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METHOD OF ITERATIVE MULTI-AGENT VERIFICATION
OF GRADES IN VIRTUAL LEARNING ENVIRONMENTS
BASED ON EXPLAINABLE ARTIFICIAL INTELLIGENCE

The paper develops a method of iterative multi-agent verification
of grades that ensures transparency and reliability of automated open-
response assessment in virtual learning environments (VLE). The rele-
vance of the problem of opaque decision-making by large language
models (LLMs) and their tendency to generate factually incorrect
statements in educational assessment tasks is substantiated. A formal
model of the VLE assessment subsystem as a multi-agent system com-
prising three specialized agents (evaluator agent, verifier agent, and
explainer agent) is proposed. For each agent, input-to-output mapping
functions are defined. The MultiAgentGrading algorithm implement-
ing a four-phase assessment procedure is developed: initial generation
using chain-of-thought strategy (ante-hoc component), critical analysis
by the verifier (post-hoc component), iterative refinement, and peda-
gogical aggregation of the result. The method combines built-in and
post-hoc explainability mechanisms in a unified agent interaction cy-
cle, enabling minimization of hallucination risks and enhancement of
assessment reproducibility. Convergence conditions for the iterative
process and a safeguard mechanism against infinite loops are defined.
The transition from a linear «more explanations means more trust»
paradigm to a calibrated trust concept is justified, where user confi-
dence aligns with the model’s actual capabilities.
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Introduction.

Problem statement. The integration of artificial intelligence (Al)
agents into virtual learning environments (VLE) significantly expands the
possibilities for automating pedagogical processes. Among the most promis-
ing directions is automated open-response assessment using large language
models (LLMs), which enables not only quantitative grading but also the
generation of detailed justifications [1, 2]. However, the practical deploy-
ment of LLMs faces critical barriers: the opacity of decision-making mecha-
nisms (the «black box» effect) and the tendency to generate factually incor-
rect statements known as «hallucinations» [3, 4]. In the educational context,
these limitations are fundamental, as they directly affect the objectivity of
assessment and the level of stakeholder trust in the system.

Analysis of recent research and publications. The issue of auto-
mated assessment using LLMs is actively investigated in current scientific
literature. Works [1, 2] demonstrate that LLMs can achieve significant
agreement with human experts in essay and open-response scoring. At the
same time, studies [3] emphasize the need for additional verification
mechanisms to detect and minimize hallucinations. In the context of ex-
plainable Al (XAl), significant contributions were made by Ribeiro et
al. [5], who proposed the LIME method for local classifier interpretation,
and Lundberg and Lee [6], who developed the game-theoretic SHAP ap-
proach for feature importance determination. However, these post-hoc
methods are characterized by instability risks and vulnerability to manipu-
lation [7]. The Chain-of-Thought method proposed by Wei et al. [8]
demonstrated significant improvement in LLM reasoning quality through
the generation of intermediate logical steps. Multi-agent approaches to
educational system organization are considered in works [9, 10], which
show the advantages of distributed architecture for adaptive learning.

Identification of previously unsolved parts of the general prob-
lem. Despite significant progress in each of the outlined directions, a sys-
tematic model that would simultaneously provide multi-agent coordination
of the assessment process, pedagogically relevant explainability, and LLM
error minimization mechanisms has not yet been presented in the litera-
ture. Existing XAl approaches are primarily oriented toward classical ma-
chine learning models and do not account for the specifics of generative
language models in the educational context. Furthermore, there is a lack of
formalized methods for building calibrated trust, where user confidence
aligns with actual model capabilities through verification procedures [11].

The purpose of the article is to develop and theoretically substanti-
ate a method of iterative multi-agent verification of grades in VLE that
ensures transparency and reliability of automated assessment results based
on the composition of built-in and post-hoc explainable Al mechanisms.
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Main Material.

