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Abstract. Active learning promises improved educational outcomes yet
depends on students’ sustained motivation to engage in practice. Goal
setting can enhance learner engagement. However, past evidence of the
effectiveness of setting goals tends to be limited to non-digital learning
settings and does not scale well as it requires active teacher or parent in-
volvement. We study goal setting in a hybrid human-AI tutoring context,
where students engage with personalized learning software with feed-
back and hints while being supported by a human tutor. Each student
set a weekly goal (e.g., how much time or how many skills to master)
and was rewarded for goal achievement, while human tutors regularly
checked in about goal progress. We investigate whether this intervention
improves student engagement and skill mastery. We observed 110 mid-
dle school students in a hybrid tutoring program over 12 weeks, with
goal-setting support integrated into the program after six weeks. Using
a quasi-experimental interrupted time series model, we estimated the in-
tervention’s impact on engagement and learning. Weekly practice time
increased, on average, by about 25% after introducing goal setting, and
skills mastered per week increased by about 40%. This effect remained
stable over time. These findings suggest that goal-setting support can
improve the quantity and quality of practice in hybrid tutoring contexts
with minimal added teacher workload. The present study advances the
understanding of strategies that can increase student engagement with
personalized learning systems in a low-cost and scalable manner, improv-
ing the learning benefits of such systems.
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1 Introduction and Related Work

Active learning, a cornerstone of seminal AIED learning systems such as intelli-
gent tutoring systems, teachable agents, and inquiry-based learning, involves di-
rectly engaging students through problem-solving rather than passive instruction
[17]. If instruction is adequate, active learning enhances learning, regardless of
prior knowledge [16]. However, the effectiveness of active learning hinges on stu-
dents’ willingness and motivation to engage in the effortful practice it requires.
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This law is empirically accurate across demographic groups and replicated in
authentic classroom learning contexts using cognitive modeling [12, 16, 26].

Addressing this challenge—how to support students in sustaining motiva-
tion—remains a critical focus in educational technology research. Here, we study
how goal setting, a method that has been extensively linked to enhanced effort,
can support students in benefiting more from AIED systems. Our study is situ-
ated in hybrid tutoring classrooms, where learners are supported by technology
and human tutors through remote video conferencing software [28].

Goals are “object or aim of an action, for example, to attain a specific stan-
dard of proficiency, usually within a specified time limit” [18]. Setting goals as a
motivational and performance-enhancing strategy has been extensively studied.
Seminal work by Locke and Latham [19] identified key factors contributing to
goal achievement: providing goal achievement feedback, fostering goal commit-
ment through rewards, ensuring requisite knowledge and skills to achieve goals,
and accounting for situational support, such as teacher or parent involvement
[15]. Homework behavioral contracts, or contingency contracts, are one common
method for implementing goal setting in classroom and homework settings [23].
Cooper [9] describes contingency contracting as a written agreement between
two parties. This contract outlines the tasks assigned to each participant, the
rewards designated for the student, and the conditions required to earn rewards.
Empirical studies have shown that student practice time increases when parents
and students jointly set specific goals [15]. More recent literature reviews demon-
strate that contingency contracting is generally an effective strategy to support
the acquisition of cognitive and non-cognitive skills in students [2].

Integrating goal setting with personalized learning remains underexplored
[10, 25]. Goal-setting contracts are typically performed on physical paper, limit-
ing integration with the feedback and data-driven capabilities of learning systems
[24]. The combination of goal setting and personalized learning may be partic-
ularly effective for several reasons. First, it may outperform traditional goal-
setting methods due to the continuous performance feedback provided by tech-
nology, which helps students calibrate their efforts and manage overconfidence
or underconfidence in their ability to achieve goals [22, 13]. Second, compared to
pen-and-paper homework, students may achieve greater learning gains per unit
of effort when goal setting is combined with intelligent tutoring, thereby ampli-
fying the engagement benefits traditionally associated with goal setting [15, 16,
12]. Third, prior research suggests that regular goal setting, feedback, and evalu-
ation cycles can strengthen students’ self-regulated learning (SRL) skills, which
may transfer to other learning tasks, enhancing overall learning effectiveness [§].

