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1. INTRODUCTION

Training is a form of effort to increase employee competency so that work is more effective and
efficient [1], proven in several research results that can measure the impact of training on improving employee
performance [2][3], ability to provide services [4] and employee engagement [5][6]. Trained resources not only
have competence in the form of knowledge and skills but also have a positive attitude [2]. Through training
and human resource development, organizations or companies can still innovate and be competitive in
achieving their strategic vision and mission [7].

Often the training carried out in an organization or company only has a tactical or short-term impact,
the training is unable to provide long-term effects, therefore feedback from training participants is needed for
continuous improvement regarding the quality of training implementation. Human resource development
through training cannot be separated from the quality of the training itself. Several previous studies examined
the positive impact of employee satisfaction on training satisfaction and organizational citizenship behavior
(OCB) [8][9], employee commitment [10][11], employee loyalty [12][13] and the negative impact on turnover
intention [10][12]. Apart from that, high training satisfaction is also related to positive perceptions of
knowledge-sharing practices [14][15]. thereby preserving tacit knowledge within the organization. The
knowledge-sharing process ultimately supports the development of individuals and the organization as a whole.
Participants' satisfaction with the training is shown through their assessments and the feedback given by
participants after attending the training.
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Results of evaluation of participant satisfaction with the implementation of training at PT. XY Z often
provides contradictory results when in reality the training program satisfaction index reaches the "very good"
standard, but the same training program receives criticism, suggestions, and improvements in the form of open
comments. This makes determining what improvements are needed to improve the quality of training
increasingly complex.

On the other hand, feedback from customers in the form of open comments is an important point and
can contribute to improving service quality [16][17]. Customer feedback based on several studies can be
categorized into: appreciation, suggestions, and criticism [18]. Analysis of feedback provides insight into the
level of satisfaction, experience, and expectations of service users which can encourage continuous
improvement [17], maintain quality, and generate innovations in meeting service user expectations [19].
However, large volumes of feedback cannot be analyzed manually because it results in inconsistencies in
interpreting the feedback [20], while the use of conventional methods of content analysis on large amounts of
feedback text has weaknesses related to accuracy and complicated coding procedures [16], therefore an
analytical method is needed that is capable of extracting information from large amounts of data with a minimal
error rate.

Although research exploring the evaluation of participant reactions is still very limited, several
relevant previous studies used similar approaches and methods but with different topics and data collection
techniques, namely about terrorism and harsh words on Twitter using the FP Growth algorithm [21][22]. Both
studies used the same approach and methods as this research, but with different data collection techniques,
where this research took data from the results of an open questionnaire and did not take data from social media
platforms like previous studies, and this research was conducted in a ceramic manufacturing company.

The implementation of an evaluation model that has not provided steps to improve training, as well
as the need to analyze participants' open comments, the number of which continues to increase along with the
volume of training implementation, as well as limited research on training evaluation using text mining,
encourage researchers to conduct studies related to evaluating training participants' reactions through open
comments to determine aspects of improvement in the implementation of training based on the topics or words
that most frequently appear from open comments from training participants using text mining. So that the topics
or words that appear most often in open comments can be used as considerations for companies to improve the
quality of training in the future.

It is hoped that the results of this research can provide a practical contribution to training organizers,
namely the HR Department in the training and development section, in utilizing the results of evaluating
training participants' reactions to determine aspects that need to be improved in training. This research also
provides procedures for developing the best model for classifying participant reaction comments so that
practitioners gain holistic insight into participant satisfaction and opinions regarding the implementation of
training, especially in training with a large number of participants or a high level of implementation frequency.
Apart from practical benefits, this research is expected to contribute to gaps in the literature and insight related
to text mining on the topic of evaluating participants' post-training reactions. In this study, section Il will
discuss the research method, section 111 deals with research results and discussion, and section IV deals with
conclusions obtained from this research.

