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Abstract

Active learning strategies are generally accepted as a more effective means to
increase and sustain students’ learning, since these strategies involve the
learner in doing, discovering and collaborating, all of which heightens the
cognitive and social presence of the learner. There are few studies that ex-
amine outcomes and retention rates of participants in safety training general-
ly, especially studies that compare traditional to active learning methods. The
aim of this study was to examine student outcomes and retention rates be-
tween two groups of students who received a face-to-face 50-minute hazard
communication training. One group of participants received training that
used traditional lecture methods while the other group received training that
incorporated active learning strategies. Participants were required to take a
pre-test, post-test and retention test. The groups received the same training
content, and the instruction was delivered by the same instructor team. The
results of this pilot study revealed that students who received the traditional
training tended to have higher scores immediately following the training,
however one month following the training students receiving training that
incorporated active learning strategies had higher total scores, suggesting ac-
tive learning may assist with learning retention. The range of scores was more
varied in the active learning group, with a larger range between the highest
and lowest scores. The differences were not statistically significant which can
be explained by the small sample size. Lessons learned are offered that can
help inform the framework of a larger future study.
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1. Introduction

Training in occupational risk prevention is an important issue, notably because

DOI: 10.4236/ce.2022.132031

Feb. 18, 2022 526

Creative Education


https://www.scirp.org/journal/ce
https://doi.org/10.4236/ce.2022.132031
https://www.scirp.org/
https://doi.org/10.4236/ce.2022.132031
http://creativecommons.org/licenses/by-nc/4.0/

W. Minnick et al.

it constitutes a prerequisite to improving health and safety in the workplace
(Vidal-Gomel, 2017). In a recent study on training effectiveness among con-
struction workers, it states that “safety training has been regarded as the most
important factor in preventing safety accident hazards” (Ahn et al.,, 2020: p. 3).
Likewise, in another study, it is suggested that ineffective training on construc-
tion sites is the leading cause of accidents (Poshdar et al., 2021). Additionally,
the National Occupational Research Agenda (NORA) regularly calls for addi-
tional training or education research in the construction and manufacturing in-
dustries each year, with the year 2020 being no different (CDC, 2021). Training
is imperative to any organizations safety and health management system, as it is
a cross-cutting communication mechanism that at a minimum should create
awareness of safety hazards in the workplace.

The need for effective safety training and learning transfer is essential to be
able to recognize risk, be aware of hazards, and to perform one’s job with com-
petence. Studies that examine traditional and/or passive strategies, such as lec-
ture, PowerPoint, or toolbox talks (Gao et al., 2019) and compare them to active
learning strategies, such-as hands-on learning, collaboration and discovery, are
limited in the safety sciences. However, it should be noted that there is a recent
influx in studies that examine outcomes between training that uses virtual reality
(VR), one type of active learning, and traditional delivery modes on construction
and fire topics. The aim of this study was to examine retention rates and learn-
ing outcomes of participants that receive face to face safety training using tradi-
tional learning methods to those that receive safety training that incorporate ac-

tive learning strategies.

2. Instructional Design: Intentional Incorporation
of Active Learning

An active learning strategy is a method an Instructor incorporates that actively
engages the students in contributing, collaborating, discussing, discovering, re-
flecting, and sharing. Incorporating active learning strategies into training and
education has been suggested as a successful way to improve both knowledge
and its application. Active learning can broadly be defined as methods that en-
courage active and cognitive engagement of students with the learning material
(Wiederman, 2015). It has also been described as part of a constructivist frame-
work (Anthony, 1996), as students become active in their learning by taking on
new information that builds on previous knowledge (Padilla & Kreider, 2018).
Simply, it is knowledge construction through participation. However, the in-
corporation of active learning strategies should be considered in tandem with
motivation and instructional design. Creating a motivating learning environ-
ment for adult learning and training, requires thinking about what motivates
adult learners. Using Vroom’s Expectancy theory, this can be explored within
three frames. Does the learner think they can achieve the outcome (confidence),

does the learner think the outcome will lead to a desired result, and does the
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learner see valency (value) in the outcome (DuBrin, 2014). The somewhat sub-
conscious and internal cost-benefit calculation that occurs results in the question
What’s In It For Me (WIIFM) and can influence the participant’s motivation.
Assuming that the first two pillars of Vroom’s theory are met by the participant,
creating value for the participant is in the product that the Instructor can pro-
vide. Specifically, will the Instructor provide the acquisition of new knowledge
or new skills. However, participation and engagement are required in order to ac-
quire them. Students must see the value of actively participating which is some-
thing the Instructor must intentionally consider through instructional design.

