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Abstract

Objective: To evaluate the feasibility and potential efficacy of a technology-assisted education 

program in teaching adults at a high risk of opioid overdose about opioids; opioid overdose; and 

opioid use disorder medications.

Method: A within-subject, repeated-measures design was used to evaluate effects of the novel 

technology-assisted education program. Participants (N=40) were out-of-treatment adults with 

opioid use disorder, recruited in Baltimore, Maryland from May 2019 through January 2020. The 

education program was self-paced and contained three courses. Each course presented information 

and required answers to multiple-choice questions. The education program was evaluated using a 

50-item test, delivered before and after participants completed each course. Tests were divided into 

three subtests that contained questions from each course. We measured accuracy on each subtest 

before and after completion of each course and used a mixed-effects model to analyze changes in 

accuracy across tests.

Results: The technology-assisted education program required a median time of 91 min of 

activity to complete. Most participants completed the program in a single day. Accuracy on 
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each subtest increased only after completion of the course that corresponded to that subtest, and 

learning comparisons were significant at the p<.001 level for all subtests. Accuracy on each 

subtest was unchanged before completion of the relevant course, and increases in accuracy were 

retained across subsequent tests. Learning occurred similarly independent of participant education, 

employment, and poverty.

Conclusions: Technology-assisted education programs can provide at-risk adults with access to 

effective education on opioids, opioid overdose, and opioid use disorder medications.
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health education; opioids; out-of-treatment adults; overdose prevention; technology-assisted 
education

Introduction

Drug overdose remains a major contributor to accidental deaths in the United States 

(Hedegaard et al., 2020), and among some populations, such as out-of-treatment adults 

with opioid use disorder, the risk of death from opioid overdose is disproportionately high 

(Sordo et al., 2017). Prior research has shown that in-person health education can be an 

effective strategy to reduce opioid overdose deaths (Walley et al., 2013), but logistical and 

financial constraints can make in-person education impractical (Davis et al., 2013; Hewlett 

& Weemeling, 2013; Gupta et al., 2016; Winstanley et al., 2016).

The application of technology to administer health education has emerged as a promising 

method to navigate these barriers. Technology-assisted education programs can be beneficial 

because the educational programs can be disseminated with high fidelity across patients, 

taken at an individualized pace (e.g., Pollard et al., 2014), delivered more cost-effectively 

than some therapist-delivered interventions (Henny et al., 2018), and provided to individuals 

in underserved or difficult-to-reach communities (Masson et al., 2019). Prior research 

suggests that technology-assisted health education can result in efficient learning with high 

ratings of patient acceptability when compared to written instruction (Dunn et al., 2017) or 

education delivered by therapists (Marsch & Bickel, 2004). Technology-assisted education 

can also be modified to incorporate principles of effective instruction (Barrett et al., 1991) 

such as repeated presentation of critical information with opportunities for overt responses 

(Silverman et al., 1990), frequent opportunities for feedback (Prue & Fairbank, 1981), and 

performance-based incentives (Koffarnus et al., 2013), thereby eliminating the need to train 

instructors and staff in these procedures.

Technology-assisted health education has been explored using computer-based applications 

to provide instruction about opioids and techniques to prevent opioid overdose to people 

using illicit opioids (Dunn et al., 2016), people undergoing opioid detoxification (Dunn 

et al., 2017), and people who reported using opioids for pain management (Huhn et al., 

2018). Results from these studies indicate that technology-assisted opioid education can be 

effective and socially acceptable. Technology-assisted health education could, therefore, be 

expanded to include education on medications that treat opioid use disorder and leveraged to 

educate out-of-treatment adults who are at an increased risk of opioid overdose. There are 
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several medications for opioid use disorder (i.e., methadone, buprenorphine, and naltrexone) 

that can be effective at reducing illicit opioid use and related mortality (Jarvis et al., 

2018; Larochelle et al., 2018; Sordo et al., 2017; Wakeman et al., 2020). However, these 

medications remain underutilized for several potential reasons, including misperceptions and 

lack of knowledge about the efficacy and safety of these medications (Hay et al., 2019; 

Olsen & Sharfstein, 2014).

The focus of the present study was to evaluate the feasibility and potential efficacy 

of a technology-assisted education program to teach out-of-treatment adults with opioid 

use disorder about opioids; preventing, detecting, and responding to an opioid overdose; 

and FDA-approved medications used in the treatment of opioid use disorder. A within-

subject, repeated-measures design was used to evaluate effects of the program on overall 

learning and performance across different course content areas. This study focused on 

out-of-treatment adults with opioid use disorder because they are at high risk for opioid 

overdose and could benefit from effective interventions to reduce their opioid overdose risk.

