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Abstract
While Machine learning gives rise to astonishing results in automated systems, it is usually at the cost of large
data requirements. This makes many successful algorithms from machine learning unsuitable for human-machine
interaction, where the machine must learn from a small number of training samples that can be provided by a
user within a reasonable time frame. Fortunately, the user can tailor the training data they create to be as useful
as possible, severely limiting its necessary size – as long as they know about the machine’s requirements and
limitations. Of course, acquiring this knowledge can in turn be cumbersome and costly. This raises the question
of how easy machine learning algorithms are to interact with. In this work, we address this issue by analyzing
the intuitiveness of certain algorithms when they are actively taught by users. After developing a theoretical
framework of intuitiveness as a property of algorithms, we introduce an active teaching paradigm involving
a prototypical two-dimensional spatial learning task as a method to judge the efficacy of human-machine
interactions. Finally, we present and discuss the results of a large-scale user study into the performance and
teaching strategies of 800 users interacting with two prominent machine learning algorithms in our system,
providing first evidence for the role of intuition as an important factor impacting human-machine interaction.

1 Introduction

1.1 Problem Setting

Human-machine interaction can be overt, e. g., when a person
engages in spoken dialog with a humanoid robot; or it can be
obscured, e. g., when they formulate a natural-language query to
enter into a search engine on the Internet.

Pioneering work in the field of human-machine interaction has
shown that when a naive user interacts with an artificial system,
they react to them as they would to another person, follow-
ing rules of social conduct [30, 29]: “Computers are Social
Actors.” [31] Users automatically and subconsciously neglect
artificial characteristics of the machine and follow certain expec-
tations and rules drawn from prior human-human interaction [30,
29, 31]. Thus, just as in interpersonal communication, any user
enters human-machine interactions with inherent assumptions
and quickly forms a cognitive representation of the entity they
interact with. This representation may change dynamically over
the course of the interaction.

When the interaction has a measurable goal (e. g., the user and
robot successfully carrying out a task, or the user finding an
answer to a question among the search engine’s responses),
we can relate this measure to the usefulness of the cognitive
representation.

Much of the recent success within artificial intelligence can
be attributed to advances in machine learning (ML), especially
supervised learning, where a predictor (called “model”) f : X →
Y is learned by the machine based on a training set (X,Y) ⊂ X×
Y. The efficacy of f depends largely on the algorithm used for
training, the quality of the available training set (X,Y), and the
difficulty of the underlying problem, i. e., the true relationship
between X and Y.

Usually, first a training set is gathered, then a model f is trained,
and finally, this trained model is used for prediction. However,
when circumstances change and the initial training set no longer
viably represents the underlying problem, the process needs to
be repeated and a new model f ′ replaces the old one. Because
circumstances in the real world perpetually change, a lot of
research revolves around the development of adaptive systems
that learn incrementally and gracefully handle new data as well
as changes in the underlying distribution [34, 41]. This naturally
entails a number of problems, mostly related to costs (monetary
or otherwise) of incrementally acquiring data, training a model,
and the model’s deployment.

The phenomenon of a ML model needing to adapt to new data
is perhaps most pronounced when it is supposed to learn and
apply acquired knowledge during a real-world interaction with
a human user. In the future – at least within the European Union
– artificial intelligence will be legally required to adapt to new
data [14]. While there are other approaches to dealing with
limited or changing data (e. g., memory-augmented one-shot
learning[40]), how to efficiently model, train, and deploy such
systems is still a matter of ongoing inquiries and its own research
avenue [33].

1.2 Active Learning

In traditional batch learning, training data is obtained indepen-
dently of the later training. This does not necessarily need to
be the case. For instance, in active learning [35], a model is
trained incrementally: after learning from a training set (Xi,Yi),
the model fi self-evaluates and determines another input set Xi+1
for which it requests labels Yi+1, whereby it extends the training
data, which is in turn used to update the model fi+1. In principle,
this process can be repeated indefinitely. Typically, the goal is to
keep the number of training points small while achieving high
performance.
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While the model can request labels for arbitrary points inX from
a so-called oracle, it must have some sort of strategy for how
to choose the most useful points for labeling. When the model
includes a notion of certainty about its prediction at a given
point, this can be used to perform various types of uncertainty
sampling [24, 6], where the model requests a label for the point
about which it is least certain.

1.3 Machine Teaching

While in active learning it is the learning algorithm that chooses
points to get labeled by an oracle, this role can also be assumed
by the oracle: in machine teaching [43, 37, 44], one searches
a small training set with which a given learning algorithm per-
forms best.

The teaching dimension is a theoretical concept that character-
izes the amount of data necessary to teach a concept. The re-
cursive teaching dimension relies on the further assumption that
the learner knows that they are being taught – by contrast, the
Vapnik Chervonenkis (VC) dimension characterizes the amount
of randomly distributed data required to learn a concept [17, 23].
When the teacher knows about the teaching problem, including
the underlying truth and the inner workings of the learning algo-
rithm, they pick samples deliberately instead of randomly. For
certain cases, the (recursive) teaching dimension can be upper
bounded by the VC dimension, but the two quantities can be
arbitrarily far apart [3, 9].

1.4 Active Teaching

In iterative machine teaching, an informed teacher feeds exam-
ples iteratively to a learner based on the current performance of
the learner [28, 25]. Omniscient teachers have been observed
to perform exponentially better than random ones in certain
cases [25, 2], despite there being no known optimal teaching
algorithm for a large number of practical learning problems [7].
Mathematical considerations rely on an assumed rationality of
learner and teacher, and human teaching behavior can deviate
from an optimal one [7].

In our work, we explore the question of how naive users act
in a teaching task within a natural two-dimensional geometric
setting, whether their ability to teach can improve based on
natural interaction with a ML algorithm, and whether there exist
differences between different learners.

Consider an actual real-world interaction between a user and
a machine, e. g., someone telling a service robot about what
to call different areas in their home and where those areas are.
In this specific case, the objective is for the machine’s layout
of the home to match the user’s (which we consider the truth)
and to achieve this with a small number of training samples.
Because the user has perfect knowledge of the underlying truth
(insofar as they know the arrangement of the rooms and they
themselves decide what a given region should be referred to),
this situation is similar to machine teaching. However, the user
does not necessarily know about the algorithms at work inside
the robot. Instead, since this is a true interaction, they can teach
the robot incrementally and observe the updated state after each
exchange.