2. RESEARCH METHOD

The stages in this research process use the Cross Industry Standard Process for Data Mining (CRISP-
DM) model, a data mining methodology prepared by a consortium of companies founded by the European
Commission in 1996 and designated as a standard process in data mining. By referring to the fact that data
mining in the CRISP-DM model has six phases [23], the stages of this research can be explained in Figure 1.

1. Business Understanding
The first stage is to understand the goals and needs from a business perspective, and then translate this
knowledge into defining problems in data mining. Next, plans and strategies will be determined to
achieve these goals. The problem in this research is how companies can evaluate training using data
mining using open comment data from training participants, and the goal the company wants to
achieve is to find topics that can be taken into consideration for improving training implementation in
the future.

2.  Data Understanding
This stage begins with data collection which will then continue with a process to gain a deep
understanding of the data, identify data quality problems, or detect interesting parts of the data that
can be used to hypothesize hidden information. In this research, the data used is open-ended
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questionnaire data filled in by employees PT. XYZ as many as 517 respondents after training
conducted in Mojokerto, in October 2023.

Table 1. Rating Results vs Open Comments Post Training at PT. XYZ

Training Program Rating (Scale 1-5) Comments

Team Building & Positive

More varied material
Less relevant material
4,36 (very good) There are several places where the service is lacking,
especially the toilets, perhaps they could be added and the
transportation is also inadequate

Mindset

Business
Understanding

Data Understanding

Data cleansing
Tokenize

Filter token by length

Transform cases

Filter stopwords

Data Preparation ‘

FP-Growth M - Modelling
Association Rules

\4

Evaluation

Deployment

Figure 1. Research Method

3. Data Preparation
This stage includes all activities to build the final dataset (data that will be processed in the modeling
stage) from raw data. This stage can be repeated several times. This stage also includes selecting
tables, records, and data attributes, including the process of cleaning and transforming the data to then
be used as input in the modeling stage. At this stage, several sub-stages are carried out as follows:

a.

Data cleansing

From the data obtained through an open questionnaire, cleaning was carried out first, such as
empty comment data and symbols.

Transform case

In this sub-stage or sub-process, all letters in the text are changed to lowercase, so that it can
help with consistency of analysis, reduce the dimensions or size of the data, and prevent
unnecessary differences due to differences in lowercase and uppercase types.

Tokenization

In this sub-stage or sub-process, the data is broken down into smaller units, namely sentences
into single words or in the form of fragments of words.

Filter stopwords

In this sub-stage or sub-process, data in the form of words that are not needed or relevant to
the research will be deleted, leaving only words that are important and relevant in this research.
Filter token by length

In this sub-stage or sub-process, words that have less than four characters are removed.

Training Evaluation Analysis Using Text... (Nainunis and Yuadi)
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Modeling

At this stage, various modeling techniques will be selected and applied and several parameters will be
adjusted to obtain optimal values. Specifically, several different techniques can be applied to the same
data mining problem. On the other hand, there are modeling techniques that require special data
formats. So at this stage, it is still possible to return to the previous stage. This research uses the FP
Growth algorithm and Association Rules.

a.

FP-Growth

FP-Growth is a frequent itemsets search algorithm obtained from FP-tree by exploring the tree
from bottom to top [24]. The FP-Growth algorithm is a development of the a priori algorithm.
This algorithm determines frequent itemsets that end in a certain suffix by using the divide and
conguer method to break down the problem into smaller sub problems [25]. FP-Growth uses
the concept of tree building in frequent itemset searches, not using generate candidates like the
a priori algorithm, so it is faster. In this research, using the FP-Growth algorithm, we will obtain
the words that appear most frequently in a collection of text data taken from an open
questionnaire about training evaluation.

Association Rules

Association rules is a method that aims to look for patterns that often appear in many
transactions, where each transaction consists of several items [26]. The parameters used in the
association rules are support and confidence values. Support is a measure that shows the level
of itemset dominance of the entire transaction, with the following formula 1.

