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The Effectiveness of an Accessible Computing Curriculum

Abdu Arslanyilmaz Mary Beth Loto

YSU, United States Potential Development, United
aarslanyilmaz@ysu.edu States

marybeth@potentialdevelopment.o
Margie Briley rg
YSU, United States Katie Petridis
mibriley@ysu.edu Potential Development, United
. States
Gregory Boerio

’ katie@potentialdevelopment.or
YSU, United States

gvboerio@ysu.edu

Abstract: There has been a limited number of studies in which a computing curriculum is designed and developed
for students with Autism Spectrum Disorders (ASD), and there has been no study to test the effectiveness of an
accessible computing curriculum for students with ASD. Therefore, the objectives of this study are 1) to implement
an accessible computing curriculum at an inner-city school for seventh-grade students with ASD, and 2) evaluate the
effectiveness of the accessible curriculum in improving students with ASDs’ learning of computational thinking
concepts (CTCs) (sequences, loops, parallelism, conditionals, operators, and data) and their development of fluency
in computational thinking practices (CTPs) (experimenting, iterating, testing, debugging, reusing and remixing,
abstracting, and modularizing) by comparing two groups of twenty-two students; one group taught utilizing the
adjusted curriculum and the other utilizing the original curriculum. Students' CTCs were measured by analyzing
both groups' pretest and posttest scores, and their CTPs were measured by their artifact-based interview scores.
Keywords: accessible,computing curriculum,computational thinking,students with autism spectrum
disorders,computational thinking concepts,computational thinking practices

Introduction

Computational thinking (CT) as an essential 21st-century skill and knowledge will be instrumental to new discovery
and innovation in all fields of endeavor [1], and therefore, CT should be taught to all students alongside reading,
writing, and arithmetic [2]. It has been shown that CT increases students’ interest, knowledge, and skills in
computing [3]-[7]; in quantitative and critical thinking [8]; in abstracting, generalizing, and writing convincing
arguments [9]; in building different dimensions of CT [10]; in near and far transfer of problem-solving skills and
improvement of spatial relations ability [11]; in understanding algorithmic flow [12]; and in predicting future
academic success [13], [14]. Accordingly, many prior studies have implemented CT into various subjects at
different grade levels [5]-[9], [11]-[14]. Additionally, a CT curriculum was designed and developed making a CT
curriculum for mainstream students accessible to students with ASD [15], [16]. However, no accessible CT
curriculum was investigated to measure its effectiveness for students with ASD. Therefore, an effective intervention
strategy is to implement the accessible CT curriculum and test its effectiveness. This study implemented the
accessible CT curriculum at an inner-city school for seventh-grade students with ASD, and evaluated its
effectiveness in improving students with ASDs’ learning of CTCs (sequences, loRCA, parallelism, conditionals,
operators, and data) by comparing two groups of students; one group taught utilizing the adjusted curriculum and the
other utilizing the original curriculum.

Literature Review

Many studies have been conducted to show successful and effective implementation of CT curriculums into various
subjects at different grade levels. It was reported that CT performance in college freshman courses could predict
future academic success [13], there is a strong correlation between a student’s academic performance and his/her
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ability to compute [14], an introduction to CT course increases students’ interest in computing [6], CT could
improve quantitative and critical thinking [8], CT can help to abstract, generalize, and write convincing arguments
[9], and CT focused curriculum improves students’ impression of, interests in, and knowledge about computing [5],
[7]. Also, coding was reported to be useful for building different dimensions of CT in nine and ten-year-old students
[10], programming was found to lead to near and far transfer of problem-solving skills and improvement of spatial
relations ability in fifth and sixth-grade students [11], and integrating CT into middle and high school classes
increases knowledge in algorithmic flow [12] and middle school students’ CT skills [3].

The Problem and Objective

However, there has only been few studies in which a CT curriculum was designed and developed for minority
students, and no study was conducted to test the effectiveness of an accessible CT curriculum for students with
ASD. One of these rare studies was conducted by [17] targeting high school students formally diagnosed with a
learning disability or attention deficit disorder (more commonly known as ADHD), where challenges to teaching a
CS course to students with ADHD were identified, adjustments were proposed and tested in an attempt to make an
accessible CS course for these students. Some of these adjustments that were successfully made and tested were
reported to be related to barriers for students in language, reading, written expression, math, and attention [17, p.
47]. Another rare study was conducted by [15], [16], where adaptations and accommodations were designed and
developed to make an original CT curriculum accessible to students with ASD. ASD is a neurodevelopmental
condition characterized by impairments in social interaction, communication, creativity, imagination, and
organization of daily activities [18].

The Purpose

The purpose of this study is to report the implementation of an accessible CT curriculum at an inner-city school
(PDMYS) for seventh-grade students with ASD and report the implementation of the original version of the accessible
CT curriculum at another inner-city school for students with ASD (RCA). The aim is to report what worked and
what did not in terms of instructions including delivery of instructions, assessment, feedback, and learning
environment. The second purpose is to evaluate the effectiveness of the accessible CT curriculum in improving
students’ learning of CTCs through a two-group repeated measures study.

