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Abstract
Since several years the interest in fitness is increasing and therefore the demand for information about
training plans has also increased. While fitness plan, especially training plans for weight training, can be
created online with various tools, these plans usually are not tailored to the specific user, but mostly
generic for certain purposes. This paper presents an application that uses Case-based Reasoning (CBR)
to generate and adapt training plans for weight training based on basic user data, preferences, and
restrictions. We describe the idea and goals for the application as well as the knowledge model for the
CBR component including case structure and similarity measures. We also give an short overview of the
current implementation and a first evaluation of the application.
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1. Introduction

The World Health Organization (WHO) names physical inactivity as one of the major causes for
a decreased lifespan in developed countries on earth. Physical inactivity has negative impact
on several diseases, for example diabetes[1]. The interest in fitness and the number of people
performing physical activities to enhance and maintain their health is increasing during the
last years. As a consequence of this increasing interest in fitness, the fitness industry itself
is growing also. But despite this constant increase, a large number of people still maintain
an nonathletic life style with insufficient physical activity[2]. The last two years with the
COVID-19 pandemic have not supported the positive trending, because many physical activities
like gyms were restricted and in many cases those missing activities are not replaced by other
activities[3].

When someone decides to become active or more active in sports, they have a variety of
digital resources available in different forms. The offerings range from paid models, such as
Peloton, to free resources such as YouTube videos or free apps. Depending on the offer, the user
gets access to personal advice or prefabricated plans, which are made available online. Sport is a
very individual activity, where training plans are ideally tailored to the user and are performed
with a coach to ensure that the exercises are performed correctly, especially in weight training.
Many online resources, such as prefabricated training plans, offer little or no opportunities for
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individualization and putting together training plans on its own is not a good option for many
people due to lack of experience and time.

In order to counteract this problem, an application was developed that suggests training plans
for users that fit their preferences and restrictions with the help of Case-based Reasoning (CBR).
In this paper, we first take a look on some existing related work (Section 2) and then describe the
basic idea and the goals of our application in Section 3. We also take a more detailed look on the
knowledge modeling of our prototype in Section 3.1 and a short overview of the implementation
in Section 3.2. The evaluation setup and the results are then discussed in Section 3.3. The paper
ends with a conclusion and an outlook on future work.

2. Related work

Using CBR to suggest training plans is not a new idea. In recent years, a number of researchers
have been working on this topic. One system was build to tailor training plans especially to
obese people. It suggest plans, that were rated as efficient to loose weight by other people with
similar characteristics. A case in this system contains information about the user like age, sex,
weight, height and the body mass index (BMI). In addition, specific measurable blood values are
stored, for example the values for cholesterol, glucose, and triglycerides. The blood values are
more important for the similarity measurement than the basic physical values, therefore they
have an higher weight.

Four types of training are available in the system: water training or swimming, concurrent
training, where aerobics and strength training are performed in parallel, electrolypolysis,
where fat zones are treated with tension and finally a combination of aerobic training and
electrolypolysis. The duration of the training and observations during the training are also part
of the solution of the case. In order to provide the experts who monitor the training sessions
with all the necessary information, the cases also contain the measured values of the persons
after the training, observations during the training and their consequences.

In the system, training plans based on user attributes are recommended in order to find
the most efficient plan for a user. The system is heavily supervised by experts and has a very
extensive data collection at the beginning, which is only possible with specialist staff. Part of
the data is determined by a blood sample. This leads to well-comparable data, which are very
specific for the purpose, in the case of weight loss, but as a consequence the system can not be
used by users on their own[4].

Another system was designed to suggest training plans for exercises in gyms either with
free weights or machines. It uses a combination of Rule-based Reasoning (RBR) and CBR and is
designed for beginners in weight training. The problem structure contains information about
the user itself as well as information about the muscles to be trained. The solution is the same
fitness recommendation as for the most similar user if there is sufficient similarity. In the event
that no sufficiently similar user is found, a second mechanism is applied, which aims to find an
exercise that fits the user. The input will then be compared with an single exercise and not a
complete training plan.

