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Abstract. Feedback is a core feature of Intelligent Tutoring Systems (ITSs),
yet its effectiveness for student learning is underexplored. This study presents a
systematic review of ITSs in K-12 classroom settings, with a focus on the role
and characteristics of feedback. Following the PRISMA guidelines, this review
analyzed 26 empirical studies published in the ERIC, Web of Science, Scopus,
and ACM Digital Library databases between 2000 and 2025. Results revealed (1)
a dominant use of immediate and cognitively oriented feedback, (2) positive yet
context-dependent learning outcomes, and (3) limited teacher involvement in
ITS-based classroom research. This work emphasizes the need for further inves-
tigation into how teachers facilitate ITS feedback and influence classroom learn-
ing to gain a deeper understanding of their combined effects.
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1 Introduction

Feedback is defined as information from teachers, peers, or other sources regarding a
learner’s performance or understanding [5]. It is widely recognized as a key component
of learning, as it facilitates error correction and promotes metacognitive processes.
Feedback is a core feature in Intelligent Tutoring Systems (ITSs), implemented through
personalized responses based on learner models and hint generation [14]. Previous
meta-analyses and reviews have examined the effectiveness of ITSs [9, 13]. However,
prior reviews have not specifically examined feedback function in ITSs, such as what
types of feedback is used in ITSs, despite its importance in supporting student learning.

ITS feedback is particularly critical in K-12 settings, the primary context for most
ITS research [13]. These environments often have heterogeneous student populations
and thus make proactive teacher involvement critical as K-12 students often need addi-
tional human support [7]. While ITSs can deliver immediate and personalized feedback
adapted to each learner, it remains challenging to adequately capture students’ various
aspects of learning and problem-solving status (e.g., emotional states) as well as any
other unique contextual factors that teachers may consider in their instruction [1]. To
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achieve effective learning support with ITSs in K-12 education, it is important to adopt
a collaborative approach that combines automated feedback from ITSs with teachers’
proactive involvement during ITS use [7]. This view is also aligned with the concept of
Human-AI Hybrid Intelligence, in which human teachers and Al systems combine their
respective strengths to enhance learning support [6, 12]. However, previous review
studies have not paid much attention to this collaborative aspect, specifically how
teachers work with ITS-generated feedback in classrooms. Therefore, the present study
systematically reviews empirical studies on ITSs conducted in K-12 classrooms with a
focus on feedback and teacher involvement, posing the following research questions:

o How is feedback designed and implemented in ITSs used in K-12 classrooms?

e How are teachers involved in empirical studies to support student learning?

2 Search strategy

This systematic review follows the PRISMA guidelines. We used four major academic
databases related to education and Human-Computer Interaction: ERIC, Scopus, Web
of Science, and ACM Digital Library. Keywords were combined with Boolean opera-
tors (AND/OR) to construct the following search query: (“Intelligent Tutoring System”
OR “ITS”) AND (“K-12” OR “primary school” OR “elementary school” OR “middle
school” OR “secondary school” OR “high school””) AND classroom AND feedback.
We limited the search to empirical studies published between 2000 and 2025, which
captures the rapid development and increasing classroom adoption of ITSs [10,15].
Only peer-reviewed empirical journal articles and full/short conference proceedings pa-
pers written in English were included. Regarding the research context, only studies
conducted in formal K-12 classroom settings were included. Studies conducted outside
formal school contexts, such as community laboratories, after school programs or uni-
versity facilities, were excluded. Additionally, studies were included if they explicitly
described learning effects within an ITS. Studies focusing solely on the development
of ITSs, those that did not provide a clear description of the feedback implemented, or
that did not report any learning outcomes or learning effects were excluded. Figure 1
illustrates the PRISMA diagram of our review. Ultimately, 26 publications were in-
cluded in the final analysis.