The instructional design of training has important implications for its effec-
tiveness in terms of trainee knowledge, performance and retention. Previous
studies on training design and delivery have indicated the positive results of ac-
tive learning (Ricci et al., 2016; Middleton, 2013), although studies specific to the
safety sciences exist, they are limited.

However, in a meta-analysis conducted by Gao et al. (2019) on the effective-
ness of traditional tools (TT), such as lecture and toolbox talks, as compared to
computer-aided technologies (CAT), in construction safety training suggests
more research is needed. The CAT strategies included items like virtual Reality,
mixed reality (MR), and simulations, and since these techniques engage the par-
ticipant in discovery, they could be considered active learning strategies. The
synthesized studies included effectiveness measures in terms of knowledge ac-
quired, behaviors altered or injury reduction. The authors concluded that while
TT typically equated to knowledge acquisition gains, they were unable to con-
clude that CAT strategies are more effective than TT because empirical research
was limited, except for virtual reality (VR) which did indicate effectiveness in some
studies. For example, several researchers that incorporated VR into fire related
training concluded it is more effective than traditional methods (Lovreglio et al.,
2021; Satapanasatien et al.,, 2021; Cakiroglu & Gokoglu, 2019). However, an ex-
amination of traditional safety training to VR-based training in construction, ob-
served no significant difference in risk identification or risk behavior between the
two delivery methods (Poshdar, 2021: p. 471). Previous studies, not within the
safety sciences discipline, that used more common active strategies, such as colla-
boration and discussion, have also reported effectiveness. One study considered
retention rates among three groups of first year dental students that were exposed
to three different course techniques (Ruest, 2017). They concluded a positive sig-
nificant difference in retention of learned material for the group that used an ac-
tive learning tool after a self-learning event compared to the other two groups.

Traditional lecture is a common method used in academia and industry when
delivering recurring annual Occupational Safety and Health Administration
(OSHA) required training or other topics. However, relying on one-way facili-
tator communication during training could hamper the potential of students,
especially the ability to apply what they have learned. Placing emphasis on how

the learner understands and thinks about the content helps transition to a more
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active approach. This approach has the potential to advance student learning,
not only through fostering higher order thinking and learning skills, but also
through promoting the ability to comprehend and apply knowledge to real-life
situations (Traphagan, 2010).

3. Study Design and Methodology

This project examined the impact of active-learning methods on retention rates
of students receiving training on a revised OSHA standard by comparing it to
traditional teaching methods. This study used a similar design approach as Lo-
vreglio et al. (2021) in their study that compared traditional training methods to
a virtual reality training method, however in this study, a mixture of active
learning techniques was included in the active learning session. Likewise, to their
study, a pre-test, post-test and retention test were employed to test significance.
The content was consistent in both training types. The topic of the training
was the revised Hazard Communication Standard (HCS), a topic that is regular-
ly delivered in a passive lecture-based manner. The HCS ranked as the second
most cited standard following workplace inspections by federal OSHA in 2020
(NSC, 2021). This lends support to the significance of studying how types of
training delivery can best impact learning retention and transfer on this topic.
The traditional training consisted of instructors delivering a modified version of
a HCS PowerPoint available on the OSHA.gov website and a supplemental video.
The active learning session included the same power-point presentation but inten-
tionally emphasized the Community of Inquiry framework and its dimensions of
teacher, social, and cognitive presence. Although the Col is typically used in the
design of on-line education, it has proven effectiveness for face-to-face learning as
well (Warner, 2016). The active learning session encouraged questions and an-
swers with the instructors emphasizing teacher presence. Students were also en-
couraged to interact with each other when looking up information on safety data
sheets and transferring that information to a label, promoting both a social and
cognitive presence. During the traditional training, interaction with the instruc-
tors was limited to receiving the lecture only. Social engagement through team
activity was not provided. The same team of instructors delivered both training

sessions to reduce instructor bias by standardizing the training delivery method.

3.1. Participants

University students without a safety and health background were recruited to
participate in this study. Students were randomly divided into two groups; group
one received traditional 50-minute face to face Hazard Communication Stan-
dard (HCS) training while group two received a 50-minute face to face active
learning HCS training. Prior to receiving the training, participants from both
groups were tested to evaluate their HCS knowledge using a pretest question-
naire. The students accessed the pretest questionnaire using Qualtrics on-line

survey software. Immediately following the training, participants were given a
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Qualtrics post-test questionnaire with identical pre-test questions to answer. Af-
ter one month, students were contacted via email and were asked to take a reten-
tion test, again using Qualtrics with the same questions. Students were given a
$15 Amazon gift card upon the completion of each test. Figure 1 illustrates the
overall flow of the process. Both instructors who participated in the study had
many years of experience teaching in a safety and health, active learning class-
room environment using both traditional and active learning methods. Both

covered the same content in each section with identical content.