A case for an exercise has the same attributes as those that a user can specify. There is also
an attribute that indicates the level of difficulty and is matched with the activity of the user,



an attribute for sex, and an attribute that describes the necessary equipment. The necessary
equipment and health complaints are not taken into account in the calculation of the similarity.
In addition, the similarity measure uses the Sorsen-Dice coefficient[5] and therefore all attributes
are equally weighted[6].

A third system uses CBR to generate training plans for marathon runners. Based on the
previous training, the system makes predictions about the result of the marathon and can
generate plans for any desired result of the marathon. Either a training plan based on a target
time is searched or a target time based on the current training plan. Data from wearables such
as the Applewatch is used to determine a runner’s performance. For the system, individual
training activities are tracked with data at 100 meter intervals. From these activities, the values
for total distance, average speed, and both the fastest and slowest times for 10, 5 and 1km are
read.

For a case, data is aggregated per week, with the number of activities and the longest distance
being its own attributes. The speeds for the longest distance are also listed separately. For
each week, the time distance to the planned marathon is relevant, as this determines the time
period for possible training. For a given week, a case consists of the data of the current week
including the data of the longest distance regardless of the current week and the current time of
the person. For the person himself, only the sex, age and weight are used. sex is included as it
has a big influence on training performance in the marathon. Since the amount of training has
a big influence, a week always represents a case that is only compared to case from the same
week.

When a future time is determined, a runner’s data is entered in week X and the result is
his weighted average time of k most similar runners. If the target is a training plan, the input
consists of the training that the user has completed at the time and an adapted training time.
We are looking for the most similar case of a user who has completed a marathon close to the
new finish time[7].

In addition to these systems, other approaches for generating training plans can be found.
Skreik an his colleagues developed a system based on automated plan generation with a planning
domain definition language (PDDL). The system defines the current performance level of an
athlete with the goal to bring the athlete to the best level of performance for him, regarding
a given goal date. The starting level is the current state of an athlete, which is determined
by dividing the body into upper, middle and lower body and these areas then again into
biceps, triceps, deltoids, trapezius, lats, abdominal muscles, quadriceps, hamstrings, and calves.
Maximum force, endurance and power are measured and recorded, as well as general tests for
aerobic and anaerobic performance. The tests vary from exercises on a sports field to laboratory
tests.

Different tests are made for each muscle group and the end result is an average of them, thus
creating a good picture of the performance. These tests must be repeated regularly to ensure
that the values develop as planned. In order to determine the actions that are needed, users
must also indicate which aspect they would like to improve and how much they would like to
do in which time frame[8].

All these systems are good approaches to generate training plans, but are limited in several
ways, either by a specific group of users, a specific sport, or the effort for monitoring the
progress. Our application is aimed at a broader scope for users in different training states and



are training either in a gym or at home with machines, free weights, or only body weight. As a
consequence, we have a broader case structure with more attributes and a broader knowledge
base. The considered systems are a good inspiration for the required data, case structure, and
similarity measures used in our system.

3. Weight training plans with CBR

The training application should be used by people who start with weight training or already
have some knowledge and experience in weight training. And those people do not have an
expert to aid them during their training. In addition, the application should support exercises
with machines, free weights or body weight, performed in a gym or at home. Therefore, the
application has to consider information about the users, their restrictions and preferences, the
possible exercises, and the combination of exercises in training plans. We have identified six
different use(r) cases for our application to cover:

1. A beginner in sports wants to start with weight training and needs a training plan for a
whole body workout.

2. An active athlete in other sports that wants to start weight training as an addition.
3. An active athlete in weight training that wants to split his/her whole body workout into

several training plans with muscle group focus.
4. An active athlete that wants to switch from gym workout to home workout.
5. A travelling athlete does not have access to the equipment, but does not want to neglect

his workout.
6. An active athlete with progression problems wants a new different training plan.

The first and second use case deal with newcomers, while the other use cases deal with the
support of people already in training. For those who are already active, it is assumed that people
have a rough idea of fitness, but for whom a change of training plan is not trivial. For beginners,
it is about helping them to provide a suitable training plan that allows them to achieve their
goals efficiently and takes into account their possibilities. In addition, the time required to get
started can be reduced. Both points can be served by generating complete training plans.