The Creative Computing Curriculum

The creative computing curriculum [19] developed for mainstream students was chosen to apply the adjustments
because 1) the curriculum is based on an easier to learn visual block-based programming environment, Scratch, and
students with ASD often demonstrate relative strength in visual-spatial relationships [20, p. 39], and 2) the creative
computing curriculum is relatively easy to follow and offers instructional materials and activities to cover all core
computing concepts and skills.

The creative computing curriculum [19], [21] offers instructional activities, learning objectives, downloadable
libraries of materials uploaded by others, and related instructional materials based on Scratch. The curriculum is
designed around three core dimensions of CT: computational thinking concepts (CTCs), computational thinking
practices (CTPs), and computational thinking perspectives. CTCs include sequence (S), loRCA (L), parallelism (P),
conditionals (C), operators (O), and data (Da) [19], [21]. CTPs include experimenting (E), iterating (I), testing (T),
debugging (De), reusing and remixing (R), abstracting (A), and modularizing (M) [19], [21]. CT perspectives
dimension of CT is ignored in this study because instructional activities related to this dimension geared toward
improving students' understandings of themselves and relationships with others and the technological world around
them, which will be too challenging to complete for students with ASD, and Neurological impairments of
participating students will prevent us from measuring these.

The original curriculum consists of seven units, each of which has six sessions, for a total of 42 sessions. A total
of 36 instructional sessions (6 sessions of 6 units) of this curriculum were adjusted to be accessible to students with
ASD.

The Accessible Computing Curriculum
The creative computing curriculum was modified to make it accessible to students with ASD. The accessible
computing curriculum consists of six units of six sessions for a total of 36 sessions. Each session involves eight
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instructional components. These are session schedule, pre-teaching activities, session learning objectives,
instructional activities, visual handouts, instructional videos, reflection prompts, and work evaluation rubrics.

Session Schedule. Each of the 36 sessions follows the same order of instructions, even though the depth and
breadth change based on the topics covered in each session. Each session starts with a session schedule to help ease
any anxiety issue experienced by students. This way, students are informed of what is expected and how much time
will be spent on the scheduled items in each session. The session schedule is presented on its own page so the
teacher can print and post on the classroom walls and place them on student desks. Time for tasks and breaks are to
be individualized based on attention span and behavior needs.

Pre-Teaching Activities. This is the next instructional item after the session schedule for each session in the
instructional documents. Students with more severe cognitive function issues, those who are having a harder time
comprehending presented information, and those who cannot keep up with the pace of the instructions because of
behavioral, psychological, social, or other reasons are given further assistance and prior preparation with these pre-
teaching activities. The three instructional elements of pre-teaching activities are the coverage of session topics,
terms, and expectations. Specific terms for the sessions that may be unfamiliar to students are presented with their
description and visual (symbols) representations (see Figure 12). The reading level of the descriptions as well as all
instructional content to be presented to students are matched to the student's reading grade levels. Via the
presentation of the expectations, students are informed of what is expected of them in the session to both ease their
anxiety and get them ready for the session activities.

Session Learning Objectives. Unlike the objectives of the original curriculum, which presents only one set, two
sets of objectives are presented in the adjusted curriculum. One set of objectives is called session objectives, which
is to inform the classroom teacher of the instructional target of the session, and the second set of objectives is to
inform students on what they will achieve by the end of the session, which is called "learning objectives." The
learning objectives are presented at students' grade-level reading. The learning objectives are developed to be
measurable, achievable, observable, and to reflect visual, oral, and written comprehension and response.

Instructional Activities. The instructional activities of the original curriculum were simplified and divided into
multiple manageable sections. They were modified to be inclusive of students with different characteristics
(visual/verbal/kinesthetic, work alone/in small or big groups, visual and/or verbal response, presentation to
class/peer/USAT/on a notebook, etc.). One of the instructional activities added includes modeling activities for
students to follow along with the classroom teachers to complete session activities. Another instructional activity is
the instructions for classroom teachers to pair students having unique characteristics with undergraduate students so
they can work one-on-one on session activities. Still another instructional activity integrated is to allow students who
prefer studying independently to work alone.

Visual Handouts. A total of 27 visual handouts are created. These visual guides are developed for students to
follow step-by-step toward completing session projects and/or tasks. These are prepared as standalone PDF
documents for teachers to print and post on classroom walls and/or put on student desks.

Instructional Videos. A total of around 60 individual instructional videos were designed and recorded. These are
developed for students who prefer visual channels for information presentation. All of these videos are uploaded to
the YouTube channel for the accessible curriculum. Instructional documents for the sessions included directions as
to how these instructional videos to be utilized.

