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Abstract The debate on the experimental method, its role, its limits, and its possi-

ble applications has recently gained attention in autonomous robotics. If, from the 

one hand, classical experimental principles, such as repeatability and reproducibil-

ity, play as an inspiration for the development of good experimental practices in 

this research area, from the other hand, some recent analyses have evidenced that 

rigorous experimental approaches are not yet full part of the research habits in this 

community. In this paper, in order to give reason of a part of the current experi-

mental practice in autonomous robotics that cannot be satisfactorily accommodat-

ed under the traditional concept of controlled experiment, we will advance the no-

tion of explorative experiment. Explorative experiments in this context should be 

intended as a form of investigation carried out in the absence of a proper theory or 

theoretical background, where the control of the experimental factors cannot be 

fully managed from the beginning. We show that this notion arises from (and is 

supported by) the analysis of the experimental activities reported in a significant 

sample of papers that have been given awards at two of the largest and most im-

pacting robotics research conferences. 

1 Introduction 

The discussion on experiments and the effort in developing good experimental 

methodologies have gained attention in autonomous robotics in the very last years. 

This field is oriented to develop robot systems1 that are autonomous in the sense 

that they have the ability to operate without continuous human intervention, in or-

der to work in places hardly accessible by humans or in cooperation with humans 

in common environments. In autonomous robotics, human operators evolve from 

being active controllers of the robot systems to being more passive supervisors of 

the same robot systems. 

The increasing attention to experimental issues in this field can be attributed to 

many factors. For sure, disciplinary and scientific ones play an important role, as 

                                                           
1 Generally speaking, and for the purpose of our presentation, a robot system is 

an artifact that interacts with the external environment through its sensors and ac-

tuators and that is controlled by software programs. 
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autonomous robotics strives for reaching the same methodological standards of 

other scientific disciplines. Also practical accomplishments are essential in pro-

moting standard ways to measure performance and parameters (e.g., those related 

to safety). Finally, commercial purposes are emerging with the aim of having 

standard benchmarks to evaluate products. Accordingly, a number of initiatives 

have been promoted, ranging from workshop series [Bonsignorio et al., 2015], to 

special issues of journals [Bonsignorio and del Pobil, 2015], to European projects 

funded under different programs [Rawseeds, 2015; RoCKIn, 2015], to a general-

ized interest to experimental issues.  

When analyzing the experimental trends emerging in the community, two dif-

ferent tendencies can be observed: on the one hand, the principles of experimental 

method (such as comparison, reproducibility, repeatability, justification, and gen-

eralization) play an inspirational role in the direction of defining a more rigorous 

approach to experiments; on the other hand, these rigorous approaches are not yet 

full part of the current research practice in robotics. For instance, from the system-

atic analysis presented in [Amigoni et al., 2014], it emerges that only few of the 

experiments conducted in a significant sample of autonomous robotics articles 

come close to controlled experiments in the sense employed by [Tedre, 2015] for 

computing in general. 

To better investigate the nature and the role of experiments in autonomous ro-

botics within this heterogeneous and dynamic context, we believe that the current 

debate needs to be widened. It has to take into account not only the traditional 

tools of the philosophy of science, in the form of the philosophy of experimenta-

tion, but also other disciplines, both already existing (such as the philosophy of 

technology) and under development (such as the interdisciplinary field labelled 

philosophy and engineering). In this paper, we propose to stretch the traditional 

idea of experiment, with the aim of introducing the (still preliminary) notion of 

explorative experiment to give reason of a part of the current practice in autono-

mous robotics. To a first approximation, explorative experiments are forms of em-

pirical investigation on the functioning of artifacts and on their interaction with the 

environment, in absence of a proper theory or theoretical background and without 

the typical constraints of controlled experiments. Our main original contribution is 

thus a step toward an enlarged framework that can satisfactorily account for all the 

different forms of experimentation in autonomous robotics. 