We think of this setting as active teaching, because in it, the
teacher actively selects training samples to efficiently teach a
machine, while using immediate feedback to develop an un-
derstanding of what constitutes a useful training sample. In
essence, the teacher infers information about the learner based
on how their provided samples are processed. The teacher is not
restricted to passively observing the learner, nor does the teacher
need to start out with perfect knowledge about the learner. In
other words, active teaching entails a reciprocal learning process:
While the machine learns based on the data provided by the user,
the user learns, with each iteration, how to select more effective
training samples.

Ultimately, understanding the dynamics of active teaching
this will lead to improved performance of more reliable ma-
chines [11]. Because we want such intelligent systems to be
able to work with the general population [37], we must ask our-
selves how naive users approach cooperation with a machine
without explicit prior training.

1.5 Intuitiveness in Active Teaching

To make machines approachable and easily usable, we aspire to
human-machine interfaces that do not require extensive studies
of manuals or prior training. Intuitive problem solving has been
compared against systematic problem solving in manufactur-
ing [39], with a focus on problem-solving strategies. In such
a setting, systematic approaches are superior. This, however,
does not diminish the importance of intuition in human-machine
interaction. Considerable efforts have been conducted towards
designing technical systems that take into account non-conscious
use of previous knowledge [32].

While the ubiquitous nature of technology is without question,
to date there has been little research into how easily accessible
ML algorithms are to lay users – even though ML has become
an integral part of modern information technology. In interactive
scenarios with machines that employ ML, we would like those
machines to just work. Thus, we must ask: “Are ML algorithms
intuitive?” To answer that question, we consider the notion of
intuitiveness as a property of algorithms.

In Section 3 we introduce a problem that a user must solve
cooperatively by teaching a machine, without being provided
any explanations or inside knowledge about the machine. This
way, we leave them only with their intuition to learn from the
interactions they themselves control.

2 Theoretical Foundation

2.1 Intuitiveness

In everyday life, one often talks about gut feelings or hunches
when reaching decisions intuitively instead of analytically. How-
ever, what exactly constitutes intuitive problem solving and de-
cision making is still a matter of debate. While exact definitions
of intuition vary in the literature, a common theme is to de-
scribe it as an instantaneous, automatic, experience-driven, and
unconscious way of information processing [13, 16, 4], often
contrasted with slow and effortful weighing of options and facts
underlying more analytical thought processes. In accordance
with this dichotomy, there is a growing line of research that
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considers two distinct systems of processing that are active in
the human brain during problem solving [12, 22]: System I, fast,
effortless, and difficult to control; and System II, comparatively
slow, effortful, and consciously more accessible [21].

Just as difficult as finding a concise definition of intuitive deci-
sion making itself, is characterizing what makes an object or
task intuitively understandable. However, such a characteriza-
tion is vital in the type of human-machine interaction explained
in Section 1, as it can facilitate deeper insights into what ML
approaches users may easily interact with, even without previ-
ous training. With regards to technical applications, the term
intuitiveness is used to refer to the design facilitating situation-
specific operations, e. g., information retrieval [42], quantity
control [26], and nonverbal communication [18].

We say an algorithm is intuitive, if a user interacting collabo-
ratively with the algorithm gets better over time with regards
to the learning objective, without receiving explicit training or
explanations before or during the interaction; within an overall
brief time frame.

Let us contemplate the individual pieces of this definition, con-
sidering classification algorithms.

2.1.1 Collaboration & Shared Learning Objective

As outlined above, in our active teaching paradigm the user
supplies training samples of the form (x, y) ∈ X × Y to the
algorithm, which are used to form a training set with which to
learn a function f : X → Y. Given a further test set (Xtest,Ytest) ∈
X×Y, we can measure the accuracy of f as the number of correct
predictions divided by the total number of predictions |Xtest|. As
long as the algorithm to train f and the underlying true relation
between X and Y remain unchanged and deterministic, the
accuracy is determined only by the user’s selection of training
samples. Therefore, we can directly link the model’s accuracy
to the performance of the user: the user and the algorithm share
a common objective.

After a new training sample is added to the training set, the
model is updated accordingly. Communicating the updated
model to the user makes the collaboration truly interactive. This
way, they can draw conclusions about how their choice of train-
ing samples affects the resulting model.

2.1.2 Improvement

If we know the smallest number of training samples required (cf.
Section 1.3) or can at least bound it, we can expect the accuracy
of the trained model to increase while the number of training
samples approaches that number, provided the user chooses
adequate training samples.

Given our definition of intuitiveness above, a user interacting
with an intuitive algorithm will consistently improve in their
choice of training samples. This we can observe when the same
user is presented with a new problem (in the form of a different
relation betweenX andY) which they solve collaboratively with
the same algorithm as before.

2.1.3 Lack of Explanations

If the user receives explanations on how to solve the problem
or useful information about the algorithm, they no longer need
to rely only on their intuition to reach useful conclusions about
their interaction. Therefore, when explicitly evaluating how
easily accessible or intuitive the respective algorithm is, any
such external information must be kept hidden from the user.

Of course, the user still needs to understand the objective they
share with the algorithm, and they need some way of inspecting
the current state of the trained model in order to successfully
build an understanding of the algorithm and their interaction.

2.1.4 Limited Time

What constitutes a brief time frame is subjective and depends on
the circumstances. With regards to intuitiveness, it is important
to create a setting in which the user remains free of external in-
fluence. We achieve this by keeping the interactive collaboration
uninterrupted; this implies a single, continuous session, which
in turn limits the overall time that is available.

2.2 Hypotheses

Equipped with the definition from Section 2.1, we formulate the
following hypotheses about intuitiveness of ML algorithms, and
we will test them in the remainder of this work:

1. There are intuitive ML algorithms.
2. Different ML algorithms differ with respect to how

intuitive they are.
3. Even without external explanations, different visualiza-

tions of the current state influence how quickly a user
forms a useful cognitive representation of the algorithm
they interact with.

To investigate these hypotheses, we designed an active teaching
study in which naive users taught an algorithm about the layout
of different areas on a two-dimensional image by selecting only
a limited amount of training pixels on the image. This human-
grounded evaluation [10] leads us to new insights into general
behavioral patterns of naive users.