Identification [ Screening ] [ Included ]
Search date 21/12/2025
Records (n=2362) Records screened by Full-text records Records included

ERIC: 22 title and abstract d for lysi

Web of Science: 77 (n=2362) (n=122) (n=26)
Scopus: 1,949
ACM: 314
) v
Records excluded Records excluded
(n=2240) after full-text review
(n=96)

Fig. 1. The PRISMA flow diagram of this study’s record selection process.
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For each study, we extracted the following information: features (i.e., name and main
functionality) of the ITS; type of ITS feedback; learning outcomes reported in associa-
tion with ITS feedback; teacher involvement; and teachers’ instructional roles per-
formed during the ITS implementation.

Additionally, we examined how the research trend of ITS feedback design and
teacher involvement have evolved over time from 2000 to 2025, by analyzing the in-
cluded studies according to their year of publication.

3 Findings and Discussion

How is feedback designed and implemented in ITSs used in K-12 classrooms?
Table 1 provides an overview of the reviewed studies. Regarding the types of feedback
implemented in ITSs, immediate, cognitive feedback was the most common form (24
studies, 92%), crucial in addressing errors in real time and supporting iterative problem
solving. This finding supports prior research suggesting that immediate correction of
errors enhances both the efficiency and accuracy of learning [8]. Moreover, in real
classroom settings where teachers have limited time to provide individualized and
timely feedback to all students, ITSs can serve as a practical solution to this instruc-
tional challenge. In contrast, affective feedback is less frequently implemented (6 stud-
ies, 23%). This suggests that the design of feedback in ITSs in K-12 classroom settings
has focused primarily on supporting cognitive processes, whereas relatively little atten-
tion has been given to fostering emotional aspects of learning. This pattern reflects a
broader trend in ITS research [1], where feedback design has predominantly focused
on cognitive processes, with comparatively limited attention to affective dimensions.
Future work could focus more on integrating non-cognitive aspects, such as motivation
and emotion, to further enrich learning support in K-12 classrooms [2, 4, 11].

Regarding reported learning outcomes, all reviewed studies indicate that ITS-based
feedback generally demonstrates positive effects across a range of domains, including
reading comprehension, writing quality, conceptual understanding, and problem-solv-
ing skills (in STEM). However, as echoed in prior research [9], these effects are not
consistent across all contexts. Specifically, 22 studies (84.6%) report positive out-
comes, 3 studies (11.5%) report mixed results and 1 study (3.8%) shows no significant
effect. For example, in STEM domains, some studies report that feedback aimed at
supporting affective aspects had limited impact, whereas others indicate that the effec-
tiveness of feedback varied depending on learner characteristics, including prior
knowledge/ability level and error rate.

Table 1. 'An overview of the 26 ITS Feedback Studies Involving K-12 Classrooms.

Author(s) ITS: Feedback Description ITS Feedback Outcome Teacher Involvement
Abu-Issaetal.  Multi-source ITS: Integrates Math: Improved perfor- Observed and assessed stu-
(2025) [A] feedback from various stakehold- mance, engagement, and dents’ learning in the class-
ers to enhance the accuracy and motivation room, input their evaluations
into the ITS

! The full list of these studies is provided here: https://x.gd/mbbDY
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Author(s) ITS: Feedback Description ITS Feedback Outcome Teacher Involvement
personalization of the learner
model

Ates et al. ITS-AR: AR-based visualization Science: Improved learning Instructed students on how to

(2025) [B] with personalized, immediate, outcomes, engagement, use the ITS, assigned activi-
targeted feedback motivation, confidence, ties, monitored progress, and

and self-efficacy provided supplementary
feedback

Bai et al. ASR-based Reading Tutor: real- Reading: Improved reading Not explicitly reported

(2025) [C] time, delayed, and explicit correc- accuracy; explicit feedback
tive oral reading feedback more effective but slower

Bush et al. Woot Math Adaptive Learning: Math: Higher assessment Assigned topics and moni-

(2021) [D] immediate, adaptive sequencing, gains vs. traditional in- tored progress, but the ITS
correctness, process support, ma- struction delivered most of the instruc-
nipulatives tion and feedback

Cetin et al. ArtiBos: gamified adaptive mod- Math: Increased motiva- Supervised students during

(2025) [E] ules with instant automated feed- tion, engagement, satisfac- using the ITS in the class-
back tion; reduced anxiety room