Method

Participants and Setting

Participants in this education program were 40 out-of-treatment adults with opioid use 

disorder who had been enrolled in a randomized controlled trial (Clinical Trial Number: 

NCT03677986). An additional participant who was enrolled in the trial and completed 

the education program was excluded from the present analysis because results from two 

tests were lost. After completing the technology-assisted education program, participants 

continued into the main trial. Inclusion criteria for the main trial required that an individual 

was at least 18 years old; met DSM-5 criteria for opioid use disorder; provided an 

opioid-positive urine sample, as judged by a urinalysis conducted by FRIENDS Medical 

Laboratory, Inc. in Baltimore, MD (FRIENDS Medical Laboratory, Inc., 2020); reported 

not receiving any type of drug abuse treatment in the past 30 days; and was interested in 

receiving buprenorphine treatment. Participants were excluded from the trial if they had 

current suicidal or homicidal ideation; were pregnant or nursing; or were unwilling or unable 

to use their own smartphone for the trial. Participants in this study were recruited between 

May 2019 and January 2020 through community agencies that served the target population 

and a referral system in which trial participants were paid for successfully referring others to 

the trial.

The education program was administered via computer at individual workstations at the 

Center for Learning and Health, a research-treatment unit located on the Johns Hopkins 

Bayview Medical Center Campus (Baltimore, MD). Each workstation had a chair, desk, 

computer, monitor, mouse, and keyboard (see Silverman et al., 2007 for a detailed 

description of the Center for Learning and Health setting and procedures). All procedures 

were approved by the Johns Hopkins University School of Medicine Institutional Review 

Board, and all participants provided written informed consent.
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Technology-Assisted Education Program

Participants were invited to participate in a technology-assisted education program that 

was designed to teach them about opioids; preventing, detecting, and responding to an 

opioid overdose; and FDA-approved medications for opioid use disorder. The education 

program was created and delivered using our computer-based training, authoring, and 

course presentation system called ATTAIN. ATTAIN is a customizable software that 

allows instructional designers to develop courses with multimedia stimuli without the need 

for computer programming. The software allows for multiple-choice and fill-in-the-blank 

questions, immediate feedback for responding to those questions, random and repeated 

presentation of questions, and continued presentation of questions until the participant 

meets criteria based on speed or accuracy of responding. The system integrates the delivery 

of financial incentives based on participant performance, which can motivate participant 

engagement and progression through training. These features have been successfully applied 

to teach use of the computer keyboard and numeric keypad to low-income, unemployed 

adults (Koffarnus et al., 2013), information about HIV and PrEP to people with substance 

use disorders (Getty et al., 2018), and information about HIV and HIV treatment to people 

living with HIV (Subramaniam et al., 2019).

Courses—The opioid education program was based on materials made available to the 

public by the Centers for Disease Control and Prevention (CDC; CDC, 2020) and Substance 

Abuse and Mental Health Services Administration (SAMHSA; SAMHSA, 2018, 2020). 

The program was divided into three courses with the aim to describe three general content 

areas in a direct and concise manner. Course 1 provided an introduction to opioids, which 

defined the term “opioids,” provided examples and non-examples of opioids, and described 

opioid tolerance and withdrawal (see Supplementary Materials A-C). Course 2 provided 

information about opioid overdose risks and symptoms, and described strategies for 

identifying and responding effectively to an opioid overdose (see Supplementary Materials 

D-F). Course 3 taught participants about the names, forms, and functions of the three 

FDA-approved medications (i.e., methadone, buprenorphine, and naltrexone) used to treat 

opioid use disorder (see Supplementary Materials G-L).

The opioid education program consisted of 12 Modules (3 in Course 1, 3 in Course 2, and 

6 in Course 3) arranged in a series that was administered in a sequence, such that each 

participant was exposed to Course 1 before Course 2, and Course 2 before Course 3. To 

increase accessibility of the information, all text presented in a module was accompanied by 

an audio recording that played automatically and could be replayed.

