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Abstract. Computer-use agents (CUAs) are becoming increasingly ca-
pable; however, it remains difficult to scale evaluation of whether a tra-
jectory truly fulfills a user instruction. In this work, we study reward
modeling from execution video: a sequence of keyframes from an agent
trajectory that is independent of the agent’s internal reasoning or ac-
tions. Although video-execution modeling is method-agnostic, it presents
key challenges, including highly redundant layouts and subtle, localized
cues that determine success. We introduce Execution Video Reward 53k
(ExeVR-53k), a dataset of 53k high-quality video—task-reward triplets.
We further propose adversarial instruction translation to synthesize neg-
ative samples with step-level annotations. To enable learning from long,
high-resolution execution videos, we design spatiotemporal token prun-
ing, which removes homogeneous regions and persistent tokens while pre-
serving decisive Ul changes. Building on these components, we fine-tune
an Execution Video Reward Model (ExeVRM) that takes only a user in-
struction and a video-execution sequence to predict task success. Our Ex-
eVRM 8B achieves 84.7% accuracy and 87.7% recall on video-execution
assessment, outperforming strong proprietary models such as GPT-5.2
and Gemini-3 Pro across Ubuntu, macOS, Windows, and Android, while
providing more precise temporal attribution. These results show that
video-execution reward modeling can serve as a scalable, model-agnostic
evaluator for CUAs.

Code: https://github.com/limenlp/ExeVRM
Model: https://huggingface.co/lime-nlp/ExeVRM-8B
Dataset: https://huggingface.co/datasets/lime-nlp/ExeVR-53K

1 Introduction

Computer-use agents (CUA) are becoming a promising paradigm for general-
purpose computer-using automation [1,/2,/16,25,27}31}38}/49,|55}/60L(64L69L[75L(76].
By operating directly on real-world interfaces such as desktops, browsers, and
mobile apps, these agents can execute complex, multi-step tasks in the same
environments humans use. Advances in multimodal foundation models have ac-
celerated this direction [3H5L(7L|17)/18}22}44}/52,/59,62,(72L[79], enabling agents to
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perceive visual layouts, interpret instructions, and interact across diverse plat-
forms.

However, evaluating CUA remains challenging. Existing benchmarks often
rely on handcrafted scripts or task-specific rules to verify completion [26}[41L/47],
which limits scalability and transfer to new tasks and environments. A learned
reward model is a more flexible alternative: given a user instruction and an
execution trajectory, it judges whether the intended goal is achieved. To serve as
a universal evaluator across heterogeneous CUA trajectories, the model should
rely on a representation independent of internal reasoning/action formats (e.g.,
thoughts, tool calls, or code traces). We therefore focus on execution video,
the observable sequence of interface states during interaction, which is method-
agnostic and naturally comparable across different agent designs.

Building reward models from execution video introduces two key challenges.
First, CUA trajectories are highly redundant: large interface regions (e.g., tool-
bars, backgrounds, and layout elements) remain nearly static across steps |34}
37.{70|], while correctness often depends on subtle local changes such as cursor
focus shifts, small text edits, or transient dialogs. The model must therefore
suppress redundant content without missing decisive cues. Second, negative su-
pervision is limited. Public computer-using datasets mainly emphasize successful
or high-quality trajectories for agent training [39./64,70], and failure cases are
rarely paired with explicit annotations of when and why trajectories diverge.
This makes it difficult to build balanced, informative data for reward modeling.

To address these challenges, we construct a training dataset named Execution
Video Reward 53k (ExeVR-53k), a large-scale corpus of execution video trajec-
tories for reward modeling. We unify interaction data from multiple computer-
using training datasets and agent rollouts by converting their logs into a con-
sistent step-level video representation. Each trajectory is segmented into atomic
interaction steps, and a representative key frame is extracted per step to capture
the corresponding interface state. The resulting sequence forms a compact video
summary that preserves the temporal progression of the task while remaining
computationally manageable. To overcome the scarcity of negative supervision,
we further introduce adversarial instruction translation, which synthesizes hard
mismatched instruction—trajectory pairs within the same interface context. By
generating plausible but semantically inconsistent instructions and identifying
the step where the mismatch becomes evident, this process provides informative
contrastive signals for training reward models.