2.3 Intuitiveness as a Property of Algorithms

Before we lay out the experimental setup of our study, let us
revisit our definition of intuitive algorithms in light of the hy-
potheses we intend to test.

Assume an intuitive algorithm exists; to actually observe its intu-
itiveness, we need to witness a user improving their interaction
with the algorithm. During a suitable experiment, all other rele-
vant factors need to allow for intuitive learning and an increase
in performance as well:

• Although limited, the available time must suffice for the
user to learn, and for the algorithm to show improved
performance.
• Even without receiving explicit information, the user

needs to be able to process the feedback they receive
from the learning algorithm.
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• The set task must be easy enough to be tackled by an
algorithm taught by a teacher who relies on their intu-
ition, but challenging enough for notable improvement
to occur.

If we failed to carefully design the experiment accordingly, we
might not be able to observe the algorithm’s intuitiveness. On the
other hand, if we do observe an improvement in performance as
required by our definition, we can indeed attribute intuitiveness
to the algorithm, as well as recognize that all other aspects of
the procedure allow for intuitiveness.

3 Experimental Des ign

To test Hypotheses 1 to 3 from Section 2.2 we selected two
algorithms that satisfy a number of criteria:

• They should be well established in ML and relevant.

• A small number of training samples must be sufficient
in order to keep the experiment short. Furthermore, it
should be possible for a single new training sample to
make a visible difference.

• The algorithms cannot exhibit overly complex behav-
ior.

The ML library scikit-learn1 provides implementations of near-
est neighbors classification and decision tree classification,
which perfectly fit our requirements 2. We briefly introduce
these algorithms in Sections 3.1 and 3.2. The shared goal in
our active teaching scenario is to learn the boundaries between
regions in images, which has several advantageous properties:

• We can expect our participants to have at least some
familiarity with maps, specifically political maps that
use color to visualize boundaries between regions.

• Learning, and by extension teaching, is directly related
to cognitive maps [38].

• Teaching arbitrary labels (in our case colors) is directly
useful in a number of applications.

• Embedding complex data in two dimensions for vi-
sualization and interaction is ubiquitous in technical
applications across a number of professional domains,
underlining the broad applicability of our results [27].

See Sections 3.3 to 3.5 for details on how we create map-like
images and how training samples are communicated.

1https://scikit-learn.org/
2Before settling on this choice of algorithms, we experimented with

a vast number of additional algorithms and hyperparameters, and we
observed how users would interact with them. We learned that more
complex algorithms, especially those with nonlinear decision bound-
aries and regularization, required substantially more training points and
larger world maps (see Section 3.3) to allow a teaching process that
felt truly interactive. At the same time, even the simplest algorithms
proved initially challenging for users unfamiliar with ML, and their
reasonable computational requirements ease real-time interaction for
multiple concurrent users on relatively simple hardware.

3.1 Nearest Neighbors

The prime example of nonparametric methods, nearest neighbors
algorithms work directly on the training data during prediction.
Given a training set (X,Y) ∈ X×Y and a query point x ∈ X, the
k points in X nearest to x are calculated and the most frequent of
their labels is assigned to x. Setting k = 1 effectively segments
X into uniformly labeled Voronoi cells, with training points at
their centers. In two dimensions, these Voronoi cells can be
readily visualized.

3.2 Decision Trees

Decision trees are collections of if-then-else rules. Given an
input x ∈ X, the outcome of a rule determines which rule to
apply next, and so on, until a rule is reached that assigns a label
to x.

A decision tree is constructed from a given training set by con-
secutively splitting it, according to the specific learning algo-
rithm [36] – in our case CART [5] with Gini Impurity.

3.3 Ground Truth Generation & Visualization

Participants of our study teach (see Section 3.5) regions of a
two-dimensional image to either the nearest neighbor or the
decision tree algorithm. We refer to these 64-by-64 images as
world maps. To generate one for a given classification algorithm,
we sample and label a set number of points randomly within the
(initially empty) world map and use this generating set to train a
generating classifier. We use this classifier to “predict” the label
of each pixel and color3 it accordingly (see Figure 1).

Through this process we can create and visualize a practically
infinite number of ground-truth relations between X = R2 and
Y = {1, . . . ,m}, where m is the number of classes. It also ensures
that the taught algorithm can in fact reach a perfect solution if
the generating set is provided for training.

We fix the number of classes m = 3 and the number of generating
points n = 8 for each world map. To preclude too simplistic
world maps we discard any world map that does not have at
least one out of six pixels assigned to each color or in which two
generating points are extremely close to each other.

We generate 13 fixed world maps for each classification algo-
rithm, and randomly pick one that we show to every user in the
beginning. The remaining 12 world maps are presented in an
order randomized for each user.

3.4 Concurrent Visualization of Ground Truth and Learner

The user must be able to see the world map to be able to make
an informed decision about which training sample to select next;
at the same time, the taught classifier’s current state needs to be
communicated as well. We achieve both by overlaying the deci-
sion boundaries according to the current taught classifier over
the world map. See Figure 2 for examples of taught boundaries
superimposed over world maps.

3We use the colorblind palette provided by seaborn: https:
//seaborn.pydata.org

https://scikit-learn.org/
https://seaborn.pydata.org
https://seaborn.pydata.org
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(a) Nearest Neighbor (b) Decision Tree

Figure 1: World maps using a nearest neighbor classifier and a
decision tree classifier, respectively. We indicate positions of the
generating points underlying this world map with white circles –
these are never shown to users.

(a) Nearest Neighbor (b) Decision Tree

Figure 2: Boundaries (black lines) according to taught classi-
fiers superimposed over the world maps from Figure 1. We
indicate positions of the training samples with black circles –
depending on the experimental condition, these are shown to
users, although smaller than depicted here (cf. Figure 3).

3.5 Teaching

Confronted with a world map, we let a user indicate which point
to provide as a sample to the learning algorithm by clicking
inside the image. We take that point’s coordinates together with
its true label (as given in the world map) and add it to the training
set. We immediately (re-)train the taught classifier and draw
the resulting decision boundaries on top of the world map. In
addition, the user is shown the current accuracy of the taught
classifier over all 64 by 64 pixels of the world map in percent.

When drawn, the taught points can not only function as a re-
minder but help the user visually determine a relationship be-
tween the taught points and the resulting decision boundaries.
We explicitly investigate the effect of visualizing these points
and introduce two conditions for each algorithm.

