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Abstract: Based on Cognitive Load Theory (CLT), learning by studying worked examples, that is,
step-by-step solutions, has been shown to reduce cognitive load and enhance learning outcomes
more than learning by solving conventional problems. Two types of worked examples that have
been predominantly used in well-structured learning domains include product-oriented worked
examples (ProductWEs) which provide strategic information and process-oriented worked examples
(ProcessWEs) which provide strategic information and principled knowledge. However, less research
has been conducted on worked examples’ effectiveness in ill-structured learning domains. In a study
with 85 university students enrolled in teaching programs, we investigated whether ProcessWEs
or ProductWEs better support identifying and applying knowledge regarding the quality teaching
component of substantive communication. Participants completed tasks under three instructional
conditions: ProcessWE, ProductWE, and conventional problem-solving. Results showed that Pro-
cessWEs outperformed ProductWEs, ProductWEs outperformed conventional problem-solving, and
conventional problem-solving had higher perceived task difficulty than the other two conditions.
This study theoretically contributes to CLT research as it found that the use of ProcessWEs and
ProductWEs is effective in an ill-structured learning domain and makes a practical contribution by
showing what a ProductWE or ProcessWE in an ill-structured learning domain ‘looks like’.

Keywords: Cognitive Load Theory (CLT); worked examples; process-oriented worked examples
(ProcessWEs); product-oriented worked examples (ProductWEs); mental effort; task difficulty; New
South Wales Quality Teaching Model (NSW QTM); substantive communication

1. Introduction

An important focus of Cognitive Load Theory (CLT) has been on the effectiveness of
worked examples in well-structured learning domains with clearly defined problems and
solution methods [1]. Worked examples offer step-by-step solutions, aiding learners in
acquiring problem-solving skills [1] and modeling to learners how to perform a particular
skill or task [2]. Worked examples reduce cognitive load compared to conventional problem-
solving [1] because the steps-to-solution as provided in ProductWEs and steps-to-solution
with an explanatory rationale as provided in ProcessWEs help to facilitate efficient use of
working memory [3,4]. Most CLT research has been conducted in well-structured learning
domains such as mathematics, where there are procedural steps to achieve one correct
solution [1,5]. The effectiveness of worked examples in ill-structured learning domains,
prevalent in humanities and the arts, remains underexplored [1,5]. The purpose of this
research was to investigate how worked examples would transfer to an ill-structured
learning domain, that is, a topic or discipline that is more interpretative in solution [6]. The
domain of the worked example in this research is quality teaching.
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This research was underpinned by CLT, an instructional theory developed in the
1980s [3]. CLT frames learning as an information processing system involving working
memory (WM) and long-term memory (LTM). CLT states that for learning to be optimized,
knowledge needs to be processed in WM, then stored in LTM, then accessed and transferred
back into WM to make sense of and process new information. WM has a very limited
capacity [7–9] and is used to process information, which is then transferred into LTM [1,10].
For this to occur, limited WM resources need to be optimized. Instructional designs based
on CLT principles enable improved processing abilities for learners through optimizing
WM capacity [4,11,12].

CLT identifies two types of cognitive load imposed during information processing in
WM: intrinsic and extraneous cognitive load [1]. Intrinsic cognitive load (ICL) is determined
by the complexity of the material, which is based on the number of interactive information
elements requiring simultaneous processing. Element interactivity can be determined
by simultaneously considering the structure of the information being processed and the
knowledge held in long-term memory of the person processing the information, i.e., prior
knowledge [13,14]. Extraneous cognitive load (ECL) relates to how instructional materials
are presented, causing cognitive activities unrelated to learning and increasing element
interactivity [1,4]. This in turn increases element interactivity, which places an additional
burden on limited WM resources [4,11,14,15]. Reducing ECL becomes crucial when ICL is
high, as the two loads are additive [1].

CLT has played a pivotal role in developing various instructional designs, known as
CLT effects, aimed at enhancing learning [4]. This study primarily drew on the worked
example effect, while also considering other effects such as the split attention effect and
the redundancy effect, specifically in relation to the design of the research instructional
material. Split attention occurs when learners are required to process multiple sources
of information simultaneously to make meaning [10], and the redundancy effect occurs
when unnecessary visual or auditory elements are presented in learning content and cause
additional ECL on WM, thus impacting learning [1].