The third use case is about facilitating changes in training. This may be because the different
muscle groups need to be trained more intensively or because there is less time available for
training and the existing plan needs to be divided into several groups. The fourth and fifth use
case deal with the support of an environment change, which can be temporary or indefinite.
Whether a new plan is necessary for the change from the gym to the home workout, or whether
only exercises need to be exchanged, depends on which plan the user already has and how
much equipment he owns.

The last use case is about users who follow a training plan but are on a plateau, and these
users can benefit from a completely new plan for the affected muscle groups, as this plan can
provide different stimuli. Even if the reasons are different, all use cases need either to start a
training plan or an adjustment that can be made depending on the extent of the changes made
by a new plan or by exchanging exercises in an existing plan.



3.1. Knowledge modeling

Initially, the system has to be filled with a lot of plans and exercises as well as potential
restrictions and preferences. The data about the exercises, plans, and restrictions of exercises
has to be collected through experts. User restrictions and preferences have to be collected by
user inputs. After the initial knowledge modeling, users can create and generate new plans for
their workout. The experts can then evaluate these training plans and decide whether or not a
new plan should be included in the knowledge base. An exercise or training plan that is not
approved can still be used by the user who created it. In Figure 1 an overview of the modeled
attributes can be seen.

Figure 1: Attributes, data types, and weight of the knowledge model

3.1.1. Knowledge model for users

Attribute age: Based on the six use cases, the knowledge model has to consider information
about potential users. The first relevant information in our context about a user is the age. The
age influences a training in several ways. In addition to the performance, age also influences
the choice of training, since the goals, especially before puberty, should be more focused on
movements rather than on strength in order to provide a solid basis for later strength training.
Especially in older age, the muscle strength of people decreases and thus the performance
and, over time, the ability to perform certain activities. For older people strength training can
lead to an improved quality of life, as it can counteract muscle loss and at the same time train
the mobility of the body [9]. Also, the effects of training plans are influenced by age, which
means that training plans should not be easily transferred to large age gaps, even if they are
not pensioners, children or young people[10].



For the similarity of age, the relationship between age and performance was considered. This
connection has been studied in the field of professional sports and different trends are emerging
for the different sports. Although the endpoints differ, the courses themselves are very similar.
In addition to athletic performance, mental performance, which can be influenced by age, is also
evaluated. Even as a result of accidents or unhealthy lifestyles, people sometimes fail to reach
their peak performance, but can improve their personal performance later in life by making
changes[11][12][13]. In summary, a 10-year age difference should be more problematic in older
age. This is because at the beginning of 20 the peak should be reached slowly and a plateau
should follow, while at 40 the extraction is already stronger and the differences per year should
be greater. The relative changes are not significantly different between the sexes, so it is not
considered a factor. This results in a similarity function for age, which calculates a similarity of
one up to a difference of two years, drops to 0.6 up to a difference of 5 years and drops to zero
at 10 years.

Attribute experience: Another relevant information is the experience of the users. In order
to recommend training plans to users that are able to perform the exercises safely and which are
at the same time appropriate in scope, the user’s experience must be determined. Without the
information at all, there is a risk of suggesting exercises that a user cannot yet perform safely,
even if they have guidance. For modeling purposes, a symbolic representation is used to map
three groups of experience: beginner, advanced, and professional. The similarity is determined
using a matrix, with beginner having some similarity to advanced athletes but no similarity to
professionals. Advanced athletes have a higher similarity to professionals than to beginners.

Attribute sex: Another relevant information for training plans in weight training is the sex
of the athletes. The sex of a person is about the physical differences in the physique of men and
women. It has been shown that the maximum strength, measured by knee extensions, that men
and women can exert is very different in adulthood and only converges with increasing age, as
the musculature of women degrades less[11]. In addition, there are differences in overall muscle
mass and especially in muscle mass in the upper body[14]. For the representation of gender,
a symbolic representation was chosen. Male, female or diverse are offered as possible values
to give as many people as possible a choice. While sports research often only differentiates
between male and female and there are relevant differences, people who feel they were born in
the wrong body are also on the spectrum between male and female. In the course of hormone
therapy, some characteristics relevant to sports would also adapt, making the value divers
meaningful[15]. For the similarity measure, it is assumed that a person who chooses divers
is someone who adjusts his gender to his self-perception through therapy and thus is of the
physical condition between the sexes. There is a simplifying assumption that there is a linear
change in the relevant characteristics, therefore diverse has a 50 percent similarity to both male
and female. This assumption will not apply to all users and people will also choose diverse who
may not be doing therapy.
Attribute weight: The body weight of a person influences the performance that can be

