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ABSTRACT

Vision-language models (VLMs), such as CLIP, have demonstrated exceptional
generalization capabilities and can quickly adapt to downstream tasks through
prompt tuning. Unfortunately, in classification tasks involving non-training
classes, fine-tuned VLMs often overfit to train classes, resulting in a misalign-
ment between confidence scores and actual accuracy on unseen classes, which
significantly undermines their reliability in real-world deployments. Existing con-
fidence calibration methods typically require training parameters or analyzing fea-
tures from the training dataset, restricting their ability to generalize unseen classes
without corresponding train data. Moreover, VLM-specific calibration methods
rely solely on text features from train classes as calibration indicators, which inher-
ently limits their ability to calibrate train classes and other evaluation settings, like
cross-dataset and domain-generalization settings. To address these challenges, we
propose a multimodal calibration method Contrast-Aware Calibration (CAC).
Building on the original CLIP’s zero-shot adaptability and the conclusion from
empirical analysis that poor intra-class and inter-class discriminative ability on
unseen classes is the root cause, we calculate calibration weights based on the
contrastive difference between the original and fine-tuned CLIP. This method is
not only effective for calibrating unseen classes but also overcomes the limita-
tions of previous VLM calibration methods that struggle to calibrate train classes
and other settings. In multiple setting experiments with 5 fine-tuning methods,
CAC achieves strong calibration in all settings without sacrificing accuracy.

1 INTRODUCTION

Vision-language models, such as CLIP (Radford ef all, DOZT), pre-trained on vast web-scale text-
image datasets, have demonstrated impressive zero-shot capabilities and image-text alignment in
downstream image classification tasks (Deng et all, Z009; Helber ef all, P0T9). Concurrently, various
prompt learning methods for VLMs have been proposed to further enhance the performance of
VLMs on specific tasks by leveraging a small amount of labeled data (Khaffak ef all, 2023a;H; [Zhoi
ef-all, P027K). Given CLIPs strong zero-shot adaptability, the open-vocabulary setting has become a
standard for evaluating the performance of fine-tuned VLMs, where prompts are trained on a subset
of classes and evaluated on both train and unseen classes (Leeef all, D073; Tan_ef all, 20724).

Unfortunately, fine-tuned VLMs regularly overfit to train classes, forgetting the well-calibrated pre-
dictions and image-text alignment achieved during pre-training (Zhon"ef-all, P0274;H). For unseen
classes, they often produce semantically unbalanced representations, leading to image-text misalign-
ment and a significant discrepancy between confidence scores and actual accuracy (Guoefall, Z0T7a;
Minderer ef all, PO7T). Existing calibration methods (Joy et all, P073; Dh ef all, 073; [Zadrozny &
Elkan, 200T) typically rely on training or analyzing features from the training dataset, limiting their
ability to calibrate classes outside the training dataset. Moreover, due to relying on text features
from train classes and neglecting the critical characteristic of image-text alignment, the state-of-the-
art (SOTA) VLMs’ calibration method, Distance-Aware Calibration (Wang_ et all, 2024)), struggles
to calibrate train classes and other evaluation settings of fine-tuned VLMs, such as cross-dataset and
domain-generalization settings.

To fundamentally address the miscalibration in fine-tuned CLIP, we conduct extensive empirical
analysis, identifying poor intra-class and inter-class discriminative ability on unseen classes caused
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by downstream task adaptation as the primary cause. Moreover, our experiments reveal that original
CLIP trained on large-scale datasets tends to exhibit superior confidence calibration performance,
consistent with the findings in Minderer_ef all (20721); Mi“ef-all (Z023). The above findings and the
connection between the contrast metric and confidence calibration inspire us to develop Contrast-
Aware Calibration (CAC) to achieve effective confidence calibration. CAC improves the intra-class
and inter-class discriminative ability of fine-tuned CLIP by reweighting the logits using the well-
aligned information from the original CLIP. Specifically, by leveraging the similarity between the
logits generated by the original and fine-tuned CLIP, CAC realigns the image-text feature relation-
ships of the fine-tuned CLIP across both seen and unseen classes, improving confidence calibration
on all classes and enabling broader applicability across diverse task settings. As a post-hoc calibra-
tion technique, CAC does not affect the model’s accuracy while delivering more reliable predictions.

Due to its design tailored for CLIP with strong image-text alignment, CAC can be applied to any set
of classes and any evaluation setting of CLIP. To assess its confidence calibration effectiveness, we
evaluated CAC on three settings (open-vocabulary, cross-dataset, and domain-generalization) across
11 datasets, applying it to 5 different prompt learning methods. Leveraging the image-text alignment
of the original CLIP, CAC consistently achieves the best performance in confidence calibration, out-
performing the current best calibration method MIR (Roelofs ef all, P077) and SOTA VLM-specific
calibration method DAC (Wang et all, 2074). Notably, CAC demonstrates robust performance across
various potential variations, including training sample shots, model backbones, datasets, fine-tuning
methods, and evluation settings, highlighting its insensitivity to parameters.

In summary, the main contributions of this paper include:

* To investigate the issue of miscalibration in fine-tuned CLIP on unseen classes, we identify poor
intra-class and inter-class discriminative ability as the root cause through empirical analysis,
providing a reliable reference for future research.

* Benefiting from the inference mechanism of contrastive learning models, we establish a connec-
tion between the contrast metric and confidence calibration, enabling us to utilize image-text
alignment techniques to address the incomplete calibration of previous traditional and single-
modal calibration methods.

* Based on the analysis, we propose a novel method, Contrast-Aware Calibration, which ad-
dresses the limitations of previous methods, including suboptimal calibration, inability to han-
dle all classes, and poor adaptability to diverse task settings.

* The experimental results on 11 datasets, testing the calibration of 5 fine-tuning methods, show
that CAC outperforms existing calibration methods. In particular, CAC demonstrates strong
robustness and parameter insensitivity.

2 RELATED WORKS

Prompt Learning in Vision Language Models. Due to the large parameter size of VLMs and
the limited availability of training data for downstream tasks, it is impractical to fine-tune all pa-
rameters of the VLMs to adapt them to these tasks. To improve the generalization of the learnable
language prompt (Zhouefall, P077h; [Zang et all, 2074, Misfreffa’ef all, 2(074)), CoCoOp (Zhouef all,
D0274) generates a vision-conditional prompt by fusing the image feature and the learnable language
prompts. KgCoOp (Yao_efall, 2023) and ProGrad (Zhuefall, Z0123) are other prompt-based meth-
ods for VLMs. MaPLe (Khaffak ef all, 2{173a) and PromptSRC (Khaffak_ef all, 2(173H) conduct the
visual-textual prompt learning by jointly conducting the prompt learning on the vision and text en-
coders. To address higher confidence bias for unseen classes caused by fine-tuning, the proposed
method leverages the original CLIP to correct the confidence of fine-tuned CLIP.

Confidence Calibration. Confidence calibration aims to align the confidence scores predicted by
models with their actual performance. A common strategy for achieving this is to apply calibra-
tion techniques after model training. These techniques can be broadly divided into two categories:
scaling-based methods (Guo_ef-all, POI7a; Xiong et all, P023; Guo_ef-all, ZOI/R) and bin-based
methods (Roelofsef all, 2077, [Zadrozny & Elkan, 2001; P20O07). Distance-Aware Calibration (Wang
ef_all, 2074) is the current SOTA calibration method specifically for VLMs; it estimates scaling
weights for unseen class logits based on textual representations, but it performs poorly when class
representations undergo substantial changes. As a newly proposed method, CAC enables effective
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Table 1: Comparison of existing confidence calibration methods in terms of required information
and applicable scenarios. “CG” represents the Calibration Granularity.

Method Train Required Information CG Applicable Scenarios

Bin Methods No Logits and ground-truth labels on training set Dataset train classes only

Scaling Methods ~ Yes Logits and ground-truth labels on training set Dataset train classes only

DAC No  Textual representations of train and unseen classes  Class unseen classes within the same dataset

CAC (Ours) No Original and fine-tuned logits on testing data Sample train & unseen classes; cross-dataset; domain-generalization

sample-level calibration across common experimental scenarios in VLM research, with a detailed
comparison to existing methods provided in Table . In addition, some test-time adaptation meth-
ods have also discussed confidence (IYoon_ef all, 2074; Sharifdeen ef all, 2073); however, since
these methods affect the accuracy of the original model and differ substantially from calibration
approaches, we do not consider them here.