We illustrate the individual steps of an exemplary teaching pro-
cess in Figure 3.

3.6 Participant Recruitment

We recruit a total of 800 participants from Amazon Mechanical
Turk4 (AMT) divided into four conditions with 200 participants
each. We will henceforth refer to the conditions as NN-with,
NN-without, DT-with, and DT-without, depending on the

4https://www.mturk.com/

algorithm (nearest neighbor or decision tree) and whether or not
taught points are visualized.

For each participant, we record the order in which the 12 world
maps were displayed to them, the coordinates and order of
the points clicked, the time when they click, and the time our
system takes to respond with an update. To allocate bonus
payouts and ensure non-returning participants, we store their
AMT identifier. Beyond this, we neither collect nor store any
information – specifically no personal information.

3.7 Experimental Procedure

When you click in an image , that point and
its color are sent to the computer. As soon
as you click a different color , the computer
can guess where color boundaries lie , based
on where you clicked. These guesses are

shown to you as black lines.

Your goal is for the black lines to align
with the actual boundaries between colors as
best as possible. The score (100 is best)

is shown after each click. Beware , though -
the number of clicks is limited for each
image.

Listing 1: Adjusted excerpt from the introductory text shown to
participants.

After accepting the task on AMT, a participant is forwarded to
our web server and receives HTML with JavaScript. They are
greeted with written instructions and provide their AMT identi-
fiers. The instructions are identical for each condition, except for
an example world map. Instructions include information about
the goal of the teaching task, how to communicate, and how
to interpret the visualization. See Listing 1 for details; we are
careful to provide enough information such that participants can
start interacting with the system immediately, without leaking
any algorithm-specific information or biases. The information
contains no indication of how the machine learns to not violate
the lack of explanations as laid out in Section 2.1.3.

After starting their run, the participant encounters the first
warmup world map. In addition to a world map, we display
remaining clicks and the current model’s accuracy as the score.
This accuracy is calculated over all 64 by 64 pixels in the world
map. Although our server is fast enough to retrain and render the
next image without any noticeable delay, we enforce at least half
a second passing before we accept the next click. This prevents
spammers from rushing the experiment. After eight clicks, the
participant proceeds to the next world map by clicking a button.

On average, our participants need approximately ten minutes
to complete the warmup and the twelve actual world maps.
After the final world map, each participant receives a unique
code that proves their participation in AMT. Beyond a base pay,
a participant receives a bonus for high scores. Results from
previous studies suggest that such a reward effectively motivated
participants to comply with the experimental task [1].

https://www.mturk.com/
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(a) Nearest Neighbor (b) Decision Tree

Figure 3: Individual steps of an exemplary teaching process for both the nearest neighbor and decision tree algorithm visualized
with points.

3.8 Simulated Baseline

Decision trees and nearest neighbors differ in generalization
performance in our scenario. Therefore, we determine their
baseline performance by simulating participation in the form of
randomly selected training points; 200 times for each of the four
experimental conditions.

3.9 Design and Statistical Evaluation

We use our data to test whether there are intuitive ML algorithms
(Hypothesis 1), whether different algorithms differ with respect
to how intuitive they are (Hypothesis 2), and evaluate the impact
of providing different visualizations (Hypothesis 3).

3.9.1 User performance vs. simulated baseline data

We expect to see significant improvement over time for an al-
gorithm to be called intuitive (cf. Section 2.1). Specifically, we
expect to observe better-than-random performance.

3.9.2 User performance when teaching a nearest neighbor
classifier vs. a decision tree classifier

If different ML algorithms differ in terms of intuitiveness (Hy-
pothesis 2), we expect significant differences in increasing per-
formance when directly comparing between algorithms. Thus,
we perform a second analysis to compare participants interacting
with the nearest neighbor model with participants interacting
with a decision tree model. We adjust for different baseline
performances.

3.9.3 User performance with point vs. without points

To assess Hypothesis 3, we evaluate the performance of par-
ticipants presented with different visualizations. Concretely,
we compare conditions with points vs. without points for both
algorithms.

3.9.4 Statistical evaluation

We compare performance over time between users and simulated
data Hypothesis 1, between users interacting with different algo-
rithms Hypothesis 2, and different visualizations Hypothesis 3
using R 3.6.25 by running separate two-way mixed analyses of

5https://www.r-project.org/

variance (ANOVA). Before each analysis, we check and correct
for outliers. Thus, values above the third quartile + 1.5 x the
interquartile range or below the first quartile – 1.5 x the interquar-
tile range were considered outliers and removed from further
analysis. Further, we assessed compliance with the ANOVA
assumption of normality by visually inspecting the correlation
between data and the normal distribution in normal QQ plots. In
case of heteroscadicity, we apply Greenhouse-Geisser spheric-
ity correction [19]. Significant interactions or main effects are
followed up in post hoc analyses by running simple pairwise
comparisons. We correct of these post hoc analyses for multiple
comparisons, and only report adjusted p-values.

4 Results

4.1 User Performance vs. Simulated Baseline

In Hypothesis 1 we formulate the expectation that intuitive ML
algorithms exist, in the sense that a user interacting collabo-
ratively with such an algorithm gets better over time with re-
gards to the shared objective, even in the absence of explicit
training or explanations. To statistically assess this hypothe-
sis, we compared data from participants of our study against
a random baseline. In Figure 4 we show the development of
user performance and simulated over time. In each case, the
data indeed suggests that performance of human users surpasses
that of the random baseline. With the decision tree, partic-
ipants consistently perform better than the random baseline.
This effect is confirmed by the corresponding two-way mixed
ANOVA, revealing a significant main effect of the factor condi-
tion (F(1, 347) = 55.613, p < 0.0001, η2

p = 0.138). However,
there is no main effect over the worlds (F(11, 3817) = 1.175,
p = 0.299, η2

p = 0.003), nor a significant interaction be-
tween condition and world (F(11, 3817) = 0.858, p = 0.581,
η2

p = 0.002). Thus, the data does not support the notion of
increasing performance with practice for the decision tree com-
pared to a random baseline.