To enable efficient learning from high-resolution, long—horizon execution
videos, we propose a spatiotemporal token pruning strategy tailored to CUA
execution video sequences. Spatial token pruning (STP) removes visually homo-
geneous regions that contribute little discriminative signal, such as large static
backgrounds, while retaining localized UI elements that are more likely to encode
task-relevant information. Temporal token pruning (TTP) further suppresses to-
kens that remain nearly unchanged across consecutive frames, allowing the model
to focus on meaningful state transitions rather than repeated layout structure.
Together, these mechanisms reduce redundancy while preserving subtle visual
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cues that determine correctness, making video-based reward modeling tractable
and robust for CUA environments.

With ExeVR-53k and the proposed spatiotemporal pruning strategy, we fine-
tune an Execution Video Reward Model (ExeVRM) based on Qwen3-VL [72]
to judge CUA task success directly from execution video demonstrations. The
model takes as input a user instruction together with the corresponding execu-
tion video sequence and outputs a judgment of whether the trajectory satisfies
the intended goal. By grounding its decision in the observed interface states over
time, the model learns to associate subtle visual transitions with task success
or failure. Experiments on ExeVR-Bench show that ExeVRM 8B reaches 84.7%
accuracy and 87.7% recall, outperforming strong proprietary baselines (Seed-2.0
Pro [10]: 80.3/74.7; GPT-5.2 [43]: 75.0/66.5 in accuracy /recall) and open-weight
models, while also achieving consistently better temporal attribution (higher
tIoU) for localizing decisive error spans. Discussion and ablations further show
that dense video context is critical compared with sparse screenshot-based eval-
uation, and that 720p inputs with STP+TTP improve completion judgment
(notably recall) over 360p while maintaining tractable long-horizon training via
favorable memory-latency trade-offs.

2 Related Work

2.1 Reward Evaluation for Visual GUI Agents

Large multimodal models have rapidly advanced GUI agents that execute natural-
language instructions. Recent work spans web [20,[231|32}83|, desktop [9}39} /64,
70,[74], and mobile benchmarks [50|, alongside specialized GUI perception/ac-
tion models [25]28},37, 38} 40149, 60,69, 76]. Yet reward evaluation remains a
bottleneck.

Most existing protocols still depend on hand-crafted rules and environment-
specific parsers [9}/21,241/42/46,/70]. Final-state checks are scalable but coarse |26,
41,147]; full-screenshot evaluation improves coverage [13,[36] but is memory-
intensive and often forces downsampling, which can hide subtle yet decisive
GUI cues. Methodologically, prior work has explored Outcome Reward Models
(ORMs) that score only end results [6,4873]. Process Reward Models (PRMs)
provide denser supervision [11}(12}[56,/57,/61,/65,|67,(68,/78,/80], but usually re-
quire O(n) step-wise inference and are vulnerable to error accumulation or re-
ward hacking [81]. Our ExeVRM instead performs holistic video-level judgment
with first-failure localization, reducing step-wise tracing complexity; unlike GUI-
critic-R1 and VAGEN, it relies only on external execution video, without agent-
specific reasoning traces or tool calls [19}[66].

Negative supervision is another bottleneck because public computer-using
data are dominated by successful trajectories [23}/7083]. Existing negative con-
struction relies on passive failure collection [13}/41], expert annotation [12}36],
model annotation [48,/66], or rule-based corruption [67,[68]. In contrast, we pair
successful trajectories with semantically mismatched instructions to generate
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scalable hard negatives, while standardizing heterogeneous data sources into a
unified representation [39,64,(70].

2.2 Efficient Video Understanding and Token Pruning

Efficient token pruning is critical to enabling reward models to process GUI ex-
ecution videos at scale. Prior methods for visual token pruning [8)/141|15}30, 51,
53,54} 77| are mainly developed for natural or egocentric images or videos and
often target action recognition or step localization. In GUI trajectories, however,
critical evidence is frequently subtle and transient across adjacent key frames,
so current methods might remove semantically important Ul cues. Meanwhile,
large static regions within each frame introduce substantial token redundancy
that inflates memory cost with limited reward signal [29,/71]. However, methods
tailored to GUI settings remain underexplored. Prior work study spatial-only
dropout on single screenshot [37,|45], while we propose a more fine-grained spa-
tiotemporal token pruning mechanism. Despite their spatiotemporal awareness,
GUI-Pruner |71] and GUI-KV [29] are primarily designed for test-time memory
saving during agent execution. In contrast, we adopt simpler spatial pruning and
more robust temporal strategies to preserve tiny yet decision-critical visual evi-
dence over long-horizon trajectories, which finally contributes to efficient reward
modeling for outcome assessment and error attribution.