Each Module consisted of Presentation and Mastery Units. Presentation Units were designed 

to introduce new material. To advance through slides in Presentation Units, participants 

were required to read or listen to presented information and to answer multiple-choice 

questions. For each multiple-choice question, participants were presented with a question 

in the upper part of the screen and two to four answer choices distributed horizontally 

across the bottom part of the screen. The answer choices were presented in boxes of equal 

size that were distributed evenly, with text representing each choice centered in the middle 

of each box. There was only one correct response per question; all other choices were 
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incorrect. Participants responded by clicking on a choice box using their mouse. Correct 

answers changed the border of the selected choice to green, produced a feedback statement 

that said “Correct” for 1 second, added $0.05 to the participant’s earnings, and advanced 

the slide. Incorrect answers changed the outline of the selected choice to red, produced 

a feedback statement that said “X,” did not produce money, shuffled the location of the 

correct and incorrect choices, and required the participant to answer again. Correct answers 

that followed incorrect answers were treated the same as any other correct answer, and 

produced money and feedback and advanced the slide as described above. When each 

Presentation Unit was completed, the participant was awarded a $2.00 bonus, which served 

as an incentive for progressing through the program.

After completing each Presentation Unit, the participant was exposed to a Mastery Unit, 

which allowed participants to practice answering questions about that material. In Mastery 

Units, questions from the previous Presentation Unit were presented again in a random order 

for 1 minute. The location of correct and incorrect choices (e.g., left, middle, or right for 

questions that included three choices) was shuffled each time a question was presented. 

During the minute, participants could answer multiple-choice questions repeatedly. Each 

correct answer produced feedback as described above, added $0.05 to the participant’s 

earnings, and advanced the slide to the next question. Incorrect answers produced feedback 

as described above, did not produce money, shuffled the location of correct and incorrect 

choices, and required the participant to answer again. After completing the Mastery Unit, 

the participant was shown the number of correct and incorrect answers and the amount of 

money that they earned. At this time, the Module was complete and the participant advanced 

to the next Module or test.

Testing

A 50-item test was developed to assess knowledge prior to and following training. All items 

on the test were multiple-choice questions that were taken directly from the Modules of each 

education course. Participants earned $0.05 for each correct answer; however, no feedback 

was provided until the test was completed. After each test, participants were told the number 

of answers that were correct and the amount of money that was earned.

Experimental Design

We used a multiple-probe design to evaluate learning in the education program (Horner & 

Baer, 1978). Each participant completed the 50-item test described above four times (Test 

1, Test 2, Test 3, and Test 4): Prior to beginning the education program and then again 

after they had completed each of the three courses. Tests consisted of three subtests, each 

of which contained questions from one of the courses. Test items 1–16 (i.e., Subtest 1) 

corresponded to Course 1; test items 17–32 (i.e., Subtest 2) corresponded to Course 2; and 

test items 33–50 (i.e., Subtest 3) corresponded to Course 3. These four tests allowed us to 

measure participant performance before and after each education course and evaluate effects 

of each course on performance in each subtest. All participants completed every test.

We hypothesized that scores on each subtest would increase in the test administration that 

followed completion of the relevant course (i.e., the learning period). Additionally, we 
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expected that scores on each subtest would maintain in the test administrations following 

the learning period (for Course 1 and Course 2) and that scores on each subtest would not 

improve in the test before exposure to the relevant course (for Course 2 and Course 3). For 

example, we expected that scores on Subtest 2 would be lower in Test 1 and Test 2 (the 

tests that were administered before Course 2) than in Test 3 and Test 4 (the tests that were 

administered after Course 2). Furthermore, we expected that scores on Subtest 2 would not 

improve from Test 1 to Test 2 and would maintain from Test 3 to Test 4.

Statistical Analysis

The primary goal of this study was to evaluate learning in the education program. The 

main dependent variable was the percent correct on the subtest related to each course. 

Accuracy on Subtest 1, Subtest 2, and Subtest 3 were entered into three separate piecewise 

mixed-effects models (for Course 1, Course 2, and Course 3, respectively). Each model 

used a random intercept for subject. The piecewise mixed-effects model estimated separate 

parameters describing the change in accuracy in the test immediately following the 

relevant course, whether accuracy maintained across subsequent tests, and whether accuracy 

maintained across the tests taken prior to the relevant course. For Subtest 1, the model 

estimated improvement in accuracy during the learning period (Test 1 to Test 2) and whether 

accuracy maintained following the learning period (Test 2 through Test 4). For Subtest 2, the 

model estimated the stability of accuracy prior to the learning period (Test 1 and Test 2), 

improvement in accuracy during the learning period (Test 2 to Test 3), and whether accuracy 

maintained after the learning period (Test 3 and Test 4). For Subtest 3, the model estimated 

the stability of accuracy prior to the learning period (Test 1 through Test 3) and improvement 

during the learning period (Test 3 to Test 4).