Participants show a marked improvement over time in perfor-
mance when teaching a nearest neighbor model. This obser-
vation is statistically confirmed by a significant interaction be-
tween the factors condition and world (F(10, 3640) = 5.000,
p < 0.0001, η2

p = 0.014), indicating that the performances de-
velop differently. Post hoc analyses reveal significant differences
between user performance and random baseline for all worlds

https://www.r-project.org/
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Figure 4: Development of mean scores over worlds for the
conditions DT-with (top) and NN-with (bottom). The central
lines of each curve indicate the mean score of the respective
condition, and the shaded area around the lines show the range
of the standard error of the mean; ns is not significant; ****
indicates p < 0.0001.

but the very first, highlighting rapidly increasing performance
of human participants during interaction.

In conclusion, the data suggests that users interacting with our
system for the very first time show performance surpassing that
of a random baseline. Importantly, though, only with the nearest
neighbor algorithm does performance increase significantly over
time. Thus, the nearest neighbor algorithm can be considered
to be an intuitive ML algorithm, supporting our first hypothesis.
Users interacting with the decision tree algorithm, in contrast,
outperformed the simulated data throughout the experiment,
not improving over time. In order to examine Hypothesis 1
more closely, we set up a statistical model contrasting user
performance for both algorithms directly.

4.2 User performance with a nearest neighbor classifier vs. a
decision tree classifier

We perform an analysis to directly compare performance with
the two algorithms.

Before the actual comparison, note an important observation
from the previous analysis: mere visual inspection suggests
a difference in random baselines between the two algorithms
(cf. Figure 5, top). Indeed, this suspicion is confirmed by a
significant main effect of factor condition in a corresponding two-
way mixed ANOVA comparing the random baselines directly
(F(1, 351) = 139.563, p < 0.0001, η2

p = 0.284). Thus, to
counteract a possibly confounding effect driven by the difference
in random baselines, we normalize scores by subtracting the
respective mean value across worlds of the random baselines
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Figure 5: Development of mean scores over worlds for the
simulated baseline data (top) and the normalized behavioral
scores (bottom). User scores are normalized by subtracting the
respective mean value across worlds of the random baselines.
The central lines of each curve indicate the mean score of the
respective condition, and the shaded area around the lines show
the range of the standard error of the mean; ns is not significant;
* indicates p < 0.05; ** indicates p < 0.01; *** indicates
p < 0.001; **** indicates p < 0.0001.

prior to our statistical analysis. In the lower plot in Figure 5 we
show how for both groups, normalized user scores consistently
increase over worlds, with a steeper increase for the nearest
neighbor algorithm. Participants achieve higher normalized
scores with the nearest neighbor algorithm than with a decision
tree. This pattern is statistically confirmed in the corresponding
two-way mixed ANOVA, with a significant interaction of the
factors condition and world (F(10, 3598) = 2.033, p = 0.026,
η2

p = 0.006). Additionally, we detect significant main effects
of condition (F(1, 358) = 18.471, p < 0.0001, η2

p = 0.049)
and world (F(10, 3598) = 4.804, p < 0.0001, η2

p = 0.013).
Post hoc analyses reveal that the interaction effect is driven by
significantly improved performance starting from the third world
for the nearest neighbor algorithm, compared to the decision tree
algorithm. Thus, we may conclude that participants improve at
a higher rate with the nearest neighbor algorithm. Consequently,
following our definition of intuitiveness, this pattern indeed
supports the notion that the nearest neighbor algorithm is more
intuitive than the decision tree algorithm.

4.3 User performance with points vs. without points

In Hypothesis 3, we posit that – even without external explana-
tions – different visualizations related to the current state may
influence the rate of improvement. To explore this supposition,
we acquired additional data without displaying the taught points.
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Comparing this new data with the respective random baselines
yields a pattern remarkably similar to the condition with points
(see Figure 6). For the decision tree algorithm, even without
points, users again show above-chance performance across all
worlds. This is confirmed by a significant main effect of con-
dition (F(1, 354) = 41.298, p < 0.0001, η2

p = 0.104) in the
corresponding two-way mixed ANOVA. Additionally, unlike
with points, there is a significant main effect of factor world
(F(11, 3894) = 2.185, p = 0.013, η2

p = 0.006). This effect is
potentially driven by lower scores for users during the first five
worlds.

For the nearest neighbor algorithm, users in NN-without repli-
cate the exact same pattern as in NN-with: performance im-
proves visibly (see Figure 6, bottom). This is confirmed by
a significant interaction between factors condition and world
(F(10, 3863) = 2.44, p = 0.006, η2

p = 0.006). Closer inspec-
tion by pairwise post hoc comparisons shows that this effect is
driven by significant differences between the random baseline
and participants from world seven onward. In contrast, when
users interacting with this algorithm have information about pre-
viously selected points available, these differences are detectable
from world two onward (see Figure 4, bottom). This may be
taken as first evidence in favor of Hypothesis 3.

We directly compare normalized scores derived from users inter-
acting with the nearest neighbor algorithm and the decision tree
algorithm in conditions with points and no points, respectively.
Level and trajectory of random baselines does not differ be-
tween the conditions with points and with points for the decision
tree (no significant main effect of group; F(1, 398) = 1.248,
p = 0.265, η2

p = 0.003) and nearest neighbor (no signifi-
cant main effect of group; F(1, 398) = 0.025, p = 0.874,
η2

p < 0.0001) algorithms, respectively. Therefore, we normalize
the data by the mean value of the random baselines across the
conditions with points and without points (see Figure 7). We
see that performance with points is generally better than without
points. This observation is significant, shown by main effects
of factor group in the corresponding two-way mixed ANOVAs
(Decision tree: F(1, 350) = 6.061, p = 0.014, η2

p = 0.017; Near-
est neighbor: F(1, 369) = 36.449, p < 0.0001 ,η2

p = 0.09). For
the nearest neighbor algorithm, there is a significant main effect
of factor world (F(9, 3432) = 11.008, p < 0.0001, η2

p = 0.029).
The interaction of group and world is significant for the nearest
neighbor algorithm as well (F(9, 3432) = 1.871, p = 0.049,
η2

p = 0.005). Post hoc analyses reveal significant differences
between NN-with and NN-without that get increasingly more
pronounced over time: teaching a nearest neighbor model, par-
ticipants with points increase in performance more quickly than
participants without points. Interestingly, this is only the case
for the nearest neighbor algorithm which, based on our previous
analyses, appears more intuitive than the decision tree algorithm.
Overall, the main effects of group observed for each algorithm
support Hypothesis 3. Additionally, a more informative visual-
ization may be particularly beneficial for an algorithm that is per
se intuitive.