3 Execution Video Reward Modeling

3.1 ExeVR-53k

To address the data bottleneck in
training reward models for com-
puter use, we introduce Execution

Video Reward 53k (ExeVR-53k), a 5 £ &
training dataset of video trajecto- ") > P
ries curated from AgentNet [64], . »@,"fﬁ & -
ScaleCUA [39], and OSWorld [70]. T g e

Existing resources are either lim- % —
ited in scale or lack diversity in ﬁ 0'2_3& .,
agent behaviors; ExeVR-53k bridges g o 5
this gap by combining human- A . 2,
supervised demonstrations (Agent- & | i 2 %

Net and ScaleCUA) with solutions ¢ MR

generated by 30 diverse computer-
using agents (OSWorld), spanning
end-to-end and agentic paradigms.  pyo 1. Tusk distribution of ExéVR-53k.
We summarize the resulting data
composition and key statistics in

We build our training corpus by leveraging existing computer-using datasets:
AgentNet, ScaleCUA, and OSWorld. We convert their interaction records into
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Table 1: Statistics of ExeVR-53k sources.

Dataset Tasks Trajectories Trajectory Type Accuracy
AgentNet [64] 23k 23k Human 50% (w/ synthetic)
ScaleCUA |39] 7k Tk Agent (human evaluation) 50% (w/ synthetic)
OSWorld [70] 361 23k Agent (rule-based evaluation) 32%

a unified step-level video representation. Concretely, we segment each recorded
trajectory into step units and retrieve a representative key frame (a screenshot
after an action) for each step to capture the corresponding UT state. We then con-
catenate these key frames in temporal order to form a compact video summary
rendered at 1 FPS, coarse-grained progression of the interaction while keep-
ing the input length manageable. summarizes the task composition of
ExeVR-53k across sources, highlighting the diversity of operating environments
and task categories covered in our collected trajectories.

OSWorld [70] focuses on realistic computer-using evaluation over open-domain
web and desktop applications, including OS file I/O, multi-application workflows,
and system-level operations. It contains 369 tasks (with 361 commonly evaluated
and 8 optional Google Drive tasks). Unlike demonstration datasets, OSWorld
does not provide fixed ground-truth trajectories; instead, each task is specified
by environment initialization plus executable evaluation scripts, and computer-
using agents generate trajectories during evaluation. In our pipeline, we treat
rollouts from 30 different computer-using agents |15} 7,|16}18},/25,271|31}/38}/44]
4911521591160}, 64.(69L75,|76] on 361 tasks as trajectories and apply the same step
segmentation and key-frame summarization procedure to obtain training-ready
video sequences.

AgentNet [64] provides human demonstration trajectories spanning real-world
desktop and web workflows. It covers four main domains with 11 finer-grained
subdomains, including e-commerce, news & entertainment, lifestyle, social media
and communication, office tools, task management and collaboration, creative
design and multimedia, development and engineering, knowledge discovery and
research, data analysis, web tools and internet utilities, and operating systems
and utilities. We use 22,625 human-labeled tasks from AgentNet. The trajectories
are collected across multiple operating systems, including Windows (12K tasks),
macOS (5K tasks), and Ubuntu (5K tasks), and are recorded as step-by-step
human demonstrations.

ScaleCUA [39] is a large-scale, GUI-centric dataset designed to support ground-
ing and end-to-end computer-using learning across a diverse set of platforms. The
paper defines three high-level task domains centered on GUI/action grounding,
navigation and interaction, and trajectory-level task execution. The dataset ad-
ditionally contains multiple interaction types, although exact per-domain statis-
tics are not fully disclosed publicly in the dataset card. ScaleCUA spans Linux,
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macOS, Windows, Android, and the Web. Its data is produced via a hybrid
pipeline: grounding examples are collected largely automatically and annotated
with LLM assistance followed by human verification, while trajectory data relies
on human interaction logs augmented with LLM-generated annotations.

3.2 Adversarial Instruction Translation

Video Trajectory

Negative
Samples

Unpaired Task

159
Vision Language Model
Instruction
Given the video trajectory and the user
task, provide an incorrect yet solvable
User task task along with your justification.
L

Fig. 2: Illustration of how we synthesize negative samples via adversarial instruction
translation. We use GPT-5.2 as the Vision Language Model.

Step Justification

.