SUPPOTC — (XUY:lcount (1)
Where (X U Y) count is the number of transactions containing x and y, and n is the total
transactions. Another parameter is confidence, which is a measure of how valid an Association
Rule is or not. An association rule with confidence equal to or greater than the minimum
confidence value can be said to be a valid association rule. To determine the confidence value,

you can use the following formula 2.

. _ (XuY)count
Confidence = ot 2
Where X count is the number of occurrences of item X in all transactions. Apart from that, the
correlation in a rule is not only measured by the support and confidence values but also by the
correlation between the two itemsets. One measure of correlation used in research is using the
lift value, which can be measured using the following formula 3 [24].

P(AUB)
P(A).P(B)

Lift (A,B) = 3)

Where the value is the confidence value of itemsets A with B, and P(A) is the number of
transactions containing A. If the lift value is less than 1 then A has a negative correlation with
B, which means there is no interrelationship with each other. And if the lift value is greater
than 1 then A has a positive correlation with B. Meanwhile, if the lift value is equal to 1 then
A and B are independent.

Evaluation

At this stage, the model has been formed and is expected to have the good quality from a data
analysis point of view. At this stage, an evaluation will be carried out on the effectiveness and
quality of the model before use and determine whether the model can achieve the goals set at
the initial stage (Business Understanding).

Deployment

At this stage, the knowledge or information that has been obtained will be organized and
presented in a special form so that it can be used by users. The deployment stage can take the
form of creating a simple report or implementing a repeatable data mining process within the
company. In many cases, the deployment phase involves consumers, in addition to data
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analysts, because it is critical for consumers to understand what actions must be taken to use
the model that has been created.

3. RESULTS AND ANALYSIS
Of the 517 datasets used by researchers to conduct research related to the analysis of post-training
open comments at PT. XYZ using the CRISP-DM model, obtained the following research results:

3.1. Word Cloud
The Wordlist results that appear most frequently in the open questionnaire data collection are
presented in Figure 2.

Word Frequency Results
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Figure 2. Word cloud work results appear most frequently

From these results it was found that in the data collection extracted through an open post-training
questionnaire, the word "BAIK" was the one that appeared most frequently. This can be seen in the letters of
the word being printed at the largest size. It can be concluded that the implementation of the training is generally
assessed good by the training participants, apart from that the word "KURANG" also appears in this set of
documents, although the number is smaller (smaller font size) compared to the word "BAIK", this shows that
there is still another focus that is assessed by the training participants who still need to be improved, for example
"KONSUMSI", "TRANSPORTASI" which also appeared so there needs to be an increase in these factors in
the future. Apart from that, there are also other concerns such as "LOKASI" and "JADWAL", as well as the
hope of the training participants to hold more training in the future with the appearance of the words
"SEMOGA" and "KEDEPANNYA".

3.2. FP Growth Result

With a minimum support value = 0.05 or 5%, the results obtained from the FP Growth algorithm are
related to the words or topics that appear most often in open comments related to post-training evaluation, as
table 2.

Table 2. FrequentltemSets (FP Growth) Results

Support Value Iltem 1 Item 2
0.190 Baik
0.164 Tahun
0.162 Semoga
0.139 Kegiatan
0.135 Training
0.077 Tempat
0.074 Waktu
0.068 Tahun Semoga
0.062 Kurang
0.056 Konsumsi
0.054 Saran
0.054 Bagus
0.050 Seru
0.050 Libur
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From the FP Growth results, it was found that the word that appeared most frequently in open comments after
the training was "Baik", with a support value of 0.190 or 19%.

3.3. Association Rules Results

With minimum support of 2% and a confidence value of 50%, the association relationship values
related to the itemsets that appear most frequently are related to post-training suggestions or comments
conducted in October 2023, as table 3.