Calibation Evaluation Metrics. A model is perfectly calibrated if P(§ = y|p = p) = p for all p
in [0, 1], where y is the actual label, ¢ the prediction, and p the confidence score. To assess model
calibration, we typically use the Expected Calibration Error (ECE) (Guoefall, 20T74) , lower values
indicating better calibration. ECE groups predictions into M interval bins (each of size 1/M ) and
calculate the accuracy of each bin. The ECE is defined as the difference between the accuracy and
confidence of all bins, which can be calculated as: ECE = Z%Zl % |ace(B,) —con f(Bm)|. We
also use other three metrics for evaluation: Maximum Calibration Error (MCE) (Guo_ef all, DOT74),
Adaptive Calibration Error (ACE) (Naixon efall, P0T9) and Proximity Informed Expected Calibration
Error (PIECE) (Xiong et all, P0073).

3 ANALYSIS

In this section, we introduce the contrast metric and its calculation method, exploring the causes
of poor confidence calibration in fine-tuned VLMs by examining feature representations of unseen
classes. We then analyze the relationship between output logits and the contrast metric in contrastive
learning models, which serves as the underlying logic for our method.

3.1 CONTRAST METRIC

Contrast is an indicator used to measure a models ability to distinguish between positive and neg-
ative samples, which is widely used in contrastive learning (Ko“efall, 2027; Le-Khac ef all, P020).
Models with strong discriminative capabilities typically exhibit higher contrast scores and vice versa.
Specifically, given a similarity matrix S € RV XY, where N represents the number of samples, C
denotes the number of classes, and S|, j] indicates the similarity between sample ¢ and class j, the
contrast metric is computed through the following three components:

* Positive Similarity. For each sample i, the similarity score with its ground-truth label y; is
extracted as s;” = S[i, y;].

* Negative Similarity. For each sample 7, the maximum similarity score among incorrect labels
is calculated as s; = max 4y, S[i, j].

* Difference Calculation. The contrast metric is calculated as the difference between the average
of positive and negative similarities:

1 & 1 &
_ + -
Contrast = N ;:1 s — ~ ;:1 s; (1)

For VLMs, contrast represents the models ability to distinguish between ground-truth and other
classes, serving as an indicator of the models image-text alignment performance on datasets.

3.2 EMPIRICAL STUDY

of the original CLIP, their learnable prompts often cause overfitting on train classes. For instance,
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Figure 1: (a) & (b) The reliability of KgCoOp evaluated on the FGVCAircraft and Food101 datasets.
(c) & (d) The relationship between contrast and ECE for the logits output by KgCoOp and MaPLe
across 11 datasets, with the lines representing the negative correlation trend among the variables.

KgCoOp (Yaoefall, 2073) learns prompts tailored to train classes and ignores vision prompts, result-
ing in an imbalance between the text representations of unseen classes and the visual representations
of the original CLIP, significantly diminishing its ability to accurately represent unseen classes and
producing biased contrast scores (Khaffak ef all, P073a;H; Wang et al], 2024)). We observe that when
the representations of fine-tuned VLMs deviate from the pre-trained imagetext alignment, their class
scores often become biased toward certain categories or converge to similar values across multiple
classes. This weakens the models discriminative ability between intra-class and inter-class samples
established during pre-training, ultimately leading to miscalibration. Observations on FGVCA.ir-
craft (Maji et all, 20773) and Food101 (Bossard ef all, D{1T4l), which respectively represent high inter-
class similarity and high intra-class variation, demonstrate that this phenomenon is the fundamental
cause of fine-tuned VLMs miscalibration:

* Observation 1: Overconfidence caused by inter-class similarity. For FGVCAircraft, where
inter-class similarity is high and class boundaries are hard to distinguish (Majt et all, 20273), fine-
tuned VLMs tend to misclassify images into a few dominant classes, resulting in overconfident
but incorrect predictions, as shown in Figure [d. The contrast score results from untruth classes
being more similar than ground-truth class, yielding a negative value. Such overconfidence is
particularly evident in fine-grained classification tasks with overlapping inter-class features.

¢ Observation 2: Underconfidence caused by intra-class variation. For Food101, where inter-
class similarity is low but significant intra-class variation exists (Bossard_ef all, 2014), fine-
tuned VLMs often produce multiple high-confidence predictions across unseen classes, leading
to lower overall confidence, as shown in Figure [B. Despite this, the model can still identify the
correct category, keeping the contrast score positive.

More detailed visualization and discussion about the above observations are shown in Appendix O.
As presented in Figure [[d and Figure [[d, the results of KgCoOp and MaPLe show that higher con-
trast scores are generally associated with lower ECE values. Through extensive experimental anal-
ysis, we conclude that a models class discrimination ability directly impacts its calibration perfor-
mance: for unseen classes, contrast and ECE exhibit a negative correlation, making contrast a re-
liable metric for adjusting ECE. Furthermore, the results indicate that well-aligned vision-language
models typically demonstrate better confidence calibration, consistent with the observations re-
ported in Minderer ef all (ZO21); M ef all (Z0O23).

3.3 LOGITS AND CONTRAST

For VLMs like CLIP, which align visual and textual data in a shared embedding space using an image
encoder f and a text encoder g. Given a caption T', the text encoder produces features g(FE,, (7)),
where F,, is the word embedding layer. Since these models are trained and make predictions based
on contrastive learning, the similarity matrix S used to calculate the contrast corresponds to the

logits output by CLIP:
f(I) : Q(Ew (T))

1F(Dllg(Ew(T))|l 2

When the contrast is low, the logits from CLIP often indicate two or more classes with relatively
high scores. Conversely, a higher contrast typically corresponds to a class with a significantly higher

S = lOgitSCL]P =
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score, while the scores for other classes remain much lower. This property is generally applicable
to other CLIP-based models and helps establish the relationship between the logits output by VLMs
and the contrast metric. By linking logits with the contrast metric, we turn our conclusions into a
practical solution for contrastive learning models, providing the foundational logic for our method.

4 CONTRAST-AWARE CALIBRATION

In this section, we first introduce the fundamental Contrast-Aware Calibration (CAC) method,
which is specifically designed for image-text well-aligned models based on the conclusions in Sub-
section BZ. Next, we present an enhanced calibration method tailored for cases requiring stronger
calibration, both of which are collectively referred to as CAC. Finally, we provide a brief overview
of the CAC calibration process during inference and discuss its advantages.

4.1 CONTRAST-AWARE CALIBRATION

As demonstrated in Subsection B2 and existing studies (Minderer_ef all, PO21; Tu—ef all, PO73),
the original CLIP, trained on large-scale image-text pairs, exhibits relatively high contrast across
different datasets, leading to more conservative predictions compared to fine-tuned CLIP. This ob-
servation motivates us to leverage original CLIP as a reference to regulate the confident bias logits
of fine-tuned CLIP. Specifically, we compute the L, distance between the logits of the original CLIP
and fine-tuned CLIP, treating it as the confidence bias metric z. The formula is as follows:

1 N

where N denotes the total number of classes, and P = {pi}N, and P = {p;} Y, represent the logits
output by the original and fine-tuned CLIP, respectively. In particular, according to our analysis, the
logits of contrastive learning-based VLMs are equivalent to the contrast metric, so z can serve as
an indicator for measuring the confidence difference between the original and fine-tuned VLMs. To
better leverage its negative correlation with ECE, we design the following function to transform z
into CAC weights:

v=o-e %)
This function addresses several issues caused by directly using z as a confidence weight, such as
reversed monotonic trends, minimal numerical differences, and an incomplete value range. The
components of the function serve the following purposes:

* Reason for choosing e~*: Due to the negative correlation between ECE and contrast metric,
we choose a common decreasing function e~, which has a range of [0, 1] and aligns with the
required monotonicity.

« Effect of k: Since the text and image features in CLIP-based models undergo normalization
before computing the logits, the L, distance may be small. Therefore, it is necessary to amplify
the input to the function, with %k serving to scale z, and enable the function to capture input
variations more effectively.

* Effect of a: Since fine-tuned VLMs may be underconfidence and overconfident in various
datasets, we modify the functions maximum value to « (> 1), equipping CAC with the ability
to deal with underconfidence.

In summary, the design of Equation B bridges the gap between contrast and the degree of miscalibra-
tion, providing a reliable metric to assess the CLIPs confidence calibration. By applying amplifica-
tion and other operations, Equation B transforms z into a suitable scaling factor, ultimately resulting
in the CAC.

4.2 ADVANCED CONTRAST-AWARE CALIBRATION

The CAC proposed in the previous section can already be used as an effective calibration method
for fine-tuned CLIP. However, different datasets and fine-tuning methods require varying levels of
calibration. For example, KgCoOp requires stronger calibration, whereas PromptSRC typically
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only needs minor adjustments. Therefore, we use an adaptive module to amplify the weights in
underconfident cases and reduce them in overconfident cases, ultimately forming the CAC method:

723 1f7< )‘17
Y=197 A<y <A (5)
72 if v > Aa.

where 4 represents the advanced CAC output, -y represents the CAC weights, and \; and \s represent
the boundary points of the interval for shrinking or amplifying . Compared to the original version,
the Advanced CAC achieves more flexible confidence calibration through the integration of the
following two parts:

* Advantage of Piecewise Function: When ~ is less than or greater than these thresholds, the
model often exhibits significant underconfidence or overconfidence, respectively. Therefore, a
piecewise function that adjusts the scaling weights for specific scenarios is necessary.