Although past ATED systems have supported learners in setting goals (e.g.,
[11]), these studies focused on process goals and improving metacognition during
learning rather than performance goals typical for goal-setting contracts [23].
Additionally, prior research on SRL goal support has usually been limited to
short-term instructional interventions (e.g., of a few hours [11]). In contrast, the
present study examines interventions over several weeks, allowing for observing
engagement changes and persistence, which we model through linear time trends.
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The present study adopts a goal-setting approach that minimizes the need
for teacher involvement. We worked with teachers integrating goal setting and
rewards into their hybrid tutoring classrooms. We observed whether integrating
goal-setting classroom practices into hybrid tutoring is feasible and has tangible
student learning benefits. Using an interrupted time series design [21], we esti-
mated the influence of our intervention on practice time. Further, to validate
whether students learn more, or merely engage more [16, 12, 26], we monitor es-
timated skill mastery during the goal-setting. Finally, to confirm if intervention
benefits are long-lasting rather than short-term, we model linear time-related
engagement trends. We investigate the following research questions:

RQ1: Do students engage in more practice during hybrid tutoring sessions
after completing goal-setting contracts compared to before?

RQ2: Does student engagement remain stable over time during goal support
in hybrid tutoring?

RQ3: Are changes in engagement during hybrid tutoring with goal setting
reflected in skill acquisition?

This study contributes to the growing research body on human-Al-supported
learning [14]. It examines the immediate impact of goal-setting contracts, sup-
port, and rewards on practice time and their effects on skill mastery, providing
insights into strategies for enhancing learning in ATED learning settings.

2 Methods

2.1 Sample and Recruitment

We analyzed data from a hybrid tutoring program running for 12 weeks between
October and December 2024. Data from Thanksgiving break (week of November
27th) was excluded, as no school activities occurred. Students (N=110) were
from a charter school in the Mid-Atlantic United States, serving grades 6-9.
All students enrolled at the school were invited to participate in the tutoring
program, and those who provided consent were included in the sample. Students
were all male, nearly all African American, and all from low-income backgrounds.

As part of the hybrid tutoring program, online human tutoring is available
to students during one class session per week, during which they engage in math
practice with the IXL software. A researcher and the school’s two math teachers
facilitated the goal-setting activities in person. Each classroom session was 43
minutes. Eight classes were served, four working with the 6th and 7th-grade
teacher and four with the school’s 8th and 9th-grade teacher.

The researcher and one tutor supervisor facilitated tutor participation and
training. The tutors were fifteen university student workers who had worked with
the student participants since the beginning of the 2024-25 school year as part
of the hybrid tutoring program. They provided as-needed mathematics support
and goal progress check-ins via the Pencil video conferencing software. Human
tutor support was initiated by either the student or the tutor based on student
learning needs based on standardized test scores. Tutors varied in how frequently
they tutored, from one period per week to five periods per week (M = 2 weeks).
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2.2 Materials

Learners practiced using the IXL Math software, an adaptive online learning
platform designed to support personalized math practice. The effectiveness of
the IXL math curriculum has been documented in past research, finding signifi-
cant improvements in learning relative to comparable non-IXL schools through-
out a three-year intervention in grades 3-8 [4]. IXL is often used by teachers
in the United States [20] and provides a comprehensive curriculum covering a
wide range of topics aligned with the Common Core State Standards. The plat-
form uses real-time analytics to adapt problem difficulty based on a student’s
performance using knowledge tracing and mastery learning using a proprietary
algorithm, ensuring a tailored learning experience that matches their skill level.
Students receive immediate feedback on their answers to math problems,
typically requiring a single solution step. Brief motivational messages are dis-
played after correct attempts. The system provides an explanation or a step-by-
step problem walkthrough for incorrect responses. IXL may occasionally offer a
worked example to support students in mastering concepts. Further, IXL tracks
skill progress and generates reports, enabling educators to monitor individual
performance and identify areas needing support. Motivational elements, such as
achievements and milestones, are integrated to sustain student engagement.