Reflection Prompts. Reflection prompts are prepared for teachers to help them initiate discussions or to elicit
written or visual responses from students toward the session's learning objectives. Each session includes one set of
reflection prompts in verbal format accompanied by visual format (symbols) for students with ASD, and each
reflection prompt is followed by some space for students' written and/or visual responses.

Work Evaluation Rubrics. A rubric for each session was designed and developed to evaluate students' successes in
achieving the session learning objectives. A total of 36 rubrics were created in PDF formats. The rubrics are
designed to assess student achievement in three levels of prompts for each item; with physical assistance, with
verbal and/or visual cues, and independently.
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Research Methods and Procedures

Eleven seventh grade students with ASD in two schools (PDMS and RCA) participated in this study. The
participating students were able to use computer applications on tables. The independent variable is the two groups:
seventh-grade students with ASD at PDMS as the experimental group, who were exposed to the accessible CT
curriculum, and seventh-grade students with ASD at RCA as the control group, who were exposed to the original
CT curriculum without the adjustments applied. In this study, the dependent variables are quiz scores and scores of
artifacts created by the students, measuring students’ learning of CTCs.

Topics in each of the three units were taught in several 45-minute sessions, one session a day for two days a week in
13 weeks (26 sessions in total) from September, 2021 until March, 2022. In addition to the 26 instructional sessions,
twelve sessions were allocated to the following assessment activities; two sessions at the end of each unit (except
unit #1) to the administration of two quizzes for a total of four sessions and two sessions at the start of the year for
the posttest. Therefore, the intervention took 10 weeks of the 26 sessions.

Data Analysis

Several assessment methods were utilized to assess students’ learning of CTCs. Assessment instruments utilized,
including pretest and quizzes as formative assessments and artifact analysis, built on prior study efforts. One quiz
was administered at the end of each of two units except for Unit #1, where students were familiarized with the
Scratch environment and block-based programming. The pretest is designed to measure students’ ability to
formulate and solve problems by relying on CTCs. The test consists of 28 multiple-choice items with one correct
and three inaccurate choices. The pretest was given during the first teaching session. Quizzes were developed to
evaluate students’ comprehension of CTCs as a formative assessment similar to the one used by [12], [22]-{24].
Five different types of questions included in the quizzes are 1) find a solution to a problem by tracing a small
sequence of a code block, 2) multiple-choice questions based on small Scratch codes where students would pick the
right choice based on either the output of the given code sequence or a blank field in the given code sequence, 3)
debug, and 4) identify what CTCs are represented on a shown sequence of a block.

Dr. Scratch was used to analyze students’ artifacts. Dr. Scratch is a plugin inspired by Scratch and developed on
Hairball [48]. It automatically analyzes Scratch projects to evaluate the development of CTCs and to detect some
bad programming habits [49]. This specific plugin was chosen because it reveals information about students’
development of CTCs, including abstraction (sequences), parallelism (parallelism), logical thinking (conditionals
and operators), synchronization (events), flow control (IloRCA), user-interactivity (events), and data representation
(data). Dr. Scratch measures and assigns each concept between 0 and 3 points for an overall score. Reports
generated by Dr. Scratch will be analyzed.

Results & Discussions

The effectiveness of the adaptations and accommodations in improving students’ learning of CTCs were measured
by analyzing both groups’ pretest, two quizzes, and artifact analysis scores for CTCs. The two groups (seventh-
grade students at PDMS and RCA) were the independent variables in this study. Students in both groups were taught
the accessible and the original CT curriculums, respectively, and the duration of the intervention were the same.

Table 1 shows the pre-test, two quiz, and artifact scores for the two groups (PDMS and RCA). As seen in the table,
both groups have similar pre-test scores. The pre-test was administered before the start of the curriculum
implementation to learn about students’ prior knowledge in CTCs. The data on table 1shows that the groups were at
the same level in terms of their CTCs when they started to participate in this project.

Their scores on their artifacts were similar as well. This data indicates that students’ development of CTCs in terms
of abstraction (sequences), parallelism (parallelism), logical thinking (conditionals and operators), synchronization
(events), flow control (loops), user-interactivity (events), and data representation (data), have not been affected by
the adjusted curriculum.

Students’ quiz scores were different both on quiz 1 as well as quiz 2. The mean scores for students in RCA were
3.06 and 2.06 for quiz 1 and 2, respectively, while the mean scores for students in PDMS were 4.59 and 4.00,
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respectively. PDMS students were 1.5 times better than RCA students on quiz one, and they were 2 times better than
RCA on quiz 2. There seems to be growing gap between the two groups as the experiment progresses.

- 2.84 5.596 3.06 2.06
PDMS 12 2.82 5.812 459 4.00

Table 1. Students’ mean scores for artifact analysis, pre-test, quiz 1, and quiz 2.

These results provide us with a preliminary data indicating the direction of the effectiveness of the accessible
computing curriculum implemented at PDMS. Specifically, the quiz scores indicate that accessible CT curriculum
may be proven effective at the end of the implementation in improving students with ASDs’ learning of CTCs.
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