With the aim of making the discussion more concrete, and without any attempt 

of being exhaustive, we analyze the papers that in the last years have been given 

awards at the IEEE International Conference on Robotics and Automation (ICRA) 

and at the IEEE/RSJ International Conference on Intelligent Robots and Systems 

(IROS), which are two large and impacting robotics research conferences. Our 

goal is to show how the notion of explorative experiment emerges from the cur-

rent practice and how it can give reasons of some current experimental activities 

in autonomous robotics, in addition and beyond the traditional notion of experi-

mentation. 
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In the following, we widen the framework of experimentation by considering 

the many faces of experiments already proposed for computing2 and the notion of 

directly action-guiding experiments, and by analyzing the crisis of the traditional 

experimental paradigm, as it has been conceptualized for experiments with new 

technologies (Section 2). We, then, survey how experiments are conducted in the 

current practice of autonomous robotics and how they can fit within the already 

existing categories of experiments in computing (Section 3). Finally, we advance a 

definition of explorative experiments capable to take into account a significant 

part of the current experimental practice in autonomous robotics (Section 4). 

2 Widening the experimental framework  

In this section, we introduce the concepts that enable to enlarge the framework 

for reflecting on experimentation in autonomous robotics. 

The many faces of experimentation. The term ‘experiment’ is used in the 

field of computing in a variety of ways. As it has been reconstructed in detail by 

[Tedre, 2015], at least five different views of experiments can be recognized in the 

practice of the field. There are the so called feasibility experiments aimed at em-

pirically demonstrating (‘demonstration’ and ‘experiment’ are terms commonly 

used as synonymous in computing) the proper development and working of a 

technology. There are trial experiments, evaluating some aspects of a system us-

ing predetermined variables in a laboratory, and field experiments, aimed at evalu-

ating these aspects of a system outside the laboratory, in the real world. There are 

also comparison experiments devoted to compare different solutions to look for 

the best one for a specific problem. And, finally, there are controlled experiments, 

those more similar to the traditional notion of experimentation and aimed at 

achieving generalization and prediction. What is important in this account is not 

how the notion of experiment should be used, but how it is actually used: “Many 

would object against calling, for instance, feasibility demonstrations ‘experi-

ments,’ arguing that the term ‘experiment’ has a special meaning in science. They 

are right. But if one looks at how authors in computing have used the term—not 

how it should be used—those five uses are easily found” [Tedre, 2015, 190]. The 

differences introduced by these categories are surely of great importance in our 

discussion and in the next sections we will argue for their extension to autono-

mous robotics at the light of the experimental activities reported in the papers we 

surveyed.  

                                                           
2 In this work we use the term “computing”, “computer science”, and “comput-

er science and engineering” in an interchangeable way to name the academic dis-

cipline. While recognizing the relevant difference between the theoretical and 

practical ends of the computing spectrum, introducing a taxonomy is beyond our 

scope here. 
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Directly action-guiding experiments. Besides the traditional notions of exper-

iments, such as the ones just presented, we introduce here that of directly action-

guiding experiments, as technological forms of experimentation already present in 

pre-scientific times. In particular, the difference between epistemic experiments 

and directly action-guiding experiments, as recently conceptualized in [Hansson, 

2015], can help emphasizing not only that explorative experiments we discuss in 

this paper are performed on artifacts (and not on natural phenomena), but also that 

they have different purposes than the epistemic ones. An experiment is epistemic 

when it aims at providing information about the workings of the natural world, 

whereas an experiment is directly action-guiding when it satisfies two criteria: (a) 

the outcome looked for consists in the attainment of some desired goal of human 

action and (b) the interventions studied are potential candidates for being per-

formed in a non-experimental setting in order to achieve that goal. A clinical trial 

of an analgesic is one of the examples provided by Hansson to illustrate a directly 

action-guiding experiment, where the outcome looked for is the efficient pain re-

duction and the experimental intervention is the treatment that might be adminis-

tered. A systematic test on an autonomous robot employed to assist an elderly per-

son in her home is also an example of a directly action-guiding experiment: the 

outcome looked for is the proper interaction of the robot with the person and the 

experimental intervention consists in the careful tuning of the abilities that the ro-

bot must possess to positively achieve this goal.  