3.2. Data Analysis

Descriptive statistics, such as the mean, standard deviation, frequency, and per-
centages were used to answer the following research questions:

RQ1: Will the average students’ test score be higher for students who received
the training with the active learning components when compared to those who
received the traditional learning components immediately following the train-
ing?

RQ2: Will the total students’ test score be higher for students who received the
training with the active learning components when compared to those who re-
ceived the traditional learning components one month following the training
(retention)?

Repeated Measure Two-Way Analysis of Variance (ANOVA) was used to
analyze the data. The dependent variable is the average test score which is a con-
tinuous variable. The independent variables are time, which is a nominal varia-
ble with three levels (pre, post and one month later) and training type which is
nominal with two levels (traditional vs. active). Significance was determined us-

ing an alpha (a) of .05. Data was analyzed using SPSS software version 27.

3.3. Results

There were 19 participants, 10 in the traditional group and nine in the active

Group 1

Traditional Learning

:Lecture via Power-point ,
.ﬁi

Introduction

Seven major elements in the GHS-aligned
Hazard Communication Standard

o=t

Pre-test ; ‘ Post-test Retention-test
/ \ (one-month later)
18-question _ 18-question
Knowledge Knowledge > 18-question
assessment assessment Knowledge
assessment
Group 2
Active Learning /
+ Lecture via Power-point
+ Case-study discussion, Q&A
- Collaboration, looking up
information on Safety Data
Sheet with partner
- Labeling containers
Figure 1. Process design flow.
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learning group. The same 18 questions were asked on the pre-test (immediately
prior to the training), the post-test (immediately following the training) and the
retention test (one month following the training). Participants’ average pre-test
scores for traditional and active delivery methods were similar (40.7 + 17.3 and
39.7 £ 18, respectively; p > .05). However, the one-month follow-up (retention)
test showed that the average score decreased 21% (17.6 points) in the traditional
group in comparison to the post-test while the reduction in those participants
who attended active training sessions was 6.5% (4.8 points). In the follow-up
test, participants in the active learning methods scored slightly higher, though
not significant, than those in the traditional group (64.8 + 19.9 and 68.3 + 28.4,
respectively; p > .05). Figure 2 illustrates the total point comparison between
traditional training and active learning training.

Figure 3 represents the trend in scores by delivery method. Participants in the
active learning group generally had less differences between post and follow up
test scores and, in general, higher variability among scores was identified among

those in the active learning strategies.
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Test score
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Figure 2. Total point comparison between traditional and active learning training.
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Figure 3. Average score trends in each delivery methods.
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3.4. Lessons Learned

The lessons learned from the pilot study will be important when designing a fu-
ture larger study. Future study design should take into consideration the possi-
bility for students to look up answers on-line during all testing, therefore actual
testing would need to be taken in a secure environment or the questions would
need to be applied in nature. Memorization of questions could be a potential
source of bias in this type of study, meaning the same questions were asked dur-
ing the pre-test, post-test, and retention-test. This could have resulted in the
participant either memorizing questions and looking them up after one test and
prior to the next, or they could quickly answer the same way they did in prior
tests. Lastly, offering an incentive could encourage haphazardly taking the test
just to get the reward. The methodology of a future and larger study would need
to address these concerns.

4. Discussion

The results of the pilot study, although not statistically significant, indicated that
participants who received the traditional training tended to have higher average
test scores immediately following the training, however one month following the
training participants in the active training group had slightly higher test scores,
suggesting active learning may assist better with learning retention than tradi-
tional learning. Both groups performed similarly on the pre-test questionnaire
indicating there was no bias in baseline knowledge prior to the test.

Due to the engaging nature of the training that the active group received, it
was hypothesized this group would score better on both the post-test and the re-
tention test. Interestingly, participants in the traditional training scored higher
on the post-test immediately following the training. This could be explained by
nature of the training content. The Hazard Communication training was intro-
ductory in nature and was teaching basic definitions and light hands-on skills
(e.g., labeling and looking up information as a team). It is plausible that the ma-
terial content may influence which delivery method is most effective. However,
when comparing retention-test scores one month later, the participants from the
active learning group scored higher, suggesting that the more engaging class as-
sists in retention. This is similar to the results of a meta-analysis (Burke et al.,
2006) of 95 studies that examined training in relevant fields and their outcomes,
such as knowledge acquisition and safety performance. The researchers con-
cluded that “the more engaging a method of training, the greater the effects of
safety and health training on knowledge acquisition” (p. 318). Also, noteworthy
is the range of test scores between the two groups. Participants in the active
learning training had a larger score range than those in the traditional learning
group, suggesting other variables could contribute to both outcomes and reten-
tion. Those variables could be informed by a recent publication that reviewed
studies from 2010 to 2020 and suggests that learning transfer is influenced by

