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ABSTRACT 
Adult literacy in the U.S. remains a persistent challenge. Alarm-

ingly, half of adults demonstrated literacy skills at or below basic 

proficiency levels. This deficiency significantly impacts the daily 

functioning, workplace success, health outcomes, and socioeco-

nomic disparities. Intelligent tutoring systems (ITS) serve as a 

promising solution for improving adult learners’ literacy skills. In 

practice, however, we observed that learner attrition has taken a toll 

on the effectiveness of a literacy program we developed that in-

cludes an ITS. To identify the factors that may mitigate attrition 

among these learners, this study employed the survival analysis 

with 205 adult learners from both the U.S. and Canada who partic-

ipated in our adult literacy program with an ITS. The results 

showed that the average number of lesson attempts by these learn-

ers, regardless of lesson completion, and their public assistance 

status may reduce the risk of dropping out of the program. Survival 

Analysis also indicated that Black learners faced elevated attrition 

risks.  The findings have important  implications for optimizing In-

telligent Tutoring System (ITS)-based adult literacy programs: 1) 

Short-term persistence, operationalized through strategies such as 

lesson repetition and review, may enhance long-term retention; 2) 

future programs must adopt culturally responsive frameworks tai-

lored to the specific needs of Black learners, who demonstrated 

elevated attrition risks, to address systemic disparities in engage-

ment  and retention; 3) program administrators should collaborate 

with social services to connect learners with public assistance re-

sources, thereby mitigating socioeconomic barriers that compete 

with learning time. 
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Adult literacy, ITS, learner attrition, short-term persistence, public 

assistance 

1. INTRODUCTION 
The status of adult literacy in the United States is concerning, with 

significant portions of the population struggling with basic literacy 

skills. According to the Program for the International Assessment 

of Adult Competencies (PIAAC), half of U.S. adults score at or be-

low Level 2 in literacy and numeracy, indicating the limited literacy 

proficiency of these adults [13]. These low literacy levels are par-

ticularly prevalent among individuals without a high school 

education [14]. Other research showed that, unfortunately, the per-

formance of U.S. adults has not improved significantly since the 

1990s [10]. In international comparisons, the U.S. lags behind 

many other countries in the first round of PIAAC (2012) [10]. Low 

literacy skills affect various aspects of daily life, including the abil-

ity to read, write, compute, and use technology, which are essential 

for functioning effectively in society [9]. In the workplace, these 

limitations hinder job opportunities and career advancement. In 

healthcare, over one-third of the U.S. population lack the skills 

needed to make appropriate health decisions, which contributes to 

poor health outcomes, reduces the use of healthcare services, and 

adds to the difficulties in managing chronic or acute illnesses. 

Adult literacy learners represent a highly diverse population [5]. 

Socially and economically, adults with low literacy skills are more 

common among women, the elderly, racial/ethnic minorities, and 

those with low educational attainment and socioeconomic status. 

They also have different educational backgrounds, learning disabil-

ities, first languages (English or other) as well as motivation for 

taking part in adult literacy courses [16]. Adult learners often face 

significant barriers to consistent attendance in traditional, in-person 

literacy programs. These barriers include unstable work schedules, 

transportation challenges, and childcare needs [1, 11, 15].  Conse-

quently, traditional face-to-face programs struggle to accommodate 

the diverse needs and circumstances of this population. 

Intelligent tutoring systems that deliver well-constructed literacy 

instructions online can potentially address the difficulties the adult 

learners face and accommodate different kinds of needs. Intelligent 

tutoring systems are fundamentally grounded in theoretical frame-

works derived from cognitive psychology, education, and the 

learning sciences [8]. These systems employ advanced algorithms 

to deliver personalized learning experiences by recommending tai-

lored content, strategies, and learning pathways. Such 

recommendations are dynamically adjusted according to individual 

learners' current knowledge levels, specific needs, learning objec-

tives, aptitudes, and, in some cases, even their personality traits. 

AutoTutor for Adult Reading Comprehension (AT-ARC hereafter) 

is such an intelligent tutoring system we developed to assist adult 

learners with low literacy skills in enhancing their deep levels of 

reading comprehension in the English language [16]. The system 

was web-based and designed to support adult learners whose read-

ing proficiency ranges from grade levels 3.0 to 8.0 or their 

equivalent. 