Exploratory experiments. Directly action-guiding experiments contribute also 

to introduce an explorative element that characterizes experimentation in autono-

mous robotics, as we will see in the next sections. The concept of experiment as 

exploration is not new. For example, in some recent philosophical research, ex-

ploratory experimentation labels those forms of experimentation in science which 

are not always guided by theories. One of the first authors to recognize the epis-

temic importance of exploratory experiments [Steinle, 1997] defines exploratory 

experimentation as driven by the desire to obtain empirical regularities when no 

well-formed theories or no conceptual frameworks are available. What is im-

portant in this characterization (that in this case is based on a detailed reconstruc-

tion of the early research in electromagnetism) is that the experimental activity 

may be highly systematic and driven by the typical experimental guidelines, de-

spite its independence from specific theories. The same term is used with a slight-

ly different meaning in another article appeared in the same year but in the context 

of some early research in protein synthesis [Burian, 1997], where exploratory ex-

perimentation is seen as a style of inquiry not guided by theory.  These and other 

similar works are mainly directed to contrast the theory-driven approaches of most 

of the philosophy of science in the spirit of experimentation as having a life on its 

own [Hacking, 1983]. Even if they recognize that exploratory experimentation is 

typically not completely free of theory, they aim at showing that the epistemic 

significance of those inquiries are not primarily theory-driven by presenting sever-

al detailed case studies. The idea that “the aim of exploratory experiments is to 

generate significant findings about phenomena without appealing to a theory about 

these phenomena for the purpose of focusing experimental attention on a limited 
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range of possible findings” [Waters, 2007, 5] is probably that serving better as an 

inspiration for more recent works devoted to provide evidence of the exploratory 

shift observed in the methodology of some areas of biology [Franklin, 2005]. 

Experimental control. Controlling the experimental factors that are investigat-

ed constitutes one of the key issues of the experimental method. To deploy an ex-

perimental system, knowledge and control of the interactions between the system 

and its environment need to be managed. Controlled experiments are usually per-

formed having in mind quite precise expectations of the possible outcomes. The 

research questions are clearly stated and the hypotheses to be investigated are 

made explicit. Then, on a general account, experiments are designed and per-

formed varying the different experimental parameters in order to determine which 

of the different experimental conditions are indispensable and, then, looking for 

stable empirical rules. For producing stable and repeatable experiments, experi-

menters vary a number of factors in their experimental systems to examine wheth-

er they are relevant or not. The fact that experiments are performed in laboratories 

responds exactly to this attempt of control. 

The crisis of the traditional notion of control. Traditionally the control para-

digm for experimentation, as it has been devised in the history of science, relies on 

two assumptions [Kroes, 2015]: the experimenter is not part of the system on 

which the experiment is performed and (s)he is in control of the independent vari-

ables and of the experimental set-up. Accordingly, the experimenter is able to in-

tervene both by changing these variables to evaluate their influence on the de-

pendent ones and by varying the experimental set-up. This traditional control 

paradigm becomes problematic, and a consequent shift in the notions of interven-

tion and control is observed, when considering new technologies as socio-

technical systems, namely as hybrid systems composed of natural objects, tech-

nical artifacts, human actors, and social entities. The idea of controlling the exper-

imental system from a center of command and control that is outside the system 

becomes highly problematic [Kroes, 2015]. Reasons are that the distinction be-

tween the experimental system and its environment is critical, but also that the en-

vironment is complex, where complexity arises from the co-presence of technical 

artifacts and natural and social elements. 

It is interesting to note that the same crisis in the traditional notion of control 

can be observed also in a part of the current experimental practice in autonomous 

robotics. Although the kind of technology we are discussing here does not possess 

in a full and complete way the features of large-scale socio-technical systems, 

such as the world civil aviation system [Vermaas et al., 2011], it nevertheless 

shares some of their characteristics. We could say that the experimental system in 

the case, for instance, of experiments with autonomous robots is hybrid, in the 

sense that not just technical components play an essential role for the functioning 

of the system, and thus have to be evaluated, but also natural objects, human ac-

tors, and social entities need to be taken into account (e.g., for their interaction 

with the robot systems). Moreover, if in the natural sciences it is prescribed that 

the experimenter should be an outsider of the phenomenon to be investigated, it is 

not clear how a person developing autonomous robots, namely computation-based 
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artifacts, could be an outsider with respect to a phenomenon (i.e., an artifact) that 

(s)he has created [Tedre, 2011]. Except for some significant examples, in autono-

mous robotics, tests on the artifacts are usually performed by the same people that 

created them, losing the sort of independence of the experimenter that is pre-

scribed in the classical experimental protocol. 