The piecewise mixed-effects model permitted analyses of covariates and their interaction 

with performance related to each course. The model was adjusted to include education (< 

12th grade vs ≥ 12th grade), employment (normally unemployed vs normally employed), 

and poverty (reported income was above vs below the poverty level of $1063/month; 

U.S. Department of Health and Human Services, 2020) as dichotomous covariates. For 

all covariates, we evaluated the interaction between those variables and changes in accuracy 

following each course. This interaction analysis allowed us to determine which factors, if 

any, were related to learning in the education program.

As a secondary evaluation, we assessed the relation between baseline knowledge of opioids; 

preventing, detecting, and responding to opioid overdose; and FDA-approved medications 

used to treat opioid use disorder, and the covariates described above. Accuracy on the first 

administration of the 50-item test (Test 1, collapsing across subtests) represented baseline 

knowledge on opioids, overdose, and medications. Relations between accuracy on Test 1 and 

participant characteristics were described using independent-samples t-tests for dichotomous 

variables.
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Results

Participant Characteristics

Table 1 shows participant characteristics at study intake. The median (IQR) age of 

participants was 46 (40–57) years old, and participants in this sample had a median (IQR) 

of 14 (4–20) years prior experience with heroin. Most participants reported being male 

(77%), Black (63%), normally unemployed (60%), living below the poverty level (85%), 

and completing at least 12 years of education (73%). Most participants (85%) reported 

that they had previously been enrolled in Buprenorphine (63%), Methadone (19%), or 

Naltrexone/Vivitrol (5%) treatment for opioid use disorder. At study intake, all participants 

(100%) provided a urine sample that tested positive for an opioid. In most cases, participant 

urine samples were positive for cocaine (65%), fentanyl (90%), or opiates (88%). Some 

urine samples were positive for benzodiazepines (8%), hydrocodone/hydromorphone (10%), 

methadone (13%), or THC/cannabis (23%).

Completion of the Course

The technology-assisted education program required a median time of 91 min of activity 

(range 59–219 min) to complete. Participants were free to complete the courses at their 

own pace. They could take breaks as desired or leave the building and resume the course 

on another day. Most participants (n=38) completed the program in a single day, but one 

participant split the education program across two days (spaced 4 days apart) and one split 

the program across three days (spaced 2 and 16 days apart). Money earned while completing 

the program was aggregated across the education program and delivered to the participants 

at the completion of the program by a staff member who loaded the earned money onto a 

reloadable credit card that was issued to each participant during study enrollment.

Participant Earnings

Mean (SD) participant overall earnings for completing the education program and tests were 

$43.56 ($2.54). Participants earned a mean (SD) of $9.06 ($0.84) for completing the four 

tests and $34.50 ($2.60) for completing the three courses.

Baseline (Test 1) Performance

The mean overall score on Test 1 was 85 percent (SD: 10%; range 58 to 100%). A single-

sample t test confirmed that overall Test 1 scores were significantly higher than chance 

(37%; t39=30.43, p<.001, d = 4.9). Similarly, baseline scores on Subtests 1 (85%), 2 (90%), 

and 3 (82%) were significantly higher than chance (40%, 36%, and 35%, respectively; 

t39=24.24, p<.001, d=3.9; t39=29.37, p<.001, d=4.7; t39=22.52, p<.001, d=3.6). Thus, 

before completing the education program, participants had prior knowledge about opioids; 

preventing, detecting, and responding to an opioid overdose; and FDA-approved medications 

to treat opioid use disorder.

Performance during the Opioid Education Program

As shown in Figure 1, accuracy on subtests increased only after participants completed the 

course relevant to each subtest. Figure 2 provides a more detailed account of changes to 
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individual participants’ accuracy on Subtests 1, 2, and 3 in the tests immediately before 

and after the relevant course. In most cases shown in Figure 2, participant accuracy 

increased after completion of the relevant course. Together, Figures 1 and 2 illustrate that the 

completion of each course generally increased accuracy on the corresponding subtest, that 

accuracy was stable before training, and that accuracy was maintained following training. 

See Supplementary Materials M for results in the test immediately before and after the 

relevant course arranged by test question.

