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Abstract 

Due to executive functioning challenges typical of Autism Spectrum Disorder (ASD), 

many people with ASD face barriers with adaptive living skills and developing independence. It is 

difficult for people with ASD to learn skills such as processing information, social, and speech 

interaction with the public in a busy environment. Although several studies have used Virtual 

Reality (VR) to help people with ASD learn daily living skills, users of the VR system may still not 

be able to finish the real-world tasks, even though they are well trained in the virtual world. In this 

paper, a mobile AR application for Android and iOS devices, ParaShop, is introduced to help 

people with ASD go through the supermarket’s shopping sequences. ParaShop allows users to 

create shopping lists with images and automatic categorization of items, which are more intuitive to 

ASD users. ParaShop also provides instructions with AR scenes to help ASD users to complete 

their tasks, which is critical for this population. A short YouTube demo video of this application 

can be found at https://youtu.be/77tp3julNZ0. 
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Introduction 

According to the executive summary of the Centers for Disease Control and Prevention 

(CDC, 2020), Autism Spectrum Disorder is a developmental disability that affects about 1.85% 

of eight-year-old children in the United States in 2016. Individuals with ASD often have 

intellectual disabilities, which are deficits in general mental abilities such as planning and 

problem solving (American Psychiatric Association, 2013). For certain people with ASD, it is 

challenging to perform daily living skills such as shopping, driving, and personal cleansing 

independently. It is particularly difficult for them to complete the shopping sequences such as 

picking up the basket, finding items, finishing payments, and in general communicating with the 

public in the supermarket. According to the World Health Organization (WHO), ASD cannot be 

cured. People with ASD require lifelong care and support, which could be costly for their 

families.  

Assistive technologies such as virtual reality (VR) and augmented reality (AR) have been 

used to support people with ASD. VR offers a complete computer-simulated 3D environment for 

interaction without the physical world, while AR provides a composite view with the real-world 

environment and computer-generated images (Chavan, 2016). AR can enhance users’ shopping 

experience in a real environment with the augmentation of virtual annotations.  

In this paper, we introduce a mobile AR application named ParaShop for both Android 

and iOS devices that can provide step-by-step instructions for the shopping process to 

individuals who are diagnosed with Autism Spectrum Disorder and have communication 

difficulties in the supermarket. The key contributions in this work include: 

1. ParaShop allows users to create shopping lists with images and automatic categorization

of items, which are more intuitive to ASD users.
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2. ParaShop provides instructions with AR scenes to assist ASD users to complete their 

tasks, which is critical for this population. 

Related Work 

Few studies met the systematic review criteria that utilized the VR system to improve 

autistic people’s daily living skills. One of the studies introduced a VR-based driving system to 

teach driving skills to adolescents with ASD (Zhang et al., 2017). Some studies are focused on 

improving the shopping skills of people with ASD. One of the studies used VR to provide real 

shopping scenarios to help children with ASD (Adjorlu et al., 2017). Another study used a virtual 

supermarket to test VR training’s effectiveness among adolescents with ASD (Lamash et al., 

2017). However, these VR scenarios may be very different from the real-world environment. 

Several teams are developing or have developed indoor shopping AR for navigation. For 

example, Dent Reality provides indoor AR navigation for shopping malls (Hart, 2019). However, 

it is not designed for people with ASD and thus does not provide any instructions for people with 

ASD going through shopping sequences.  

Methods and Results 

 This section will discuss the difficulties that people with ASD might have, design 

solutions to their problems, and the initial research that we conducted in Goodwill.  

