


Fig. 1: Setup for interacting with a NAO robot mounted on a forklift. 
The participant begins at the corridor entrance, the robot is located 
behind a wall. Interaction steps: Black: Carrying and placing a tin 
can; Red: Receiving instructions from the NAO robot; Green, Blue: 
Box delivery; Yellow: Interaction conclusion. Insets show egocentric 
eye-tracking with gaze sequences overlaid in brown. 

to enhance classical HRI methods by making interactions 
more adaptive and robust against unexpected human behavior. 
We also emphasize the importance of selecting interaction 
approaches that match the speci�c demands and complexity of 
the task, taking into account factors such as technical imple-
mentation challenges, energy consumption, and the trade-off 
between adaptability and predictability in the user experience. 

II. METHODS 

This paper considers a representative interaction with an 
industrial forklift robot mediated by an anthropomorphic NAO 
robot [5]. During the interaction, the robot asks the participant 
to approach, manipulate objects, and disengage. The interac-
tion is implemented in two conditions: one where the steps 
are scripted and timed, and another where an LLM backbone 
is used to generate �exible actions, adapting to the interaction 
status. We aim to quantify the difference in robot perception 
and task execution between those two conditions. To that end 
we analyze gaze tracking and questionnaire responses, and 
measure energy consumption in both conditions by computing 
power across network nodes and API service calls. 

A. Experiment Design 
The study was conducted in a 10 m x 5 m corridor. Figure 1 

illustrates a sample interaction including sample cutouts of the 
recorded gaze overlays to show what participants observed 
during the interaction. Participants began the experiment at 
one end of the corridor, holding a tin can with both hands. 
Their initial task (given by the experimenter) was to approach 
a table on their right and place the tin can there. During this 
stage, the robot they would later interact with was occluded 
and not visible to them. After the participant had placed the 
tin can on the table and approached the forklift (� 3 m), the 
robot initiated interaction with a prede�ned phrase: �Hello, 
colleague. Please help me with my task.� 

The subsequent interaction followed a sequence plan im-
plemented in two conditions (pre-programmed schedule, or 
PPS, and LLM-enhanced), as depicted in Figure 2. The key 

Fig. 2: Sequence plan of the experiment. The robot is either 
controlled by an LLM (in blue) or a pre-programmed schedule (PPS, 
in orange). Roman numbers I�IV denote the key interaction steps, 
color coded according to Figure 1. 

difference between the two conditions was the interaction 
control mechanism. In the PPS condition, the robot’s behavior 
followed a �xed schedule based on the design in [5], providing 
deterministic and predictable cues without adapting to the 
participant’s speci�c behavior. In contrast, LLM-enhanced re-
sponses utilized an interaction interface incorporating multiple 
visual and gaze attention cues and LLM reasoning abilities. It 
considered possibly visible objects in the participants’ �eld 
of view and the objects they �xated on, providing action 
suggestions based on the egocentric view of the participant 
and the task description. The LLM received these inputs in text 
form, i.e., �These objects are detected in the scene� and �User 
�xated on these objects�. In both conditions, the NAO robot, 
acting as a mediator for the forklift [5], employed multimodal 
communication throughout the interaction, including speech, 
referential gestures (pointing) and gaze behaviors (eye contact 
and head movements) to track and guide the participants. 

In the PPS condition (blue section in Figure 2), Step II 
began once the participant’s walking speed fell below 0.3 m/s. 
The robot instructed them to pick up a box near the table and 
place it on the forklift. When participants focused on the box 
(either immediately or after a 1.5 s delay), the robot speci�ed 
where to place it. The robot used referential gestures and gaze 
throughout this process to improve clarity. If participants did 
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