The worked example effect emerged in mathematics, a well-structured learning do-
main with clearly defined problems and solutions [1,16]. Worked examples, which present
problem states followed by detailed, step-by-step solutions, help reduce cognitive load by
leading learners through a forward problem-solving strategy like that of experts [17,18].
This approach contrasts with the less efficient means–ends strategy often used by novices,
which can overload working memory. The means–ends approach involves problem-solvers
working backwards from the goal, establishing intermediate objectives until they reach
a point where all remaining steps are clear and straightforward, leading directly to the
desired outcome. The worked example models an expert-like approach to problem-solving,
and reduces cognitive load through promoting a forward working strategy [18].

Process-oriented worked examples (ProcessWEs) and product-oriented worked exam-
ples (ProductWEs) were investigated in this research. ProcessWEs offer not only strategic
information, that is, the solution steps demonstrating how to solve the problem, but also
the underlying rationale, integrating principled knowledge that benefits novice learners. In
contrast, ProductWEs present the solution steps demonstrating how to solve the problem
(strategic information) without explaining the rationale behind them [19]. Research sug-
gests that ProcessWEs enhance cognitive schema construction and automation, leading to
better performance compared to ProductWEs [13,19–22]. Moreover, inclusion of principled
knowledge in ProcessWEs improves understanding by encouraging learners to invest effort
in understanding “why” and “how” [23].

2. The New South Wales Quality Teaching Model

This research examined the effectiveness of ProcessWEs and ProductWEs in aiding
pre-service teachers’ comprehension and implementation of the New South Wales Quality
Teaching Model (NSW QTM) [24,25], particularly focusing on substantive communication.
The NSW QTM offers a comprehensive framework for assessing teaching quality. Its appli-
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cation is considered an ill-structured learning domain due to the absence of clearly defined
problem states, solution pathways, and predetermined correct answers [1,6]. Despite this
complexity, the NSW QTM has been effectively employed to support professional learning
in schools through Quality Teaching Rounds [26]. Quality Teaching Rounds involve teams
of teachers observing each other’s lessons and collaboratively evaluating the teaching
using the NSW QTM. This process fosters in-depth discussions and reflections on teach-
ing practices [26]. The implementation of this model has been shown to enhance teacher
professional growth, elevate teaching standards, inspire teacher motivation, and foster a
positive school environment [26].

The NSW QTM consists of three dimensions: intellectual quality, quality learning
environment, and significance. Each of these dimensions encompasses six specific elements.
The details of these dimensions and their respective elements are presented in Table 1.

Table 1. Dimensions and elements of the Quality Teaching Model [26].

Quality Learning Environment Intellectual Quality Significance

Explicit Quality Criteria Deep Knowledge Background Knowledge
Engagement Deep Understanding Cultural Knowledge

High Expectations Problematic Knowledge Knowledge Integration
Social Support Higher Order Thinking Inclusivity

Students’ Self-regulation Metalanguages Connectedness
Student Direction Substantive communication Narrative

Substantive communication, as defined by the New South Wales Department of
Education and Training (2003), involves students engaging in sustained and meaningful
discussions about the concepts and ideas they encounter, emphasizing the quality of
communication necessary to foster understanding. These discussions, occurring between
both teachers and students, as well as among students themselves, can take various forms
such as oral, written, or artistic expressions [24,25].

The NSW QTM outlines the key characteristics of lessons characterized by high levels
of substantive communication:

• There is sustained interaction: The continuation of a thought, idea, or concept beyond
the initiate–respond–evaluate (IRE) method of questioning, where there is a sustained
coherent flow of communication where the flow of ideas may include extended state-
ments, questions, or statements from one person to another [24,25].

• The communication is focused on the substance of the lesson: The communication
moves beyond recounting facts, definitions, experiences, and procedures and needs to
promote critical reasoning [24,25].

• The interaction is reciprocal, that is, two-way: There is a flow of ideas that is at least
two-way in direction [24,25].

Substantive communication was chosen as a focal point because it is a crucial compo-
nent of the NSW QTM, stimulating thinking, engagement, and discussions in the classroom
to promote learning [24,25]. Furthermore, the authors consider that understanding and
implementing substantive communication within a classroom setting is complex for both
novices and experts, ensuring the content is high in element interactivity. This complex-
ity arises from the need to grasp the three characteristics of substantive communication
and retain them in working memory to assess its level accurately. The challenge is even
more significant for novices due to their limited prior knowledge and lack of teaching
experience [13].

