups completed the maker activities, students individually revised their writings every day except for the first day. Students spent 50 minutes on each activity and writing revision.
Day 1 
On the first day, each student individually created a representation of a content vocabulary word related to the previously studied science subject, evolution (see the Makerspace Activity Directions Document). 
Day One materials included eighth-grade science core content vocabulary words (Sealy Independent School District, n.d.) and materials available in the makerspace (e.g., a Cricut, sewing machine, Makey Makeys, circuitry kits, construction bricks, pipe cleaners, clay, paper, glue guns, fabric). 
Each group received three to four index cards with eighth-grade science core content vocabulary words. The root word was underlined and defined. Students could use all materials available in the makerspace to create a representation of the entire word. The design was open in that there were no design parameters provided. 
The technology integration specialist took pictures of students’ representations and uploaded the pictures to a website, which would be visited by students on the third day of the project. See Figure 1 for representations of student products from Day One.
Day 2
The activity on the second day was called Unscramble (see the Day 2: Unscramble section of the Makerspace Activity Directions Document). This activity helped students practice organizational strategies, which used explicit (e.g., “First…, Second …,” “In summary”) and discourse (e.g., “For example,” “Additionally,”) markers, to organize information. Using organizational strategies is an important feature of academic language (Snow & Uccelli, 2009; Uccelli et al., 2013). 
Day 2 materials included index cards with an organizational marker (i.e., a sentence or part of a sentence). Each group received several index cards. To make it easier to understand this activity, teachers called each card with an organizational marker“ a part.” Students put the parts together to make a paragraph. Because all maker activities were themed around evolution, the sentences written on index cards were associated with the human appendix and evolution (see Part 1: Pre-writing Activity section). 
After putting the parts together, students followed the instruction to revise their pre-writing: Revise your hospital website content to include some connective words, such as the ones used in the scrambled paragraph (see Part 1: Pre-writing Activity prompt for hospital website content). 
Day 3 and Day 4
On the third day, due to a prior snow day when classes were cancelled, students worked on two activities, Day 3: Creation Gallery and Day 4: Tabletop Grammar (see the Makerspace Activity Directions Document).
[image: A student-created representation of the term mass extinction includes a clay dinosaur and an erupting volcano. That volcano is made of clay to represent the base and pipe cleaners to represent the lava.]
[image: A student-created representation of the term unicellular includes a clay disk to make the cell, which is outlined by other pieces of clay to represent the cell membrane.]
[image: A student-created representation of the term natural selection includes a clay creation of three fish. One fish has a bright, red line across its face and pipe cleaners on its body to form an X over its body to represent death.]
Figure 1. Three examples of representations created by students.
By using computers in the makerspace, students visited the website where the technology integration specialist had uploaded pictures of their representations (created on Day One). Students individually selected one creation they thought best represented the content vocabulary word. Afterwards, they discussed with their groups which picture they selected and why. 
Day 3: Creation Gallery materials included Chromebooks that students used to visit the website where their creations from Day One were uploaded. 
The Day 4: Tabletop Grammar activity (see the Makerspace Activity Directions Document) focused on authoritative markers. Although not a maker activity, this activity was designed for students to practice authoritative indicators, the use of which is an important feature of academic language (Schleppegrell, 2001). These indicators (i.e., words or phrases that show an authoritative stance), include words such as “undoubtedly,” “obviously,” and “unlikely.” 
Students received a laminated poster of a paragraph on evolution that included colloquial language (see Poster Text below). They needed to use tools available in the makerspace (e.g., dry erase markers) to replace informal language with authoritative markers. Thus, for Day 4: Tabletop Grammar, materials included a laminated poster of the paragraph on evolution and dry erase markers.
Poster Text
Do you know about vestigial structures and organs? Let me tell you. In the bodies of whales, there are small leg bones that are vestigial. And skeletons of snakes have traces of leglike structures that are not used. Well, these vestigial organs help them see how some modern organisms are related to ancestors that had, like, similar structures.
We know that vestigial structures can tell us something about evolution. Scientists studying the anatomy of living things have also noticed that many different species share structures that are kinda similar. But these structures are used differently by each species. Like, today you can see the process of natural selection caused the variations in form and function.
Day 5
The activity for the fifth day was Day 5: Blocks to Blocks (see the Makerspace Activity Directions Document), for which the instructor provided blocks that had phrases or sentences on them (see the Block Phrases Document for phrases used on Blocks in the Blocks activity). Phrases included: 
· expanded noun phrases (e.g., “The last remaining ancient artifact”), 
· non-restrictive relative clauses (e.g., “The paper, which was written last semester”), 
· nonfinite clauses (e.g., “Assigned to the experimental group, the students …”), and
· appositives (e.g., “The bird, an extinct species, …”). 
Students arranged the blocks to make complex sentences (see Figure 2).
[image: Students organizing phrase blocks into sentences. The blocks have paper-based phrases secured to them. ]
Figure 2. A picture of the blocks.
Day 6
The material for the last day activity, Day 6: Graffiti Wall (see the Makerspace Activity Directions Document), included academic vocabulary words. Student groups were provided with academic vocabulary words (i.e., terms used across domains, such as “component,” “malignant”; see Academic vocabulary slides) and tasked with creating word walls. Each group member contributed to their word wall by generating examples and non-examples of the word or drawing a picture related with each word. For example, for the word remnant, a student wrote “small remaining quantity of something.” Another student in the group drew a picture of leftover pizza crust. After completing the word walls, students viewed the walls created by other groups. 
Following the Day 6: Graffiti Wall activity, students typed their post-writings outside of class and submitted them to the teacher. The teacher insisted that students type their final drafts on Chromebooks for submission purposes because it was easier to view and directly input grades into the learning management system.
Critical Reflection 
Students were able to effectively carry out the maker activities. Although students were told that they could use anything in the makerspace, the majority used low technologies (see Makerspace Context). One possible reason was that the makerspace that students used for this project primarily housed low technologies. 
The project developed with little to no learning interruptions or behavioral interferences. Students had to work in two rooms so that there was enough space for movement. The science teacher and the technology integration specialist facilitated this project, allowing for one facilitator in each room. In the future, if the technology integration specialist is not available, limited space could pose a challenge for activity facilitation. 
In terms of collaboration, teachers observed that students were comfortable with collaborating in the makerspace, probably because of the type of “coffee shop” setting. However, it seemed that in some groups, students did more work than others. According to the science teacher’s observation of middle school students’ group work, this tends to be an issue when middle school students collaborate with their peers. One strategy that teachers can use to address this issue is to emphasize that students need to help each other learn and that all students should contribute to the task, prior to beginning group work (Gillies, 2004). Another strategy is to assign roles to students (Chang & Brickman, 2018). In this context, roles can include a group leader who makes sure that all students contribute, an activity facilitator who makes sure that group members understand the activity directions, and a materials facilitator who makes sure that all members have the necessary materials. 
There were two observations related to writing. First, although students were supposed to revise their writing pieces individually, they provided feedback on their group members’ writings. Second, the academic language and content of students’ writing pieces were improved. The rubric used to evaluate pre-writings and the final version of students’ writings consisted of criteria of lexical choices (e.g., content vocabulary, academic vocabulary, and lexically dense terms), organizational strategies, complex syntactic structures, authoritative indicators, and content. 
The writing improvement echoed Tham’s (2019) argument that maker activities can be an effective pedagogical practice for teaching writing. The improvement in content was unanticipated because the maker activities focused on academic language, not science content knowledge. The possible reason that the content aspect was improved is that all activities were themed around the human appendix and evolution.
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