One could ask what is the reason for a robotician to test the artifacts that (s)he 

has developed and, thus, should know in detail. To answer this question, it is im-

portant to recognize at least two sources of unpredictability, arising in the artifact, 

due to its complex nature, and in its interaction with the physical environment (in-

cluding humans) surrounding it. This is particularly evident in the case of autono-

mous robotics, where the goal is that of having robots that do not require continu-

ous human supervision. Autonomous robots are very complex entities composed 

of interacting modules ranging from sensors, to actuators, to software programs, 

whose overall behavior is hardly predictable, even by their own designers, espe-

cially when considering their interaction with the external physical (and social) 

world. Not only tests that a given robot is working properly (and possibly better 

than others) have to be performed without the required independence of the exper-

imenter, but also autonomous robots have to be tested for their proper interaction 

with environments (including in most of the cases other human beings) that is 

hardly predictable.  

In summary, autonomous robotics, as several other new technologies, can bene-

fit from a wider framework in which its experimental activities can be discussed, 

as we further argue in the following of this paper. 

3 A survey of different experiments in autonomous robotics 

In this section, we present some considerations emerging from the survey we 

have conducted on the papers that have been awarded the Cognitive Robotics Best 

Paper Award and the CoTeSys (Cognition for Technical Systems) Cognitive Ro-

botics Best Paper Award at ICRA and at IROS, respectively, from 2010 to 2015. 

In total, we consider 11 papers that we deem represent a significant sample of cur-

rent research on autonomous robots, as they are witnessing the awarded research 

in two of the main conferences of the field (see Table 1). 

Table 1 – Papers (references and titles) analyzed in our survey.  

[Hoffman and Weinberg, 

2010] 

Gesture-based human-robot jazz improvi-

sation 

[Grollman and Billard, 2011]  Donut as I do: Learning from failed 

demonstrations 

[Bergstrom et al., 2011]  Generating object hypotheses in natural 

scenes through human-robot interaction 

[Thobbi et al., 2011] Using human motion estimation for human-
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 robot cooperative manipulation 

[Tenorth et al., 2012] 

 

The RoboEarth language: Representing 

and exchanging knowledge about actions, 

objects, and environments 

[Daniel et al., 2012]  Learning concurrent motor skills in versa-

tile solution spaces 

[Chu et al., 2013]  Using robotic exploratory procedures to 

learn the meaning of haptic adjectives 

[Fasola and Mataric, 2013]  Using semantic fields to model dynamic 

spatial relations in a robot architecture for 

natural language instruction of service ro-

bots 

[Deisenroth et al., 2014]  Multi-task policy search for robotics 

[Gemici and Saxena, 2014] Learning haptic representation for manipu-

lating deformable food objects 

[Boularias et al., 2015]  Grounding spatial relations for outdoor 

robot navigation 

 

As discussed in the previous section, in [Tedre, 2015] some classes of experi-

ments are identified from the analysis of current practice in computing. According 

to our sample of representative papers, examples of experiments that fall in these 

classes are also largely present in autonomous robotics, although some new char-

acterizations of experiments as explorations also emerge. 

 

Feasibility experiments. These experiments are basically a form of empirical 

demonstration, intended as an existence of proof of the ability to build a robot sys-

tem to perform some task. The outcome of a feasibility experiment is typically bi-

nary: positive, if the robot is able to accomplish what it is intended to do; negative, 

otherwise. Examples of this kind of experiments in the papers we analyzed are re-

ported in Table 2. 

Table 2 – Some excerpts relative to feasibility experiments, according to the taxonomy pro-

posed by [Tedre, 2015].  