3. Materials and Methods

This study aimed to determine the most effective type of worked example for support-
ing novice learners’ understanding within an ill-structured learning domain. Although the
use of ProcessWEs and ProductWEs has been researched and validated in well-structured
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learning domains such as mathematics, science, and economics [1,27–29], less attention
has been given to their effectiveness in ill-structured learning domains [1,5]. This study
sought to address this research gap by evaluating the effectiveness of both types of worked
examples in such a learning domain. The experiment employed a quantitative research
experimental design to investigate the effectiveness of ProcessWEs and ProductWEs for
pre-service teachers (novices) learning about substantive communication characteristics
within an ill-structured learning domain. The ProcessWEs and ProductWEs used in this
study included online video recordings of lessons being taught, annotations on the video
recordings indicating whether substantive communication was present or not during the
section of the lesson that the participants had watched, and hard copy documents. The
hard copy documents included referencing tables indicating the level of substantive com-
munication that was demonstrated during the video recording of the lesson which had just
been watched. Further information on the ProcessWEs and ProductWEs used in this study
is presented in Section 3.5.2.

As stated above, the instructional content used in this study was based on the NSW
QTM, specifically, the element substantive communication as it is an important component
of the NSW QTM aiming to foster classroom engagement, discussions, and learning [24,25].
Substantive communication was chosen as understanding how it can be enacted within a
classroom is complex for novice teachers, thus ensuring the content was high in element
interactivity. Learning to understand and apply the NSW QTM demonstrates the charac-
teristics of an ill-structured learning domain. It does not involve specifying the various
problem states and problem-solving operators. Moreover, it does not involve providing a
specific, pre-determined correct answer [1,6].

3.1. Research Questions and Related Hypotheses

The overall aim of this research was to investigate which instructional condition
supported participants best in identifying and applying knowledge of the New South
Wales Quality Teaching Model element of substantive communication through considering
participants’ cognitive load and perceived task difficulty.

The theoretical justification for Hypotheses 1 and 2 is based on CLT, which emphasizes
optimizing WM capacity for effective learning. ProcessWEs provide both solution steps and
underlying rationale [20], reducing intrinsic and extraneous cognitive load, thus facilitating
better knowledge transfer to long-term memory and enhancing test performance [13,19–22].
ProductWEs, which offer only the solution steps [19], also reduce extraneous cognitive
load compared to unguided problem-solving in the Control condition, leading to better
test performance by efficiently managing WM resources. Consequently, participants in
the ProcessWE condition are expected to outperform those in both the ProductWE and
Control conditions on test scores. Additionally, participants in the ProductWE condition
are expected to achieve higher test scores than those in the Control condition [13,19–22].
The research questions and associated hypotheses for the experiment were the following:

Research Question 1: When learning about the characteristics of substantive commu-
nication, do participants presented with the ProcessWE condition achieve higher test
performance scores during the test phase than participants presented with the ProductWE
and Control conditions, and do participants presented with the ProductWE condition
achieve higher test performance scores during the test phase than participants presented
with the Control condition?

Hypothesis 1. The ProcessWE condition will outperform the ProductWE and Control conditions
on test phase scores.

Hypothesis 2. The ProductWE condition will outperform the Control condition on test phase
scores.
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Research Question 2: When learning about the characteristics of substantive commu-
nication, do participants presented with the ProcessWE condition or Control condition
report higher perceived cognitive load and higher perceived task difficulty during the
learning phase than participants presented with the ProductWE condition during the
learning phase?

Hypothesis 3. The ProcessWE condition or Control condition will report higher perceived cognitive
load than the ProductWE condition during the learning phase.

Hypothesis 4. The ProcessWE condition or Control condition will report higher perceived task
difficulty than the ProductWE condition during the learning phase.

Research Question 3: When learning about the characteristics of substantive communi-
cation, do participants presented with the ProcessWE condition report lower perceived
cognitive load and lower perceived task difficulty during the test phase than participants
presented with the ProductWE condition?

Hypothesis 5. The ProcessWE condition will report lower perceived cognitive load than the
ProductWE condition during the test phase.

Hypothesis 6. The ProcessWE condition will report lower perceived task difficulty than the
ProductWE condition during the test phase.

Research Question 4: When learning about the characteristics of substantive communi-
cation, do participants presented with the ProcessWE condition or ProductWE condition
report lower perceived cognitive load and lower perceived task difficulty during the test
phase than participants presented with the Control condition?