Note that training points directly correspond to the internal
representation of a nearest neighbors classifier, while decision
boundaries directly correspond to a decision tree’s internal rep-
resentation.
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Figure 6: Development of mean scores over worlds for the
conditions DT-without and NN-without. The central lines of
each curve indicate the mean score of the respective condition,
and the shaded area around the lines show the range of the
standard error of the mean; ns is not significant; * indicates
p < 0.05; ** indicates p < 0.01; *** indicates p < 0.001.

5 D i scuss ion

In this work, we propose intuitiveness as a core property of
ML algorithms that strongly impacts how easy it is for users
to interact with an algorithm without any explicit instruction or
training. We corroborate the usefulness of this approach in a
large-scale human-grounded [10] evaluation, assessing collab-
orative user-machine interaction in an active teaching study in
which naive users select training samples to efficiently teach a
ML algorithm.

Through the experimental design of our study, we focus on
two basic, well established, and highly relevant ML algorithms
that can learn from few data points. Additionally, we success-
fully formalize a straight-forward and immediate visualization
of teaching progress. Despite its simplicity, this scenario could
appear in its current form when teaching spatial semantic con-
cepts to a household assistant, which underlines is applicability
and relevance.

Our results reveal a range of valuable insights with important
implications for human-machine interaction.

First, we demonstrate that random teaching provides a constant
baseline, against which improvements can be reliably measured.
Based on these comparisons against chance, we verify that
both algorithms allow better-than-random teaching. If selecting
points at random consistently generated scores comparable to
those of participants, this would suggest that participants either
did not understand the task, were overwhelmed by it, or did
intentionally not comply with the experimental instructions. In
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Figure 7: Development of mean normalized scores over worlds
for the conditions DT-with vs. DT-without (top) and NN-with
vs. NN-without (bottom). Data is normalized by subtracting the
mean value of the random baselines. The central lines of each
curve indicate the mean score of the respective condition, and
the shaded area around the lines show the range of the standard
error of the mean; * indicates p < 0.05; ** indicates p < 0.01;
*** indicates p < 0.001; **** indicates p < 0.0001.

our study, however, naive users surpass the performance of a
random baseline.

Second, we show that some ML algorithms are more intuitive
than others. Specifically, the nearest neighbor algorithm appears
more intuitive than the decision tree algorithm when taught by a
naive human user.

Third, our study reveals that different visualizations of the teach-
ing progress affect performance: generally, better scores are
achieved when more information is provided. We discover that
this added information may be particularly beneficial when the
taught algorithm is intuitive, indicated by the increase in user per-
formance for the nearest neighbor (NN-with and NN-without),
but not the decision tree (DT-with and DT-without). This dif-
ference is astonishing, given that one and the same experimental
manipulation – visualizing or not visualizing previously selected
training samples – has a differential effect of how well users
interact with and improve the system. A possible explanation for
this contrast may be that for the nearest neighbor algorithm, the
points directly correspond to the model, while the link between
points and the collection of if-then-else rules in a decision tree
is less direct.

5.1 Limitations & Future Work

Despite the large scale of our user study – comprising data from
800 participants interacting with our system – we cannot guar-
antee an unbiased representation of behavioral patterns present

in the general population. Specifically, our current analysis did
not warrant assessing demographic information, individual per-
sonality or cognitive traits in each participant in detail. Thus,
we were not able to identify factors that may affect user perfor-
mance on an inter-individual level. Recent work in the domain
of interpretable ML suggests that individual differences in the
ability to understand and apply the results of automated ML sys-
tems may depend on individual personality traits, such as those
associated with mathematical ability and gist processing [15]. A
similar evaluation with respect to inter-individual differences in
intuitiveness as a property of algorithms remains an important
research gap to be addressed.

Our in-depth analysis of the intuitiveness of two concrete algo-
rithms does not include an evaluation of what characteristics
make an algorithm more or less intuitive. While the reported re-
sults indicate differences in terms of the mental burden imposed
on the user, the scope of this work only allows limited insights
what factors determine cognitive complexity of algorithms. We
demonstrate that the amount of information displayed eases the
effort required to identify efficient teaching strategies. Identifi-
cation of further factors impacting cognitive complexity of ML-
algorithms is an important avenue for future studies. Moreover,
there is still room for comprehensive examinations of further
ML algorithms, such as Support Vector Machines or Artificial
Neural Networks. Such prospective work may lead to general
principles and ultimately guide the design of future intuitive
human-machine interfaces.

The task participants face in our active teaching study is a con-
trived abstraction of a real-world human-machine interaction.
During the task, achieving low scores has no real negative con-
sequence for the user, which is why we use monetary incentive
to motivate. Extending the task and design to project greater
perceived real-world impact constitutes a challenging – though
certainly worthwhile – avenue for future work, considering the
importance of intrinsic motivation in quality-focused tasks [8].

Despite these limitations, our results show very promising first
steps towards an experimental evaluation of the intuitiveness
of teachable algorithms. Insights into users’ internal represen-
tations [20] of the machine might lead to an understanding of
which characteristics of algorithms support intuitiveness.

5.2 Conclusion

We propose intuitiveness as a core property of ML algorithms,
largely impacting how easy it is for users to interact with an algo-
rithm without any explicit instruction or training. In real-world
interpersonal interactions and decision making, action is often
taken based on gut feeling or intuition, rather than conscious
analytical reasoning. Users interacting with artificial systems
tend to automatically and subconsciously transfer behavioral
patterns from interpersonal experiences to this new setting [31],
so it seems plausible that users also rely on intuition in human-
machine interaction. Our work provides initial evidence for
this notion. Specifically, in our human-grounded evaluation we
demonstrate that two well-established ML algorithms indeed
vary with respect to how intuitive they are, and that different
visualizations influence how quickly users improve in teaching
these algorithms. This work is a first step to systematically eval-
uate the efficacy of human-machine interactions with a particular
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focus on the impact of intuitiveness, to be extended by future
evaluations including a wider range of more complex algorithms
and higher dimensional data. Thus, our framework of intuitive-
ness in active teaching may ultimately guide the design of future
human-machine interfaces that are intuitively accessible.