* Advantage of Squaring: For values within the range [0, ], squaring will offer the advantage
of maintaining numerical stability without drastically affecting the values. Unlike scaling by
a manually defined constant, this approach removes the need for hyperparameter fine-tuning,
making it more efficient and reliable.

Ultimately, the proposed CAC is a robust confidence calibration method specifically tailored for
CLIP with well-aligned image-text features. By scaling the logits of fine-tuned CLIP using those
of the original CLIP, CAC achieves parameter efficiency, strong generalization capabilities, and a
training-free implementation, addressing the limitations of previous methods that rely on training
parameters or analyzing train data features.

4.3 CALIBRATED INFERENCE

Given an input image ¢, we first collect the CAC scores of this image, denoted as 4;, which is then
used to calculate the rectified logits as follows:

LiCAC =; * T * logits; (6)

where logits; is the logit calculated by fine-tuned CLIP. As a post-hoc confidence calibration
method, CAC exclusively scales the temperature coefficient 7 of CLIP, improving the models relia-
bility without compromising its original accuracy and inference speed. In summary, the advantages
of our method are as follows:

* Tailored for CLIP: CAC is specifically designed for CLIP, leveraging the original CLIP’s align-
ment between visual and textual modalities to achieve effective confidence calibration.

 Simultaneous Scaling for Both Train and Unseen Classes: As an improvement over previ-
ous methods, CAC calibrates the confidence of both train and unseen classes, addressing their
limitation of only handling train or unseen classes.

 Strong Empirical Foundation: The design of CAC is grounded in experimental insights, en-
suring its strong interpretability and reliability.

e Simple Plug-and-Play: CAC eliminates the need for additional training or extensive analysis
of train data, providing a simple and efficient solution for enhancing confidence calibration.

5 EXPERIMENTS
5.1 EXPERIMENTAL SETUP

Evaluation Paradigm. Following the open-vocabulary setting in the VLM field (Khaffak ef all,
P0234; Zhou ef all, P0274), the datasets are divided into train and unseen classes. The model is
trained on the train classes in a few-shot setting and we generally report the calibration performance
on both train and unseen classes, which is different from DAC (Wang et all, 2074). Additionally, we
evaluated the calibration performance of CAC in other VLM calibration settings, including cross-
dataset and domain-generalization settings, where DAC is completely ineffective.
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Table 2: Average ECE results across 11 datasets on train classes. Smaller values are better. “Conf™
represents the original performance on open-vocabulary classes with existing tuning methods.

Method Conf Training-free Training-based
IR HB MIR CAC TS

CoCoOp  3.60+0.16 7.804564 7.50+1.95 3.874225 3.051054 3421501
KgCoOp  5.8740.29 7.234135 7.4lig7s 7.384677 4.1040.23 3.0145.35
MaPLe 2.80:&0,50 7.81:&7,08 6.63:‘:1.72 2.70:‘:0.50 2-50:t0.63 2.64:|:4‘74
ProGrad 5-93i0.69 5.69i2,47 5.63i0,51 4-42i1.01 4-17i0.45 3.06i2_71
PromptSRC ~ 3.7410.16 6.39+6.26 6.3811.64 3.55+1.92 2.7510.22 2.8613.25

Compared Methods. We mainly focus on benchmarking against the other 5 current representative
prompt learning methods: CoCoOp (Zhouefall, P027a), KgCoOp (Yaoefall, 2023), MaPLe (Khat4
fakef all, P07234), ProGrad (Zhn_ef all, P0773), and PromptSRC (Khaffak ef-all, Z023H). Since models
like CoOp only consider the text modality and exhibit low accuracy, making their calibration signif-
icance minimal, we focused on testing and calibrating its optimized version, CoCoOp and KgCoOp.
For train classes calibration, we select three representative calibration methods: Histogram Binning
(HB) (Zadrozny & Elkan, Z00T), Isotonic Regression (IR) (Zadrozny & Elkar, P007), Multi-Isotonic
Regression (MIR) (Roelofs ef all, 2027), and Temperature Scaling (TS) (Guo_ef-all, POT7H). For un-
seen classes calibration, we compare the SOTA method designed for CLIP, DAC (Wang et all, P(074)).
Datasets and Evaluation Metrics used in the experiments are shown in Appendix B.

Implementation details. For three settings, we use CLIP (ViT-B/16) as the pre-trained VLM
throughout our experiments and report results of Advanced CAC averaged over 3 runs. In all
experiments of this paper, we set k = 15 and oo = 1.10 as the default parameters for CAC. We select
A1 = 0.9 and Ay = 1.0 as the threshold values for the piecewise function and compare the effects of
this function in the ablation studies. Notably, all experiments were conducted using a single set of
default parameters without the need for extensive fine-tuning. Additional details about pre-trained
models, hyperparameters, and implementation specifics are provided in Appendix Bl.

5.2 EMPIRICAL RESULTS

RQ1: Compared with traditional calibration methods, can CAC achieve performance improvements
on the train classes?

We respectively compared CAC with two types of calibration methods in Table D:

* Compared with traditional training-free calibration methods, CAC consistently outperforms all
of them, demonstrating its strong ability to calibrate VLMs. Notably, these methods often
exhibit significant performance fluctuations across different fine-tuning methods, sometimes
even increasing ECE rather than reducing it as intended.

e Compared with the training-based method (temperature scaling), which learns calibration co-
efficients tailored to individual datasets it exhibits superior performance under certain prompt
learning methods. Nevertheless, CAC delivers a comparable level of effectiveness while pre-
serving its training-free advantage.

Overall, compared with traditional calibration techniques, CAC exhibits strong effectiveness, achiev-
ing performance on par with methods that require additional training.

RQ2: What advantages does CAC offer over the current SOTA method?

DAC calibrates based on the high-dimensional distance between the textual representations of train
and unseen classes, which restricts its applicability to unseen classes within the same dataset. As
shown in Table B, CAC achieves the best calibration performance even in this setting. Specifically,
CAC demonstrates significant improvements on KgCoOp and ProGrad, while DAC tends to exhibit
the opposite trend in performance optimization. Moreover, building on the well-calibrated founda-
tion of the original CLIP design, CAC demonstrates stable results and robust performance across var-
ious settings when using default parameters. For cross-dataset (where class representations change
significantly) and domain-generalization settings (where the classes remain unchanged) settings,
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Table 3: Average calibration performance across 11 datasets on unseen classes.

ECE(]) ACE(]) MCE(]) PIECE(])
Conf DAC CAC Conf DAC CAC Conf DAC CAC Conf DAC CAC

CoCoOp 5444165 5.701214 42410900  5.354153  5.601200 4221095 1.3810a2 1401046 1201006  7.35+1.12  8.0610.80  6.83:0.49
KgCoOp 3981145  41li0e2 3854155 3931150 4091055 3784170 1084017 1184035 L10ig2s 6451084 6.62104s  6.3940.04
MaPLe  7.801301 5.9lisgr 5354506 T77i1980 5.93:505 530igsr 2081168 1.624045 16li1co 9531805 8194501 769487
ProGrad 5041120 6.131210 4041143 4951137 6.18:044 4051168 14Ti027 1531008 124000 T4liroo 8201008  6.75:114
PromptSRC 4294404 4551468 3471108 4241400 44liges 3401105 11610028 1171038 103ig025  6.701345 6.82i061  6.12:0.78

Method

Table 4: Average calibration performance under cross-dataset and domain-generalization settings.

Cross-Dataset Domain-Generalization
ECE (Conf) ECE (CAC) ACE (Conf) ACE (CAC) ECE (Conf) ECE (CAC) ACE (Conf) ACE (CAC)

CoCoOp 4.2840.23 415:012 4391043 4.15:0.53 3.97+0.19 3374023 3961051 3345057
KgCoOp 4.3740.04 4151042 4334033 4.1140.04 4.4940.45 2964037  4.5340.00 3.00.0.09
MaPLe 4.0410.04 3721032 4071005 3.76.0.23 4.10+0.03 294,019 4181030 3.01.10.02
ProGrad 4.16i0_02 4~03i0.07 4.06i0>4g 4'04i0A03 4-44i0A26 3.18i()‘10 4~39i0.19 3~17iO.47
PromptSRC ~ 4.40.40.06 3.92.040 43310025 3.93.0.06 4.1040.23 3.89:002  4.09:0.12 3.94.10.02

Method

Table 6: Average calibration performance across 11 datasets on
different backbones.

g . RN50 VIT-B16 ViT-B32

M e . Method

DAC CAC DAC CAC DAC CAC
D e KgCoOp  4.11 396 4.11 385 807 4.59

Fioure 2: Calibrai " MaPLe - ~ 591 535 422 4.01

tgure 2: (albration perfor- PromptSRC  9.70 7.87 355 347 538 527

mance using different shots.

our method, CAC, aligns the visual-language representations of the fine-tuned and original models,
and it is more adaptable compared to DAC. The results presented in Table B indicate our method
provides unified performance improvements for all methods, demonstrating the robustness of CAC.
In Summary, our method effectively addresses the significant class distribution shifts that traditional
calibration methods and DAC struggle to handle, showcasing its adaptability to a wide range of tasks
and diverse settings. Detailed experimental results can be found in the Appendix B.