Table 2 shows the fitted change in scores (i.e., expected slopes) for each subtest across 

tests that preceded the relevant course (baseline), across tests immediately after the relevant 

course was completed (learning period), and across tests that followed the learning period 

(maintenance) based on piecewise mixed-effects model analyses. Accuracy on Subtest 1 

increased significantly (+9.09%, p<.001) following Course 1 and did not change across 

subsequent tests (+0.08%, p=.900). Accuracy on Subtest 2 increased significantly (+5.78%, 

p<.001) following Course 2 and did not change across tests prior to the course (+2.03%, 

p=.094) or across tests after the learning period (−0.63%, p=.606). Accuracy on Subtest 3 

increased significantly following Course 3 (+10.14%, p<.001) and did not change across 

tests prior to the course (+1.39%, p=.114). See Supplementary Materials N for model 

estimates for the adjusted piecewise mixed model and the adjusted interaction by each 

covariate.

Although overall increases in accuracy on subtests were sometimes small (e.g., about 6% for 

Subtest 2), large increases were measured on some items that have the potential to save lives. 

Course 2 was the critical course in teaching information about opioid overdose prevention, 

detection, and response. As described in the Baseline Performance subsection, participants 

had generally high accuracy on the content from Course 2 prior to its completion; however, 

there were two notable items related to opioid overdose response on which participants 

performed poorly before taking the course. These items were about what to do when 

responding to an opioid overdose: specifically that participants should put the individual 

who may be experiencing an overdose into a “recovery position” and perform rescue 

breathing. Before completing Course 2, only 68 percent and 75 percent of participants 

responded to these questions correctly, respectively. After completing Course 2, 98 percent 

and 95 percent of participants responded correctly – an increase of 30 and 20 percent, 

respectively.

Factors Related to Performance and Learning in the Opioid Education Program

Table 3 shows accuracy on each subtest across tests and comparisons of baseline scores, 

arranged by analyzed covariates. Participants who completed fewer than 12 years of 

education scored lower than those who completed at least 12 years in the Baseline test 

for Subtests 1 (79% vs 88%; t38=−2.19, p=.035) and 2 (82% vs 92%; t38=−2.58, p=.014). 

No other baseline comparisons yielded significant results.

Table 4 shows the relation between covariates and changes in accuracy during the learning 

period, based on the piecewise mixed-effects model interaction analyses. The change in 

accuracy (i.e., expected slopes) on subtests during the learning period for each category of 

dichotomous covariates is listed below each covariate. All slopes are positive (range 4.96–
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15.21), indicating that each course improved scores on corresponding subtests independent 

of the covariate analyzed. None of the learning comparisons yielded significant results, 

indicating that, despite the fact that participants who completed 12 or more years of 

education were more accurate in Courses 1 and 2 during the baseline test, participant 

performance improved similarly, independent of education, employment, and poverty. These 

results are displayed graphically in Figure 3, which shows accuracy on each subtest across 

tests, organized by the analyzed covariates.

Discussion

The present study evaluated the feasibility and potential efficacy of a technology-assisted 

education program designed to improve knowledge about opioids; preventing, detecting, and 

responding to an opioid overdose; and FDA-approved medications for opioid use disorder 

among out-of-treatment adults with opioid use disorder. All participants completed the 

education program, which required approximately 91 min of activity to complete. Most 

participants completed the program in a single day. The program was effective in improving 

participants’ knowledge about opioids, opioid overdose, and medications to treat opioid 

use disorder. Accuracy on subtests increased significantly following the completion of each 

relevant course. Furthermore, accuracy was stable across tests taken before the relevant 

courses and maintained at high levels across tests taken after the courses, and increases in 

accuracy were similar independent of education, employment, and poverty level. Thus, the 

technology-assisted program appears to be a feasible and potentially efficacious approach 

to provide overdose prevention-related education to out-of-treatment adults with opioid use 

disorder. Although not sufficient, education is a critical component of promoting uptake of 

overdose prevention-related behaviors (Arlinghaus & Johnson, 2018).

The technology-assisted education program was delivered in ATTAIN, which allowed us 

to incorporate questions that could be presented reliably and consistently, provide frequent 

opportunities for participants to answer questions, provide immediate feedback on whether 

questions were answered correctly, and deliver performance-based incentives. The present 

study builds upon prior research using ATTAIN (Getty et al., 2018; Subramaniam et al., 

2019) by extending the finding that technology-assisted education can effectively teach 

out-of-treatment adults with opioid use disorder about opioids; preventing, detecting, and 

responding to an opioid overdose; and medications to treat opioid use disorder. It also builds 

upon prior research on technology-assisted opioid education (Bergeria et al., 2019; Dunn 

et al., 2017, Huhn et al., 2018) in several ways. First, the present study was the first to 

our knowledge to design a technology-assisted education program to teach out-of-treatment 

adults with opioid use disorder, a population at a high risk of opioid overdose, about opioid 

overdose and medications to treat opioid use disorder. Second, the software incorporated 

principles of effective instruction and monitored participant retention of learning across 

several tests before and after the completion of the courses.