[Tenorth et al., 2012] 
“The experiment shows that the system is 

able to encode the information required for 

mobile pick-and-place tasks” (p. 1289) 

[Fasola and Mataric, 2013] 
“These examples illustrate the ability of the 

system to parse natural language input, 

ground noun phrases, infer command 

semantics, plan, and execute an appropriate 

solution while obeying natural language 

directive constraints” (p. 147) 
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Trial and field experiments. These experiments take a step further and evalu-

ate various aspects of robot systems using some predefined variables which are 

measured in laboratories or in real contexts of use (with some limitations), in the 

case of trial experiments, or outside the laboratory in complex socio-technical con-

texts of use, in the case of field experiments. In these experiments, some quanti-

ties, like velocity and acceleration of parts of the robots, accuracy and time re-

quired for performing a task, or error with respect to a reference (ground truth), 

are measured to evaluate robot systems. Sometimes, measuring quantities amounts 

to resort to human judgement about the observed behavior of the robots. Some ex-

amples extracted from the papers we analyzed are reported in Table 3. 

Table 3 – Some excerpts relative to trial and field experiments, according to the taxonomy 

proposed by [Tedre, 2015].  

[Grollman and Billard, 2011] 
“To evaluate our techniques we are 

concerned not only with whether the task is 

eventually performed successfully (which it 

is), but also with the breadth of possibilities 

that are generated” (p. 3807) 

[Thobbi et al., 2011] 
“Ten trials were performed to test how 

quickly the algorithm could converge to an 

optimal policy” (p. 2876) 

“True velocity and acceleration are derived 

from the observed position, and are shown 

in the figure for comparison with the 

predicted values” (p. 2876-2877) 

[Fasola and Mataric, 2013] 
“To evaluate the ability of our robot system 

to follow natural language directives, we 

first analyzed the effectiveness of the 

semantic interpretation module to infer the 

correct command specifications given the 

natural language input” (p. 147) 

[Boularias et al., 2015] 
“Participants were separately asked to point 

to the goal they would choose for executing 

each command. The best answer, chosen by 

a majority vote, is compared to the robot’s 

answer” (p. 1981) 

 

Comparison experiments. These experiments refer to comparing different so-

lutions in some set-ups and are based on some precisely-defined measures and cri-

teria to assess the performance. The compared entities could be different versions 

of the robot system under testing (for instance, the same robot with or without a 

specific component) or alternative systems to perform the same task (for instance, 

systems proposed by other researchers). Table 4 shows some examples of this 

kind of experiments that are reported in the papers we analyzed. 
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Table 4 – Some excerpts relative to comparison experiments, according to the taxonomy 

proposed by [Tedre, 2015].  

[Grollman and Billard, 2011] 
“Because there are more possibilities to 

explore, in our experiments the donut 

method took more interactions to succeed 

than the balanced mean” (p. 3808) 

[Bergstrom et al., 2011] 
“Again, we conclude that point initialization 

outperforms cluster initialization” (p. 832) 

“In addition we evaluate how the method in 

[10] compares to our method” (p. 833) 

[Thobbi et al., 2011] 
“Fig. 8 shows the trajectories of both ends 

of the table for cases where the proposed 

system was used (case I: with predictions) 

and the case where only the reactive 

controller was used (case II: without 

predictions)” (p. 2877) 

[Daniel et al., 2012] 
“We also compare our approach to the 

standard unimodal REPS algorithm” (p. 

3595) 

[Gemici and Saxena, 2014] 
“We compare the performance of our 

reward based manipulation approach against 

the baseline algorithms” (p. 644) 

 

Controlled experiments. These experiments are the golden standard of exper-

imentation in the natural sciences that refers to the original idea of experiment as 

controlled experience, where the activity of rigorously controlling (by adopting 

experimental principles such as reproducibility or repeatability) the factors that are 

under investigation is central, while eliminating the confounding factors, and al-

lowing for generalization and prediction. In the current experimental practice of 

autonomous robotics (discussed at the beginning of this paper and in [Amigoni et 

al., 2014]), it is hard to find experimental activities that completely fit within this 

category. 

Along with the above categories of experiments, the analyzed papers report ev-

idence of other forms of empirical investigation on the functioning of artifacts and 

on their interaction with the environment, which are in the direction of explorative 

experiments and can be roughly organized in the following way according to their 

purposes3. (Note that the categories below are separated for presentation clarity, 

but their boundaries are rather fuzzy.) 