1. Formal model of the multi-agent knowledge assessment envi-
ronment. To implement the tasks of intellectualizing the assessment pro-
cess, it is proposed to consider the VLE assessment subsystem as a multi-
agent system (MAS), where the final result is formed through the compo-
sition of individual agent functions [9]. This approach allows formalizing
the assessment process not as a single model call, but as an iterative pro-
cess of interaction between specialized entities.

Formally, the model of the intellectualized assessment environment
can be represented as a tuple:

MyLe :<S,A,K,Q,R,(D>, (@)
where S = {51, S, ..., s,} is the finite set of assessment process states;
A={a, a, ..., a.} is the set of Al agents performing specialized roles; K
is the knowledge base and assessment criteria; Q is the set of control ques-
tions; R is the set of possible student responses; @ is the set of inter-agent
interaction protocols.

Agent specification. The set of agents A is divided into subsets ac-
cording to their roles:

A={aeval »8yer s expl } ' )
where each agent implements a specific mapping function from input data
to intermediate or final results.

Evaluator agent (a_eval) performs the primary response analysis
function:

feval :Q>< RxK _)Gpre x Eraw ! (3)

where G_pre € [0, 100] is the preliminary quantitative grade, and E_raw

is the draft justification (initial explanation). At this stage, the Chain-of-
Thought strategy [8] is applied for generating logical conclusions.

Verifier agent (a_ver) is responsible for detecting factual errors in
the draft justification:

fler :QXRxE,, —>{011} X C foadback - “)

where {0, 1} is the binary validity status, and C_feedback is the corrective
comment (feedback for the evaluator agent).

Explainer agent (a_expl) aggregates verified data and forms the fi-
nal explanation:
fexpl :Gpre x Eraw ><C:feedback _)Gﬁnal x Efinal , (5)

where E_final is the verified, pedagogically adapted explanation that com-
plies with human-centered design principles [11].
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Formalization of the assessment process. The process of obtaining
a grade with explanation is iterative. Let g; € Q be the current question,
and r; € R be the student’s response. Then the intellectualized assessment
function is defined as the composition of agent functions:

Fxai (qi'ri): 1:explo (fverofeval)k (qi*ri'K)! (6)
where k is the number of reconciliation iterations between the evaluator
and verifier.

The task reduces to minimizing the explanation error function, which

depends on the discrepancy between the generated explanation and facts
from the knowledge base:

E"=argming L(E |r,,K), @)
where minimization is achieved through iterative agent interaction until

the stopping criterion is met: absence of critical verifier remarks or ex-
haustion of the iteration limit.

2. Method of iterative multi-agent grade verification. Based on the
developed formal model, an automated assessment method is proposed,
the key feature of which is the procedural separation of grade generation
and validation stages. The method implements a hybrid approach based on
the composition of two explainability mechanisms [5-7]:

e built-in justification generation (ante-hoc component) — generation
of structured decision-making logic directly during the assessment
process;

e post-hoc verification (post-hoc component) — independent verification
of the generated explanation by a separate agent to detect errors or con-
tradictions.

Agent interaction procedure. Let the system input be the tuple (g, r, K),
where q is the control question, r is the student’s response, K is the assessment
criteria. The procedure is executed in four stages.

Stage 1 (Drafting Phase). The evaluator agent receives input data
and generates a draft grade O_draft. The Chain-of-Thought strategy [8] is
applied, requiring the agent to explicate intermediate reasoning before
forming a score. This implements ante-hoc explainability, where the deci-
sion logic is formed simultaneously with the decision itself.

Stage 2 (Verification Phase). The draft O_draft is passed to the verifier
agent, which operates in a «blind review» mode. Its task is to verify the corre-
spondence of facts in the explanation to the student’s response content and
criteria. If a contradiction is detected, the status is set to Invalid.

Stage 3 (Refinement Loop). In case of a negative verification result,
the feedback mechanism is activated. The evaluator agent receives struc-
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tured comments from the verifier and generates a corrected version. The
cycle repeats until stopping conditions are met: obtaining Valid status
(agent consensus) or reaching the iteration limit N_max.