AgentNet and ScaleCUA predominantly provide positive supervision because
they are collected as successful demonstrations for training GUI agents. To ob-
tain informative counterexamples for reward modeling, we introduce a simple yet
effective synthetic-negative construction procedure, which we term adversarial
translation, inspired by back-translation [35]. As illustrated in [Figure 2| we start
from a valid trajectory segment (a short sequence of Ul states and actions) and
prompt a vision—language model to generate an unpaired task instruction that
is plausible in the same interface context but does not match the demonstrated
segment. During this translation process, the model is required to output both
(i) a brief justification of why the segment violates the generated instruction and
(ii) a reference step (i.e., the time index where the mismatch first becomes ev-
ident); we use these justifications as attribution labels for temporal grounding.
This yields hard negatives that are visually similar yet semantically inconsis-
tent with the intended goal. We then manually verify these synthetic pairs and
retain only high-quality negatives; in our annotation audit, the resulting nega-
tives achieve a 100% human pass rate on a selected subset, providing reliable
contrastive supervision for training our reward model.

3.3 Spatiotemporal Token Pruning

Computer-use trajectory videos contain a large number of fine-grained elements
at different scales, such as windows, icons, menus, cursors, and small text. Train-
ing reward models for computer use often benefits from high-resolution video
inputs, where these subtle Ul cues are clearly visible. However, the computa-
tional cost of processing high-resolution frames is substantial: naively placing
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Algorithm 1 Training w,/ Spatiotemporal Token Pruning

Require: Training dataset Dirain, vision—language model M, STP threshold 75, TTP
threshold 7, component threshold Tjarge

1: Freeze vision encoder V and projector P > Only train LLM parameters
2: for (X,V,Y) ~ Dirain do > X: text tokens, V: video frames, Y: labels
3: // Token Pruning

4: Zy < V(V) > Encode video frames into patch tokens
5: M; < STP(Zv, s, Tiarge) > |Algorithm 2
6: M, + TTP(Zv, 1) >|Algorithm 3
7 M +— M; A M, > Token kept only if both agree
8: // Apply Masks to Video Tokens

9: Zy + Pack(Zv, M) > Drop pruned tokens and re-pack sequence
10: Hy « P(Zv) > Project visual tokens to LLM input space

11: // Update Model

12: YA'(*MLLM(I?V,X)

13: Lom < LY,Y)

14: Update trainable parameters with V..,
15: end for

all frames at full resolution into the model context quickly exhausts the token
budget and leads to prohibitive memory usage, making it difficult to fit long
interaction trajectories into a single forward-backward pass. To address this is-
sue, we propose Spatiotemporal Token Pruning, which can significantly reduce
the effective context length by pruning redundant visual tokens in both space
and time. As summarized in we combine Spatial Token Pruning
(STP; to discard spatially redundant background regions within each
frame, and Temporal Token Pruning (TTP; to suppress temporally
repeated tokens across frames, enabling efficient training with high-resolution
videos without sacrificing the transient Ul evidence critical for decision making.

Spatial Token Pruning Let P € RV*P denote the patch-feature matrix
produced by the frozen vision encoder, where N = T x H' x W’ is the total
number of spatiotemporal patches across T frames on an H' x W’ grid, and
D is the feature dimension. Inspired by ShowUI [37], we construct a per-frame
Ul-connected graph G(*) = (V) E®) where each node in V) corresponds to
a patch and edges in E®) connect spatial neighbors with similar features. The
resulting connected components are denoted by C(*) = {C’ft)7 cee C%z }+. We use 7
as the similarity threshold for establishing edges, and Tiarge as the size threshold
for identifying components to be removed. For each frame ¢, STP outputs a
binary mask M e {0, 1} *W" indicating which patches are retained.

For a single frame t, we reshape patch features into a grid P®) e RHE'XW'xD
where H' = H/m and W' = W/m for merge size m. We first compute local
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Algorithm 2 Spatial Token Pruning (STP)

Require: Patch features P, adjacency threshold 7, large-component threshold Tiarge
1: Reshape P € RV*? into per-frame grids P® e RH'XW'xD 4 [T]

2: fort< 1toT. do

3: Compute neighbor distances d\” (i, j) and d3" (i, j) from P®,
Define adjacency indicator eEl)J)H(l, i
Build graph ¢ = (V“), E(t)) from e )i 57y
Obtain connected components C*) = {C’,gt>},
Mark large components R® - c® using Tlarge-

8: Construct spatial mask M € {0, 117 %" from R®.
9: end for
10: return {Mgt>},5T:1

using Ts.

feature differences between neighboring patches. The horizontal difference is

dh (i, §) = HP“) P§f}+1H2, 1<i<H, 1<j<W, (1)

while the vertical difference is

d(t Z j HP(t) P(t)