                                                           
3 Although it is out of the scope of the present paper to investigate the exact po-

sitioning of explorative experiments, we believe they represent an orthogonal di-

mension with respect to the five categories of experiments introduced by [Tedre, 

2015] and discussed before. 
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Investigating the role of parameters. Complex software programs controlling 

robot systems often involve several parameters whose values influence their be-

havior. For example, the software programs controlling robots could make deci-

sions according to thresholds, or sensor data could be filtered according to factors 

depending on environment conditions. Often, the designer has only a rough a pri-

ori idea of the relationship between values of parameters and behavior of robot 

systems, and experiments are used to elucidate and make more precise this rela-

tionship. In a sense, the design of a robot system R requires tests in an experi-

mental setting S in order to be refined with the proper values of parameters P that 

are good for S. To this end, some experiments reported in the surveyed papers are 

set up to elucidate the qualitative and quantitative effects of different parameters 

values on some measurable quantities relative to the behavior and the performance 

of the robots (Table 5).  

Table 5 – Some excerpts relative to experiments devoted to investigate the role of parame-

ters in robot systems.  

[Hoffman and Weinberg, 

2010] 
“We have empirically sampled sound 

intensity profiles for different solenoid 

activation lengths, and used those to build a 

model for each striker” (p. 583) 

[Thobbi et al., 2011] 
“Fig. 7 shows the role of the forgetting 

factor 𝜙 in determining the confidence” (p. 

2877) 

[Daniel et al., 2012] 
“We evaluate our approach with different 

bounding parameters k for the 

responsibilities. […] In a second 

experiment, we evaluate the influence of 

importance sampling” (p. 3595) 

[Gemici and Saxena, 2014] 
“In this work, we manually tuned the reward 

functions for our manipulation task for a 

reasonable level of exploration and 

exploitation” (p. 644) 

 

Confirmation of expectations or hypotheses. When developing robot sys-

tems, the designers consider (and build upon) a set of expectations and hypotheses 

about the behavior of the artifacts when inserted in their operating environments. 

Usually, in autonomous robotics, due to the difficulty of building reliable models 

of the interaction between robots and the portion of the physical world in which 

they are inserted [Amigoni and Schiaffonati, 2010; Amigoni and Schiaffonati, 

2014], these expectations and hypotheses are not based on a solid theoretical 

ground and can be confirmed only empirically. Schematically, the designer ex-

pects a robot system R to show behavior B when it is inserted in experimental set-

ting S, and would like to confirm such expectation. This class of experiments (Ta-
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ble 6 reports a sample taken from surveyed papers) provides a very simple feed-

back to the design phase in the context of a continuous iteration between design 

and experiments4. For example, they are used to provide a posteriori justifications 

on some assumptions, in the sense that the design of the robot system R is based 

on some hypotheses that are considered valid if R shows the expected behavior B. 

Table 6 – Some excerpts relative to experiments devoted to confirm expectations or hy-

potheses.  

[Grollman and Billard, 2011] 
“Further, as expected, exploration with both 

techniques increased in the middle portions 

of both tasks” (p. 3808) 

[Chu et al., 2013] 
“We first analyzed the feature vectors to 

confirm that they capture meaningful 

differences in the feel of the objects” (p. 

3053) 

“This relatively low score supports our 

belief that multiple motions should be 

combined to increase the recognition of 

haptic object properties” (p. 3054) 

“which supports the hypothesis that our 

methods can produce a meaningful set of 

adjectives for completely new objects when 

using all EPs” (p. 3054) 

 

Getting insights on the behavior of the robot systems. In the most interesting 

cases, explorative experiments are used to get intuitions on how robot systems 

work and on how they perform tasks. Usually, these experiments provide quantita-

tive results that the designers use to inspect, and possibly modify, the design of the 

internal methods of robot systems (see Table 7 for some examples taken from the 

surveyed papers). In this case, the qualitative or quantitative influence (or effect, 

or role) of module M of robot system R on behavior B (observed when R is put in 

an experimental setting S) are investigated. Note that experiments used with this 

explorative intention provide a richer knowledge than when used to investigate the 

role of parameters, ranging from measuring values of internal variables to generat-

ing ideas for alternative design solutions. 

Table 7 – Some excerpts relative to experiments devoted to get insights on the behavior of 

robot systems.  

