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How can we shape the latent space of an LILM for
hallucination detection?
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(b) Steered embeddings by TSV
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Figure 2. Overall framework. In the initial training phase, Truthfulness Separator Vector (TSV) 1s trained on an exemplar set. After initial

training, (1) we assign soft pseudo-labels to the unlabeled data, (2) select confident pseudo-labeled samples, and (3) augment the exemplar
set with selected samples. Finally, we retrain TSV with the augmented set. Best viewed 1n color.
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* The last-token embedding at the final layer after applying TSV
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* TruthfulQA, TriviaQA, NQ Open, SciQ
- RE:

* LLaMA-3.1-8B & 70B, Qwen-2.5-7B & 14B
c B TTIE:

* Logit-based, Consistency-based, Verbalized, Internal state-based (CCS,
HaloScope, SAPLMA)

« TE{L¥EFR: AUROC (Area Under the Receiver Operating
Characteristic curve)
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Table 1. Main results. Comparison with competitive hallucination detection methods on different datasets. “Single sampling” indicates
whether the approach requires multiple generations during inference. For our method, the mean and standard deviation are computed
across three different random seeds. & denotes methods trained on fully labeled datasets. All values are percentages (AUROC), and the
best results are highlighted in bold.

Model Method Single Sampling TruthfulQA  TriviaQA SciQ NQ Open
Perplexity v 71.4 76.3 52.6 50.3
LN-Entropy X 62.5 55.8 57.6 52.7
Semantic Entropy X 594 68.7 68.2 60.7
Lexical Similarity X 49.1 71.0 61.0 60.9
EigenScore X 453 69.1 59.6 56.7
SelfCKGPT X 57.0 80.2 67.9 60.0

LLaMA-3.1-8b  Verbalize v 50.4 S51.1 534 50.7
Self-evaluation v 67.8 50.9 54.6 522
CCS v 66.4 60.1 77.1 62.6
HaloScope v 70.6 76.2 76.1 62.7
SAPLMA* v 78.2 83.7 77.3 62.8
TSV (Ours) v 84.2%02 84.0=°°  858*0*  76.1%07
TSV* (Ours) v 85.550! 872592  88.6%%'  78.0%°°7
Perplexity v 65.1 50.2 534 51.2
LN-Entropy X 66.7 51.1 52.4 54.3
Semantic Entropy X 66.1 58.7 65.9 65.3
Lexical Similarity X 49.0 63.1 62.2 61.2
EigenScore X 53.7 61.3 63.2 574
SelfCKGPT X 61.7 62.3 58.6 63.4

Qwen-2.5-7b Verbalize v 60.0 54.3 51.2 51.2
Self-evaluation v 73.7 50.9 53.8 524
CCS v 67.9 53.0 519 51.2
HaloScope v 81.3 73.4 76.6 65.7
SAPLMA* v 81.7 82.0 81.5 67.9
TSV (Ours) v 87.3%04 79.8%0-9 82,004 73.8*07
TSV* (Ours) v 88.7+0! 84.2%0° 84803  762%03
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Figure 4. Generalization results on out-of-distribution datasets.
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Table 3. Component analysis. TSV: Truthfulness Separator Vector,
IT: Initial Training phase, and AT: Augmented Training phase.

Index Component Dataset
TSV IT AT | TruthfulQA TriviaQA SciQ NQ Open
(a) X v oooxX 52.2 50.8 54.1 50.8
(b) X v v 52.0 50.2 57.1 52.1
(c) v v X 80.9 80.8 82.0 71.2
Ours v v 84.2 84.0 85.8 76.1




Computational efficiency of TSV

Table 4. Performance comparison with PEFT methods. % Params
1s calculated by dividing the number of trainable parameters by the
total number of parameters in the base LLM.

Model Method Trainable Parameters Datasets
# Params % Params  TruthfulQA TriviaQA
LoRA 3.4M 0.0424 % 83.6 82.0
Llama 3.1-8b LoReFT 32K 0.0004 % 77.5 76.0
Ours 4K 0.00005 % 84.2 84.0
LoRA 2.5M 0.0331 % 85.9 76.0
Qwen2.5-7b  LoReFT 28K 0.0004 % 81.5 79.3

Ours 3.6K 0.00005 % 87.3 79.8
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Limitations and future work
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