Participants in this study were all out-of-treatment adults with opioid use disorder who 

provided opioid-positive urine samples at study intake. These participants had relatively 

high levels of existing knowledge about opioids, opioid overdose, and opioid treatment. On 

the first test, which represented baseline knowledge, participants scored significantly higher 
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than chance – showing that they had preexisting knowledge about the topics that we planned 

to teach. Notwithstanding this high level of baseline knowledge, the education program 

produced significant increases in accuracy, which provides evidence that computerized 

education can improve the performance of people with preexisting knowledge. From a 

clinical standpoint, these improvements could be important. For example, Course 2 was the 

critical course to teach health information related to preventing, detecting, and responding to 

an opioid overdose. After participants completed Course 2, participants learned that, when 

responding to an opioid overdose, they should perform rescue breathing (+20%) and put 

the person in the recovery position (+30%; see supplementary Materials M). These results 

indicate that, although overall increases in accuracy may have been modest (e.g., 6–10%), 

the education program produced substantial increases in accuracy for some information 

relevant to preventing risk of death from opioid overdose.

This study had limitations. First, the study did not determine whether increased knowledge 

about opioid overdose prevention and medications to treat opioid use disorder increased 

opioid overdose prevention behavior, including enrollment in opioid use disorder treatment. 

However, now that we have shown that the education program can increase knowledge 

about opioid overdose and opioid treatment experimentally, future research could determine 

if similar technology-assisted education can increase adherence to medications that treat 

opioid use disorder and other opioid overdose prevention behavior.

Second, the present study did not evaluate how effective the procedure would be if 

implemented on a wide scale, and what barriers (e.g., conservation of resources for financial 

incentives) might need to be examined further. Future research might investigate methods 

to make the education program more attractive for wide-scale implementation. For example, 

researchers may use participant scores on the first test to select participants most in need 

of education. Exposing only participants with relatively low scores on the initial test would 

reduce the number of participants who take the course and could thereby extend available 

resources while targeting only people who are most in need of education. It should be noted 

however that some modifications of the incentive intervention may not lead to successful 

wide-scale education. For example, interventions that employ financial incentives generally 

produce behavioral effects that are directly influenced by the magnitude of the incentives 

and the immediacy with which they are delivered following the behavior targeted by 

the intervention, with higher magnitude (e.g., Dallery et al., 2001) and more immediate 

incentives (e.g., Toegel et al., 2020) being more effective. These findings suggest that 

procedures that reduce or delay financial incentives may produce reductions in the overall 

effectiveness of the program.

Third, although we examined the retention of participant knowledge across several tests, 

we did not examine how knowledge was maintained across long periods of time. Future 

research might consider conducting a follow-up test several months after the completion of 

the education program.

Some sociodemographic characteristics predicted individual differences in test scores. In 

the first test, accuracy on Subtests 1 and 2 was positively related to education, but 

accuracy on Subtest 3 was not. Employment and poverty status were not predictive of 
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accuracy at baseline. This finding is notable because employment and poverty are widely 

recognized as variables that are interrelated with drug addiction (Henkel, 2011; Center for 

Behavioral Health Statistics and Quality, 2018). Although education was predictive of some 

baseline scores, none of the covariates predicted the amount that participants learned. The 

comparisons based on the model describing increases in accuracy in the learning period 

yielded results that were not significantly different, indicating that participants learned 

similarly independent of education, employment, or poverty. Future research might consider 

evaluating methods to generate accelerated learning by participants who completed fewer 

than 12 years of education to promote educational equity.

Conclusions

The technology-assisted education program used in this study produced significant 

improvements in knowledge about opioids; preventing, detecting, and responding to 

an opioid overdose; and FDA-approved medications used to treat opioid use disorder. 