RQ3: Does the CAC successfully improve the calibration performance, as designed?

The Effect of Each Component in CAC. We evaluate the effect of each component in CAC on
calibration performance by systematically ablating the designed modules and assessing their perfor-
mance on test datasets as follows:

* Without o:: When « is removed, CAC struggles to handle underconfident datasets, causing poor
performance. Therefore, the inclusion of «, which expands the range of values, is essential.

* Without £: Ablating % hinders the models ability to effectively distinguish the contrast differ-
ences, resulting in worse calibration, which aligns with our initial design rationale. Therefore,
using amplification based on k& remains the optimal choice.

* With other function: We conducted comparative experiments under the same settings by re-

placing the EXP function with 1/z and — In(z) function. Since the values of these functions

fluctuate drastically with respect to x, they fail to handle subtle confidence imbalances and may
even amplify miscalibration, which highlights the rationale for using the exponential function.

Without the advanced module: As the advanced module is specifically designed for datasets

that require substantial confidence calibration, removing it results in the performance of the orig-

inal version of CAC, which consistently outperforms DAC. Moreover, all fine-tuning methods
benefit from the more robust confidence calibration provided by CAC.

The Effect of Different Shots and Backbones. To verify the robustness of CACs hyperparameters,
we evaluated its performance under varying training variables (shots and backbones) in the open-
vocabulary setting using default parameters. As visualized in Figure [, the ECE performance under
various shot settings demonstrates that CAC consistently outperforms DAC, even using default pa-
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Table 5: Average calibration performance across 11 datasets in 5 prompt learning methods. “w/”
and “w/o0” indicate the results of CAC with and without the inclusion of a specific component.

Method Conf DAC w/o k w/o « w/ 1/x w/ -In(x) w/o advanced CAC

CoCoOp 5.44 5.70 9.08 9.73 11.15 15.68 4.72 4.24
KgCoOp 3.98 4.11 7.52 8.12 26.74 27.89 3.97 3.85
MaPLe 7.80 591 11.32 11.25 28.13 21.76 6.57 5.35
ProGrad 5.04 6.13 8.92 11.84 28.85 24.34 4.44 4.04
PromptSRC  4.29 4.55 7.80 9.41 23.87 19.56 3.84 347

Table 7: Time overhead analysis for CAC on Caltech101 and ImageNet datasets.

Sample Test time Calibration  Total Time Incremental time ~ Train

size PromptSRC  CLIP CAC time  per sample per sample time
Caltech101 916 1.78s 1.65s 0.06s 3.49s 0.004s 0.002s 7m 55s
ImageNet 25000 27.41s 19.85s 0.16s 47.42s 0.002s 0.0008s 4h 30m

rameters. Moreover, Table B further supports this, showing that CAC achieves superior calibration
without the need for extensive hyperparameter tuning across different backbone architectures.

Running Time. In Table [, we analyze the time overhead introduced by CAC. Compared to the time-
consuming training process training process, the time overhead of CAC during test-time calibration
is negligible and further diminishes as the number of samples increases, as observed in datasets such
as Caltech101 and ImageNet.

Reliability of CAC. To examine the ability of CAC to handle cases where the model logits devi-
ate significantly from the original logits, we perform confidence calibration on a LoRA-fine-tuned
CLIP (Zanella & Ben Ayed, 2074). As shown in Table B, CAC demonstrates strong calibration per-
formance (e.g., the ECE on DTD decreases from 23.40 to 5.56), indicating that the well-calibrated
logits of the original CLIP provide a solid foundation for CAC.

Parameter Selection Guidelines. To address more challenging real-world scenarios, we provide a
detailed analysis of the optimal parameter choices for each module in Appendix . Based on this
analysis, we summarize the following parameter selection guidelines for CAC: for all baselines and
datasets in the open-vocabulary setting, the default parameters (o« = 1.10, k = 15) are generally suf-
ficient, reflecting the parameter insensitivity of CAC. For different baselines or evaluation settings,
« can be adjusted based on reliability diagramsspecifically, increasing o for underconfident models
and decreasing it for overconfident ones, while k primarily scales the input magnitude. Overall,
CAC effectively integrates our research findings into a unified confidence calibration framework,
with extensive experiments confirming its parameter robustness and adaptability.

6 CONCLUSION

Prompt learning for vision-language models (VLMs) has gained significant attention; however, fine-
tuned VLMs face substantial calibration challenges in open-vocabulary settings. Existing calibration
methods struggle to address unseen classes, while recently proposed VLM-specific calibration ap-
proaches encounter inability to handle train classes and suboptimal performance. In this paper, we
present a comprehensive study on VLM calibration in open-vocabulary settings. Through empirical
analysis, we identify poor intra-class and inter-class discriminative ability on unseen classes as the
primary cause of miscalibration. To address this, we establish a connection between contrast metric
and confidence calibration and then propose the Contrast-Aware Calibration (CAC) method. Ex-
tensive experimental results demonstrate that our proposal consistently achieves SOTA calibration
performance on both train and unseen classes, without compromising accuracy. Moreover, CAC
demonstrated parameter insensitivity and robustness in various settings.

As analyzed in our experiments, a potential limitation of our method is that it requires an additional
forward pass through CLIP to compute the logits. In future work, we plan to investigate the perfor-
mance of CAC on other VLMs and further explore more efficient calibration approaches.
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REPRODUCIBILITY STATEMENT
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datasets used are publicly available. Additional ablation studies and extended experimental results
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A USE OF LARGE LANGUAGE MODELS (LLMS)

In this work, LLMs were used solely for language polishing and translation; they did not contribute
to research ideation, experiment design, or result interpretation.

B EXPERIMENTAL SETTING

Dataset. Following the CoCoOp framework (Zhon_ef all, P0773), we conducted evaluations of
our proposed CAC along with comparison calibration methods on various image classification
tasks. These tasks included general object recognition using ImageNet (Deng et all, P00Y) and
Caltech101 (Fei-Fei ef all, 2004) datasets, fine-grained object recognition involving datasets such
as Oxford Pets (Parkhiefall, 2017), Food-101 (Bossardef-all, P0T4), Stanford Cars (Krause ef-all,
2013), Oxford Flowers102 (Nilshack & Zisserman, 2008), and FGVCAircraft (Maj1 et all, 2073).
Additionally, we performed a remote sensing recognition task using the EuroSAT (Helber ef all,
P019) dataset, a texture recognition task using the DTD (Cimpoi et all, PZ0T14) dataset, an action
recognition task using UCF101 (Seomroef-all, P0T7) dataset and a large-scale scene understanding
task using SUN397 (Xiaoefall, 20T0) dataset.

Implementation details. In our experiments, we utilize CLIP (ViT-B/16) as the pre-trained VLM
and report results averaged over 3 runs. The model is fine-tuned in a few-shot setting (Zhon ef all,
P027H) with 16 samples per class. The general hyperparameters are listed in Table B, as per the offi-
cial implementation. Below, we outline the specific hyperparameters for each VLM tuning method.
All methods are adopted from their official implementations. For CoCoOp, no additional hyperpa-
rameters are required. In the case of ProDA, we set A = 0.1. For KgCoOp, A is set to 8.0. MaPLe is
configured with a prompt depth J = 0, and both the language and vision prompt lengths are set to 2.
For ProGrad, A = 0.8 is used. For PromptSRC, deep prompting is set with V' = T' = 4, and weight
loss employs A1 = 10 and A\ = 25. Finally, for textual diversity, we use N = 60 standard prompt
templates. All methods are reproduced using the standard codebase. All experiments are conducted
on a single NVIDIA A800 GPU according to the standard codebase requirements

C DETAILED ANALYSIS ABOUT OBSERVATIONS

We extract features using CLIP (ViT-B/16) and visualize them with t-SNE (Figure B), using Ima-
geNet as a reference to compare feature distributions across datasets. It can be observed that the
features of different categories in FGVCAircraft are heavily intertwined, indicating high inter-class
similarity. When fine-tuned VLMs are applied for classification, they tend to assign most samples
to a few dominant categories, leading to underconfidence in the remaining categories. Numerically,
this is reflected as sT < s7, i.e., a negative contrast score, which indicates a severe confidence
imbalance. In contrast, for Food101, the features exhibit a clustering tendency for each class, but
with larger intra-class variance compared to ImageNet, reflecting high intra-class variation and low
inter-class similarity. When fine-tuned VLMs are used for classification, multiple categories may
receive high scores simultaneously, but the correct class can still be identified. This corresponds to
st > 57, i.e., a positive contrast score, though with a relatively small margin.