1.1 AT-ARC Lessons 
AT-ARC is an online intelligent tutoring system designed to en-

hance adult learners' reading comprehension skills. The system was 

deployed using a learning management system on the Internet to 

ensure public accessibility. The system employs two computer 

agents—a tutor agent (Cristina) and a peer agent (Jordan)—to 
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deliver 30 lessons through trialogues, where the agents engage in 

conversations with the learner and each other [7]. Each lesson fo-

cuses on one or more reading skills grounded in a theoretical model 

of comprehension [16]. 

The 30 lessons are structured into instruction and practice sections. 

Learners begin with a mini-lecture introducing the targeted reading 

skill, followed by practice activities involving multiple-choice 

questions related to words, sentences, texts, or visual elements 

(e.g., text styles and images) [16]. The number of questions per les-

son ranges from 6 to 30. In most lessons, if a learner provides an 

incorrect or incomplete answer, they receive hints from one of the 

agents, offering a second attempt with additional guidance. Com-

pleting a lesson typically takes 20 to 50 minutes. The lessons are 

organized into three categories based on the modality of the learn-

ing materials: (1) words and sentences, which focus on word 

decoding, identification, and syntax; (2) computer and internet, 

which cover skills such as filing job applications, sending emails, 

searching for information, and interacting on social media; and (3) 

stories and texts, which teach deep reading comprehension strate-

gies for lengthy entertaining, informative, or persuasive texts. For 

further details, please see [16]. 

1.2 The Present Study 
The literacy program led by our team consisted of two primary 

components: teacher-led instruction and an AT-ARC module. The 

AT-ARC sessions were aligned with the teacher-led instruction, en-

suring that both components addressed foundational and advanced 

reading skills. Foundational skills encompassed morphology, word 

decoding, vocabulary, and syntax, while advanced skills focused on 

deeper comprehension strategies [6]. However, by closely examin-

ing our data, we found that a significant proportion of adult learners 

failed to complete all the AT-ARC lessons assigned to them by the 

teacher in each class. The attrition rates of adult learners posed sig-

nificant challenges, limiting the program's effectiveness and 

reducing the potential benefits for adult learners themselves. 

In the present study, we employed the Cox proportional hazards 

model, a widely used method in survival analysis, to examine the 

factors that may predict the dropout rates among adult learners in 

the literacy program.  Such an analysis was expected to deepening 

our understanding of the adult learners’ learning behaviors and 

characteristics, thereby informing refinements to future intelligent 

tutoring system (ITS)-based adult literacy programs. Survival anal-

ysis is a statistical approach designed to analyze time-to-event data, 

where the outcome of interest is the time until an event occurs [4]. 

In this study, the event of interest was defined as the dropout of 

adult learners from the AT-ARC intervention. Dropout, in this con-

text, did not signify a complete cessation of participation in the 

program. Rather, it was operationalized as the occurrence of three 

or more consecutive absences from AT-ARC lessons, indicating a 

substantial gap in the learners' engagement and a critical loss of 

continuity in their development of reading comprehension skills. 

The time to dropout was operationalized as the number of AT-ARC 

lessons completed by the learners prior to the dropout. The poten-

tial factors under consideration included adult learners’ persistence, 

prior knowledge of reading comprehension, receipt of public assis-

tance, age, first language, and others. The Cox proportional hazards 

model provided insights into which factors significantly reduced 

the hazard of dropout among adult learners. 

2. METHODS 

2.1 Participants 
The 205 participants were recruited from literacy classes in Metro-

Atlanta (n=114) and Metro-Toronto (n=91). The ages of partici-

pants varied from 18 to 73 with a mean of 41.6 (SD= 13.2). The 

majority (78%) of the participants were female. About 60% partic-

ipants reported their race or ethnicity as Black, African American, 

Black Canada, or Mixed-race with African or Black descent. For 

simplicity, we divided the participants into two ethnic groups: 

Black and Other. All participants read from 1.5 to 11.3 grade levels 

(M=3.47, SD= 1.51) measured by Woodcock–Johnson III Passage 

Comprehension [14]. Among the participants, around 50% reported 

their first language was English, about 57% reported they acquired 

English at 1 to 4 years old, 7% at 5 to 10 years old, 9% at 11 to 15 

years old, 10% at 16 to 20 years old, 17% at 21 years old and above. 