Chu et al. MIT; Diagnoses students’ mathe- Math: Improved mathemat- Not explicitly reported

(2014) [F] matical problem-solving pro- ics learning (fraction)

Colliot et al.
(2024) [G]

Feng et al.
(2025) [H]

Huang et al.
(2011) [1]

Jackson et al.
(2015) [N

Joyner et al.
(2015) [K]

Kautzmann et al.
(2019) [L]

Kusumawati et al.
(2025) [M]

Liu et al.
(2024) [N]

Long et al.
(2017) [O]

McLaren et al.
(2011) [P]

cesses and provides immediate
feedback on submission

IntuiGéo: real-time visual correc-
tive feedback using color indica-
tors

MathSpring: immediate, adaptive
feedback including hints, worked
examples, tutorial videos, and af-
fective feedback such as encour-
agement and empathy messages.

Argumentation ITS: analyzes stu-
dents’ arguments and provides,
immediate feedback, hints, and
suggestions

iSTART: NLP-based adaptive
formative feedback on self-expla-
nations

MILA-T: agents provide prompts,
critique, reflection, scaffolding

PAT2Math: step-level feedback,
hints, metacognitive prompts and
hits

TuinLec: demonstrations, imme-
diate feedback, scaffolding, and
adaptive evaluative feedback

MIATS V2.0: step-by-step adap-
tive hints based on each student’s
answers to support personalized
math learning.

Lynnette: step-level correctness,
error-specific  feedback, multi-
level hints

Stoichiometry Tutor: step-by-step
problem-solving interface, polite
feedback, direct feedback hints

Math: Performed signifi- Not explicitly reported
cantly better during learn-
ing

Math: No overall signifi- Used ITS data to monitor
cant effect; higher usage student engagement, affect,
improved achievement and progress, inform instruc-
tion, and support goal setting
and socioemotional learning

Science: Improved argu- If no suitable feedback mes-

mentation skills sage is available in the data-
base, the ITS notifies the
teacher to provide an appro-
priate one

Science: Improved com- Limited to classroom imple-
prehension and self-expla- mentation context.
nation quality

Science: Improved model Managed classroom activi-
revision and inquiry behav- ties and study conditions
ior

Math: Improved monitor- Validated instructional mes-
ing and problem-solving sages from the ITS
performance

Reading: Improved reading Guided instruction and scaf-
comprehension folding alongside the ITS

Math: Better academic per- No intervention during the
formance and efficiency ~ ITS sessions

Math:  Greater learning Not explicitly reported
gains, reduced errors

Science: Mixed results; po- Supervised classroom  ses-
lite feedback helped only sions
high-error students
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Author(s) ITS: Feedback Description ITS Feedback Outcome Teacher Involvement
Munshi et al. Betty’s Brain: conversational Science: Mixed results; Not explicitly reported
(2023) [Q] scaffolds, strategic hints, encour- hints effective, encourage-
agement ment limited

Nagashima et al. Gwynnette: gamified system with Math: Improved learning, Not explicitly reported
(2022) [R] immediate feedback and hints reduced errors, higher en-
gagement

Nagashima et al. Diagram Choice Tutor: self-ex- Math: Improved concep- Not explicitly reported
(2023) [S] planation through diagrammatic tual/procedural knowledge
reasoning, adaptive recommenda- and self-regulation
tions and correctness feedback

Ortega-Morla et al. ProgTutor: adaptive program- Programming: Improved Monitored progress, pro-

(2025) [T] ming tutor with error-based feed- Programming skills satis- vided support, and made in-
back and hints faction and self-paced structional decisions
learning

Phillips et al. ALEKS: correctness feedback Math: No significant effect Not explicitly reported
(2020) [U] with worked examples on achievement