D DETAILED ABLATION STUDIES

D.1 THE IMPACT OF DIFFERENT k

Intuitively, scaling the metric z to an appropriate range produces optimal confidence calibration
results, while excessively high or low values lead to suboptimal performance. Table M confirms our
hypothesis, showing that a proper value of k£ achieves the best calibration performance. In general,
this experiment highlights that the regularized L; distance tends to be relatively small, requiring
appropriate amplification for optimal results.
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Figure 3: t-SNE visualization of CLIP (ViT-B/16) features across ImageNet, FGVCAircraft and
Food101 datasets.

D.2 THE IMPACT OF DIFFERENT @ VALUES

As shown in Table [, we tested the effect of 4 different o values, with the default setting of « being
1.10. When o« = 1.00, the model cannot handle underconfidence, resulting in degraded calibration
performance. As « increases, CACs ability to mitigate underconfidence improves. However, when
a > 1.20, the cases of underconfidence are largely neglected, leading to CAC calibration to change
to overconfidence, which compromises its balance between underconfidence and overconfidence
and leads to suboptimal results. In summary, as intended in our design, « plays a critical role in the
models ability to address both underconfidence and overconfidence.

D.3 IMPACT OF PIECEWISE FUNCTION THRESHOLDS ON CONFIDENCE CALIBRATION

For the overconfidence threshold A1, we set 0.90 as the default scaling coefficient. As shown in
Table [, values below \; indicate a significant deviation between the model output and the original
CLIP. For the underconfidence threshold A2, we hypothesize that when the scores of a fine-tuned
CLIP closely align with those of the original CLIP, its predictions are more reliable; therefore, we
select 1.00 as the underconfidence threshold. We also tested two alternative thresholds, 0.95 and
1.05, which showed minimal differences in results, suggesting that most outputs resembling the
original CLIP’s predictions are underconfident. In summary, the minimal impact of the piecewise
function thresholds highlights that CAC weights are the key factor in achieving excellent confidence
calibration, further validating the effectiveness.

E DETAILED EXPERIMENTAL RESULTS

In this section, we provide a comprehensive details of the experimental results, with a focus on the
calibration and performance of the fine-tuned VLLMs. First, we evaluate the calibration performance
on both train and unseen classes, comparing the fine-tuning results. Next, we explore the calibra-
tion performance, discussing how advanced calibration techniques enhance the models reliability
in making accurate predictions. Additionally, we delve into the relationship between accuracy and
confidence. Finally, we present detailed results from open-vocabulary se, showcasing the models
performance across various tasks and highlighting the improvements achieved through CAC.

E.1 THE CALIBRATION PERFORMANCE OF FINE-TUNED CLIP

To illustrate the miscalibration in fine-tuned VLMs, we fine-tune the pre-trained CLIP using 5 differ-
ent tuning methods across 11 downstream datasets, evaluating calibration performance with ECE. In
this section, the detailed calibration results are provided. As can be seen from Table [3, it is evident
that distillation-based methods (KgCoOp, ProGrad, and PromptSRC) play a role in restricting the
model’s confidence regarding train classes. For unseen classes, distillation-based methods leverage
zero-shot CLIP as a teacher model to enhance generalization, leading to more reliable predictions
for these unseen classes, as expected. Through comparison, we find that fine-tuned VLMs tend to
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be underconfident on the train classes, while they are often overconfident on unseen classes. This
observation motivates a deeper investigation into the calibration of fine-tuned VLMs.

E.2 CALIBRATED PERFORMANCE FOR FINE-TUNED CLIP

In our study, we apply commonly employed post-hoc confidence calibration techniques to fine-tuned
VLMs, aiming to calibrate both train and unseen classes. Our findings reveal that the established
calibration methods are capable of rectifying the miscalibration issues within the train classes. Nev-
ertheless, this effectiveness fails to extend to the unseen classes.

E.2.1 TRAIN CLASS

Post-hoc calibration can remedy miscalibration in train classes. Recent studies (Zadrozny &
Elkan, P00OT; P2O02) have successfully extended scaling-based methods, such as Temperature Scal-
ing (TS), to the calibration of VLMs, demonstrating their effectiveness in addressing miscalibration
in near-world environments. Additionally, we observe that sample-based calibration methods, like
MIR, significantly reduce miscalibration for train classes. However, as shown in Table I3, most
traditional methods exhibit unstable behavior in VLM confidence calibration tasks, lacking consis-
tency across different fine-tuning strategies and datasets. In contrast, CAC, specifically designed for
VLMs, not only achieves optimal calibration for unseen classes but also generalizes well to train
classes, offering a more robust and reliable solution.

Post-hoc calibration for train classes does not extend to unseen classes. For instance, scaling-
based methods like TS adjust logits by a single scalar temperature value. When a fine-tuned VLM
exhibits underconfidence in the train classes, TS sharpens the logits before the softmax function,
increasing confidence in predictions. However, this comes at the cost of making the confidence
distribution more peaked, which leads to overconfidence in unseen classes. Bin-based methods, on
the other hand, require probabilities from train classes as input, which is incompatible with zero-
probability predictions. This validates our motivation and highlights the rationale behind leveraging
zero-shot CLIP in our approach.

E.2.2 UNSEEN CLASS

Detailed experimental results can be found in Table I4.

E.3 ACCURACY & CONFIDENCE OF FINE-TUNED CLIP

This section is dedicated to the analysis of miscalibration in the context of classification perfor-
mance. Since open-vocabulary classes are not encountered during tuning, some might hypothesize
that miscalibration stems from a sharp accuracy drop, leading to a higher ECE. We report the aver-
age performance across 11 datasets in Table A, and provide a comparison of confidence calibration
in Table . While classification performance on unseen classes may be comparable or lower, fine-
tuned VLM still have higher average predictive confidence than zero-shot CLIP, resulting in a larger
ECE. This aligns with CAC results: although fine-tuning boosts accuracy, it also increases ECE.

E.4 DETAILED RESULTS OF OPEN-VOCABULARY SETTING

This section showcases detailed results of calibration for unseen classes, aiming to illustrate that
CAC facilitates open-vocabulary calibration in current prompt tuning. For a comprehensive eval-
uation, we use four standard metrics to assess open-vocabulary confidence calibration: Expected
Calibration Error (ECE) (Guo_efall, 20T7d), Maximum Calibration Error (MCE) (Gno_ef all, DO173),
Adaptive Calibration Error (ACE) (Nixon_ef-all, P0T9), and Proximity Informed Expected Calibra-
tion Error (PIECE) (Xiong et all, 2023). Results can be found in Tables [¥, T4, 20 and .
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Table 8: The ECE results of LoRA fine-tuning CLIP by CAC.

Method Caltechl01 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG

CLIP 221 8.40 6.92 522 2.50 1.94 3.14 7.10 4.07 1.98 281 421
LoRA(Conf) 2.49 23.40 11.81 16.43 9.38 3.48 4.09 576 279 785 7.3 8.60
LoRA(CAC) 1.49 5.56 3.26 6.50 2.92 2.53 241 553 312 550 238 375

Table 9: Hyper-parameter settings for different models. All of fine-tuning method is rigorously
reproduced based on the experimental details given in its paper.

Method Prompt Depth  Prompt Length Epochs Warmup Epochs Learning Rate Batch Size

CoCoOp 1 4 20 1 0.002 1
KgCoOp 1 16 200 1 0.002 32
MaPLe 9 2 5 1 0.0026 4
ProGrad 1 16 100 1 0.002 32
PromptSRC 9 4 50 1 0.0025 4

Table 10: Average calibration performance of different £ of CAC across 11 datasets.

Method Conf 10 15 20 25

CoCoOp 544 482 424 641 11.09
KgCoOp 398 382 385 3.66 5.16
MaPLe 7.80 6.82 535 8.14 1252
ProGrad 504 457 4.04 820 12.74
PromptSRC 429 393 347 533 83l

Table 11: Average calibration performance of different o of CAC across 11 datasets.

Method Conf 1.00 1.05 1.10 1.20

CoCoOp 544 787 588 424 484
KgCoOp 398 586 381 385 4.73
MaPLe 7.80 9.13 693 535 585
ProGrad 504 1038 7.09 4.04 429
PromptSRC 429 7.87 500 347 3.90

Table 12: The impact of different piecewise function thresholds on CAC confidence calibration.