We excluded the variable “Age of English Acquisition” from data 

analysis because the number of participants whose first language 

was English was almost the same as those who acquired English at 

1 to 5 years old, and the sample sizes were small in other age cate-

gories. Additionally, 62% of participants received public assistance 

at some point. The public assistance included, but was not limited 

to Food Stamps, Food Bank, Temporary Assistance for Needy 

Families (Ontario Works), Temporary Aid to Needy Families 

(TANF), National Child Benefit, Child Disability, Retirement or 

Income Support from Ontario Disability Support Program (ODSP), 

and others. 

2.2 Procedures 
The study was conducted over three waves of a formal intervention 

after a feasibility study was conducted with minor adjustments im-

plemented between data collection cycles to refine the AT-ARC 

and the intervention protocol. The intervention spanned from De-

cember 2015 to June 2017, with each wave lasting approximately 

four months. All waves adhered to a consistent procedural frame-

work. 

Prior to the intervention, participants’ self-report data were col-

lected, including their demographic information and their status 

regarding receipt of public economic assistance. Then they com-

pleted pretests to assess their baseline reading skills. During the 

intervention, participants were assigned to different adult literacy 

classes, which included two primary components: teacher-led in-

struction and an AT-ARC module. Each class consisted of 

approximately 15 adult learners, with each class following its own 

arrangement for the AT-ARC sessions. Consequently, participants 

in 14 classes may have completed varying numbers of AT-ARC 

lessons, ranging from 19 to 26 with a mean of 23.2. During each 

class, teachers assigned specific AutoTutor lessons to be completed 

on designated days. The AT-ARC sessions were generally aligned 

with the teacher-led component; however, when time constraints 

arose, the AutoTutor segment was completed at the beginning of 

the subsequent session. Each session lasted between 1.5 and 3 

hours, with 2–3 sessions conducted per week. 

Following the four-month intervention, participants completed 

posttests to evaluate their reading comprehension skills again. 

Across all three waves, the Woodcock-Johnson (WJ) III Passage 

Comprehension test [17] was administered during both pretests and 

posttests.  

2.3 Measures 
To assess participants’ reading skills in pre- and post-tests, the 

Woodcock-Johnson III (WJ-III) Passage Comprehension subtest 
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[17] was administered by a trained human examiner. The test items 

consisted of short texts, each comprising one or two sentences with 

a missing word indicated by a blank. Participants were instructed 

to read each item silently and verbally provide the missing word to 

complete the sentence. Testing proceeded sequentially through the 

items in the assessment booklet until the participant provided in-

correct responses to six consecutive items. The performance of 

adult learners on the WJ-III Passage Comprehension subtest was 

standardized and converted to grade-level equivalents, ranging 

from 0 to 12 [17]. The learning gains of the participants were meas-

ured by the difference between their grade levels of post- and pre-

tests. 

Upon closer examination of the data, we observed that adult learn-

ers frequently repeated individual AT-ARC lessons multiple times. 

This repetition occurred partly due to technical issues (e.g., system 

crash) and partly because learners voluntarily chose to or were rec-

ommended to review the lessons for their own benefit. We 

hypothesized  that the observed repetition behavior may reflect 

adult learners’ short-term persistence in the learning process. Thus, 

we computed the average number of attempts of all the AT-ARC 

lessons for each participant before he/she dropped out of the AT-

ARC intervention.  

Dropout, in this study, did not signify a complete cessation of par-

ticipation in the program. Rather, it was operationalized as the 

occurrence of three or more consecutive absences from AT-ARC 

lessons, indicating a substantial gap in the learners' engagement and 

a critical loss of continuity in their development of reading compre-

hension skills. In the survival analysis lingo, a learner was 

classified as uncensored (coded as 1 in survival analysis) if they 

dropped out of the AT-ARC intervention. Dropout is the event of 

interest in this survival analysis. Conversely, a learner was classi-

fied as censored (coded as 0 in survival analysis) if they completed 

all assigned AT-ARC lessons by the end of their class. 

Survival analysis involves the examination of data representing the 

duration from a well-defined time origin (start point) until the oc-

currence of a specific event (endpoint). In this study, the time origin 

was defined as the point at which adult learners began their first 

AT-ARC lesson. The time-to-event (dropout) was operationalized 

as the number of AT-ARC lessons completed by an adult learner 

prior to the dropout. This operationalization was appropriate be-

cause the literacy classes were conducted regularly, with two to 

three sessions per week. If an adult learner did not experience the 

dropout event, it was assumed that they completed all lessons as-

signed to them during the intervention period (see section 2.2). 