Table 3. Association rules based on support value (Top 8)

Support Value Premises Conclusion
0.033 Libur Jadwal
0.033 Jadwal Libur
0.031 Kedepannya Semoga
0.029 Libur Dinas
0.029 Dinas Libur
0.023 Cukup Baik
0.023 Tahun, Kegiatan Semoga
0.023 Transportasi Baik

From the results of association rules based on support values as in Table 3, the following are obtained,
the word "Libur" is related to the word "Jadwal" with a support value of 0.033 or 3.3%. And the word
"Kedepannya" is related to the word "Semoga" with a support value of 0.031 or 3.33%. The word "Libur" is
related to the word "Dinas™ with a support value of 0.029 or 2.9%. And the word "Cukup" with the word
"Baik", the words "Tahun, Kegiatan™ with the word "Semoga", and the word "Transportasi" with the word
"Baik", each of which is related to the same support value, namely 0.023 or 2.3 %.

Table 4. Association rules based on confidence value (Top 8)

Confidence Value Premises Conclusion

1 Dinas Libur

1 Jadwal, Dinas Libur
0.800 Transportasi Baik
0.733 Dinas Jadwal
0.733 Dinas Libur, Jadwal
0.733 Libur, Dinas Jadwal
0.708 Jadwal Libur
0.706 Tahun, Kegiatan Semoga

From the results of association rules based on confidence values as in table 4, the following are
obtained: The word "Dinas" is related to the word "Libur", and the words "Jadwal, Dinas" are also related to
the word "Libur", with a confidence value of 1 or 100%. And the word "Transportasi" is related to the word
“Baik" with a confidence value of 0.800 or 80%, and the word "Dinas" is related to the word "Jadwal", and to
the words "Libur, Jadwal" with the same confidence value of 0.733 or 73.3%. The word "Jadwal" is related to
the word "Libur" with a confidence value of 0.708 or 70.8%, and the words "Tahun, Kegiatan" are related to
the word "Semoga" with a confidence value of 0.706 or 70.6%. From the confidence value, it is found that
each word is related to each other with a fairly high confidence value.

Table 5. Association rules based on lift value (Top 8)

Lift Value Premises Conclusion
22.302 Libur, Jadwal Dinas
22.302 Dinas Libur, Jadwal
19.885 Libur Dinas
19.885 Dinas Libur
19.885 Jadwal, Dinas Libur
15.797 Libur, Dinas Jadwal
15.797 Libur Jadwal
14.085 Libur, Jadwal Dinas

From the results of the association rules based on the lift value as in Table 5, the following are
obtained: The word "Libur, Jadwal" has a relationship or association with the word "Dinas" with the highest
lift value of 22,302. And the word "Libur" has a relationship or association with the word "Dinas" with lift
value of 19,885. The words "Jadwal, Dinas" have a relationship or association with the word "Libur" with a
lift value of 19,885. And the word "Libur, Dinas" has a relationship or association with the word "Jadwal" with
lift value of 15,797. The word "Libur" has a relationship or association with the word "Jadwal" with a lift value
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of 15,797. And the word "Jadwal" has a relationship or association with the word "Libur" with a lift value of
14,085. Because the lift value is > 1, it can be said that each of these words has a strong association relationship.
The following is the graph visualization results for association rules as a figure 3.

TRANSPORTASI

Rule 13 (0.023 / 0.800)

Rule 11 (0.021 / 0.733)
Rule 10 (0.021 / 0.733)

CUKUP

Rule 15 (0.021 / 1.000)
Rule 5 (0.021 / 0.647)

JADWAL
Rule 3 (0,023 / 0.571)

DINAS
Rule 2 (0.025 / 0.542) Rule 6 (0.033 / 0.654)

LIBUR
Rule 9 (0.033 / 0.708)

KEDEPANNY A

Rule 12 (0.021 / 0.733)
Rule 4 (0.029 | 0.577)

Rule 14 (0.029 / 1.000)

Rule 7 (0.031 / 0.667) KEGIATAN

Rule 1 (0.023 / 0.500)
SEMOGA

TAHUN
Rule 8 (0.023 / 0.706)