L 1<i<H, 1<j<W. 2)
2

Let N (i, ) be the 4-neighborhood of location (i, j). Two patches are connected
if they are neighbors and their feature distance is below 75:

(t) () (t)
€l gy (i gy = ]l[( "3 e N(i,5) /\HP - P ,

< TS} . (3)

We then apply Union-Find on G®) to obtain connected components and select
large components for pruning;:

c<t>:Union_Fmd(v<t>,E<t>), RO = {C’GC el >narge}. (4)

Let C® (i, §) denote the component containing patch (4, 7). The spatial mask

£ OO (5.4 (t)
M(t)(i’j){o it CW(i,5) e R\, (5)

is

1 otherwise.
Applying Mgt) filters the original token grid and packs the remaining tokens
into a shorter sequence, which is then fed to the vision-language model. This
parameter-free procedure preserves local Ul structure and effectively reduces
redundant spatial tokens while retaining fine-grained cues.

Temporal Token Pruning In Ul-dense videos, spatial redundancy alone is
often insufficient: many frames share the same layout (menus, sidebars, tool-
bars, and background windows), while task-relevant evidence is concentrated in
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Algorithm 3 Temporal Token Pruning (TTP)

Require: Video tokens V € RT*N*P " threshold 7, similarity simeos (-, -)
1: fori=0to N —1do

2: V(r8f> — v(0> > Frame 0 is the initial reference frame
3: Mt(O i) <1 > Always keep reference frame
4: fort=1to7T —1do

5: if smlcos(v(ref) (t>) > 7; then

6: M;(t,i) <0 > Similar to reference, remove
7 else

8: M,(t,1) + 1 > Different from reference, keep
9: v o y® > Update reference
10: end if

11: end for

12: end for

13: return M;

small, transient changes (e.g., a highlighted button, a newly opened dropdown,
a scrolling offset, or a cursor-driven text update). In such cases, STP may still
retain many tokens per frame because the Ul contains high-contrast elements ev-
erywhere, even though most of them remain unchanged across adjacent frames.
Moreover, STP can be unreliable in the presence of visually significant yet se-
mantically irrelevant content (e.g., image-dense webpages). Therefore, we further
propose temporal token pruning (TTP), which complements STP by removing
temporally repeated tokens and reallocating the token budget to regions that
actually evolve over time.

We denote the video token tensor by V. € RT*NXDP where T is the number
of frames, N is the number of (merged) spatial tokens per frame, and D is the

token dimension. Let v(t) RP? be the token at spatial location ¢ in frame t.
Analogous to STP, our goal is to identify and remove tokens that contribute
little new information under the Ul-centric computer-using setting. While STP
suppresses spatially homogeneous regions within each frame, TTP targets re-
dundancy across time by filtering tokens whose appearance remains nearly un-
changed over consecutive frames.

Specifically, for each spatial location i, we maintain a reference token v(ref)
initialized from the first frame and compare subsequent tokens against this ref—
erence using cosine similarity simeqs(-, ). We set the temporal mask as

M, (t,i) = 1 [simCOS (vg“*f),vgt)) < rt} . tell,....T—1). (6)

We always keep the first-frame token by setting M;(0,7) = 1. Equivalently, a

(ref) (t) )

token is pruned when simeqs(v; > 73. The reference update follows

(® ; -
Vgref) « {Vz‘ if Mt(tvz) =1, (7)

£ .
vgre ) otherwise.
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where 7; is the similarity threshold. This update rule ensures that each loca-
tion is compared against its most recent “distinct” state, effectively capturing
step-wise Ul transitions (cursor moves, menu expansion, scrolling, and window
switching) while ignoring static backgrounds. Finally, constructs
a binary temporal mask M; € {0,1}7*" which can be applied to the token
sequence to drop temporally redundant tokens.

4 Experiments

4.1 Implementation Details

Our approach introduces three key hyperparameters controlling token filtering:
the spatial threshold 75 for STP, the temporal similarity threshold 7, for TTP,
and a “large-component” threshold 7, used to guard against over-pruning
when abrupt UI transitions occur. Intuitively, decreasing 7, makes STP more
aggressive by removing a larger portion of spatially low-saliency tokens, while
increasing 75 retains more within-frame context at the cost of a higher token
budget. Similarly, increasing 7 makes TTP stricter (i.e., only near-identical to-
kens are removed), whereas lowering 7; prunes more temporal repeats but risks
discarding subtle yet task-relevant UI updates. We set 7, = 0.3, 7 = 0.9999,
and Tiarge = 40 for all experiments. We instantiate our video reward model
from Qwen3-VL-4B-Instruct and Qwen3-VL-8B-Instruct, and fine-tune with
a learning rate of 5 x 107 using a cosine decay schedule. All training runs are
performed on 8xNVIDIA A100 GPUs with 80 GB memory each. Our training
is based on a modified LLaMA-Factory [82] framework.