The program incorporated principles of effective instruction into a computerized health 

education program, which can be integrated with mobile technology to disseminate opioid 

education widely while avoiding barriers to providing effective education related to time and 

resources required to build competency in staff for in-person training. Learning comparisons 

showed that completion of each course was associated with increased accuracy on the 

material from the relevant course, that learned content was retained across subsequent tests, 

and that participants learned the content similarly independent of education, employment, 

and poverty. Although the aim of the study was to evaluate the feasibility and potentially 

efficacy of the program in promoting improvements in knowledge, it is our hope that 

our study will contribute to the body of research aimed to promote behavior capable of 

preventing harms from opioid overdose and help to combat the opioid epidemic.
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Public Health Significance Statements:

Technology-assisted education can teach adults at a high risk of opioid overdose about 

opioids, opioid overdose, and opioid use disorder treatment.

Each course in the technology-assisted education program produced significant increases 

in participant accuracy, and learning was retained across tests after courses were 

completed.

Education, employment, and poverty were unrelated to how much participants learned.
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Figure 1. 
The mean percent correct on content from Subtests 1, 2, and 3 across the four tests. The 

dashed lines show the administration of the relevant education course.
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Figure 2. 
The percent correct on content from Subtests 1, 2, and 3 in the test immediately before 

(unfilled dots) and after (filled dots) the administration of the relevant education course. 

Arrows and numerals show the direction and extent of changes in accuracy for individual 

participants.
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Figure 3. 
The mean percent correct on content from Subtests 1, 2, and 3 across the four tests, 

arranged by analyzed covariates. The dashed lines show the administration of the relevant 

computer-based education course.
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Table 1.

Participant characteristics at study intake.

Characteristics

ASI measures 
a Median (IQR)

 Age in years 46 (40–57)

 Prior heroin use in years 14 (4–20)

N (%)

 Male
b 30 (77)

 Race/ethnicity

  Black 25 (63)

  White 11 (28)

  Other
c 4 (10)

 ≥12 years of education 29 (73)

 Normally unemployed 24 (60)

 Below poverty level
d 34 (85)

 Prior opioid treatment 34 (85)

  Buprenorphine 25 (63)

  Methadone 19 (48)

  Naltrexone 2 (5)

Urinalysis positive for 
e N (%)

 Amphetamines 0 (0)

 Barbiturates 0 (0)

 Benzodiazepines 3 (8)

 Buprenorphine 5 (13)

 Cocaine 26 (65)

 Fentanyl 36 (90)

 Hydrocodone/Hydromorphone 4 (10)

 Methadone 5 (13)

 Opiates 35 (88)

 Oxycodone 0 (0)

 THC/Cannabis 9 (23)

 Any opioid 40 (100)

Percent correct at intake Mean (SD)

 Subtest 1 85 (12)

 Subtest 2 90 (12)

 Subtest 3 81 (13)

 Overall 85 (10)

Psychol Addict Behav. Author manuscript; available in PMC 2023 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Toegel et al. Page 20

Characteristics

a
Results from the Addiction Severity Index-Lite (ASI-Lite; McLellan et al., 1985) conducted at study intake.

b
All participants identified as either male or female.

c
Race/ethnicity of “Other” includes participants that reported being “Mixed”, “Black and White”, “Asian”, or “American Indian or Alaskan 

Native”.

d
Below poverty level was calculated using income reported in the ASI at study intake and 2020 Poverty Guidelines from the U.S. Department of 

Health and Human Services, 2020.

e
Results from the Urinalysis conducted at study intake.
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Table 2.

Fitted change in scores during baseline, the learning period, and maintenance.

Course 1 Course 2 Course 3

Baseline
a --- 2.03 (1.21), .094 1.39 (0.88), .114

Learning Period
b 9.09 (1.20), <.001 5.78 (1.21), <.001 10.14 (1.68), <.001

Maintenance
c 0.08 (0.63), .900 −0.63 (1.21), .606 ---

Note. The change in scores was calculated from coefficients in the piecewise mixed-effects model (adjusted for education, employment, and 
poverty) and are shown above as the expected slope (SE), p-value. Statistically significant slopes (p<.05) are in bold.

a
Baseline represents the change in scores for the subtest prior to the relevant course.

b
Learning Period represents the change in scores for the subtest immediately prior to the relevant course and immediately after completion of the 

relevant course.

c
Maintenance represents the change in scores for the subtest after the relevant course.
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Table 3.

Mean (and standard deviation) percent correct on questions in Subtests 1, 2, and 3 by participants during each 

test and comparisons of baseline scores, arranged by analyzed covariate.