Hypothesis 7. The ProcessWE condition or ProductWE condition will report lower perceived
cognitive load than the Control condition during the test phase.

Hypothesis 8. The ProcessWE condition or ProductWE condition will report lower perceived task
difficulty than the Control condition during the test phase.

3.2. Research Design

This study used a between-subjects design to examine test performance scores, per-
ceived mental effort, and perceived task difficulty ratings of participants when learning
about and completing NSW QTM substantive communication tasks. A one-way Analysis
of Variance (ANOVA) between instructional conditions was conducted for each of the
dependent variables. The independent variable was the instructional condition, that is,
the ProcessWE condition, ProductWE condition, or Control condition. The dependent
variables were as follows:

1. Performance on test items.
2. Reported perceived mental effort measured by the Cognitive Load Subjective Rating

Scale [30].
3. Reported perceived task difficulty measured by the Task Difficulty Subjective Rating

Scale [31,32].

The Cognitive Load Subjective Rating Scale, developed by Paas in 1992 [30], is a
nine-point scale assessing participants’ perceived mental effort, validated for measuring
cognitive load. Similarly, the Task Difficulty Subjective Rating Scale, also a nine-point
scale, evaluates participants’ perceived task difficulty [31]. Figures 1 and 2 below present
both scales:
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Although perceived task difficulty and perceived mental effort may correlate, they
represent distinct constructs [31]. Mental effort refers to the total controlled cognitive
processing exerted by a subject, often described as “how hard I tried” [33] (p. 1), while
perceived task difficulty primarily concerns the task itself, described as “how difficult the
task is” [33] (p. 1). Throughout the experiment, participants rated their perceived mental
effort and task difficulty after each task in both the learning and test phases.

3.3. Participants

Participants included pre-service teachers enrolled in either their first year of a two-
year post-graduate Master of Teaching program (this program offers both primary and
secondary school focus) or their final year of a four-year Bachelor of Primary Education
program at an Australian regional university. There were 55 Master of Teaching participants
(18 male, 37 female) aged 21 to 51 years, and 30 Fourth Year Bachelor of Primary Educa-
tion participants (13 male, 17 female) aged 22 to 38 years. As pre-service teachers have
limited understanding and application of the NSW QTM and substantive communication
due to their training status, both Master of Teaching and Bachelor of Primary Education
participants were considered novices. Table 2 summarizes participant numbers, age ranges,
and allocations across the instructional conditions of ProcessWE and ProductWE and the
Control condition of conventional problem-solving. The lower number of participants in
the Control condition was because it was scheduled as the final session in the experiment.

Table 2. Range of ages and number of male and female participants for the three instructional
conditions.

Range of Ages and Number of Male and Female Participants

Instructional
Condition

Range of
Ages (Years) Males Females Total

Total of Master of
Teaching/Bachelor of

Primary Education
Participants

ProcessWE 21–26 11 29 40 27/13
ProductWE 22–47 15 17 32 18/14

Control
Condition 21–51 5 8 13 10/3

3.4. Procedure

During the experiment, participants received two worked examples tailored to their
instructional condition. These examples comprised video recordings of Personal Develop-
ment, Health and Physical Education (PDHPE) and Japanese language lessons, along with
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referencing tables indicating the level of substantive communication and other instructional
condition-specific information, including annotations on the videos and justifications of
the levels of substantive communication on the referencing table. Participants were trained
to identify and rate levels of substantive communication during lessons. The experiment
comprised three phases: introductory (15 min), learning (25 min), and test (20 min), totaling
60 minutes.

During the introductory phase, the researcher ensured participants understood the
experiment’s structure, purpose, and tasks. Procedures were explained consistently, tailored
to each instructional condition. Participants were informed they would complete test
items and rate their perceived mental effort and perceived task difficulty afterward. The
researcher provided an example of rating mental effort and task difficulty. Participants
learned about low levels of substantive communication and were introduced to Coding,
allowing them to rate substantive communication effectiveness using a five-point scale. A
rating of one indicates low substantive communication, while a rating of five indicates high
substantive communication.