4.2 Evaluation Protocol

ExeVR-Bench We build our evaluation benchmark, ExeVR-Bench, from a
held-out split of ExeVR-53k. Each instance pairs a user instruction with a
video trajectory. We evaluate two settings: (i) binary judgment (correct vs.
incorrect), and (ii) attribution judgment, which additionally requires a short
time range indicating where the first error occurs. The initial pool contains 800
tasks, evenly split across Ubuntu (Agent), Ubuntu (Human), Mac/Win, and An-
droid. For Ubuntu (Agent), we sample 10 tasks from OSWorld and collect 200
distinct solutions to capture trajectory diversity under shared goals; for Ubuntu
(Human), Mac/Win, and Android, we separate 200 unique task—solution pairs
per category from ExeVR-53k to broaden task coverage. We also annotate 200
instances with first-deviation time ranges for fine-grained temporal localization
evaluation. For consistent visual input, all videos are rendered at 720p, and
models receive up to 100 frames at 1 FPS (uniformly sampled when longer).
After removing unsolvable tasks, ExeVR-Bench contains 789 instances, with an
approximately balanced class ratio (49.94% positive vs. 50.06% negative).
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Table 2: Detailed performance on Agent/Human trajectory evaluation on ExeVR-
Bench. We report Accuracy (Acc), Precision (Prec), and Recall (Rec). Underline indi-
cates the second-best result, and bold indicates the best result. ExeVRM 8B achieves
the best overall balance, outperforming open-source baselines and matching or exceed-
ing strong proprietary models on most settings.

Ubuntu (Agent) Ubuntu (Human) Mac/Win Android Overall

Model

ode Acc. Prec. Rec.|Acc. Prec. Rec. |Acc. Prec. Rec.|Acc. Prec. Rec.|Acc. Prec. Rec.

Proprietary Models

Gemini 2.5 Pro 18] 846 85.6 828|645 822 37.0 |69.0 839 47.0| 740 81.6 62.0| 728 835 56.7
Gemini 3 Pro [58] 80.4 75.0 90.0|71.2 71.7 71.0 | 75.6 75.3 76.8 | 73.5 74.7 71.0| 751 74.2 76.7
GPT-5.2 [43] 82,5 85.1 787|740 84.3 59.0 | 745 88.9 68.7 | 745 755 758|750 827 66.5
Seed-2.0 Pro |10] 85.1 85.1 85.1|77.2 817 69.1 |81.0 86.1 74.0|78.0 82.6 71.0|80.3 83.9 747

Open-sourced Models

LLaVA-Next-Video 7B [33] 50.8 51.6 17.0 | 48.5 46.7 21.0 |49.5 488 21.0]49.0 47.5 19.0|13.6 484 19.4
InternVL-3.5 8B [63] 64.6 64.8 55.9 |52.0 522 48.0 | 59.5 58.6 650 |57.5 59.3 48.0|56.6 589 559
Qwen2.5-VL 7B _|7] 64.6 655 60.6 |63.0 65.1 56.0 | 68.0 743 550|635 627 660|645 66.6 59.2
Qwen3-VL 4B |72] 76.2 729 829|725 765 650 |745 743 750|685 708 63.0]|729 737 713
Qwen3-VL 8B |72] 71.4 744 649 ]69.0 86.5 45.0 |66.5 81.1 43.0| 645 71.6 48.0|67.7 77.6 49.9
ExeVRM 4B 77.8 833 69.1|81.0 829 78.0 |90.0 87.7 93.0 725 66.4 91.0|80.1 79.2 82.5
ExeVRM 8B 82.5 85.9 77.7|84.0 84.0 84.0 |89.0 855 94.0|83.5 77.2 95.0|84.7 829 87.7

Evaluation metrics We report standard classification metrics, including accu-
racy, precision, and recall, to measure how well the reward model distinguishes
positive from negative trajectories. In addition, to evaluate temporal ground-
ing quality, i.e., whether the model localizes the critical time span responsible
for failure, we compute a temporal intersection-over-union (tIoU) between the
model-predicted interval Z = [f,, ] and the ground-truth interval Z = [t,t.]:

B IZNI| B max (0, min (e, t.) — max(fs, t,))
Czuzl max(lete) —min(fsts)

tIoU(Z,T) (8)

This metric rewards accurate localization and penalizes overly broad predictions.