[Grollman and Billard, 2011] 
“We believe the decreased agreement at the 

end of the movement comes from 

accumulated drift during trajectory 

generation” (p. 3808) 

                                                           
4 Note that, in most of the papers we analyzed in our survey, this iteration pro-

cess is only hinted and only final sucessful tests are described in detail. 
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“We believe this behavior (and some of the 

visual jagginess) arises from our use of 

gradient ascent in the velocity generation 

and our initialization” (p. 3808) 

[Bergstrom et al., 2011] 
“The slightly lower performance of the 

latter indicates that it might be better to let 

the segments evolve on their own, rather 

than giving a large bias from the start and 

having the risk of getting stuck in local 

minima” (p. 832) 

[Thobbi et al., 2011] 
“Fig. 5 shows the variation confidence (C) 

through the task” (p. 2877) 

“the trajectory is much smoother when the 

human is placing the table down as 

compared to moving upwards […] It can 

also be speculated that sophisticated 

velocity or torque controlled robots would 

yield smoother motions and offer better 

improvements in performance using the 

proposed technique” (p. 2878) 

[Fasola and Mataric, 2013] 
“To illustrate the usefulness of the semantic 

field model towards representing static and 

dynamic spatial relation primitives for use 

in path generation and classification, Fig. 6 

shows the progression of the at, along, away 

from, and in semantic field values along the 

execution paths generated for test runs #1-4, 

respectively” (p. 148) 

[Gemici and Saxena, 2014] 
“This means that for most of the objects, 

one or two information gathering actions 

was enough to determine the best task 

oriented action to reach the subgoal” (p. 

644) 

[Boularias et al., 2015] 
“We notice that complex commands help 

finding the right goals because they are less 

ambiguous than simple commands” (p. 

1981) 

 

Assessing the generality of robot systems. The most sophisticate way of em-

ploying experiments with an explorative flavor is to gain knowledge about the be-

havior of robot systems in settings that are different of those considered in their 

design, in order to evaluate the generality of these systems. In this case, a robot 

system R that has been designed and developed to perform in settings S is experi-

mentally tested in settings S’ (different from S). Table 8 reports some examples 

taken from the analyzed set of papers. For instance, settings S’ could involve 
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noisy data (as opposite to error-free data assumed during development and prelim-

inary experiments) or data that the robot R has never seen before. This last aspect 

is particularly relevant in the case of learning systems, like those proposed in 

[Deisenroth et al., 2014] and [Gemici and Saxena, 2014]. In other cases, S’ could 

involve special situations (e.g., unexpected behaviors of the humans that are inter-

acting with R) that are excluded from S.  

Table 8 – Some excerpts relative to experiments devoted to assess generality of robot sys-

tems.  

[Thobbi et al., 2011] 
“Fig. 6 shows a non-typical case where the 

human chooses to take a pause during the 

task” (p. 2877) 

[Fasola and Mataric, 2013] 
“To demonstrate the generalizability of our 

approach and its usefulness in practice with 

real robots in real environments, next we 

present evaluation results of our robot 

software architecture using maps of real 

environments that were generated by 

physical robots implementing SLAM with 

onboard laser sensors” (p. 148) 

[Deisenroth et al., 2014] 
“We show that our MTPS approach allows 

to generalize from demonstrated behavior to 

behaviors that have not been observed 

before” (p. 3880) 

[Gemici and Saxena, 2014] 
“In order to test the generalization of our 

algorithm to new object categories, we also 

included a new category (tofu) not seen 

during training” (p. 645) 

 

4 Discussion 

The examples of the previous section show that if, on the one side, the attempt 

of autonomous robotics to conform its experimental methodology to that of con-

trolled experiments is not yet fully (and perhaps cannot be) carried out, on the oth-

er side the current practice is characterized at various levels by a form of experi-

mentation that seems to deal with exploration. A purely controlled form of 

experimentation is hardly possible due to the lack of some of the features that in 

the traditional protocol allow to control the experimental factors. In particular, in 

the case of autonomous robotics, modeling and predicting the behavior of the ro-

bot systems in their interaction with complex environments is not only far beyond 



14  

the current and near-future technical knowledge, but it is also rather out of exper-

imenter’s control due to some intrinsic reasons: the experimenter is part of the sys-

tem and (s)he is not in full control of the experimental set-ups [Kroes, 2015]. 