Let 𝑇1, 𝑇2, … , 𝑇𝑛 be time to event (dropout) of 𝑛 independent par-

ticipants. There is a maximum observation period (number of 

lessons assigned to adult learners during the intervention) for each 

individual  𝐶1, 𝐶2, … , 𝐶𝑛. 

The status of a participant (𝛾𝑖) is an Indicator (or dichotomous) Var-

iable, represented as: 

𝛾𝑖 = {
1, 𝑇𝑖 < 𝐶𝑖            𝑢𝑛𝑐𝑒𝑛𝑠𝑜𝑟𝑒𝑑
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒    𝑐𝑒𝑛𝑠𝑜𝑟𝑒𝑑

 

where Time (𝑇𝑖 ) to Event is independent of Censoring (𝐶𝑖) 

Additional measures included participants’ gender, ethnic identity, 

age, first language, age of English language acquisition, and receipt 

of public assistance. For analytical purposes, participants were cat-

egorized into two groups based on ethnic identity: Black and Other, 

as preliminary analyses indicated a lower risk of dropout among 

participants of Other ethnicity. To address confounding between 

age of English language acquisition and first language, we retained 

only the first language variable, classifying it as either English or 

Other. Public assistance receipt was coded binarily as “Yes” or 

“No”. 

2.4 Data Analyses 

2.4.1 Descriptive and Correlational Analysis 
Descriptive analyses were conducted to provide an overview of the 

distribution of censored and uncensored participants across differ-

ent categories of covariates, such as gender, ethnic identity, first 

language, receipt of public assistance. We also calculated the aver-

age number of attempts, average age, and average of grade levels 

of censored and uncensored participants. 

Next, we computed the correlation coefficients between number of 

attempts, age, grade level and time-to-event (dropout). 

2.4.2 Student’s T Test 
To examine the impact of dropout on adult learners’ learning gains, 

a one-tailed Student’s t-test was conducted to assess the discrep-

ancy in learning gains between censored and uncensored 

participants. 

2.4.3 Survival Analysis 
To examine the factors influencing the time-to-event outcome, we 

employed the Cox proportional hazards model (CoxPH), a widely 

used method in survival analysis [2]. The CoxPH model is a semi-

parametric approach that estimates hazard ratios (HR), which rep-

resent the relative risk of the event occurring at any given time 

based on predictor variables. This method allows for the inclusion 

of both continuous and categorical covariates, making it well-suited 

for exploring the effects of demographic, psychological, and con-

textual factors on the event of interest. By applying the CoxPH 

model, we aimed to identify significant predictors of the event 

(dropout) and assess their impact on the hazard rate, providing in-

sights into the underlying mechanisms and informing targeted 

interventions.  

The Cox proportional hazards model is expressed mathematically 

as: 

ℎ(𝑡, 𝑋) = ℎ0(𝑡) ⋅ 𝑒𝑥𝑝 (𝛽1𝑋1 + 𝛽2𝑋2 + ⋯ + 𝛽𝑝𝑋𝑝) 

Where: 

ℎ(𝑡, 𝑋): The hazard function at time t for an individual with covari-

ate values 𝑋 = (𝑋1, 𝑋2, … , 𝑋𝑝). This represents the instantaneous 

risk of the event occurring at time t, given that the individual has 

survived up to that time. 

ℎ0(𝑡): The baseline hazard function, which describes the hazard 

when all covariates are zero (or at their reference levels). It is un-

specified and left non-parametric in the Cox model. 

𝑒𝑥𝑝(𝛽1𝑋1 + 𝛽2𝑋2 + ⋯ + 𝛽𝑝𝑋𝑝) : The exponential term captures 

the effect of the covariates 𝑋1, 𝑋2, … , 𝑋𝑝 on the hazard. Each 𝛽𝑖  

represents the log hazard ratio associated with a one-unit increase 

in the covariate 𝑋𝑖, holding other covariates constant. 

𝛽1, 𝛽2, … , 𝛽𝑝: The regression coefficients to be estimated from the 

data. These coefficients quantify the impact of each covariate on 

the hazard. 

The key assumption of the CoxPH model is the proportional haz-

ards assumption, which states that the hazard ratio between any two 

individuals is constant over time. This implies that the effect of 
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covariates on the hazard is multiplicative and does not change with 

time. 