Stage 4 (Finalization Phase). The explainer agent transforms the
verified conclusion into a pedagogically correct form containing the grade,
justification, and recommendations for knowledge improvement.

3. Algorithmic implementation of the method. For a formal de-
scription of the method’s logic, we present the pseudocode of the MultiA-
gentGrading algorithm.

Algorithm 1. MultiAgentGrading

Input: g - question; r - response; K - criteria;
N max — iteration limit
Output: FinalOutput - {grade, explanation, recom-

mendations}

1. iter count := 0; status := INVALID; feedback
:= NULL

2. draft := a eval.generate draft(q, r, K)

3. WHILE (status = INVALID) AND (iter count <
N_max) DO:

4. result := a ver.audit(draft, r, K)

5. IF result.is valid = TRUE THEN:

6. status := VALID; BREAK

7. ELSE:

8. feedback := result.comments

9. draft := a eval.refine(draft, feedback)

10. iter count := iter count + 1

11. END WHILE

12. IF status = INVALID THEN:

13. draft.add warning ("Requires manual review")
14. FinalOutput := a expl.format response (draft)
15. RETURN FinalOutput

The algorithm implements an iterative scheme where each iteration
verifies the consistency between the initial assessment and criteria. The
iteration count limitation by the N_max parameter prevents infinite loops
in cases where agents fail to reach consensus. When the iteration limit is
exhausted, the system automatically adds a warning about the need for
manual review, ensuring safe system behavior in edge cases.

The proposed approach ensures synergy of built-in and post-hoc
mechanisms within multi-agent interaction, aimed at increasing as-
sessment reproducibility, minimizing hallucination risks [3, 4], and
generating explanations adapted to human-centered assessment princi-
ples [11, 12].
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Input: g, r, K, N_max

[ iter — 0; status — INVALID ]

I

PHASE 1

Stage 1: Ante-hoc Generation

Evaluator Agent generates draft
O_draft using Chain-oFThought

I

iter — iter + 1

Stage 2: Post-hoc Verification

I

Stage 3: Refinement

Evaluator Agent refines
draft based on feedback

Z Verifier Agent checks factual
H correctness and logic of draft
¥
Result No
valid?
7

iter <
N_max?

1 No

Add warning:

Consensus not reached

PHASE 4

Stage 4: Aggregation
Explainer Agent forms final

pedagogical explanation

1

Output: Grade + Explanation + Recommendations

Fig. 1. Flowchart of the multi-agent grade verification algorithm

Table 1
Comparison of assessment approaches with explanation
- . Post-hoc XAl
Characteristic Single LLM call (LIME/SHAP) Proposed method
Decision Low Medium High
transparency
Hallucination None Partial Systematic
mitigation
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Continuation of the table 1

Explanation Variable Unstable Controlled
stability (sensitive to
perturbations)
Calibrated trust Not provided Not provided Built-in mechanism
Computational cost [Low Medium Moderate
(2-4 LLM calls)

The comparative analysis (Table 1) demonstrates that the proposed
method combines the advantages of built-in and post-hoc explainability,
providing systematic hallucination control at moderate computational costs.

Conclusions. The paper develops a method of iterative multi-agent
grade verification aimed at enhancing the transparency and reliability of
automated assessment in virtual learning environments. The main results
of the work are as follows.

1. A formal model of the VLE assessment subsystem as a multi-agent
system M_VLE = (S, A, K, Q, R, @) comprising three specialized
agents with defined mapping functions is proposed. The model ensures
clear separation of responsibility between grade generation, verifica-
tion, and pedagogical adaptation stages.

2. The MultiAgentGrading algorithm implementing a hybrid approach to
explainable assessment through the composition of ante-hoc (chain-of-
thought) and post-hoc (critical analysis by verifier) mechanisms is de-
veloped. The algorithm includes a safeguard mechanism against infi-
nite loops and automatic warning about the need for manual review.

3. The transition from a linear «more explanations means more trust»
paradigm to a calibrated trust concept is justified, ensuring the align-
ment of user confidence with the model’s actual capabilities.