Covariate Subtest 1 Subtest 2 Subtest 3

Education

 <12th Grade (n=11)

  Test 1 (Baseline) 79 (13) 82 (12) 80 (12)

  Test 2 85 (15) 86 (11) 77 (9)

  Test 3 88 (13) 93 (9) 78 (15)

  Test 4 86 (13) 93 (13) 89 (14)

 ≥12th Grade (n=29)

  Test 1 (Baseline) 88 (10) 92 (10) 83 (13)

  Test 2 98 (5) 94 (8) 86 (14)

  Test 3 98 (5) 99 (3) 87 (16)

  Test 4 98 (6) 98 (6) 97 (10)

Baseline Comparisons
(<12th Grade vs ≥12th Grade) t 38 =−2.19, p=.035 t 38 =−2.58, p=.014 t38=−0.59, p=.558

Employment

 Normally unemployed (n=24)

  Test 1 (Baseline) 85 (11) 89 (13) 82 (13)

  Test 2 94 (11) 91 (11) 84 (14)

  Test 3 93 (11) 96 (7) 86 (17)

  Test 4 93 (11) 95 (11) 94 (14)

 Normally employed (n=16)

  Test 1 (Baseline) 86 (12) 90 (9) 82 (13)

  Test 2 95 (9) 93 (7) 82 (13)

  Test 3 97 (5) 99 (3) 83 (14)

  Test 4 96 (8) 99 (3) 97 (9)

Baseline Comparisons
(Normally unemployed vs employed) t38=−0.10, p=.920 t38=−1.14, p=.891 t38=−0.05, p=.957

Poverty

 Below poverty level (n=34)

  Test 1 (Baseline) 86 (12) 90 (12) 82 (13)

  Test 2 94 (11) 92 (10) 83 (13)

  Test 3 95 (10) 97 (7) 85 (16)

  Test 4 94 (10) 97 (9) 94 (10)

 Above poverty level (n=6)
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Covariate Subtest 1 Subtest 2 Subtest 3

  Test 1 (Baseline) 82 (7) 89 (8) 83 (13)

  Test 2 95 (5) 89 (7) 85 (15)

  Test 3 95 (8) 99 (5) 83 (15)

  Test 4 95 (9) 98 (7) 99 (10)

Baseline Comparisons
(Below vs above poverty level) t38=0.68, p=.504 t38=0.23, p=.823 t38=−0.31, p=.762

Note. Statistically significant comparisons (p<.05) are in bold.
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Table 4.

The relation between covariates and changes in accuracy during the learning period.

Subtest 1 Subtest 2 Subtest 3

Education

 < 12th Grade
a 6.91 (2.27) 6.25 (2.29) 11.87 (3.18)

 ≥ 12th Grade
a 9.91 (1.40) 5.60 (1.41) 9.48 (1.96)

 Learning comparison
b 3.00 (2.66), .260 2.04 (4.65), .662 −5.35 (5.03), .288

Employment

 Normally unemployed
a 8.72 (1.53) 5.73 (1.56) 7.64 (2.14)

 Normally employed
a 9.64 (1.88) 5.86 (1.91) 13.89 (2.62)

 Learning comparison
b 0.91 (2.42), .706 −1.69 (4.26), .692 7.99 (4.57), .080

Poverty

 Below poverty level
a 8.49 (1.29) 4.96 (1.30) 9.26 (1.81)

 Above poverty level
a 12.50 (3.07) 10.42 (3.09) 15.12 (4.31)

 Learning comparison
b 4.01 (3.32), .228 7.84 (5.80), .176 7.50 (6.31), .234

Note. The change in scores was calculated from coefficients in the piecewise mixed-effects model (adjusted for education, employment, and 
poverty) and are shown above as the expected slope (SE), p-value.

Interaction model for Course 1 comparisons: E[yij] = ß0 + ß1*time + ß2*time1 + ß3*covariate + ß4*time*covariate + ß5*time1*covariate.00

Interaction model for Course 2 comparisons: E[yij] = ß0 + ß1*time + ß2*time1 + ß3*time2 + ß4*covariate + ß5*time*covariate + 

ß6*time1*covariate + ß7*time2*covariate.

Interaction model for Course 3 comparisons: E[yij] = ß0 + ß1*time + ß2*time1 + ß3*covariate + ß4*time*covariate + ß5*time1*covariate.

a
The expected change in percent correct following completion of the relevant education course for participants with the analyzed characteristic.

b
Results of the analysis comparing participant learning based on the analyzed covariates.
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