The CoxPH model was implemented using statistical software R, 

where the coxph function in the survival package is commonly 

used to fit the model and estimate the effects of covariates on sur-

vival outcomes [2]. The coxph function allows users to specify a 

formula with a survival object (created using the Surv() function) 

on the left-hand side and covariates on the right-hand side. The 

model in this study can be specified as  

model <- coxph(Surv(time, event) ~ attempts + grade level + gen-

der + age + ethnicity + first language + public assistance, data = 

sing dataset). 

It provides hazard ratios, confidence intervals, and p-values for the 

covariates, offering insights into their impact on survival. Addition-

ally, the function supports advanced features like handling tied 

data, stratification, and time-dependent covariates, making it a 

powerful and versatile tool for survival analysis in R. 

Next, we tested the proportional hazards assumption using the 

Schoenfeld test implemented by cox.zph function in survival pack-

age. The cox.zph function was specified as 

 schoenfeld_test <- cox.zph(model) 

Finally, we utilized the ggforest function from the survminer pack-

age in R to visually represent the results of the Cox proportional 

hazards model. The ggforest function generated a forest plot, which 

effectively displays the hazard ratios, confidence intervals, and sta-

tistical significance of the covariates included in the CoxPH model, 

as estimated by the coxph function. This visualization aids in the 

interpretation of the model's findings by providing a clear and con-

cise summary of the relationships between predictors and the 

outcome of interest (see section 3). The ggforest function was spec-

ified as 

ggforest(model, data= dataset). 

3. RESULTS 

3.1 Descriptive Statistics and Correlations 
Among the 205 participants, 99 completed all the AT-ARC lessons 

assigned during the intervention, while 106 were considered to 

have dropped out. In survival analysis terminology, the 99 partici-

pants who completed the intervention were classified as censored 

(coded as 0), and the 106 participants who dropped out were clas-

sified as events (uncensored, coded as 1). 

Table 1 presents the descriptive statistics of the censored and un-

censored participants. The Attempts (average number of repetitions 

on AT-ARC lessons before dropout), WJ-III (prior knowledge in 

grade level), and Age are continuous variable, we calculated their 

means and standard deviations. Table 2 shows that, on average, 

censored participants repeated lessons more frequently (M = 1.51, 

SD = 0.53) than uncensored participants (M = 1.39, SD = 0.53), 

who were classified as having dropped out of the intervention. Cen-

sored participants (M = 3.54, SD = 1.54) possessed a slightly higher 

grade level compared to uncensored participants (M = 3.41, SD = 

1.49). Censored participants (M = 42.8, SD = 12.6) were, on aver-

age, 2.4 years older than uncensored participants (M = 40.4, SD = 

13.6). 

Gender, Ethnicity, First Language (the initial language acquired by 

participants), and Public Assistance (whether participants received 

public aid) were categorical variables. We calculated the frequency 

of censored and uncensored participants within each category. 

Table 2 shows that there was no significant difference between the 

two genders, with both groups having essentially the same  percent-

ages of uncensored participants (Female: 51.3%, Male: 53.1%). 

Among ethnic groups, Black participants (52.4%) exhibited a 

slightly higher tendency to drop out of the intervention, whereas 

participants from other ethnic groups did not show such differences 

in dropout rates (50.6%). Participants with non-English as their first 

language exhibited a slightly higher dropout rate (53.9%), whereas 

participants with English as their first language did not show such 

difference (50.5%). Participants who received public assistance had 

a lower dropout rate (44.6%), whereas those who did not receive 

public assistance exhibited a higher dropout rate (63.0%). 

Since the censoring criteria varied across participants in different 

classes, calculating the mean time-to-event (the number of lessons 

participants completed prior to dropout) for categories of the cate-

gorical variables (Gender, Ethnicity, First Language, and Public 

Assistance) was not meaningful. 

Therefore, we only calculated the correlations between time-to-

event and the three continuous variables (Attempts, WJ-III, and 

Age) to explore their potential relationships. We found that, among 

the three continuous variables, only the number of attempts showed 

a significant correlation (r = 0.23, p=0.001) with time-to-event. 