A1 A2
Method CAC
08 095 095 1.05

CoCoOp 563 484 463 457 4.24
KgCoOp 422 355 372 359 3.85
MaPLe 788 592 571  5.69 5.35
ProGrad 519 527 471  4.65 4.04
PromptSRC 441 412 383  3.69 3.47
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Table 13: Expected Calibration Error (ECE) on diverse downstream datasets using various tuning
methods for CLIP-ViT-B/16. The calibration performance is averaged across three variants.

(a) Train

Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 6.48 4.71 8.29 2.71 1.57 1.53  3.09 225 380 1.54 343 3.58

CoCoOp 1.45 220  7.19 3.82 0.87 265 7774 233 7.68 1.51 2.17 3.60

KgCoOp 2.42 7.45 11.14 6.81 1.38 2.64 991 293 1090 4.88 4.16 5.87

MaPLe 1.60 3.47 2.77 4.27 0.73 1.89 4.07 2.16 7.20 095 1.72 2.80

ProGrad 2.94 11.86 9.94 6.51 1.41 266 9.14 297 945 374 456 593

PromptSRC 2.37 3.10 9.17 3.25 0.82 2.12 475 2.88 8.28 2.08 2.35 3.74
(b) Unseen

Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 1.59 9.45 9.18 6.57 1.79 2.10 4.94 342 322 355 528 4.64

CoCoOp 2.44 13.27 1020 13.43 1.91 1.62 7.16 231 209 1.73 373 544
KgCoOp 1.47 510 7.8 10.74 194 1.91 4.80 328 322 121 297 3.98
MaPLe 245 20.77 17.18 1652  1.16 299  14.67 2.59 3.01 2.10 241 7.80
ProGrad 2.33 581 16.81 10.19 1.52 2.55 530 289 346 1.06 348 5.04

PromptSRC 1.85 4.83 7.79 15.41 1.53 1.63 592 298 1.87 094 247 429

Table 14: Expected Calibration Error (ECE) on unseen classes in diverse downstream datasets us-
ing various tuning methods for CLIP-ViT-B/16, with calibration performance averaged across three
variants.

(a) W/O Calibration

Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 1.59 945 9.18 6.57 1.79 2.10 494 342 322 355 528 4.64

CoCoOp 244 1327 1020 1343 191 162 7.16 231 2.09 1.73 373 5.44
KgCoOp 147 510 7.8 1074  1.94 191 480 328 322 121 297 3.98
MaPLe 245 2077 1718 1652 116 299 1467 259 3.01 2.10 241 7.80
ProGrad 233 581 1681 1019 152 255 530 2.89 3.46 106 348 5.04

PromptSRC 185 483 779 1541  1.53 163 592 298 1.87 094 247 429

(b) DAC

Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 1.59 945  9.18 6.57 1.79 210 494 342 322 355 528 4.64

CoCoOp 218 626 930 352 3.8l 785 594 3.88 642 828 526 5.70

KgCoOp 144 403 911 932 255 190 438 3.55 3.57 1.58 3.77 4.1l

MaPLe 191 625 1065 853 338 257 860 423 491 655 746 591

ProGrad 288 1067 844 303 424 312 442 528 604 842 1093 6.13

PromptSRC  2.10 453 959 1248 258 1.59 559 355 251 281 271 455
(c) CAC

Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 2.17 884  7.08 1099  0.77 592 589 1.87 135 238 235 451

CoCoOp 2.45 7.80  9.71 8.62 1.74 1.54 421 348 268 120 3.18 4.24
KgCoOp 2.02 529 639 8.96 0.30 485 5.10 234 290 1.14 3.01 3.85
MaPLe 2.26 10.31 1622 8.63 1.21 230 557 295 452 196 294 535
ProGrad 2.28 5.17 10.7 5.6 1.64 215 377 3.69 339 203 4.01 4.04

PromptSRC 1.79 4.14 7.82 7.89 0.92 222 583 229 1.86 124 2.19 347
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Table 15: Expected Calibration Error (ECE) on train classes in diverse downstream datasets using
various tuning methods for CLIP-ViT-B/16, with calibration performance averaged across three vari-
ants.

(a) W/O Calibration

Method  Caltech101 DTD EuroSAT FGVC Food101 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP  6.48 471 829 271 1.57 1.53  3.09225 3.80 1.54 3.43 3.58

CoCoOp 1.45 220 719 382 0.87 265 7.74233 7.68 1.51 2.17 3.60
KgCoOp 2.42 745 11.14 6.81 1.38 264 991293 1090 4.88 4.16 5.87
MaPLe 1.60 347 277 427 073 1.89 4.072.16 7.20 0.95 1.72 2.80
ProGrad 294 1186 994 651 1.41 2.66 9.14297 945 3.74 456 593

PromptSRC 2.37 3.10  9.17 325  0.82 212 4.752.88 8.28 2.08 2.35 3.74
(b) Isotonic Regression

Method  Caltech101 DTD EuroSAT FGVC Food101 ImageNet OF OP CARS UCF SUN AVG

ZeroshotCLIP  3.11 739 1041 830 6.34 204 4.85 658 9.20 7.82 11.73 7.07
CoCoOp 4.90 579 811 15.66 10.55 148 6.88 6.68 9.16 7.65 8.92 7.80

KgCoOp 1.29 480 11.50 1193 9.81 0.99 18.498.78 3.80 4.57 3.54 7.23
MaPLe 4.00 7.60 6.87 1529 12.39 147 273 7.69 8.85 7.95 11.06 7.81
ProGrad 2.90 378 6.61 1341 8.10 1.19  5.71 3.64 4.84 539 7.05 5.69

PromptSRC 2.28 378 598 1433 10.78 141 489 4.62 5.12 691 10.22 6.39

(c) Histogram Binning

Method  Caltech101 DTD EuroSAT FGVC Food101 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP  2.16 1140 9.76 223 287 473 824 1.61 8.65 5.03 7.81 5.86

CoCoOp 3.18 17.48 737 4.04 276 468 17.03593 598 6.21 7.89 7.50
KgCoOp 076  13.78 14.73 480 2.38 437 15.675.16 5.52 5.37 9.00 7.41
MaPLe 094 1245 13.01 7.28 290 428 1431132 7.25 3.68 5.46 6.63
ProGrad 1.08 11.66 420 5.05 241 406 1351194 646 5.35 6.22 5.63

PromptSRC 1.05 1446 13.01 4.02 237 411 16.201.60 4.69 3.97 4.70 6.38

(d) Multi-Isotonic Regression

Method  Caltech101 DTD EuroSAT FGVC Food101 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP  3.47 368 284 197 280 031 290 256 1.78 1.93 4.45 2.61

CoCoOp 038 507 409 480 2.06 143 1033 1.83 6.97 2.42 3.24 3.87

KgCoOp 074 1233 1993 527 127 2.11 16.353.76 830 5.31 5.80 7.38

MaPLe 035 402 3.12 468 287 098 424 1.62 3.82 2.13 1.90 2.70

ProGrad 079 926 5.19 494 146 093 11.752.02 541 2.95 3.89 4.42

PromptSRC 060  4.14 1026 4.11 1.57 0.69 7.04 1.14 6.07 1.60 1.88 3.55
(e) CAC

Method  Caltech101 DTD EuroSAT FGVC Food101 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP  4.93 485 9.11 276 043 230 4.691.19 1.38 3.57 4.05 3.57

CoCoOp 1.10 344 583 297 046 329 6.221.61 5.61 1.09 1.94 3.05
KgCoOp 1.70 479 9.16 467 0.0 1.12 791194 849 2.21 2.60 4.10
MaPLe 1.26 478 229 396 0.64 1.45 3.04153 524 1.76 1.58 2.50
ProGrad 2.30 881 797 426 046 1.09 7.192.15 7.31 1.40 2.89 4.17

PromptSRC 1.69 277 725 294 061 094 3.661.63 642 0.71 1.58 2.75
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Table 16: Accuracy comparison of existing prompt tuning in the open-vocabulary setting.