2.3 Procedures

During all hybrid tutoring sessions, before and after the goal-setting phase (six
weeks each), students attended their regular 43-minute math class and signed
into IXL and Pencil, a video conferencing program, on their assigned Chrome-
books. Students were greeted by a tutor and sent to individual breakout rooms,
where they worked through assigned problems in IXL Math and could ask for
assistance from tutors. On Pencil, students would share their screen with tutors
so that tutors would view the students’ IXL work and provide content support
as needed. Tutors also provided motivational support, such as praising the stu-
dents’ efforts. Each class period was attended by approximately the same set of
tutors each week. Students were introduced to all tutors supporting their class
session at the beginning of the school year in order to build rapport. On a weekly
basis, a student may have interacted with any of the tutors in their class ses-
sion’s set of tutors or another tutor if one of the regular tutors was absent. The
classroom teacher and a research assistant helped students resolve any technical
issues during the lesson. Additionally, we observed that teachers usually shared
an IXL leaderboard with students during practice, which continued during the
goal-setting phase, which allows students to see how many minutes they prac-
ticed in the current week. We observed that some students would occasionally
check the leaderboard to gauge if they had reached their goal during practice.
Students completed a math practice goal contract in the first week of goal
setting, handed out by a research assistant at the beginning of their math practice
period (Fig. 1). Students completed the contract independently and chose their
goal for minutes practiced and, optionally, the number of skills mastered per
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week and a third, custom goal. The contract was a design adapted from research
recommendations described in Peacock et al. [23]. Specifically, it actively engaged
the student in setting goals and detailed rewards associated with reaching them
every week. Finally, it highlighted the importance and purpose of the goal with
detailed instructions at the top and highlighted that remote tutors would help
the student achieve their goals and learn math at the bottom.

Math Practice Contract

Purpose: This contract will support you (the student) to practice math. You will practice math with
IXL on your laptop or tablet. This contract will also support PLUS tutors in helping you reach your
goals.

What to do? This contract asks you to set goals related to your math practice. Please read the
contract carefully, fill and sign it. Please specify if you wish to commit to each promise by ticking the
square next to it and filling it accordingly. The parts marked as blue should be filled by you, the
student.

As part of the contract, |, the student, agree to:

Ef Spend 30 minutes per week practicing math with IXL. (Recommendation: 20 minutes).
Note: | will practice the relevant content my class is currently leaming. | will also
make sure to be logged into Pencil when practicing math with IXL if | am in class.

e If the promise above is met, Conrad or your teacher will reward you, the student, by:

>> Providing a fruit snack at the end of each week.

>> Providing multiple fruit snacks if the promise is met three weeks in a row (streak).

Q{ Optional: When practicing math in IXL, | want to master 5 skills every 1 week.

[Optional: Fill out the line below with any other goals for IXL]

@ I want to try harder

As part of the contract, PLUS tutors will be available to:

e Help you reach your goals in IXL
e Help you practice math in IXL

Fig. 1: Illustration of the goal-setting process with an example contract.

Students received a biweekly printout goal achievement report, if they over-
or underachieved by a margin of 33% or more, handed out by a research assistant
(e.g., “Average: 30 minutes (150% goal achievement)”) and were able to adjust
their goal. Further, remote tutors had access to their set goals and occasion-
ally reminded them about their goals. The two goal categories (i.e., achieving a
certain number of practice minutes or the number of skills mastered) were de-
termined through discussions with the school’s STEAM coordinator and math
teachers. If students met one of their goals, they would get a reward the next
week, which was distributed by a research assistant at the beginning of the tu-
toring sessions. Students were free not to choose any goals, and 24 (22%) did
choose not to do so or were absent on the first week of goal setting, though the
class research assistant offered all students the opportunity to complete a goal
contract in the first subsequent week they were in class. All students continued
participating in the hybrid tutoring program as usual. To avoid selection bias,
students without a goal contract were not excluded from the analysis.
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During the goal-setting phase, hybrid tutoring continued in the same format
with the addition of students’ individual goal contracts. Students who met their
goal would receive a reward at the start of the next tutoring session, distributed
by the teacher and a research team member. To integrate goal setting into the
hybrid tutoring program effectively, we followed recommendations and requests
from the school’s STEAM coordinator and math teachers. Accordingly, each
week of goal achievement was rewarded with a packet of healthy fruit snacks.