4.3 Main Result

Performance comparison Consistent with ExeVRM 8B ranks first
overall with 84.7 accuracy, 82.9 precision, and 87.7 recall, surpassing the strongest
proprietary baselines Seed-2.0 Pro (80.3/83.9/74.7) and GPT-5.2 (75.0/82.7/66.5).
It also outperforms the best open-weight models by +17.1 accuracy points over
Qwen3-VL 8B and +28.2 over InternVL-3.5 8B, while substantially improving
recall (87.7 vs. 49.9 and 55.9). Gains are consistent across settings: Mac/Win
reaches 89.0 accuracy with 94.0 recall, Android reaches 83.5 accuracy with 95.0
recall, and Ubuntu reaches 82.5/77.7 (Agent) and 84.0/84.0 (Human) for ac-
curacy /recall, all leading their baselines. Scaling from 4B to 8B further brings
+4.6 overall accuracy (84.7 vs. 80.1) and +5.2 recall (87.7 vs. 82.5), with the
largest gains on Android (+11.0) and Ubuntu (Agent, +4.8).
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Attribution comparison Beyond
overall accuracy, we analyze attribu-
tion quality: how well a model can

localize the decisive temporal win- 0-30 02785
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Table 3: Performance comparison across different evaluation strategies. Here Tail (T)
means the last screenshot and Head (H) means the first screenshot. Compact denotes
a compact list of action history, while Details denotes a structured action history.
Oneshot means there is an example in the prompt as a reference.

Model Method Res. Visual Info. Ubuntu(Human) Mac/Win
Acc. Prec. Rec. Acc. Prec. Rec.
AER 720p Tail Compact 585 53.3 703 69.0 84.0 729
Simplified Judge 720p H+T Details 575 521 81.3 70.8 871 715
Qwen3-VL 4B SE-WSM . 360p Full None 50.5 44.6 36.3 46.0 84.1 35.1
ZeroGUI . 360p Full Oneshot 48.0 425 40.7 51.5 81.4 46.4
ExeVRM 4B (Ours) 720p  Video None 81.0 82.9 780 90.0 87.7 93.0
AER 720p Tail Compact 55.0 50.5 61.5 68.0 80.4 76.2
Simplified Judge 720p H+T Details 585 53.5 681 782 89.6 80.1
Qwen3-VL 8B SE-WSM 360p Full None 48.5 432 418 51.0 81.5 464
ZeroGUI 360p Full Oneshot  50.0 46.7 61.5 63.5 81.5 66.9

ExeVRM 8B (Ours) 720p  Video None 84.0 84.0 84.0 89.0 85.5 94.0

5 Discussion & Ablation Studies

Findings 1: Dense video context outperforms sparse snapshots Pre-
vious work on task-completion assessment in CUA largely relies on screenshots
rather than execution video. In particular, AER evaluates only the final-state
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Table 4: Effect of input resolution on reward-model performance. Increasing the in-
put from 360p to 720p with spatiotemporal token pruning (STP&TTP) consistently
improves accuracy and recall for both Qwen3-VL 4B and 8B.

Model Resolution Accuracy Precision Recall
360p 79.3 80.6 77.8

Qwen3-VL 4B 790 (w/STP & TTP) 80.1 79.2 82.5
360p 81.5 82.5 80.5

Quen3-VL 8B o0 (w/STP & TTP)  84.7 82.9 87.7

Table 5: Ablation of spatiotemporal token pruning on Qwen3-VL 4B. STP denotes
spatial token pruning and TTP denotes temporal token pruning. TTP contributes
stronger gains than STP when used alone, while the full STP+TTP configuration
remains competitive and achieves the highest recall.

Model w/STP w/TTP Accuracy Precision Recall
v 77.6 81.7 72.6

Qwen3-VL 4B v 80.3 81.3 79.3
v v 80.1 79.2 82.5

screenshot, while Simplified Judge [41] add initial screenshot into considerations.
However, these sparse-observation methods underperform , indicating
that ignoring causal transitions throughout the interaction makes accurate com-
pletion judgment difficult. SE-WSM [57] and ZeroGUI [73] instead feed every
key frame to the model, which leads to OOM on a single A100 (80GB) without
token pruning. If we reduce the resolution to 360p to meet the constraint, per-
formance can even fall below AER [47] that only judges final state. This finding
highlights the necessity of both video-based assessment and token pruning.