(a) Train
Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP  97.16  53.24 57.00 27.61 90.06 7242 71.70 91.33 63.77 69.32 70.89 69.50
CoCoOp 9791 77.16 85.61 3507 90.53 75.89  94.24 95.04 71.67 79.29 81.94 80.40
KgCoOp 97.89  80.71 89.51 3936 90.61 7598 96.20 9495 75.07 80.95 84.33 82.32
MaPLe 98.00 80.40 89.25 3329 9048 76.57 9639 95.66 72.87 81.01 84.01 81.63
ProGrad 98.39  76.43 90.02 41.16 90.38 76.96  96.17 94.95 78.52 81.18 84.85 82.64
PromptSRC 9839 8349 9296 4436 90.62 78.00 98.10 95.48 80.65 83.02 87.63 84.79

(b) Unseen
Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP  94.14  60.87 64.00 3593 091.15 68.11 77.50 97.15 74.94 75.59 78.42 74.35
CoCoOp 9352 5535 63.04 3281 91.53 7041 72.17 97.44 73.50 76.61 73.77 72.74
KgCoOp 9436 5129 69.22 30.59 91.57 69.58 73.21 97.45 74.12 75.18 74.09 72.79
MaPLe 9392 4626 52.13 2232 91.85 69.67 67.50 97.73 73.49 77.85 78.73 70.13
ProGrad 93.60 52.05 55.10 3145 89.40 67.06 73.43 97.07 69.16 72.29 70.85 70.13
PromptSRC 94.07 62.88 7413 2799 91.37 7033 7723 97.18 75.03 78.96 78.83 75.27

Table 17: Confidence comparison of existing prompt tuning in the open-vocabulary setting.

(a) Train
Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 0.92 056  0.66 0.29 0.90 074 0.76 090 0.63 0.73 0.75 0.71
CoCoOp 0.97 0.81 0.82 0.35 0.92 0.78 090 0.95 0.68 0.82 0.84 0.80
KgCoOp 0.97 0.78  0.82 0.37 0.92 0.78 090 094 0.69 0.81 0.84 0.80
MaPLe 0.97 0.86  0.90 0.34 0.92 079 094 095 0.69 0.84 086 0.82
ProGrad 0.97 071  0.84 0.39 0.92 079 091 094 0.73 0.82 0.84 0.81
PromptSRC 0.97 0.84 0.86 0.43 0.91 0.78 095 094 074 0.83 0.87 0.83

(b) Unseen
Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 0.96 0.53  0.66 0.47 0.92 0.74 0.83 095 0.76 0.78 0.78 0.76
CoCoOp 0.95 0.63  0.67 0.41 0.90 071 075 094 0.72 0.76 0.73 0.74
KgCoOp 0.96 0.56  0.69 0.40 0.92 0.74 078 095 0.72 0.75 0.75 0.75
MaPLe 0.95 0.60  0.67 0.33 0.91 071 075 095 0.72 0.78 0.78 0.74
ProGrad 0.95 0.51  0.66 0.38 0.88 0.68 0.77 094 0.69 0.71 0.70 0.72
PromptSRC 0.95 0.65 0.69 0.35 0.91 072 0.83 095 0.74 0.78 0.79 0.76
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Table 18: Expected Calibration Error (ECE) on unseen classes in diverse downstream datasets using
various tuning methods for CLIP-ViT-B/16.

(a) W/O Calibration

Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 1.59 9.45 9.18 6.57 1.79 2.10 4.94 342 322 355 528 4.64

CoCoOp 244 1327 1020 1343 191 162 7.16 231 209 173 3.73 5.44
KgCoOp 147 510 7.8 1074 1.94 191 480 328 322 121 297 398
MaPLe 245 2077 17.18 1652 116 299 1467 259 3.01 2.10 241 7.80
ProGrad 233 581 1681 10.19 1.52 255 530 2.89 346 1.06 348 5.04

PromptSRC 185 483 779 1541 153 163 592 298 1.87 094 247 429

(b) DAC

Method Caltech101 DTD EuroSAT FGVC Foodl0l ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 1.59 9.45 9.18 6.57 1.79 210 494 342 322 355 528 4.64

CoCoOp 2.18 6.26 9.30 3.52 3.81 785 594 388 642 828 526 5.70

KgCoOp 1.44 4.03 9.11 9.32 2.55 190 438 355 3.57 1.58 377 4.11

MaPLe 1.91 6.25 10.65 8.53 3.38 257 860 423 491 655 746 5091

ProGrad 2.88 10.67  8.44 3.03 4.24 312 442 528 6.04 842 1093 6.13

PromptSRC 2.10 4.53 9.59 1248 258 1.59 559 355 251 281 271 455
(c) CAC

Method Caltech101 DTD EuroSAT FGVC Foodl0l ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 2.17 884  7.08 1099 077 592 589 1.87 135 238 235 451

CoCoOp 2.45 7.80 9.71 8.62 1.74 1.54 421 348 268 120 3.18 424
KgCoOp 2.02 5.29 6.39 8.96 0.30 4.85 5.10 234 290 1.14 3.01 3.85
MaPLe 2.26 1031 1622 8.63 1.21 230 557 295 452 196 294 535
ProGrad 2.28 5.17 1070 5.60 1.64 2,15 377 3.69 339 203 4.01 4.04

PromptSRC 1.79 414  7.82 7.89 0.92 222 583229 1.86 1:24 2.19 347

Table 19: Adaptive Calibration Error (ACE) on unseen classes in diverse downstream datasets using
various tuning methods for CLIP-ViT-B/16.

(a) W/O Calibration

Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 1.56 917  9.27 6.02 1.79 212 478 341 338 3.68 5.57 4.6l

CoCoOp 204 1310 1013 1336 178 165 718 217 190 1.69 3.86 5.35
KgCoOp 121 497 702 1064 195 193 514 321 3.2 132 272 3.93
MaPLe 212 2077 1739 1649 114 298 1470 243 298 201 247 7.77
ProGrad 195 554 1673 10.14 141 260 565 270 339 1.02 328 495

PromptSRC 154 489  7.69 1536 148 172 585 2.81 1.88 099 239 4.24

(b) DAC

Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 1.56 9.17  9.27 6.02 1.79 212 478 341 338 3.68 557 4.1

CoCoOp 143 596 9.8 384  3.80 785 596 3.72 632 828 522 5.60

KgCoOp 121 409 930 921 256 195 450 348 341 1.67 3.60 4.09

MaPLe 174 631 1098 851 339 263 859 409 498 6.55 7.44 593

ProGrad 221 1049 859 452 423 318 443 511 594 842 10.86 6.18

PromptSRC 140 433 967 1237 257 1.66 534 336 245 285 2.56 4.41
(c) CAC

Method Caltech101 DTD EuroSAT FGVC Foodl101 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 2.03 8.87 6.87 1086  0.74 592 683 1.83 1.64 229 1.60 450

CoCoOp 1.82 7.92 9.6 8.43 1.65 1.62 49 33 268 12 327 422
KgCoOp 1.57 5.04 6.61 9.06 0.34 475 547 223 2.69 1.03 282 3.78
MaPLe 2.02 10.63 16.09  8.54 1.21 232 562 28 44 207 263 530
ProGrad 1.9 555 10.64 552 1.59 2.18 433 345 3.16 2.15 4.08 4.05

PromptSRC 1.66 5.04 7.42 7.7 0.84 2.18 57 208 1.67 132 1.83 3.40
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Table 20: Maximum Calibration Error (MCE) on unseen classes in diverse downstream datasets
using various tuning methods for CLIP-ViT-B/16.

(a) W/O Calibration
Method Caltech101 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 0.49 284 245 1.75 0.62 049 1.03 1.20 0.73 0.68 1.11 1.22
CoCoOp 1.01 2.88  3.10 2.81 0.59 043 152 0.82 051 0.51 097 1.38
KgCoOp 0.46 135 2.11 2.71 0.65 039 1.14 1.24 071 0.32 0.77 1.08
MaPLe 0.84 371 5.59 4.07 0.46 083 433 1.04 073 0.65 0.66 2.08
ProGrad 1.31 1.77 432 2.67 0.55 080 125 1.07 094 033 1.12 1.47
PromptSRC 0.66 .11 229 3.56 0.56 056 142 1.00 052 0.29 0.78 1.16
(b) DAC
Method Caltech101 DTD EuroSAT FGVC Foodl101 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 0.49 284 245 1.75 0.62 049 1.03 1.20 073 0.68 1.11 1.22
CoCoOp 0.87 1.68  3.34 0.79 1.09 1.17 135 125 139 130 1.15 1.40
KgCoOp 0.42 .17 3.07 2.49 0.83 0.40 1.03 1.30 0.81 0.37 1.05 1.18
MaPLe 0.62 2.01  4.60 1.83 1.07 0.51 1.53 145 127 1.11 1.82 1.62
ProGrad 1.22 283 250 0.85 1.08 063 1.10 1.65 125 140 237 1.53
PromptSRC 0.60 .15 275 2.89 0.87 0.40 1.16 1.19 056 0.58 0.76 1.17
(c) CAC
Method  Caltechl01 DTD EuroSAT FGVC Foodl01 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 1.02 239 240 3.06 0.21 1.80  1.17 0.60 0.30 0.83 0.52 1.30
CoCoOp 0.91 1.73  3.17 2.39 0.55 041 096 128 0.67 032 0.78 1.20
KgCoOp 0.75 145 217 2.33 0.14 1.50  1.13 093 0.67 03 0.76 1.10
MaPLe 0.74 249 622 247 0.48 0.67 1.12 1.17 1.04 042 094 1.61
ProGrad 1.20 1.55  3.29 1.76 0.59 063 1.00 1.35 0.66 045 121 1.24
PromptSRC 0.68 1.14 229 2.52 0.31 0.82 126 0.78 0.52 0.33 0.65 1.03

Table 21: Proximity-Informed Expected Calibration Error (PIECE) on unseen classes in diverse

downstream datasets using various tuning methods for CLIP-ViT-B/16.