achieved during exercises. It can be composed of different parts of muscle mass and body fat
and has a different influence depending on this, so the weight must be put in context with the
sporting activity of a person. For body weight exercises, a high body weight can be a problem
because the muscles and joints are subjected to a higher load and therefore the number of
repetitions is lower than for people with less body weight. The similarity for the body weight



is calculated via an integer function with a linear descent of the curve until a difference of 50
kilogram is reached.

Attribute size: Under certain circumstances, body size may also be relevant for the creation
of a training plan. Not all equipment is adjustable for all heights and therefore usable. The
taller person also has a different lever for some exercises, making the repetitions for the same
weight harder for the taller person. This is especially true for body weight exercises, as a smaller
person will have less weight on the forearms for push-ups, for example, even though the two
people weigh almost the same. Due to the rather small influence of height on the design of the
training plan, a distance of 50 cm is set based on the size distribution in Germany[16], at which
height still has a similarity of 0.5. From that point on, the similarity decreases more and reaches
zero at a difference of 80 cm or more.
Attribute limitations: Two other information groups are relevant from the athletes per-

spective: the limitations or restrictions and the available equipment. An example of limitations
is the limited load-bearing capacity of joints, which means that certain exercises cannot be
performed because they cause more damage than they help. But diseases can also have an
impact on exercise selection and performance. In the context of the app, we will look at ailments
that directly relate to exercise selection in a training plan or otherwise have easily understood
influences on the acute variables of a training plan: Shoulder, upper spine, lower spine, elbows,
knees, ankles and wrists, hip joints. In addition, two medical conditions where the influence on
weight training are documented: Diabetes[17] and Heart Disease[18].

Attribute available equipment Equipment or devices represent another attribute of a user,
they describe the options they have for performing exercises. With the help of this attribute, a
training plan can be better tailored to a user, as it can take advantage of the user’s options to
achieve an efficient result. At the same time, the attribute can help the system not to suggest
training plans to the user that do not fit the user because the user does not have the necessary
equipment. The range of values includes dumbbells and barbells, pull-up bar, kettle bells, dip
bars, thera-bands, weight bench, gym, and no equipment.

In addition to the user, the training plans and exercises must also be modeled. A training plan
is composed of a set of exercises and always pursues a goal, for a desired muscle group. The
exercises in a training plan determine how long it lasts and what equipment is needed for it.

3.1.2. Knowledge model for training plans

Attribute goal: A training plan is described by three primary attributes and a list of exercises.
The primary attributes are the goal of the training plan, the muscle group(s) to be trained, the
duration to absolve all exercises of a plan, and the weight volume. A training plan needs a
goal to be effective[19]. In our context, four goals were defined for strength training: Power,
maximum strength, strength endurance and muscle mass. The similarity of the targets is
defined in a similarity matrix, where the three targets maximum strength, muscle endurance
and muscle mass still have similarities of 0.6 among themselves while power is not similar to
the other targets. The reason for this is that the first three goals can be rearranged quite well
by adaptation. For the first three goals, the same or very similar exercises can be used, with
different sets, repetitions, rests and weights, while a training plan for Power consists largely of
specific exercises.



Attribute muscle group: Another attribute that is needed is the muscle group that the
training plan should train. Since not all training plans should address all muscle groups, so that
less time needs to be invested per workout or only certain aspects of the body should be trained,
it must be clear which areas a training plan should address. The muscle groups are also shown
as symbols. For the subdivision of the muscle groups, the individual areas are considered, which
can be trained and combined with split training[9][20]. A total of nine muscle groups have
been defined: arms, chest, abdomen, legs, back, shoulders, upper body, lower body, full body. A
similarity matrix is used to calculate the similarity. Since the muscle groups cannot be adapted
by adaptation, since this would require exchanging exercises for other exercises that are not
similar to them, only matches are considered here.