In the learning phase, participants were instructed to begin with page one of their
booklet. They were informed they would watch two video recordings of lessons, serving as
worked examples to understand the characteristics and levels of substantive communication
and apply this knowledge to teaching practices. The video recordings were shown on
a large screen, with ten-second pauses at key points in each lesson for all instructional
conditions. Annotations in the ProcessWE and ProductWE conditions indicated the level
of substantive communication prior to each pause. While the Control condition also had
pauses, they had no explanatory annotations. These pauses ensured equal duration for all
recordings and allowed participants in each condition to reflect on the level of substantive
communication uniformly.

Following the learning phase, participants proceeded to the test phase, which included
three test items and an evaluation in the participant booklet. After completing each test item,
participants had twenty seconds to rate their perceived mental effort and task difficulty.
Following the completion of the three test items, participants evaluated their experience in
the experiment; this involved rating the following statements, “I enjoyed learning in this
way” and “I found this type of instruction engaging” on a five-point Likert scale.

3.5. Instructional Materials

The experimental materials were developed by the researcher in consultation with
PhD supervisors, international expert CLT researchers, and three Education Officers from a
regional Catholic Education Diocese. Further advice from CLT experts was obtained during
presentations of the details of the experiment at the International Cognitive Load Theory
Conferences in the United States of America in 2015, Germany in 2016, and Australia
in 2017.

Participants were presented with one of three instructional conditions:

1. ProcessWE condition.
2. ProductWE condition.
3. Control condition.

The ProcessWEs and ProductWEs used in the experiment included online video
recordings of lessons being taught, annotations on the video recordings, and hard copy
documents. The participants in the Control condition were provided with practice problems
to solve without any support or guidance during the practice activity. The experiment
consisted of three phases:

1. Introductory phase (Phase 1).
2. Learning phase (Phase 2).
3. Test phase (Phase 3).
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3.5.1. Phase 1—PowerPoint Presentation: Introductory Phase (15 min)

During the introductory phase (Phase 1), participants in each instructional condition
were presented with a 16-slide Microsoft (MS) PowerPoint presentation introducing the
NSW QTM and focusing on substantive communication. The slides covered an overview of
the NSW QTM, a definition of substantive communication, characteristics associated with
high and low levels of substantive communication, and the Coding Scale used to assess
substantive communication effectiveness. Additional slides included screen captures of
annotations in the video recordings participants would watch during the learning phase.

3.5.2. Phase 2—Worked Examples: Learning Phase (25 min)

The worked examples consisted of video recordings of the lessons along with the
referencing tables included in the accompanying hard copy participant booklet. Video
recordings of the lessons were developed to reflect the three instructional conditions of this
study: ProcessWE condition, ProductWE condition, and Control condition.

Video Recordings of the Lessons

This study utilized two video recordings produced by the New South Wales Depart-
ment of Education and Training [34,35] to aid teachers in comprehending the NSW QTM’s
18 elements, with a focus on substantive communication. The first recording captured a
PDHPE lesson, lasting seven minutes and forty-six seconds, addressing safety issues among
middle school female students. The second recording featured a Japanese language lesson
lasting four minutes and fifteen seconds, teaching counting in Japanese to a mixed group
of middle school students. A specific process was followed by the researcher to adapt these
recordings for the three instructional conditions (ProcessWE, ProductWE, and Control):

• Video recordings were analyzed for levels of substantive communication and were
edited to include annotations relevant to the instructional condition.

• Scripts were written to be delivered to participants for each instructional condition.
• Ten-second pauses were embedded at key points during the video recording of the

lessons for each instructional condition (this was so the video recordings for each
instructional condition were the same length).

The author used information from accompanying resources provided by NSW DET [35].
Validation was sought from three Education Officers employed at a Catholic Education
Office, responsible for supporting a system of schools, to confirm the identified levels of
substantive communication featured in the annotations within the video recordings of
the lesson.

Throughout the video recordings, ten-second pauses occurred at pivotal points, during
which annotations were displayed on the screen for the two worked example instructional
conditions (ProcessWE and ProductWE), denoting the level of substantive communication
observed in the preceding section of the lesson. Additionally, the ProcessWE condition
annotations included a rationale explaining the level of substantive communication. Con-
versely, no annotations were presented for the Control condition.

During the PDHPE lesson recording, there were sixteen ten-second pauses, and seven
ten-second pauses during the Japanese language lesson recording. In the ProcessWE
condition video recordings, annotations on the screen indicated the presence or absence
of substantive communication, accompanied by concise descriptions explaining its level.
Annotations for the ProcessWE consisted of up to three lines, including commentary and
responses of teachers (T) and students (S). Each annotation remained visible for ten seconds
to allow participants to assess substantive communication. Figure 3 presents an example of
an annotation for the ProcessWE condition.