Students Hogwarts (Professor Hagrid), 1:30 PM - 2:20PM, 02/08/2025 +  Status ~ @ =

Needs Motivation Help v Needs Motivation Help Needs Motivation| Help n Needs Motivation Help

Cho Chang Dean Thomas Fred Weasley Padma Patil

© Providetutoring!  ® Goal Met © Providetutoring! @ Goal Met © Helponlywhenrequeste...  © Goa ©Helponlywhenreques... & Goal
Needs Content Help Needs Content Help n Needs Content Help n Needs Content Help
Cedric Diggory Gregory Goyle Neville Longbottom Percy Weasley

© Provid

ring! & GoalNot Met @ Help onlywhen requeste ©Goa. © Providetutoring! @ Goal Met © Helponly

Fig. 2: Example student data dashboard as seen by remote tutors.

To support student goal achievement, tutors could view whether a student
had met their goal in the previous week via a dashboard (Fig. 2). The dashboard
included recommendations for which students tutors should initiate tutoring
interactions based on their inferred support needs (which is not the subject of
this study). Tutors were trained to praise students who achieved their goals for
their efforts. If a student had not met their goal, tutors were trained to provide
advice tailored to why the student felt they did not meet it. For example, if a
student expressed inadequacy in math, the tutors were asked to empathize with
their struggles and motivate them to persevere. These evidence-based practices
are a regular and effective part of hybrid tutoring beyond math support [27].

2.4 Measures and Data Preprocessing

A researcher compiled a weekly report detailing the number of minutes each
student practiced and the number of skills each student mastered, practiced,
and was proficient in. In IXL, the threshold for estimated knowledge mastery of
skills was 80% for proficient and 100% for mastered, referred to as “SmartScore”
in the student- and teacher-facing application. This dataset was used to populate
the student data dashboard used by tutors and for data analysis (Section 2.5).
We computed the following measures: a time variable denoted the number
of weeks (to estimate the general trend in the outcome variable over the entire
observation period), a goal setting time week indicator (a separate week count
to model time trends specifically after goal setting had been introduced, captur-
ing changes practice trends compared to before goal setting), and a binary goal
setting indicator distinguishing pre- and during-goal setting phases).
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2.5 Data Analysis

To investigate our three research questions, we employed an interrupted time
series design paired with linear mixed-effects modeling to analyze trends in prac-
tice time and skill acquisition. The unit of analysis was individual student weeks.
Each row presents a student’s weekly practice outcome regarding the number of
minutes practiced in IXL and the number of practiced and mastered skills.

Given that goal setting was introduced in the middle of the school term, an
interrupted time series design naturally emerged in the study data. Interrupted
time series analysis is a quasi-experimental approach used to assess the effect of
an intervention by analyzing data trends before and after its implementation [21].
This method is particularly suited for evaluating interventions where randomized
control trials are not feasible or desirable. In our context, a student-level random-
ized assignment of the goal-setting intervention was undesirable as it could cause
students to get frustrated about not getting the opportunity to earn rewards,
potentially weakening the control condition and student morale. By comparing
learning before and during the goal-setting phase, the design helps identify im-
mediate and sustained changes attributable to goal-setting while accounting for
underlying longitudinal trends in student effort and learning. As shown in Fig.
3, the interrupted time series design of this study segmented the data into two
phases: (1) a pre-goal setting phase baseline phase and (2) a during-goal setting
phase, each spanning six weeks. By examining practice and learning differences
between these phases within students (i.e., we compare each student’s engage-
ment and outcomes before and after), we sought to infer the effectiveness of the
goal-setting activity regarding student practice behaviors.