Roscoe et al. Writing Pal: automated essay Writing: Improved writing Actively integrated W-Pal
(2013) [V] scoring with scaffolded feedback essay quality into instruction while flexi-
bly controlling its use, pac-
ing, and alignment with the

curriculum
Snow et al. iSTART-ME: immediate evalua- Reading: Low-ability stu- Not explicitly reported
(2014) [W] tive feedback on self-explana- dents improved and
tions matched high-ability peers
Wijekumar et al.  ITSS: immediate, adaptive, rule- Reading: Improved reading Monitored student progress
(2014) [X] based, elaborated feedback comprehension using system-generated re-
ports and intervened when
necessary
Wijekumar et al.  ITSS: immediate, scaffolded, re- Reading: Improved reading Supported —implementation
(2017) [Y] sponse-contingent, remedial feed- and memory outcomes but did not deliver the core
back delivered via a pedagogical instruction
agent
Wijekumar et al. We Write: immediate automated; Writing: Improved stu- Actively delivered instruc-
(2022) [Z] adaptive/scaffolded,; mastery- dents’ planning and writing tion, monitored progress, and
based; teacher-mediated feedback quality provided feedback

How are teachers involved in empirical studies of ITSs to support learning?

Teacher involvement is generally limited or not explicitly reported across the studies.
It was categorized into three levels based on the extent of teachers’ instructional roles
during ITS use in a classroom: (1) no or unspecified involvement (i.e., not explicitly
reported), where teacher roles were not described or absent, (2) partial involvement,
where teachers monitored student progress or provided supplementary support without
directly delivering instruction, (3) high involvement, where teachers actively contrib-
uted to instruction, provided feedback, and guided student learning alongside the ITS.
In 12 studies (38.1%) that reported partial involvement of teachers, teachers’ role was
described as monitoring and providing supplementary support rather than direct instruc-
tion when an ITS was used. A comparable proportion of studies (10 studies; 37.0%) did
not clearly describe the teacher’s role. Only 4 studies (14.8%) report a high degree of
teacher involvement, where teachers actively contributed to instruction, provided addi-
tional feedback, and guided students’ learning. This raises concerns about ecological
validity, given that learning in authentic classroom settings typically involves active
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teacher engagement. From the perspective of Human-Al Hybrid Intelligence, educa-
tional environments should also be designed to support collaborative instruction be-
tween technology and teachers [3].

Temporal Trend of Feedback Design and Teacher Involvement

Earlier ITS studies in K-12 classrooms focused on immediate, correctness-based feed-
back with limited adaptivity, and the role of teachers was either minimal or not explic-
itly reported (Table 1: e.g., Chu et al. (2014) [F], McLaren et al. (2011) [P], Snow et al.
(2014) [W]). In contrast, more recent studies demonstrate a shift towards adaptive feed-
back incorporating personalized hints, scaffolding and emotional support. Furthermore,
there is an emerging trend for teachers to be involved in monitoring student progress
and providing additional instructional support (Table 1: e.g., Feng et al. (2025) [H],
Kusumawati et al. (2025) [M], Ortega-Morla et al. (2025) [T]). However, despite these
shifts, feedback design and teacher involvement have not been sufficiently integrated,
and teachers’ roles remain minimal. This indicates a research gap between current ITS
practices and the collaborative teaching models that emphasize close collaboration be-
tween technology and human teachers.

4 Limitations

A key limitation of this review is the substantial heterogeneity across the included stud-
ies. The ITSs examined vary widely in terms of system types, subject domains (e.g.,
mathematics, reading, writing, and science) and outcome measures (e.g., academic per-
formance, engagement, and motivation). This diversity limits the comparability of find-
ings across studies and makes it difficult to draw generalized conclusions about the
effectiveness of ITS feedback.

Another limitation of this review is that we did not formally assess the methodolog-
ical quality or risk of bias in the included 26 studies. Therefore, the reported outcomes
should be interpreted with some caution, as studies with different levels of methodo-
logical quality were evaluated altogether.

5 Conclusions

Overall, ITSs in K-12 classrooms predominantly provide immediate, cognitively fo-
cused feedback with generally positive but context-dependent effects, while teacher in-
volvement remains limited. Therefore, future ITS research on feedback in primary and
secondary education should focus on how teachers and ITSs can effectively collaborate
to provide feedback, and examine the impact of these processes to design more realistic,
scalable, and pedagogically appropriate feedback environments.
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