The ProductWE condition video recordings only included annotations on the screen
at key points indicating whether substantive communication was evident or not during
the section of the lesson that the participants had just watched, i.e., the annotations were
‘SC evident’ or ‘SC not evident’, no explanation of why substantive communication was
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evident or not was provided, unlike the ProcessWE condition. The timing for the pauses
was also ten seconds.

The Control condition video recordings did not include any annotations on the screen
at key points indicating whether substantive communication was evident or not during the
section of the lesson that the participants had just watched. The participants were notified
that there would be pauses at key points during the video recordings and that during these
pauses they were to reflect on the level of substantive communication within the lesson
prior to the pause. The timing for the pauses was also ten seconds.
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condition [34,35].

Participation Booklet

A 12-page booklet was designed and included text material to accompany the video
recordings of the lessons that provided steps to solutions through the referencing tables
presented with the video recordings during the learning phase. Additionally, the booklet
comprised test items, mental effort measures, task difficulty measures, and an evalua-
tion/reflection section for participants to complete.

The participant booklet was designed to scaffold the lesson video recordings and
facilitated the experimental process in Phases 2 and 3. It contained two worked examples
(Tasks 2 and 3) presenting solutions, including Coding Scores reflecting the level of substan-
tive communication observed in the videos for both ProcessWE and ProductWE conditions.
The booklet also provided Coding Scores for the Control condition’s video recordings,
presented in a referencing table, with content tailored to each instructional condition.

The 12-page booklet, printed on single-sided A4 paper, displayed a cover page titled
“The NSW Quality Teaching Model”, with a section prompting participants to write their
participation number, gender, and age. Participant numbers were assigned to the book-
lets before the experiment and distributed sequentially, starting with those seated at the
front. The numbering system indicated the instructional condition: PP for the ProcessWE
condition (e.g., PP12), PT for the ProductWE condition, and CT for the Control condition.

On the first page of the booklet, participants were instructed to respond to two
statements aimed at gauging their prior knowledge of the NSW QTM and substantive
communication. These responses helped confirm participants as novices. The statements
were the following:

• Write down everything you know about the NSW Quality Teaching Model.
• Write down everything you know about substantive communication.
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The researcher assessed these responses, revealing a mean score of 0.4/4 with a
standard deviation of 0.8, confirming participants as novices regarding the NSW QTM and
substantive communication.

The booklet included six tasks for participants, with the final task involving an evalua-
tion. Tasks 1 and 2 focused on engaging with the worked examples during the learning
phase. The two worked examples focused on a PDHPE and a language lesson and included
a referencing table which provided a Coding Score for the level of substantive communica-
tion evident in that section of the lesson. Tasks 3, 4, and 5 comprised test items for the test
phase. Each test item was on a separate page, followed by tables for mental effort rating and
task difficulty rating. Task 6 involved participants evaluating their experiment experience.

3.5.3. Phase 3—Test Items: Test Phase (20 min)

The test phase followed immediately after the learning phase. The test phase required
participants to complete three test items and an evaluation. The researcher designed test
items comprising recall tasks, near transfer tasks, and far transfer tasks. Recall tasks involve
recalling information, near transfer tasks require applying learnings to similar tasks, and far
transfer tasks involve applying learnings to new situations. The paragraph below provides
an overview of tasks presented in the participant booklet during the test phase, which
comprised three tasks.

The first task included two sections, a recall task and a near transfer task for a total of
three marks each. The task required participants to recall and identify the characteristics of
substantive communication in a vignette of a conversation between a teacher and students.
The second task included three sections, two near transfer tasks and a far transfer task for a
total of one mark each. The near transfer task required participants to identify and justify
characteristics of reciprocal communication, a characteristic of substantive communication,
after watching a video of an interaction between a teacher and students. The third task
included a far transfer task for a total of four marks. The task required participants to
provide strategies on how they would enhance two identified characteristics of substantive
communication after watching a video of an interaction between a teacher and students.

3.5.4. Mental Effort and Task Difficulty Ratings

After each task in the learning phase and subsequent test phase, a nine-point mental
effort rating and task difficulty rating [30] were presented for participants to complete.
These scales are presented in Figures 1 and 2.