Table 1. Descriptive Statistics of Censored and Uncensored 

Participants 

Variable  Censored Uncensored 

Attempts Mean (SD) 1.51 (0.53) 1.39 (0.53) 

WJ-III Mean (SD) 3.54 (1.54) 3.41 (1.49) 

Age Mean (SD) 42.8 (12.6) 40.4 (13.6) 

 Frequency 

Gender 
Female 76 80 

Male 23 26 

Ethnicity 
Black 59 65 

Other 40 41 

First  

Language 

English 52 51 

Other 47 55 

Public 

Assistance 

Yes 72 58 

No 27 46 

To validate the findings from the descriptive statistics and correla-

tion analyses, inferential statistical analyses were conducted. We 

incorporated these variables into a Cox proportional hazards model 

with a survival object constructed from time-to-event and event sta-

tus data as dependent variable, aiming to figure out which factors 

contribute to the hazard of dropout. Before that, we performed a 

Welch Two Sample t-test to examine the impact of dropout status 

on learning gains.  

3.2 Impact of Dropout on Learning Gains 
The results of the one-tailed Welch Two Samples t-test showed that 

censored participants (M = 0.66, SD = 1.06) had a significantly 

higher learning gain compared to uncensored participants (M = 

0.39, SD = 1.19) at the significance level of 0.1, with t(157.7) = 

1.59, p = 0.06, and effect size d = 0.25. Although the effect size is 
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small, there is a meaningful difference between the learning gains 

of censored participants and uncensored participants. 

3.3 Results of CoxPH Model 
Based on the Schoenfeld test, the p-values for all individual covari-

ates and the global test are greater than 0.05 (see Table 2). 

Therefore, we did not find significant evidence to reject the null 

hypothesis that the proportional hazards assumption holds for the 

Cox proportion hazards model with our dataset. 

Table 2. Results of Schoenfeld Test for the Proportional Haz-

ards Assumption 

 χ² df p 

Attempts 1.196 1 0.274 

WJ-III 2.339 1 0.126 

Gender 0.948 1 0.33 

Age 0.846 1 0.358 

Ethnicity 2.202 1 0.138 

First Language 0.374 1 0.541 

Public Assistance 2.107 1 0.147 

GLOBAL 12.481 7 0.086 

 

The results of the Cox proportional hazards (CoxPH) model indi-

cated that 7 observations were excluded from the analysis due to 

missing data, resulting in a final sample size of 198 participants, 

with 105 observed events (dropouts). The overall model fit was sig-

nificant (likelihood ratio test: χ² = 16.2, df = 7, p = 0.02). The 

concordance index was 0.63, indicating moderate predictive accu-

racy. The results suggested that the included predictors collectively 

explain a meaningful portion of the variance in the outcome. 

Significant predictors included Attempts (p < 0.001), Ethnicity (p 

< 0.05) and Public Assistance (p < 0.05). Participants who repeated 

the AT-ARC lessons more frequently (more attempts) before drop-

out tended to have lower hazard of dropping out of the intervention 

(HR = 0.55, 95% CI [0.35, 0.86]), indicating that each additional 

attempt was associated with a 45% reduction in the hazard of the 

dropout. Participants of "Other" ethnicities had a significantly 

lower hazard of the dropout compared to Black participants (HR = 

0.62, 95% CI [0.39, 0.98]), indicating that being of an ethnicity 

other than Black was associated with a 38% reduction in the hazard 

of dropout. Similarly, receiving public assistance had a signifi-

cantly lower hazard of dropout compared to those not receiving 

public assistance (HR = 0.61, 95% CI [0.40, 0.94]), indicating a 39% 

reduction in the hazard of dropout when receiving public assistance. 

Non-significant predictors included WJ-III scores (HR = 0.99, 95% 

CI [0.85, 1.15]), Gender (HR = 0.90, 95% CI [0.56, 1.43]), Age (HR 

= 0.99, 95% CI [0.98, 1.01]), and First Language (HR = 1.22, 95% 

CI [0.77, 1.93]).  

These findings suggest that participants’ repetition times, ethnicity 

and public assistance status are significant factors influencing the 

hazard of the dropout, while other variables such as prior 

knowledge, gender, age, and first language did not show significant 

associations. 

 

Figure 1. Forest plot for Cox proportion hazard model 

Note. WJ-III represents the grade levels of participants at pre-test. The values in the 

third column denote hazard ratios along with their corresponding 95% confidence in-

tervals for the covariates. Significance levels are indicated as *p < .05 and **p < .01. 

We reported the Global p-value of likelihood ratio test other than the Log-Rank p-

value. AIC was also not used. 