User Need Study  

 Goodwill NY/NJ is a non-profit organization that empowers people with disabilities 

through employment. Most participants in Goodwill Center at Harlem have Autism Spectrum 

Disorder. Based on the interviews with service providers and staff in the center, we found several 

problems participants have in shopping. Our focus in this paper is to help them with the shopping 

process in the supermarket. According to the service providers of Goodwill Center at Harlem, it 
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is difficult for people with ASD to find out their next steps in a new environment, such as a 

supermarket, without someone telling them what to do. They usually need a schedule every day 

with activities including cooking class listed for them to follow. Our app will provide specific 

instructions for users to follow in shopping. By interviewing staff in the center, when coming to 

wait in line for checkout, people with ASD do not feel the need to do it. It is also difficult for 

them to continue their tasks without knowing the time left to leave the place. To solve this 

problem, our app will show the completion status. In some instances, they leave without 

knowing to take the change at the end of checkout. This app will provide prompts to remind 

users to take their change back. People with ASD that struggle in communication cannot ask for 

assistance in locating items in the supermarket. This app will assist them in finding the correct 

items on their grocery lists. The steps of shopping are most challenging for people with ASD to 

complete. Our app is designed to solve all these problems.  

Design and Development 

 Our AR application is implemented to help people with ASD learn and understand how 

to finish shopping tasks in sequences. The significant features of ParaShop include shopping list, 

automatic categorization, AR instructions, barcode scanner, and fruit and vegetable recognition.  
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Technology Stack 

 

Fig. 1. Technology Stack of ParaShop. 

Fig. 1 shows the technology stack of ParaShop. Since our app aims to be cross-platform, 

we chose to use React Native as the mobile application framework. By using React Native, the 

frontend of both Android and iOS platforms can be written in one single code base in JavaScript. 

We used Node.js for the backend and ViroReact for the AR features of our app. The backend is 

hosted on Heroku and is a RESTful API that accepts all user data. It communicates with our 

PostgreSQL database, which is hosted on Amazon Relational Database Service (RDS). The text 

classification model for automatic categorization is hosted on Heroku. The fruit and vegetable 

recognition model is hosted on Google Cloud Compute Engine. Both recognition models are 

deployed as Python Flask APIs. Although the fruit and vegetable recognition model is only about 

175 MB, the Python Flask API’s total size with the Tensorflow package exceeds Heroku’s 
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storage limit. Therefore, the fruit and vegetable recognition model is hosted on Google Cloud 

Compute Engine.  UPCitemdb API is used to access barcode information.  

Shopping List and Automatic Categorization 

Our mobile AR app allows users to create, edit, delete, and share shopping lists (Fig. 2 

Left and Middle). The sharing feature allows service providers to share shopping lists with 

multiple ASD participants. Therefore, they do not need to type the same list for every participant. 

ASD users can create, edit, and delete items but cannot share them with another user, to avoid 

confusion to the users. To make our app more user-friendly for people with ASD, we also 

implement an item selection feature for them using images. With this feature implemented, users 

do not need to type the item's name when adding the item to the shopping list. Users can tap on 

the images of the items they want to add to the shopping list (Fig. 2 Right). Currently, there are 

three categories available in image selection: Beverages, Dairy, and Produce. 

 

Fig. 2. A Screen for Creating New List (Left); a Shopping List Screen for Editing Item 

(Middle); and a Screen to Add Items to the List by Selecting Images (Right). 
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After users add the item to the shopping list, the item is automatically categorized. This 

helps users speed up the shopping process by finding every item in the same section of the 

supermarket. The automatic categorization of items involves a text classification model that uses 

Multi-Layer Perceptron (MLP) Classifier. We found a dataset containing most of the grocery 

names from an Open Grocery Database Project online (Grocery.com, 2017). The dataset contains 

the following information of a grocery: group id, upc14, upc12, brand, and the name. Most of the 

grocery names contain ambiguous abbreviations of words. All the data are preprocessed before 

input to the MLP Classifier model. Using Python, we dropped all the columns except the name 

column, renamed all the ambiguous words, and labeled all the items with a category. In the 

cleaned-up dataset, there are 19 categories, and anything that does not belong to these categories 

is labeled as ‘other’. The 19 categories are baby, bakery, beverages, breakfast_cereal, 

confiments_dressing, cooking_baking, dairy, deli, frozen_food, grains_pasta_sides, 

health_personal_care, household_cleaning, meat, pet_supplies, produce, seafood, snacks, 

soups_canned_food, and wine_beer_spirits. Before data preprocessing, there are 110,437 items 

in the dataset. After data cleaning, only 30,583 items remained for training. We fine-tuned a pre-

trained model (Bhatia, 2020) with this training dataset, and the accuracy is about 98.2%.  
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Fig. 3. Item Categorization Model Diagram: The Input is the Name and  

the Output is the Category. 