4. Results

The dependent variables under analysis were individual test performance scores,
total test performance scores, individual task perceived mental effort ratings, learning
phase perceived mental effort ratings, test phase perceived mental effort ratings, individual
perceived task difficulty ratings, learning phase perceived task difficulty ratings, test phase
perceived task difficulty ratings, and evaluation ratings. Results for the dependent variables
are presented in Sections 4.1–4.3.

4.1. Test Performance Scores

A one-way ANOVA was conducted on test performance scores to examine differences
between the three instructional conditions. The homogeneity of variances test showed
non-significance (p > 0.05), indicating homogeneous variances within conditions. Test per-
formance scores, including mean and standard deviation for each condition, are presented
in Table 3, with an asterisk denoting a significant main effect. Cohen’s d was calculated
for effect size, where values of 0.20, 0.50, and 0.80 represented small, medium, and large
effects, respectively [36].

Results from the one-way ANOVA for test performance indicated a significant main
effect for the test performance scores, F(2, 82) = 4.60, p = 0.013. Post hoc comparisons
using the Tukey HSD test showed that the test performance scores for the ProcessWE
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condition were significantly higher than the test performance scores for the ProductWE
condition, p = 0.02, with a medium effect size obtained, d = 0.64. The Tukey HSD test is a
post hoc test used to determine whether a set of conditions significantly differs from one
or more others [37]. Comparing the ProcessWE and Control condition test performance
scores did not yield statistically significant results, despite a higher mean score for the
ProcessWE condition.

Table 3. Means and standard deviations for the test performance scores during the test phase.

Test Performance Scores

Instructional
Condition

Task 1
Recall Task

(6)

Task 2
Near/Far

Transfer Task
(3)

Task 3
Far Transfer

Task
(4)

Total
(13)

ProcessWE
(N = 40) 3.14 (1.28) * 2.28 (1.01) 1.83 (0.87) 7.24 (2.41) *

ProductWE
(N = 32) 2.16 (1.55) 2.11 (1.05) 1.45 (1.04) 5.72 (2.34)

Control
Condition
(N = 13)

2.50 (1.49) 1.69 (1.18) 1.46 (0.97) 5.65 (2.02)

* Denotes significant main effect.

The one-way ANOVA revealed a significant main effect for Task 1 test performance
scores, F(2, 82) = 4.347, p = 0.016. Post hoc Tukey HSD comparisons indicated significantly
higher Task 1 scores for the ProcessWE condition compared to the ProductWE condition,
p = 0.013. However, no significant main effects were found for Task 2, F(2, 82) = 1.512,
p = 0.227, and Task 3, F(2, 82) = 1.587, p = 0.211.

Task 1 results and overall test scores confirmed Hypothesis 1, showing higher perfor-
mance for participants in the ProcessWE condition compared to the ProductWE condition
when learning about substantive communication characteristics. However, Hypothesis 2,
indicating better performance for ProductWE condition participants over Control condition
participants, did not yield statistically significant results, despite a higher mean score for
the ProductWE condition.

4.2. Mental Effort Ratings

A one-way ANOVA analyzed perceived mental effort ratings to detect differences
among the three instructional conditions. Participants assessed their perceived mental
effort after viewing both worked examples in the learning phase and after each of the three
test items in the test phase. The homogeneity of variances test showed non-significance
(p > 0.05) for mental effort ratings during the learning phase, indicating homogeneous
variances within instructional conditions. The result from the homogeneity of variances test
was not significant (p > 0.05) for the mental effort ratings during the test phase; therefore,
the variances within conditions were considered to be homogeneous.

Mental effort ratings, including mean and standard deviation for each condition
during the learning and test phases, are presented alongside the test performance scores in
Table 4, with an asterisk marking significant main effects.

The one-way ANOVA for mental effort ratings during the learning phase found no
significant main effect for the total learning phase, F(2, 82) = 2.346, p = 0.102. Although
non-significant, the Control condition showed a higher mean mental effort rating compared
to the Product condition, with a medium effect size (d = 0.67). Similarly, the ProcessWE
condition exhibited a higher mean mental effort rating than the ProductWE condition, with
a medium effect size (d = 0.26).
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Table 4. Means and standard deviations for the test performance scores and mental effort ratings
during the learning and test phases.