References

[1] Gagan Bansal, Besmira Nushi, Ece Kamar, Daniel S Weld,
Walter S Lasecki, and Eric Horvitz. “Updates in human-ai
teams: Understanding and addressing the
performance/compatibility tradeoff”. In: Proceedings of the
AAAI Conference on Artificial Intelligence. Vol. 33. 2019,
pp. 2429–2437 (cit. on p. 5).

[2] Michael Barz and Daniel Sonntag. Incremental Improvement of
a Question Answering System by Re-ranking Answer
Candidates using Machine Learning. 2019. arXiv:
1908.10149 (cit. on p. 2).

[3] Shai Ben-David and Nadav Eiron. “Self-directed learning and
its relation to the VC-dimension and to teacher-directed
learning”. In: Machine Learning 33.1 (1998), pp. 87–104
(cit. on p. 2).

[4] Kenneth S Bowers, Glenn Regehr, Claude Balthazard, and
Kevin Parker. “Intuition in the context of discovery”. In:
Cognitive psychology 22.1 (1990), pp. 72–110 (cit. on p. 2).

[5] Leo Breiman, Jerome Friedman, Richard Olshen, and
Charles Stone. Classification and Regression Trees. Taylor &
Francis, 1984 (cit. on p. 4).

[6] Samuel Budd, Emma C Robinson, and Bernhard Kainz. A
Survey on Active Learning and Human-in-the-Loop Deep
Learning for Medical Image Analysis. 2019. arXiv:
1910.02923 (cit. on p. 2).

[7] Maya Cakmak and Andrea L Thomaz. “Eliciting good teaching
from humans for machine learners”. In: Artificial Intelligence
217 (2014), pp. 198–215 (cit. on p. 2).

[8] C. P. Cerasoli, J. M. Nicklin, and M. T. Ford. “Intrinsic
motivation and extrinsic incentives jointly predict performance:
a 40-year meta-analysis.” In: Psychological bulletin 140 4
(2014), pp. 980–1008. doi: 10.1037/a0035661 (cit. on p. 9).

[9] Thorsten Doliwa, Gaojian Fan, Hans Ulrich Simon, and
Sandra Zilles. “Recursive teaching dimension, VC-dimension
and sample compression”. In: The Journal of Machine
Learning Research 15.1 (2014), pp. 3107–3131. url:
http://dl.acm.org/citation.cfm?id=2697064 (cit. on
p. 2).

[10] Finale Doshi-Velez and Been Kim. Towards a rigorous science
of interpretable machine learning. 2017. arXiv: 1702.08608
(cit. on pp. 3, 8).

[11] Vasilios Duros, Jonathan Grizou, Abhishek Sharma,
S. Hessam M. Mehr, Andrius Bubliauskas, Przemysław Frei,
Haralampos N. Miras, and Leroy Cronin. “Intuition-Enabled
Machine Learning Beats the Competition When Joint
Human-Robot Teams Perform Inorganic Chemical
Experiments”. In: Journal of Chemical Information and
Modeling 59.6 (2019), pp. 2664–2671. doi:
10.1021/acs.jcim.9b00304 (cit. on p. 2).

[12] Seymour Epstein. “Integration of the cognitive and the
psychodynamic unconscious.” In: American psychologist 49.8
(1994), p. 709 (cit. on p. 3).

[13] Seymour Epstein, Rosemary Pacini, Veronika Denes-Raj, and
Harriet Heier. “Individual differences in intuitive–experiential
and analytical–rational thinking styles.” In: Journal of
Personality and Social Psychology 71.2 (1996), p. 390 (cit. on
p. 2).

[14] European Commission. White Paper on Artificial Intelligence:
A European Approach to Excellence and Trust. 2020 (cit. on
p. 1).

[15] Lydia P Gleaves, Reva Schwartz, and David A Broniatowski.
“The Role of Individual User Differences in Interpretable and
Explainable Machine Learning Systems”. In: (2020). arXiv:
2009.06675 (cit. on p. 9).

[16] Andreas Glöckner and Tilmann Betsch. “Multiple-reason
decision making based on automatic processing”. In: Journal of
experimental psychology: Learning, memory, and cognition
34.5 (2008), p. 1055 (cit. on p. 2).

[17] Sally A Goldman and Michael J Kearns. “On the complexity of
teaching”. In: Journal of Computer and System Sciences 50.1
(1995), pp. 20–31 (cit. on p. 2).

[18] Sukeshini A Grandhi, Gina Joue, and Irene Mittelberg.
“Understanding naturalness and intuitiveness in gesture
production: insights for touchless gestural interfaces”. In:
Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems. 2011, pp. 821–824 (cit. on p. 3).

[19] Samuel W Greenhouse and Seymour Geisser. “On methods in
the analysis of profile data”. In: Psychometrika 24.2 (1959),
pp. 95–112 (cit. on p. 6).

[20] Lukas Hindemith, Anna-Lisa Vollmer, Jan Phillip Göpfert,
Christiane B. Wiebel-Herboth, and Britta Wrede. Why robots
should be technical: Correcting mental models through
technical architecture concepts. 2020. arXiv: 2011.02731
(cit. on p. 9).

[21] Daniel Kahneman. “A perspective on judgment and choice:
mapping bounded rationality”. In: American psychologist 58.9
(2003), p. 697. doi: 10.1037/0003-066X.58.9.697 (cit. on
p. 3).

[22] Daniel Kahneman. Thinking, fast and slow. Macmillan, 2011
(cit. on p. 3).

[23] Hayato Kobayashi and Ayumi Shinohara. “Complexity of
Teaching by a Restricted Number of Examples.” In:
Proceedings of the Conference on Learning Theory (COLT).
Citeseer. 2009 (cit. on p. 2).

[24] David D Lewis and William A Gale. “A sequential algorithm
for training text classifiers”. In: Proceedings of the ACM SIGIR
Conference on Research and Development in Information
Retrieval. Springer. 1994, pp. 3–12 (cit. on p. 2).

[25] Weiyang Liu, Bo Dai, Ahmad Humayun, C. Tay, Chen Yu,
L. B. Smith, James M. Rehg, and L. Song. “Iterative Machine
Teaching”. In: Proceedings of the 34-th International
Conference on Machine Learning (ICML). 2017. arXiV:
1705.10470 (cit. on p. 2).