Attribute duration: Each plan has a certain duration needed to complete it. The time, for a
given plan, may vary somewhat between two people. This is due to the fact that the duration of
a repetition of an exercise is not always exact or the planned breaks are not followed correctly.
The attribute is very important because the potential user of the app has a limited time budget
for which he is looking for a training plan. The duration is specified as an integer in seconds.
For the duration similarity, a maximum difference of 15 minutes is considered, above which the
similarity is zero. The similarity decreases linearly for the function until it reaches zero. The
maximum difference of 15 minutes is based on the assumption that one exercise unit lasts about
5 minutes and thus a maximum of three exercises more or less are included in the training plan.
Attribute training type: A training plan is applicable for a certain type of training. We

modeled three training types: upper body training, lower body training, and whole body
training. This way, the training plans for a specific desired training can be retrieved.

Attribute exercises: The last attribute of the training plan is a list of exercises. In order for
the application to exchange exercises, the exercises must be mapped as completely as possible
to ensure that the efficiency of a training plan suffers as little as possible.

3.1.3. Knowledge model for exercises

Attribute primary muscle group: An exercise is represented by seven attributes. One
attribute is the primary loaded muscle, which is primarily relevant for the exchange of exercises.
Like the muscle groups, these muscles are also shown as symbols, but in more detail than
the muscle groups. A total of 15 different muscles are distinguished in the attribute values:
biceps, triceps, forearms, chest, straight and lateral abs, anterior and posterior shoulders, calves,
anterior and posterior thighs, gluteus, as well as lower, middle and upper back. The similarity
measure of the attribute is modeled as for the muscle groups. For an exercise to be considered
similar, the primary muscle has to match.

Attribute secondarymuscle group: In addition to a primary loaded muscle, many exercises
also have another loaded muscle that is trained as a side effect. Thereby it is again relevant for
the exchange, even if to a lesser degree. It is possible that the secondary muscle is noticeably
co-trained or that there is no good separation between primary and secondary muscle. The
values are the same as for the attribute for the primary muscle with an additional value if no
secondary muscle is used. Unlike the primary muscle, a deviation in the secondary muscle is
less bad and may even be desired to achieve a different type of exercise for the primary muscle.
Therefore, the similarity measure can be more differentiated for this attribute.



Attribute equipment: Each exercise needs an assigned piece of equipment so that the list
of equipment for a training plan can be recognized based on the exercises used. The equipment
is also needed so that when an exercise is replaced, it can be noted whether a user can perform
a particular exercise at all. For similarity, only an exact match is considered. The exception is
the equipment gym, as this attribute combines several pieces of equipment. Therefore, a gym
has a similarity of one to all items that are assumed to be in a gym.

Attribute body weight exercise: In order for the system to be appropriately extended for
body weight exercises, an attribute is defined to record whether an exercise is body weight
exercise. Since the attribute has only two values, it is represented as a Boolean.

Attribute used joints: Exercises can be divided into two categories, multi-joint and single-
joint, which describe how many joints an exercise uses. Since multi-joint exercises involve a
majority of muscles, they are usually more complicated to perform, but allow for greater weights
to be moved and thus offer an advantage for strength training. In comparison, single-joint
exercises are easier to perform and isolate a specific muscle, making them more interesting
for beginners. Since these types of exercises fulfill different roles in the context of the training
plan, it is important for swapping an exercise to maintain its characteristic. Only two types are
distinguished, so a Boolean is sufficient for representation[19][9].
Attribute muscle movement: Another relevant property for an exercise is the muscle

movement that is performed. This also has an influence on the effect that the training has on a
muscle, so this property should also be maintained. The three types of muscle movement are
not particularly important when creating a training plan, as this point has usually been taken
care of by the exercise selection. If an exercise should be replaced from a plan, it should be
replaced by an exercise that has the same movement characteristics[20]. Three movements are
distinguished: push, pull, and isometric. Due to the different nature of the exercises, which
have different muscle movements, no similarities are established between them.
Attribute explosive movement: There are exercises that involve explosive movements,

these are mostly exercises for improving power. The exercises are rarely just, faster executed
versions of the otherwise also used exercises. For power training, more specially designed
exercises are used[9]. In order to avoid exchanging a power exercise with a normal exercise for
a muscle group, this attribute is used to distinguish between these types of exercises.