variables such as pre-training, contextual, and organizational factors. Motivation
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to learn, for example, is a pre-training state that can result in “greater retention
of knowledge, greater uptake of attitudinal change, and higher intention to en-
gage in learned behaviors” (Casey et al., 2021: p. 305). The contextual state, such
as if the training is voluntary or mandatory, and its perceived relevance can also
influence learning transfer as well as organizational factors, such as safety cli-
mate. Student interest in the material (perceived relevance) or motivation is va-
riables needing further examination (Riener & Willingham, 2010). Additionally,
the participant’s preference in how to receive the learning is of importance because
it could change dependent on the training topic and could impact overall results
(Pashler et al., 2008).

The modality utilized for this study was face to face. Advancements in on-line
technology and the increased familiarity with on-line learning is driving educa-
tors to identify the appropriate mix of traditional and active approaches in tan-
dem with their effectiveness in varying modalities. The on-lines modalities are
sometimes “labeled” differently, but are most termed web-based, hybrid, blended,
synchronous, or asynchronous and are described in Table 1. Likewise, to the in-
creased variability in modalities are the increased variability in active learning
approaches, such as gamification and virtual reality. However, many studies
have only examined the use of gamification or VR as the ‘sole’ delivery method
versus a traditional format instead of considering them as a supplement to other
active strategies or traditional methods. The approaches used in this study are
italicized.

Table 2 indicates traditional approach strategies and active learning strategies
including more recent formats. The italicized items indicate the methods em-
ployed in this study.

Table 1. Descriptions of common modality types.

Modality Type Description

Traditional Face to Face Instructor and participants meet in person at a regular
scheduled time in the same physical space.

On-line Synchronous Instructor and participants meet at a regular schedule time
on-line.

On-line Asynchronous  Self-paced, instructor and participant interactions occur (e.g.,
discussion threads and pre-recorded lectures) without
required meeting times.

Web-based Self-paced, participant completes the learning event with little
to no instructor or peer student interaction.

Hybrid Synchronous Participants have the option to attend face to face in the same
physical space orattend on-line during the regular schedule
time for the class.

Blended Synchronous ~ The course it designed so that it requires a blend of
attendance, some dates the instructors and the participants are
required to meet synchronously on-line and on other dates
require meeting face to face in the same physical space.
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Table 2. Traditional and active learning techniques.

Traditional Learning Active Learning

e [Lecture o (Collaboration

e Powerpoint e Discussion (case studies, questions, answers)

e Toolbox Talks e Using hands-on activities (examining, building,

identifying, auditing, /abeling, looking up information)

e PassiveVideo Watching e Gamification

e Brochures e Virtual Reality

e Pocket-Cards ¢ Group annotation (schematics, drawings, articles,
diagrams)

There is a need for more research that measures the long-term efficacy, com-
petency, and retention rates for safety training that includes a mix of active
learning strategies and in different modalities. Additionally, recent research has
supported exploring other variables such as motivation to learn, perceived re-
levance, and preferred learning style for the topic. The prevalence of on-line
learning is pushing trainers and educators to identify active training methods that
can be delivered virtually and effectively. Considering the inherent obligation to
deliver safety training with methods that result in competency, studies that com-
pare skills taught in a face-to-face modality to skills taught in a web-based and/or

hybrid modality are warranted.

5. Conclusion

The results should be interpreted with caution due to the low sample size. The
results of this pilot study revealed that students who received the traditional
training tended to have higher scores immediately following the training, how-
ever one month following the training students receiving training that incorpo-
rated active learning strategies had a higher mean score, suggesting active learn-
ing may assist with learning retention. The range of scores was greater in the ac-
tive learning group than the traditional learning group. A future study that
compares training delivery methods, such as active versus traditional, on student
learning outcomes and retention rates in varying online modalities, such as syn-
chronous, asynchronous and blended/hybrid settings should be considered us-
ing the lessons learned from this study. Additional research is also needed on
how to best incorporate active learning into on-line modalities that are beneficial
for a large range of audiences that consider variables, such as the training topic,
the learner motivation, and learner preference.

This study assessed retention based on active learning strategies using a ran-
domized experimental approach and identical course materials. Faculty or
trainers implementing active classroom strategies should consider the effect in
retention that these strategies may provide to the students, considering the skills

and abilities that the student may require in the short-, medium-, and long-term
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once they conclude their academic preparation.
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