4. DISCUSSION 
Despite 34 participants not completing the posttests, a Welch two-

sample t-test comparing censored and uncensored participants re-

vealed a marginally significant effect of attrition on adult learners’ 

learning gains (p=.06), suggesting that dropout may have influ-

enced their learning outcomes. It is plausible that, had all 

participants completed the posttests, the observed group differences 

might reach conventional statistical significance and yield a larger 

effect size, potentially reflecting attrition-related bias in the ob-

served effects. This finding provided us with the rationale to 

examine the factors that may influence the dropout rates. 

The findings from the Cox proportional hazards model revealed 

significant associations between certain predictors and the time-to-

event outcome. Specifically, Attempts, Ethnicity and Public Assis-

tance emerged as significant factors influencing the hazard of the 

dropout.  

The variable Attempts represented adult learners’ average number 

of repetitions on AT-ARC lessons before dropout which may re-

flect adult learners’ short-term persistence in the learning process. 

Persistence can be defined as an individual's continued or repeated 

action toward a goal, even in the face of difficulties, interruptions, 

or setbacks [3, 12]. During the AT-ARC intervention, adult learners 

encountered challenges such as system crashes, difficulties in com-

prehending reading materials, mastering reading skills, and 

scheduling conflicts. Despite these obstacles, they demonstrated 

persistence by returning to their learning activities, underscoring 

their commitment to improving reading comprehension skills. The 

repetition of a single lesson may be partly attributed to technical 

issues (e.g., system crashes) and partly to learners’ voluntary deci-

sions to review the material for their own benefit. This suggests that 

a higher frequency of repetitions reflects stronger short-term per-

sistence in their learning efforts. As the results of the Cox 

proportional hazards (CoxPH) model suggested, short-term persis-

tence may significantly reduce the hazard of dropout. 

Participants identifying as "Other" ethnicities exhibited a 38% 

lower the hazard of dropout compared to Black participants (HR = 

0.62, 95% CI [0.39, 0.98]), indicating that Black participants were 

at a higher risk of attrition. This finding warrants further investiga-

tion to elucidate the underlying factors contributing to this disparity. 

Additionally, future literacy program designers should prioritize 
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tailoring interventions to better address the specific needs and char-

acteristics of Black learners to enhance engagement and retention.  

Similarly, individuals receiving public assistance exhibited a 39% 

reduction in hazard compared to those not receiving assistance (HR 

= 0.61, 95% CI [0.40, 0.94]). This finding suggests that socioeco-

nomic support systems can mitigate risks associated with adult 

learners’ dropout from literacy programs.  

In contrast, other variables, including WJ-III, Gender, Age, and 

First Language, did not show statistically significant associations 

with the hazard of dropout. For instance, neither WJ-III scores nor 

age demonstrated a significant influence on adult learners’ dropout, 

indicating that prior literacy skills and age were not associated with 

the likelihood of attrition among adult learners. Males had a slightly 

lower hazard of dropout compared to females, but this difference 

was far from significant. Adult learners whose first language was 

not English (“Other”) exhibited a higher hazard of dropout rate, but 

this difference did not reach the significance level. The lack of sig-

nificance for these variables may reflect limited variability in the 

sample or the possibility that these factors are less relevant to the 

event in this context. 

5. CONCLUSION 
This study examined critical predictors influencing attrition rates 

among adult learners in an ITS-based adult literacy program, AT-

ARC, with the concern that attrition may significantly impact adult 

learners’ learning gains. The CoxPH model in this study revealed 

that short-term persistence (lesson repetition), ethnicity, and receipt 

of public assistance significantly influenced the attrition rate among 

the adult learners. These findings offer critical implications for re-

fining future Intelligent Tutoring System (ITS)-based adult literacy 

programs. First, fostering short-term persistence—such as encour-

aging lesson repetition and review—may enhance long-term 

learning outcomes. This suggests that ITS platforms should inte-

grate instructional design features (e.g., adaptive prompts for 

revision) and prioritize technical robustness to minimize disrup-

tions and sustain engagement. Second, programs must adopt 

culturally responsive frameworks tailored to the specific needs of 

Black learners, who faced elevated attrition risks, to address sys-

temic inequities and improve retention. Third, program 

administrators should collaborate with social services to connect 

learners with public assistance resources, thereby mitigating socio-

economic barriers that compete with learning time. These findings, 

derived from exploratory data analysis, highlight the need for future 

experimental or longitudinal studies to rigorously examine the 

causal mechanisms underlying these factors. 
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