Goal Setting Phase Start Thanksgiving Break
(Week 7) (Excluded)
— / — / ——
w1 w2 w3 w4 w5 W6 w7 ws w9 WX wio w1l w12
Pre-Goal Setting During-Goal Setting

Fig. 3: Schematic Study Timeline

To evaluate the impact of goal setting in hybrid tutoring, we fit a linear
mixed-effects model with scaled weekly practice time as the dependent variable.
This method is considered quasi-experimental because the introduction of goal
setting was not randomized but implemented naturally as part of the program,
allowing for comparison of outcomes before and after the intervention without
random assignment [21]. Since the practice outcomes (e.g., minutes practiced,
skills mastered) are not independent within students, potentially biasing p-values
of model coefficients toward significance, we included a random student intercept
in the models. This adjustment accounted for each student’s baseline practice
behavior [5]. The model further included fixed effects for time, time since the
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introduction of goal setting, and a main effect of the goal setting (see Section
2.4). The model of weekly student engagement (Y;;) was specified as follows:

Yi; = Bo + B1(Week;) + B2(Week Goal;) + B3(Goal (Yes/No)j) +u; +¢€; (1)

where u; represents the random intercept for student i, index j denotes week
counts, and e residual error. Linear time trends in engagement are separately
modeled via week counts for the overall period (Week variable) and the inter-
vention period (Week goal variable, starting at Week 7) to detect changes in
engagement trends related to the intervention. Finally, the binary coefficient of
Goal (Yes/No), set to 1 during the intervention, estimates the intervention ef-
fect on the outcome Y after adjusting for time trends and individual student
differences through u;. This effect is important because it captures the immedi-
ate level shift in student engagement attributable to the onset of goal setting.

To address RQ1—whether students engage in more practice during hybrid
tutoring sessions with goal-setting contracts than without—we examined the
main effect of goal setting (Goal (Yes/No)) using the mixed-effects model. This
effect, estimated in standard deviation units after standardizing the outcomes,
quantifies the average difference in practice time between the pre-and during-
goal setting phases. We visualized weekly practice time trends using a centrality
plot to complement this analysis. The plot displayed mean practice minutes per
week, with reference lines indicating pre- and during-goal setting averages.

For RQ2, which examines whether students’ practice achievement increases
over time following the introduction of goal setting, we interpreted the time
trends after goal setting was introduced using the separate week count (Week_Goal).
This allowed us to evaluate whether goal-setting contracts led to any significant
longitudinal increase or decrease in practice time, captured as linear trends.

To study RQ3—whether changes in practice time during goal setting are
reflected in skill acquisition—we descriptively analyzed aggregated summary
statistics of skill mastery and compared them to results for RQ1. This anal-
ysis leveraged multiple mastery measures (described in the Measures Section
2.4) to examine patterns in skill acquisition before and during goal setting.

3 Results

3.1 Descriptive Differences in Time Spent

Fig. 4 illustrates the average number of minutes practiced per week, with dashed
lines representing the average minutes practiced before and during goal setting.
During goal setting, students exhibited a higher average practice time (M = 21.9,
SD = 20.7) than before (M = 17.6, SD = 25.1). This difference reflects a 24.43%
increase in mean practice time during goal setting. The blue line represents
weekly fluctuations in the mean minutes practiced across all participants.

3.2 Interrupted Time Series Modeling

RQL1 related to whether students engaged in more weekly math practice during
hybrid tutoring during the intervention. The fixed effects estimates in Table 1
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Minutes Practiced per Week
N
3

Oct Nov Dec
Week

Fig.4: Average number of practice minutes across weeks with dashed reference
lines showing the average outcomes pre-and-during goal setting.

Table 1: Fixed effects estimates from the mixed effects interrupted time series
model of the weekly practice time outcome (scaled to standard deviations).