Fig. 3 shows the structure of the item categorization model. The input layer takes the vectorized 

feature of a grocery name, which has a length of 6,887. The input length is the number of 

features extracted from the names using Term Frequency times Inverse Document Frequency 

(TF-IDF). One unique word in the dictionary of names represents one feature. Then it is mapped 

to the hidden layer, which has 20 nodes (19 categories + 1 “other” class). Then the hidden layer 

is mapped to the output layer, which outputs one category for the grocery name.  

Step by Step Instruction with Augmented Reality 

When people with ASD are exposed to a new environment such as a supermarket, they 

become anxious because they do not know what to do next (HHS, 2020). Step by step 

instructions with Augmented Reality (AR) integration are provided for users to follow. The 

shopping list should be filled before the user goes to the supermarket. In the supermarket, users 
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can open our app and tap on one of the shopping lists they are going to use. In the shopping list 

screen, users can tap on the “Start” button to start their shopping process. This button will 

navigate users to the AR scenes. 

The real-world scenes of the supermarket will be shown at the top and the instructions 

will be shown at the bottom of the screen. Users follow the instructions to pick up a shopping 

cart or basket, find the item based on the ordered list, wait in line, and finally checkout at the 

end.  

 

Fig. 4. AR Screen for Finding Apple in the List (Left).  

AR Screen of Picking a Cart or Basket (Right). 

Fig. 4 shows two of the AR instructions in shopping. When users finish one instruction, they 

press on the arrow button to go to the next step. So, users no longer need to be confused about 

what to do next. The item can be skipped if the user cannot find it in the supermarket. Users can 
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choose to skip to the next item anytime. Completion status is shown at the top of the screen for 

users to know the number of items remaining to be found. This allows people with ASD to know 

the amount of time left to complete their tasks. During the checkout process, our app would let 

users choose to pay in card or cash.  Each method has its instruction. For better understanding, 

our application also provides simple voice instructions if the user has difficulties reading texts.  

Fruit and Vegetable Recognition 

People with ASD also have difficulties recognizing fruits and vegetables with similar or 

odd shapes. They might not be able to differentiate between apples and pears. To solve this 

problem, we added the fruit and vegetable recognition feature. Users can use their phone cameras 

to identify fruits and vegetables through our fruit and vegetable recognition model using 

Machine Learning (ML). Users take a picture of the item using their phone cameras. Then the 

label of the item will be shown at the top (Fig. 5 Left). There is a latency of 2 to 3 seconds. This 

is due to the size of the image and the step it takes for the model to return the label from the 

cloud. The image user took is resized to 256x256 and converted into a base64 string. Then it is 

sent to the model hosted on Google Cloud Compute Engine. The string is converted back to the 

image for model detection in the instance. The model returns an array of labels and sends it to 

the frontend. The image is deleted from the instance after this process. Users can also access the 

text-to-speech feature by tapping on the speaker icon (Fig. 5 Left). 
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Fig. 5. Fruit and vegetable recognition (Left). Barcode Scanner (Right). 

Currently, our model recognizes 13 fruits and vegetables. They are apple, avocado, 

banana, carrot, kiwi, lemon, lime, orange, pear, potato, strawberry, tangerine, and tomato. We 

have collected 1,181 images of these fruits and vegetables for training our model. The copyright-

free images are collected on Pixabay (Pixabay, 2020). Then we used an annotation tool named 

Labelme to create JSON files for each of the images (Wada, 2020). The JSON file contains the 

position and label of each item in the image. Figure 6 shows how we labeled each image using 

Labelme.  
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Fig. 6. An Example of Labeling Image Using Labelme. 

These labeled images are used during training for our fruit and vegetable recognition model. 

Since existing models for similar tasks can only recognize three kinds of fruits (Dtcarrot, 2019). 