When we turn, instead, to the idea of exploration, experiments are seen as ways to 

explore possibilities, to investigate opportunities, and to give back information 

that is iteratively used to improve the artifacts both in their architecture and in 

their interaction with complex environments. What is explored is only partially 

known in advance, and surely not at the level of being expressed in the form of 

clear hypotheses derived from a strong theory to be tested later in (controlled) ex-

perimental campaigns. In a sense, explorative experiments are used to increase the 

confidence of designers on the behavior of their robot systems in physical envi-

ronments. 

In the context of the widened framework suggested in this paper, we attempt 

now a still primitive but - in our opinion - promising definition of explorative ex-

periments that is shaped on the analysis of experiments in autonomous robotics, 

but that could hopefully be extended to other forms of experimentation in comput-

er engineering and, especially, in artificial intelligence. By explorative experi-

ments in autonomous robotics we mean experiments that are driven by the desire 

of investigating the realm of possibilities pertaining to the functioning of a robot 

system and to its interaction with the environment in absence of a proper theory or 

theoretical background.  More precisely, explorative experiments are a special 

kind of directly action-guiding experiments which possess the following features: 

 They are devoted to testing artifacts, meant as artificial entities pur-

portedly built by humans to fulfill a purpose and, therefore, having a 

technical function. 

 Their focus is to iteratively refine the intervention, meant as the union 

of knowledge and action characterizing experimental practice, and 

their ultimate purpose is not to test a general theory, but to probe the 

possibility and limits of the intervention. 

 They do not force a sharp distinction between designers and experi-

menters and, instead, the practitioners often become experimenters. 

 The control of the experimental factors cannot be fully managed from 

the beginning, but is in part carried out after the artifact has been in-

serted into its environment. 

The reason why we use the term ‘explorative’ instead of ‘exploratory’ is to 

mark our difference from the philosophical work focused on accounting the dis-

tinction between exploratory and theory-driven experiments and based on the 

ways in which experiments depend on theory. In our attempt to characterize ex-

plorative experiments we are interested, instead, in the appeal to complexity that 

has been stressed in the philosophical literature [Burian, 2007], where some sys-

tems are considered too complicated to be investigated by means of a theory-

driven approach. This appeal to complexity certainly applies to biology, but we 

believe that there are good reasons to extend it to computer engineering as well, in 

particular when the subjects of the experimentation are not just the artifacts per se, 

but rather the ways in which these artifacts are able to interact with the surround-
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ing physical and social environment. The reference to complexity helps in defin-

ing one important aspect we wish to stress in our characterization of explorative 

experiments: the fact that there is not sufficient information (in most of the cases 

for the lack of a proper theoretical background and/or previous experience) to pro-

vide precise expectations of what investigators will find. Thus, explorative exper-

imentation is a way to find patterns of activities from which scientists could gen-

erate novel hypotheses to improve artifacts and gain confidence in their behavior. 

In this sense, explorative experiments are forms of empirical investigation of nov-

el and interesting ideas or techniques, without the rigorous constraints of typical 

experimental methodologies. The role of explorative experiments appears thus 

particularly important in autonomous robotics, because such robot systems are de-

veloped to operate in environments that are largely unpredictable and difficult to 

capture in models, with the consequence that the designers can hardly anticipate 

the possible outcomes. 

5 Conclusions 

In this work, we have substantiated the need of reconsidering the traditional no-

tion of experiments within the field of autonomous robotics. The partial, but sig-

nificant, survey we have presented shows that forms of experimentation as explo-

rations are already performed in the practice of the field. To account for these 

activities, we have proposed the idea of explorative experiments, as forms of di-

rectly action-guiding experiments inspired by the different elements discussed at 

the beginning of the paper, in order to widen the current experimental framework. 

We plan to further refine the definition of explorative experiments, in particular 

in the direction of considering different forms of control, with respect to those 

adopted in the classic experimental paradigm, that take place a posteriori, after an 

artifact has been inserted into its environment. Moreover, the feedback that ex-

plorative experiments can provide on design of autonomous robots will be investi-

gated in more detail. Finally, the questions relative to the limited repeatability and 

reproducibility of explorative experiments, which could lead to over-optimistic in-

terpretations of results, will be addressed. 
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