(a) W/O Calibration
Method ~ Caltechl01 DTD EuroSAT FGVC Foodl10l ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 3.69 1422 10.14 1024 224 2.98 799 389 476 439 798 6.59
CoCoOp 4.28 1624 13.04 1558 226 2.59 9.13 3.08 4.65 3.25 6.78 7.35
KgCoOp 3.85 1205 975 1332 240 2.78 815 386 521 290 6.69 6.45
MaPLe 4.16 2234 2080 1838 1.87 3.61 1527 339 499 349 6.54 953
ProGrad 5.01 11.67 1725 1317 2.26 3.30 886 3.63 544 298 798 741
PromptSRC 3.55 1294 1080 16.51  2.08 2.72 821 3.83 4.17 274 6.13 6.70
(b) DAC
Method ~ Caltech10l DTD EuroSAT FGVC Foodl0l ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 3.69 1422 10.14 1024 224 2.98 799 389 476 439 798 6.59
CoCoOp 4.81 1237 1234  8.68 4.06 786  9.56 443 7773 840 843 8.06
KgCoOp 3.88 11.51 1152 1226 287 275 8.19 411 539 3.05 731 6.62
MaPLe 4.16 1199 16.60 11.74 3.58 3.06 10.83 490 6.66 6.75 9.78 8.19
ProGrad 543 1387 11.16 870 450 3.67 8.60 5.83 7.26 8.54 12.65 8.20
PromptSRC 3.58 1246 1222 1420 2091 2.57 795 429 478 378 624 6.82
(c) CAC
Method Caltech101 DTD EuroSAT FGVC Foodl101 ImageNet OF OP CARS UCF SUN AVG
ZeroshotCLIP 3.59 1401 849 1339 133 6.26  8.15 2.77 4.07 343 6.16 651
CoCoOp 432 13.56 126 1256 215 266 7.81 413 505 286 74 6.83
KgCoOp 3.94 1224 947 1194 134 521 827 3.04 526 289 6.74 6.39
MaPLe 4.04 1486 20.58 11.16 193 3.06 9.18 374 596 323 6.8 7.69
ProGrad 4.94 1098 1235 10.74 231 3.07 831 438 546 329 837 6.75
PromptSRC 3.62 1292 1075 10.16  1.66 3.16 8.19 333 438 284 631 6.12
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Table 22: Detailed ECE and ACE results on cross-dataset setting (Conf and CAC)

(a) Original ECE results

Source Target
ImageNet Cal DTD EuroSAT FGVC Foodl0l OF OP CARS SUN UCF AVG
CoCoOp 2.28 426 532 5.67 3.59 2.17 261 536 821 297 261 428
KgCoOp 1.93 3.62 741 7.57 5.39 2.37 23 504 482 305 213 437
MaPLe 2.04 241 749 3.55 2.81 271 263 546 753 3.64 207 4.04
ProGrad 2.32 394 6.79 3.11 6.18 2.59 281 518 7.02 222 171 416

PromptSRC 2.11 373  6.67 7.82 3.55 2.09 268 4.63 689 358 234 440

(b) ECE results of CAC
Source Target
ImageNet Cal DTD EuroSAT FGVC Foodl0l OF OP CARS SUN UCF AVG
CoCoOp 1.36 356 745 6.52 4.6 1.26 243 45 6.79 1.64 277 415
KgCoOp 1.7 25 943 8.24 6.71 1.11 235 414 297 191 211 415
MaPLe 1.32 2.06 9.48 34 3.99 1.64 24 462 598 212 146 372
ProGrad 1.13 326 84 3.69 6.73 1.32 3.09 442 553 1.75 2.07 4.03

PromptSRC 1.26 298 8.76 8.87 491 0.94 1.64 3.68 494 1.79  0.68 3.92

(c) Original ACE results

Source Target
ImageNet Cal DTD EuroSAT FGVC Foodl0l OF OP CARS SUN UCF AVG
CoCoOp 2.28 426 6.14 6.51 3.42 2.13 292 474 815 3.02 265 439
KgCoOp 1.97 3.62 735 7.68 5.32 2.34 258 450 480 3.06 209 433
MaPLe 2.13 244 741 4.23 2.74 2.79 279 487 750  3.66 223  4.07
ProGrad 2.32 394 6.73 2.89 5.90 2.60 274 487 7.02 220 174 4.06

PromptSRC 2.14 357 6.84 7.88 3.51 2.11 263 431 687 348 212 433

(d) ACE results of CAC
Source Target
ImageNet Cal DTD EuroSAT FGVC Foodl0l OF OP CARS SUN UCF AVG
CoCoOp 1.44 3.56 7.70 7.00 4.12 1.40 2.84 388 6.71 193 233 415
KgCoOp 1.73 250 943 8.36 6.69 1.11 231 370 3.05 191 206 4.11
MaPLe 1.35 1.89  9.39 4.03 4.00 1.67 238 412 581 224 205 3.6
ProGrad 1.18 326 847 4.04 6.57 1.34 346 4.00 553 1.50 220 4.04

PromptSRC 1.24 274 8.82 8.88 4.62 0.90 1.94 3.61 483 1.86 1.10 3.93

E.5 DETAILED RESULTS OF CROSS-DATASET SETTING

This section showcases detailed results of calibration for the cross-dataset setting, aiming to illus-
trate that CAC facilitates cross-dataset calibration in current prompt tuning. For a comprehensive
evaluation, we use four standard metrics to assess confidence calibration: Expected Calibration Er-
ror (ECE) (Gno“efall, P0T74) and Adaptive Calibration Error (ACE) (Nixon_ef all, P0TY). Detailed
results are shown in Table 2.

E.6 DETAILED RESULTS OF DOMAIN-GENERALIZATION SETTING

This section showcases detailed results of calibration for the domain-generalization setting, aiming
to illustrate that CAC facilitates domain-generalization calibration in current prompt tuning. For a
comprehensive evaluation, we use four standard metrics to assess confidence calibration: Expected
Calibration Error (ECE) (Guo“ef-all, P0I7a) and Adaptive Calibration Error (ACE) (Nixon ef all,
2019). Detailed results are shown in Table 3.
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Table 23: Detailed ECE and ACE results on domain-generalization setting (Conf and CAC)

(a) Original ECE results
Source Target
ImageNet ImageNet-A ImageNet-R ImageNet-S ImageNet-V2 AVG
CoCoOp 2.28 8.95 2.80 2.58 1.54 3.97
KgCoOp 1.93 9.06 3.03 4.18 1.68 4.49
MaPLe 2.04 8.38 3.52 2.72 1.79 4.10
ProGrad 2.32 9.96 243 3.53 1.82 4.44
PromptSRC 2.11 8.00 3.05 3.53 1.82 4.10
(b) ECE results of CAC
Source Target
ImageNet ImageNet-A ImageNet-R ImageNet-S ImageNet-V2 AVG
CoCoOp 1.36 6.61 4.40 0.87 1.61 3.37
KgCoOp 1.7 7.05 0.86 2.16 1.78 2.96
MaPLe 1.32 5.67 3.38 0.64 2.08 2.94
ProGrad 1.13 7.39 2.39 1.26 1.69 3.18
PromptSRC 1.26 6.99 3.96 2.85 1.77 3.89
(c) Original ACE results
Source Target
ImageNet ImageNet-A ImageNet-R ImageNet-S ImageNet-V2 AVG
CoCoOp 2.28 8.90 2.89 2.58 1.47 3.96
KgCoOp 1.97 8.99 3.08 4.17 1.86 4.53
MaPLe 2.13 8.39 3.56 2.71 2.07 4.18
ProGrad 2.32 9.96 2.51 3.53 1.54 4.39
PromptSRC 2.14 7.98 3.11 3.53 1.72 4.09
(d) ACE results of CAC
Source Target
ImageNet ImageNet-A ImageNet-R ImageNet-S ImageNet-V2 AVG
CoCoOp 1.44 6.52 4.45 0.79 1.61 3.34
KgCoOp 1.73 6.98 0.96 2.16 1.89 3.00
MaPLe 1.35 5.64 3.46 0.80 2.15 3.01
ProGrad 1.18 7.39 2.47 1.26 1.54 3.17
PromptSRC 1.24 6.97 4.03 2.85 1.92 3.94
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