Predictors Estimates 95% CI p-value
Intercept (Bo) 0.65 0.30 - 0.99 <.001
Week (01) -0.06  -0.10 - -0.02 .008
Week Goal (82) 0.02 -0.03 - 0.08 .404

Goal (Yes/No) (Bs) 048  0.28 —0.69 <.001

summarize the key findings of the interrupted time series analysis. In line with
the descriptive data above, goal setting was associated with a significant increase
in the number of minutes practiced per week after adjusting for time trends
(B3 = 0.48, p < .001), corresponding to an average effect of about 0.5 SD.
Answering whether student engagement remained stable throughout the goal-
setting phase (RQ2), weekly practice time showed a small but significant decline
(81) = —0.06, p = .008), suggesting a downward trend prior to goal setting. The
post-time effect was not significant (82 = 0.02, p = .404), indicating that the
rate of change during goal setting did not significantly differ from the previous
trend. These results suggest that goal-setting led to a significant improvement,
though it could not disrupt the existing downward trend in engagement. It also
suggests that the goal-setting effect was robust across time and did not recede.

3.3 Did Students Also Learn More During the Intervention?

One concern is that students will not learn more when setting goals primarily
related to effort (e.g., minutes spent), which could be achieved by practicing
with less effort [3]. Therefore, we investigated skill mastery estimated from the
IXL learning software before and during goal setting (RQ3). Table 2 summarizes
the descriptive statistics for skills practiced, proficient, and mastered across two
6-week periods: pre-goal setting and during-goal setting.
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Table 2: Descriptive statistics of average skills practiced, proficient, and mastered
over two 6-week periods: pre-goal and during-goal settings.

Metric Pre-Goal Setting During-Goal Setting
Total Skills Practiced  7.46 (SD: 6.75) 11.49 (SD: 9.01)
Total Skills Proficient  3.42 (SD: 4.08) 4.84 (SD: 5.57)
Total Skills Mastered ~ 2.97 (SD: 3.64) 4.12 (SD: 5.18)

The results show a substantial increase in all skill mastery metrics following
the introduction of goal setting into hybrid tutoring. The total skills practiced
increased by 53.97%, from an average of 7.46 (SD: 6.75) pre-goal setting to 11.49
(SD: 9.01) during goal setting. Similarly, the total skills proficient increased by
41.52%, from 3.42 (SD: 4.08) to 4.84 (SD: 5.57), while the total skills mastered
rose by 38.72%, from 2.97 (SD: 3.64) to 4.12 (SD: 5.18).

4 Discussion

This study investigated the impact of goal-setting contracts, goal support, and
rewards on students’ practice behaviors and skill acquisition in a hybrid tutoring
program. Motivated by the challenge of sustaining student engagement in ATED
systems, this study aimed to explore whether structured goal-setting mechanisms
could address motivational gaps and enhance learning outcomes.

4.1 Engagement in Practice Improved Through Goal Setting (RQ1)

The analysis revealed a significant increase in average weekly practice time dur-
ing the goal-setting period. This finding highlights the potential of goal-setting
contracts with rewards to enhance student engagement. The observed increase
in practice time suggests that students responded positively to the interven-
tion, aligning with prior research on the motivational benefits of goal setting
[15,2]. However, unlike past research, our results are of significance because of
the novel context of hybrid tutoring and personalized learning, which enables
novel, data-driven forms of goal support that are more scalable [1,2]. Specifi-
cally, we advance the theory of who can function as an accountable partner in
goal-setting interventions: hybrid tutors and, to a lesser extent, the personal-
ized learning technology itself (which reminded students of their goal progress
through a data-driven leaderboard, for instance, enabling goal monitoring).

From a practical standpoint, this result implies that hybrid tutoring systems
can incorporate goal-setting mechanisms to boost engagement without necessi-
tating constant teacher or parental oversight, unlike past research [15]. Schools
and educators may consider embedding similar contracts into digital learning
platforms to foster sustained student participation to the degree that resources
to monitor, support, and reward goal completion are available.



Engagement and Learning Benefits of Goal Setting with Rewards 11

4.2 Changes in Practice Time Remained Stable Over Time (RQ2)

Students maintained higher practice levels during the intervention. This boost
in engagement did not significantly change over time. This finding suggests that
while contracts may effectively sustain engagement, they do not automatically
promote continuous improvement (although one past study found such virtuous
cycles in goal achievement [29]). Still, variation in achievement could lead to a
separation of performance levels within a class, subject to future research, and
may be studied through student-level performance histories. Finally, we observed
a significant trend whereby student practice time faded throughout the 12 weeks,
possibly due to unobserved factors such as increased testing.