It is a Mask Regional Convolutional Neural Network (R-CNN) built on FPN and ResNet101 and 

was pre-trained with MS COCO dataset.  

Fig. 7. General Structure of Fruit and Vegetable Recognition Model. 

In Fig. 7, there are three outputs: label, bounding box, and mask. Region of Interest (RoI) align 

layer is used for feature map extraction. The dataset is split into train and test datasets, with 927 



       ParaShop: Shopping Assistance to ASD Individuals with a Mobile AR App           13 
 

Journal on Technology and Persons with Disabilities  
Santiago, J. (Eds): CSUN Assistive Technology Conference 
© 2021 California State University, Northridge 

images for the train dataset and 257 images for the test dataset. The model has a mean average 

precision (mAP) of 0.885 at Intersection over Union (IoU) of 0.5 on the test dataset. Intersection 

over Union is the intersection between the predicted bounding box and the actual bounding box 

over their union. In this case, a prediction is true positive if IoU is greater than 0.5. The mAP is 

the average of average precision (AP) over the number of classes.  

The model detects objects in the image and then classifies each of the detected objects 

based on the labels. It takes images of size 256x256 and returns an array of labels, along with the 

bounding boxes and scores for each of the detected items in the image. As shown in Fig. 8, it 

detects the fruits in the image and draws out the boundary for each item using a bounding box. 

The label and the score of each item are shown in the top left corner. However, in the app 

interface, we set it only to return the labels to make it easier for people with ASD to use the app. 

It would be hard for people with ASD to understand if the image has all the bounding boxes and 

scores.  

 

Fig. 8. An Example of the Model Output. 
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Barcode Scanner 

In addition to the fruit and vegetable recognition feature, we also added the barcode 

scanner to allow users to identify objects other than fruits and vegetables (Fig. 5 Right). We use 

the npm package “react-native-camera” to extract barcodes in the screen into strings (NPM/CLI, 

2020). The string is sent to UPCitemdb API (UPCitemdb, 2020) as an HTTP request to obtain 

the item’s title and image. UPCitemdb API accepts strings for Universal Product Code (UPC) 

and European Article Number (EAN). UPC and EAN are barcodes widely used for tracking 

products. The “ADD ITEM” button will only appear if the scanned item is on the shopping list. 

User Feedback and Evaluation Plan 

 By closely connected with Goodwill, we added several new features that would make the 

app more user-friendly to people with ASD. Based on the feedback from Tasha Stanton, a staff 

trainer from Goodwill, we added tutorials for barcode scanner and fruit and vegetable 

recognition features. Also, voice instruction is added for AR instructions and tutorials because 

users might have difficulties understanding the text. The font size and visual components are 

designed to be easy to understand for people with ASD. 

A video demo of the ParaShop app can be found at https://youtu.be/77tp3julNZ0. A 

formal user study is planned after the reopening of businesses in NYC, and we have had the IRB 

approval ready for the tests with ASD users. We planned to have 12 ASD participants to do two 

similar shopping trips, one with the app and one without, and to compare the performance of 

various components of the system. 

  

https://youtu.be/77tp3julNZ0
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Conclusion and Discussion 

ParaShop is a tool to teach shopping sequences to autistic people with help from their 

family members and service providers. People with ASD can use the tool to go shopping 

independently and improve their shopping experience.  

We are currently adding more fruits and vegetables to our recognition model while 

keeping the accuracy. In the future, we would like to increase the number of images of fruits and 

vegetables through the photo users take when they use our recognition feature. It would increase 

our training dataset and thus increase the accuracy of our model. To make our app more user-

friendly, we are planning to allow users to tap on the returned label to highlight specific fruit or 

vegetable with bounding boxes on the image. We will also work on the image selection feature 

to provide more images and categories to our users.  After the formal user evaluation, we will 

identify other challenges that people with ASD have and how the app helps them to overcome. 

The key design principle is to break down each step of implementation with its correlated 

cognitive ability, e.g., the need to problem solving, the need to navigation, or the need to socially 

interaction, etc. 
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