Figure 3. Association rules visualization results

From Figure 3 it can be seen that there are 15 association rules as follows: Rule 1: The relationship
between the words "Semoga, Kegiatan™ and the word "Tahun" with a support value of 0.023 and a confidence
value of 0.500 or 50%. Rule 2: The relationship between the word "Kedepannya" and the word "Baik" with a
support value of 0.025 and a confidence value of 0.542 or 54.2%. Rule 3: The relationship between the word
"Cukup™ and the word "Baik™ with a support value of 0.023 and a confidence value of 0.571 or 57.1%. Rule 4:
The relationship between the word "Libur" and the word "Dinas" with a support value of 0.029 and a confidence
value of 0.577 or 57.7%. Rule 5: The relationship between the words "Jadwal, Libur" and the word "Dinas"
with a support value of 0.021 and a confidence value of 0.647 or 64.7%. Rule 6: The relationship between the
word "Libur" and the word "Jadwal" with a support value of 0.033 and a confidence value of 0.654 or 65.4%.
Rule 7: The relationship between the word "Kedepannya" and the word "Semoga" with a support value of
0.031 and a confidence value of 0.667 or 66.7%. Rule 8: The relationship between the words "Tahun, Kegiatan"
and the word "Semoga" with a support value of 0.023 and a confidence value of 0.706 or 70.6%. Rule 9: The
relationship between the word "Jadwal" and the word "Libur" with a support value of 0.033 and a confidence
value of 0.708 or 70.8%. Rule 10: The relationship between the word "Dinas" and the word "Jadwal" with a
support value of 0.021 and a confidence value of 0.733 or 73.3%. Rule 11: The relationship between the words
"Jadwal, Libur" and the word "Dinas" with a support value of 0.021 and a confidence value of 0.733 or 73.3%.
Rule 12: The relationship between the words "Libur, Dinas" and the word "Jadwal" with a support value of
0.021 and a confidence value of 0.733 or 73.3%. Rule 13: The relationship between the word "Transportasi"
and the word "Baik" with a support value of 0.023 and a confidence value of 0.800 or 80%. Rule 14: The
relationship between the word "Dinas" and the word "Libur" with a support value of 0.029 and a confidence
value of 1,000 or 100%. Rule 15: The relationship between the words "Jadwal, Dinas" and the words "Libur"
with a support value of 0.021 and a confidence value of 1,000 or 100%.

From the results of the analysis of open comments regarding training evaluations carried out by PT.
XYZ using text mining analysis, with the FP Growth and Association Rules algorithm, it was found that the
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majority of training participants felt satisfied in carrying out training activities, this can be seen in table 3.1
where the word "Baik" is the word that appears most often, several training participants also have hope that
future training can be carried out again. Apart from that, several suggestions for improvement, such as
implementation so that it is not carried out during official holidays, are the main things that can be input for
the company for the next training activity because the words "Dinas", "Libur" and "Jadwal™" are words that
have a strong association. with a high lift value. This can certainly be a positive input and contribution for the
company to make continuous improvements, especially in the field of training in the future.

4. CONCLUSION

In this study, researchers analyzed post-training evaluations through open comments in the form of a
questionnaire survey in Indonesian. Text analysis was applied to 516 comments obtained from training
participants via an open-ended questionnaire. From text analysis, 15 association rules were obtained using
Rapidminer with the FP-Growth algorithm with a minimum support of 0.02 and a minimum confidence of 0.5.
As shown in Table 3.4, all association rules have a lift value greater than 1, which indicates that all of them are
valid or have a strong association relationship. So that this research can find out the pattern of comments or
suggestions given by relevant training participants that can make a positive contribution to the implementation
of training, organizations, or companies.

In the future, this research can be developed not only regarding training evaluations carried out after
participants have undergone training but can also be implemented in pre-training where participants before
undergoing training, besides that it is possible to apply different support and confidence values to a larger data
set to ensure the consistency of the results reported in the research remains valid. The results of this research
can be an excellent reference for organizations or companies in conducting training evaluations on various
existing topics by utilizing input and expectations of training participants in the form of text or open
questionnaires, so that they can provide more comprehensive improvements for organizations or companies.
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