Findings 2: Higher resolution brings more benefit for reward modeling
As shown in moving from 360p to 720p yields clear gains in completion
judgment quality, especially in recall. For Qwen3-VL 4B, accuracy improves from
79.3 to 80.1 and recall rises from 77.8 to 82.5 (+4.7), with a modest precision drop
(80.6—79.2). For Qwen3-VL 8B, all three metrics improve: accuracy increases
from 81.5 to 84.7 (43.2), precision from 82.5 to 82.9, and recall from 80.5 to
87.7 (+7.2). These results indicate that higher-resolution inputs preserve fine-
grained GUI cues (e.g., small text edits and localized state changes) that are
frequently decisive for reward prediction, while STP/TTP keeps 720p training
and inference tractable.

Findings 3: Asymmetric Effects of Spatial and Temporal Pruning
reveals an asymmetric contribution of the two pruning modules. Applying
STP alone yields lower accuracy and recall (77.9/72.6), whereas TTP alone pro-
vides the strongest overall balance (80.3/79.3). We conjecture this trend follows
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Fig. 4: Efficiency analysis. Left: memory usage. Right: runtime.

from the nature of GUI trajectories: within-frame saliency is often dominated by
visually rich yet task-irrelevant regions (e.g., dense menus, icons, and textured
webpage content), so spatial pruning may occasionally discard fine-grained cues
that are weak visually but decisive for completion judgment. By contrast, reward
prediction is primarily driven by inter-frame state transitions, which are directly
targeted by TTP through suppressing temporally repeated tokens and preserv-
ing changing evidence. Notably, enabling STP and TTP jointly causes only a
marginal accuracy change relative to TTP-only (80.1 vs. 80.3) while improving
recall to 82.5, suggesting that the full configuration remains robust and mainly
induces a precision—recall trade-off rather than a substantial performance drop.

Findings 4: Spatiotemporal pruning improves training efficiency As
shown in both peak GPU memory and per-step training time in-
crease with the number of input frames for all variants, but the growth rates
differ substantially. With 50 frames, STP-only reaches about 56 GiB memory
and 6.2s/step, while TTP-only rises further to about 68 GiB and 7.8 s/step. In
contrast, combining STP and TTP keeps the footprint much lower (~49.5 GiB
and 5.8s/step), and remains close to the 40 GiB regime up to 20 frames. This
trend is consistent with our method design: spatial pruning removes large homo-
geneous regions in each frame, whereas temporal pruning suppresses repeated
tokens across adjacent frames. Jointly applying both reduces redundancy along
both spatial and temporal dimensions, so the benefit becomes more pronounced
as trajectories get longer. These efficiency gains are what make 720p long-
horizon reward-model training practical under our hardware setup (8xA100-
80GB), without resorting to aggressive resolution downsampling. Additional
analyses and visualizations of STP and TTP are provided in the supplemen-
tary materials.
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Fig. 5: Comparison of STP and TTP

5.1 Visualization of STP and TTP

[Figure B visualizes how STP and TTP reduce redundancy in video tokens. Under
Qwen3-VL tokenization, each frame is represented by 880 tokens after spatial
patch merging, and adjacent frames are further merged temporally. To stay con-
sistent with this tokenization pipeline, we first compute STP masks on the origi-
nal spatial patch grid, and then merge masks for temporally adjacent frames with
a logical OR before applying them to merged tokens. This implementation detail
explains the blank area on the right side of the first panel in frame 1: if a region is
pruned in either of the two frames that are temporally merged, the correspond-
ing merged token remains masked. TTP is then applied directly in token space.
Because each token already carries information from neighboring frames, some
content that appears early in the trajectory can remain visible in later visualiza-
tions. Nevertheless, TTP still removes a large amount of persistent redundancy,
including repeated sidebars, window chrome, and static wallpaper/background
regions.

6 Conclusion

In this work, we present a video-execution paradigm for reward modeling of
computer-using agents (CUA). We introduce ExeVR-53k, a 53k-scale corpus
of instruction—video-reward triplets, and propose adversarial instruction trans-
lation to synthesize hard negative pairs with step-level mismatch signals while
producing justification-based attribution labels for temporal grounding. To make
long-horizon, high-resolution execution videos trainable, we further develop spa-
tiotemporal token pruning (STP-+TTP), which reduces redundant spatial and
temporal tokens while preserving decisive Ul evidence.
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