Prospects for further research include empirical verification of the pro-
posed method in a real educational environment, integration with learning
management platforms (particularly Moodle), and expansion of the architec-
ture with additional specialized agents for subject-oriented assessment.
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METOL, ITEPATUBHOI MYTIbTUATEHTHOI
BEPU®IKALLIi OLIHOK Y BIPTYAJIbHUX
HABYAJIbHUX CEPEOOBMULLAX
HA OCHOBI MOSICHIOBAHOI'O LUTYYHOI O IHTENEKTY

V crarTi po3pobiieHo MeTo]| iTepaTHBHOT MyJIbTHAareHTHOT BepHdikamii
OLIIHOK, 110 3a0e31edye Mpo30picTh Ta HAIHICTh ABTOMaTH30BAaHOTO OIli-
HIOBaHHS BiJKPUTHX BiANOBi/eH y BipTyalbHUX HaBYAIBHHUX CEPEIOBHIIAX
(BHC). O6rpyHTOBaHO aKTyaJIbHICTh MPOOJIEMH HENPO30POCTi PillleHb Be-
JMMKUX MOBHUX Mojeneit (BMM) ta ix cXmibHOCTI 10 TeHepaii ¢pakToo-
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TiYHO HEKOPEKTHHX TBEP/DKCHb Yy 3a/ladyaX OCBITHHOTO OLIHIOBAHHS. 3a-
MPOIOHOBaHO (GOpMaIbHy MOJeNb miacucTeMu ouiHioBaHHA BHC sk my-
JBTUATEHTHOI CHCTEMH, IO BKIIOYAE TPU CHELiaNi30BaHi arcHTU: areHT-
OLIIHIOBaY, areHT-BepuQikaTop Ta areHT-MOsACHIOBaY. /1711 KOKHOTO areHra
BU3HAUCHO (YHKII] BifoOpaKeHHS BXITHHUX JaHHUX y MPOMiKHI abo KiHIe-
Bi pe3ynbraTu. Po3pobieHo anropurm MultiAgentGrading, sxuit peanizye
JoTHpHU(a3Hy IpOLEAypY OIIHIOBAHHS: MEPBUHHA I'€HEPAIlisl 3 BUKOPHC-
TaHHSM CTparterii JaHIIo)KKa TyMOK (ante-hoc KOMIIOHEHT), KpUTHYHUIT
anamni3 BepudikaTopom (post-hoc KOMITOHEHT), iTepaTHBHA KOPEKIis Ta
MearoriyHa arperaiist pe3yibpraty. Meton nmoennye BOynoBaHi Ta MOCT-
(dakTyM-MeXxaHi3MH MOSCHIOBAHOCTI B €UHOMY LIMKJI B3a€EMOJii areHTiB,
IO JO3BOJISIE MIHIMI3yBaTH PHU3HMK TaMIONUHALINA Ta MiJBUIIUTH BiATBO-
PIOBaHICTh OLHIOBaHHS. Bu3HaueHO yMOBH 301KHOCTI 1TEPaTHBHOTO
Ipolecy Ta 3armoODKHUIT MeXaHi3M IPOTH 3alMKiIeHHI0. OOIpyHTOBaHO
Mepexia Bill JiHIHHOT mapaJurMu MOsSCHEHb IO KOHIEMHINT KaniopoBaHOi
JIOBipH, 3a SIKOI piBEHb BIIEBHEHOCTI KOPHCTYBada y3TOJUKYEThCS 3 pea-
JIBHAMH MOXIJIUBOCTSIMH MOJIEIII.

Kuio4oBi ciioBa: wynvmuacenmua cucmema, nOSACHIOBAHUL WMYYHUL
iHmenexm, @enuKi MOGHI MOOeNi, GIpMYyalbHe HAGUANbHE cepedosuye, a6-
MomMamu306ane OYIHIOBAHHS, 6ePUPIKAYIS, JTAHYIONCOK OYMOK, Kanibpoea-
HICMb 006ipu.
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