[26] Jani Lylykangas, Veikko Surakka, Jussi Rantala, and
Roope Raisamo. “Intuitiveness of vibrotactile speed regulation
cues”. In: ACM Transactions on Applied Perception (TAP) 10.4
(2013), pp. 1–15 (cit. on p. 3).

[27] Tamas Madl, Ke Chen, Daniela Montaldi, and Robert Trappl.
“Computational cognitive models of spatial memory in
navigation space: A review”. In: Neural Networks 65 (2015),
pp. 18–43. i ssn: 0893-6080. doi:
https://doi.org/10.1016/j.neunet.2015.01.002.
url: https://www.sciencedirect.com/science/
article/pii/S0893608015000040 (cit. on p. 4).

[28] David Mathias. “A Model of Interactive Teaching”. In: J.
Comput. Syst. Sci. 54 (1997), pp. 487–501 (cit. on p. 2).

[29] Clifford Nass, B.J. Fogg, and Youngme Moon. “Can computers
be teammates?” In: International Journal of Human-Computer
Studies 45.6 (Dec. 1996), pp. 669–678. doi:
10.1006/ijhc.1996.0073 (cit. on p. 1).

https://arxiv.org/abs/1908.10149
https://arxiv.org/abs/1910.02923
https://doi.org/10.1037/a0035661
http://dl.acm.org/citation.cfm?id=2697064
https://arxiv.org/abs/1702.08608
https://doi.org/10.1021/acs.jcim.9b00304
https://arxiv.org/abs/2009.06675
https://arxiv.org/abs/2011.02731
https://doi.org/10.1037/0003-066X.58.9.697
1705.10470
https://doi.org/https://doi.org/10.1016/j.neunet.2015.01.002
https://www.sciencedirect.com/science/article/pii/S0893608015000040
https://www.sciencedirect.com/science/article/pii/S0893608015000040
https://doi.org/10.1006/ijhc.1996.0073


Preprint – Intuit iveness in Active Teaching 11

[30] Clifford Nass and Youngme Moon. “Machines and
Mindlessness: Social Responses to Computers”. In: Journal of
Social Issues 56.1 (2000), pp. 81–103. doi:
10.1111/0022-4537.00153 (cit. on p. 1).

[31] Clifford Nass, Jonathan Steuer, and Ellen R. Tauber.
“Computers are Social Actors”. In: Proceedings of the SIGCHI
conference on Human factors in computing systems. Boston,
Massachusetts, USA, 1994, pp. 72–78 (cit. on pp. 1, 9).

[32] Anja Naumann, Jörn Hurtienne, Johann Habakuk Israel,
Carsten Mohs, Martin Christof Kindsmüller, Herbert A Meyer,
and Steffi Hußlein. “Intuitive Use of User Interfaces: Defining a
Vague Concept”. In: International Conference on Engineering
Psychology and Cognitive Ergonomics. Springer. 2007,
pp. 128–136 (cit. on p. 2).

[33] Benjamin Paaßen, Alexander Schulz, Terrence C Stewart, and
Barbara Hammer. Reservoir Memory Machines as Neural
Computers. 2020. arXiv: 2009.06342 (cit. on p. 1).

[34] German I Parisi, Ronald Kemker, Jose L Part,
Christopher Kanan, and Stefan Wermter. “Continual lifelong
learning with neural networks: A review”. In: Neural Networks
113 (2019), pp. 54–71. arXiv: 1802.07569 (cit. on p. 1).

[35] Burr Settles. Active learning literature survey. Tech. rep.
University of Wisconsin-Madison Department of Computer
Sciences, 2009. url: https://minds.wisconsin.edu/
bitstream/handle/1793/60660/TR1648.pdf (cit. on
p. 1).

[36] Shai Shalev-Shwartz and Shai Ben-David. Understanding
machine learning: From theory to algorithms. Cambridge
university press, 2014 (cit. on p. 4).

[37] Patrice Y. Simard et al. Machine Teaching: A New Paradigm
for Building Machine Learning Systems. 2017. arXiv:
1707.06742 (cit. on p. 2).

[38] E. C. Tolman. “Cognitive maps in rats and men.” In:
Psychological review 55 4 (1948), pp. 189–208 (cit. on p. 4).

[39] Marcie Jadine Tyre, Steven D Eppinger, Eva MH Csizinszky,
et al. Systematic versus Intuitive Problem Solving on the Shop
Floor: Does it Matter? Tech. rep. 1993 (cit. on p. 2).

[40] Oriol Vinyals, Charles Blundell, Timothy Lillicrap,
Koray Kavukcuoglu, and Daan Wierstra. Matching networks
for one shot learning. 2016. arXiv: 1606.04080 (cit. on p. 1).

[41] Gerhard Widmer and Miroslav Kubat. “Learning in the
presence of concept drift and hidden contexts”. In: Machine
learning 23.1 (1996), pp. 69–101 (cit. on p. 1).

[42] Ke Zhou, Mounia Lalmas, Tetsuya Sakai, Ronan Cummins,
and Joemon M. Jose. “On the Reliability and Intuitiveness of
Aggregated Search Metrics”. In: Proceedings of the 22nd ACM
International Conference on Information and Knowledge
Management. CIKM ’13. San Francisco, California, USA:
Association for Computing Machinery, 2013, pp. 689–698.
i sbn: 9781450322638. doi: 10.1145/2505515.2505691
(cit. on p. 3).

[43] Xiaojin Zhu. “Machine Teaching: An Inverse Problem to
Machine Learning and an Approach Toward Optimal
Education”. In: Proceedings of the Twenty-Ninth AAAI
Conference on Artificial Intelligence. 2015, pp. 4083–4087
(cit. on p. 2).

[44] Xiaojin Zhu, Adish Singla, Sandra Zilles, and Anna N Rafferty.
An overview of machine teaching. 2018. arXiv: 1801.05927
(cit. on p. 2).

https://doi.org/10.1111/0022-4537.00153
https://arxiv.org/abs/2009.06342
https://arxiv.org/abs/1802.07569
https://minds.wisconsin.edu/bitstream/handle/1793/60660/TR1648.pdf
https://minds.wisconsin.edu/bitstream/handle/1793/60660/TR1648.pdf
https://arxiv.org/abs/1707.06742
https://arxiv.org/abs/1606.04080
https://doi.org/10.1145/2505515.2505691
https://arxiv.org/abs/1801.05927