4.3 Skill Acquisition Benefits Exceed Engagement Benefits (RQ3)

The goal intervention yielded substantial increases in skill mastery, with gains
in skills practiced (54%), proficient (42%), and mastered (38%) exceeding those
in practice time (25%). This disproportionate improvement suggests that the
intervention may have enhanced not only the quantity but also the quality of
practice. Our finding is contrary to the idea that students would simply maximize
unproductive practice time to achieve engagement goals with little effort [3].

Notably, most students chose to set practice time goals, not skill mastery
goals, aligning with past research, noting that it is easier for middle school stu-
dents to express goals in the former, more familiar metric [24]. Hence, initially,
expressing goals in terms of the number of minutes worked may be sufficient
for students to achieve mastery learning goals in AIED systems, as considerable
design research in explainable Al is required to make mastery-based problem
selection intuitive for middle school students [6].

4.4 Limitations and Future Work

Several limitations warrant consideration. First, our analysis cannot disentangle
the effects of goal-setting mechanisms, reward structures, and hybrid tutor goal
support on extrinsic and intrinsic motivation. Meta-analytic evidence demon-
strates that intrinsic motivators (e.g., goal-directed achievement) and extrinsic
incentives (e.g., performance-contingent rewards) simultaneously influence per-
formance, rather than necessarily undermining each other, including in education
[7]. Therefore, future work may focus on isolating the distinct contributions of
extrinsic and intrinsic motivation, for example, via modeling of local effects of
intrinsic goal-setting and adjustment events from extrinsic reward events.
Second, the six-week goal-setting period may have been insufficient to capture
long-term effects, including potential impact of receding engagement if goal-
setting were to be taken away. Third, given the observational nature of the
study design, which closely works around existing teacher and program practices,
evidence remains quasi-experimental and the intervention partially confounded
with the (personalized) learning content. Fourth, the chosen linear mixed-effects
model does not account for potential non-linear time trends in practice behavior.
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Future research could study differential goal trajectories in and out of class-
rooms. Past research predicts that students’ self-efficacy benefits of meeting goals
may propel them into a virtuous cycle of increased achievement [29]. Lastly, a
research assistant facilitated the goal-setting procedure in this study. While we
believe that human tutors could independently implement goal setting and mon-
itoring in the future, thus requiring neither extra teacher effort nor classroom
support, this remains an untested assumption. The minimized teacher involve-
ment observed in this study was feasible due to the hybrid tutoring context,
where remote tutors assumed responsibility for monitoring and discussing goal
progress with students. These responsibilities may not translate directly to tra-
ditional classroom settings without hybrid support, as the same workload would
otherwise fall on classroom teachers. Future research should examine whether
human tutors can effectively manage goal-setting responsibilities without addi-
tional support and explore the scalability of such interventions across contexts.

5 Conclusion

Although active learning in AIED systems is widely recognized as effective for
improving educational outcomes, research on supporting students to initiate,
sustain, and achieve practice efforts is limited. Drawing from goal-setting re-
search from non-digital homework research, we studied the integration of goal-
setting contracts with contingent rewards into a middle school hybrid tutoring
program, where human tutors supported students working with a personalized
learning system. The intervention significantly boosted weekly practice time and
skill mastery based on interrupted time series modeling over 12 weeks. Students
spent about 25% more time on task during the goal-setting phase, offsetting a
prior downward trend in engagement. Skill development rose disproportionately:
total skills practiced jumped by about 50%, while proficiency and mastery in-
creased by about 40%. Notably, the intervention’s immediate impact did not
change over time despite an overall semester-wide decline in engagement.

The results of this study have practical implications for designing scalable
improvements to learning and engagement in resource-constrained educational
environments, such as hybrid tutoring with as-needed human support in ATED
learning systems. By leveraging goal-setting contracts and integrating goal sup-
port into existing tutoring programs, schools can enhance student engagement
and learning outcomes with minimal additional burden on teachers.
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