3.1.4. Case structures

Based on the required attributes, two case structures are modeled: a case structure for the
training plans and one case structure for exercises. The structure for training plans contains
the attributes for the user and the training plan as a problem description and a list of exercises
as the solution. The structure for the exercises contains the described attributes as the problem
description and another exercise as the solution.

3.2. Implementation

The prototypical application was implemented as a client-server-structure with a smartphone
app as the client and the CBR system as the server. As a tool for building the CBR system, our
open access tool myCBR [21][22] was used. The application currently supports the retrieve and



reuse steps of the CBR cycle [23].
When a user creates a training plan, the CBR component attempts to determine the appropriate

intensity by searching the training plans of similar users for exercises that train the same
muscles with the same goal. After the similar users are determined, their training plans are
loaded that have the same goal as the training plan that was created. For each exercise, the
training plans are searched for all exercises that train the same primary muscle and match
the specified equipment. The exercises that do not match in the most similar training plan
can thus be replaced. If a user wants to further customize their generated training plan, they
can manually replace exercises by editing the entire training plan or they can get suggestions
by retrieving a list of individual exercises that can be integrated in the training plan. The
exercises itself are not adapted during the reuse step, but the training plans by using case-
based adaption of exercises. The current implementation of the app can be found on Github:
https://github.com/FitnessCBR/FitnessCBR.git

3.3. Evaluation

The evaluation of the prototypical system was somewhat challenging, because during the
COVID-19 pandemic the physical activity of many people was reduced and therefore finding
people performing the suggested training plans was not easy. We conducted an expert evaluation
of the generated training plans and the replacement of exercises. Two expert fitness trainers
queried training plans with the app and analyzed them. The fitness trainers has been working
for 6 respective 9 years for the company RSG Group which has been operating since 1996
and has as its core business the operation of fitness studios. The company now owns many
well-known fitness brands such as Gold’s Gym, McFit and Cyberobics. Together, more than 6
million members can be recorded in studios and digital offers. Both trainers have a licence class
B for fitness training. Each trainer queried the CBR system ten times with different user and
training plan characteristics. At first the retrieved plans were evaluated as a whole and in a
second step, specific exercises were selected for exchange and the new exercises were evaluated
in context of the training plan. The fitness experts rated the training plans and exercises on a
scale from 1 to 5, where 1 means a perfect match and 5 a totally unsuitable plan or exercise.
Table 1 shows the results of the evaluation.

The evaluation results show, that the system is capable of retrieving good training plans,
but not every time a perfect match. But a perfect match is also dependent of the context and
perspective of the user. The training plans for power training do not fit very well, but the
feedback from the trainers suggest, that the system contains to few exercises for power training.
The exchange of exercises works also good, but for a better match not only the replaced exercise
should be considered but the other exercises in the plan and the order of the exercises, too.
Because the order of an exercise in the training plan has an impact of difficulty of an exercise
that should be suggested. Overall all training plans followed established rules and contain no
surprising exercises or combinations.



Table 1
Evaluation results of the training plans and exercises by experts (E1/E2)

Training plan result(E1/E2) exchanged exercises result(E1/E2)

max strength 2/2 chest 2/3
max strength 2/2 shoulder 3/3
max strength 3/2 shoulder 3/4
power 4/4 biceps 3/3
power 3/4 legs 2/3
strength endurance 1/2 triceps 2/2
strength endurance 2/2 chest 2/2
strength endurance 2/1 legs 2/1
muscle mass 2/2 chest 2/3
muscle mass 2/3 biceps 2/2

4. Conclusion and outlook

In this paper we present an application for the generation and suggestion of training plans for
weight training in different use cases. We describe the motivation behind it and take a detailed
look on the knowledge model and the decisions behind it. We also give an short overview of
the current prototype and the first evaluation with fitness experts.

Given the current state and the results of the evaluation, we plan to extend the knowledge
model with some additional attributes like the number of sets for exercises and the order of
exercises in the training plan. The retrieval process for exercises to be exchange will also be
reworked to consider the context of the exercise in the training plan. An extended evaluation
is also undergoing with the current version of the prototype by working with a number of
non-expert athletes to evaluate the training plans. This evaluation will be repeated with the
enhanced prototype.
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