Test Performance Scores Mental Effort Ratings
Learning Phase

Mental Effort Ratings
Test Phase

Instructional
Condition

Task 1
Recall

(6)

Task 2
Near/Far

(3)

Task 3
Far
(4)

Total
(13)

Worked
Example 1

(9)

Worked
Example 2

(9)

Total
(9)

Task 1
(9)

Task 2
(9)

Task 3
(9)

Task 4
(9)

ProcessWE
(N = 40)

3.14
(1.28) *

2.28
(1.01)

1.83
(0.87)

7.24
(2.41) *

3.08
(1.61)

2.62
(1.31)

2.89
(1.36)

5.23
(1.44)

4.90
(1.34)

5.95
(1.20)

5.36
(1.08)

Product WE
(N = 32)

2.16
(1.55)

2.11
(1.05)

1.45
(1.04)

5.72
(2.34)

2.91
(1.87)

2.13
(1.76)

2.52
(1.51)

4.91
(1.67)

4.66
(1.72)

5.34
(1.70)

4.97
(1.29)

Control
Condition
(N = 13)

2.50
(1.49)

1.69
(1.18)

1.46
(0.97)

5.65
(2.02)

3.23
(1.64)

3.85
(1.95) *

3.54
(1.53)

5.46
(1.81)

5.38
(1.45)

6.38
(1.26)

5.74
(1.15)

* Denotes significant main effect.

The one-way ANOVA for mental effort ratings during the learning phase showed
no significant main effect for Worked Example 1, F(2, 82) = 0.185, p = 0.831. However,
there was a significant main effect for Worked Example 2, F(2, 82) = 5.373, p = 0.01. Post
hoc comparisons revealed that the mental effort rating for Worked Example 2 in both the
ProcessWE and ProductWE conditions was significantly lower than in the Control condition
(p = 0.004 for the ProductWE condition and p = 0.048 for the ProcessWE condition). These
results align with Hypothesis 3, indicating higher perceived mental effort for participants
in the Control condition compared to the ProductWE condition when learning about
substantive communication.

The one-way ANOVA for mental effort ratings during the test phase showed no
significant main effect for the total test phase, F(2, 82) = 2.214, p = 0.116. However, the mean
mental effort rating for the Control condition was higher than for both the ProcessWE and
ProductWE conditions, with medium effect sizes (d = 0.34 for the ProcessWE condition and
d = 0.63 for the ProductWE condition).

The one-way ANOVA for mental effort ratings during the test phase showed no
significant main effect for Task 1, F(2, 82) = 0.670, p = 0.514, for Task 2, F(2, 82) = 1.087,
p = 0.342, and for Task 3, F(2, 82) = 2.995, p = 0.056. Task 3, a far transfer task and the
most complex of the tasks, elicited the highest mental effort ratings among participants,
indicating their ability to accurately assess cognitive load.

Hypothesis 5, suggesting lower perceived mental effort for participants in the Pro-
cessWE condition compared to the ProductWE condition during the test phase, lacked
statistical significance in the experiment, thus not supporting the hypothesis. Similarly,
Hypothesis 7, proposing lower perceived mental effort for participants in the ProcessWE
or ProductWE conditions compared to the Control condition, did not achieve statistical
significance. Despite lower mean mental effort ratings for the ProcessWE and ProductWE
conditions, no significant difference was observed.

4.3. Task Difficulty Ratings

A one-way ANOVA was conducted on perceived task difficulty ratings to assess
differences between the three instructional conditions. Participants rated their perceived
task difficulty after each worked example presentation during the learning phase and after
each task during the test phase. The homogeneity of variances test yielded significant
results for the task difficulty ratings during the learning phase and for Task 2 during the
test phase, indicating non-homogeneous variances within conditions. However, variances
were considered homogeneous for Task 1, Task 3, and the total test phase. The result
from the homogeneity of variances test was not significant (p > 0.05) for the task difficulty
ratings during the test phase for all ratings except for Task 2; therefore, the variances
within instructional conditions were considered to be homogeneous. Table 5 presents test
performance scores alongside the perceived task difficulty ratings, including mean and
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standard deviation for each instructional condition during the learning and test phases,
with an asterisk denoting a significant main effect.

Table 5. Means and standard deviations for the test performance scores and task difficulty ratings
during the learning and test phases.

Test Performance Scores Task Difficulty Ratings
Learning Phase

Task Difficulty Ratings
Test Phase

Instructional
Condition

Task 1
Recall

(6)

Task 2
Near/Far

(3)

Task 3
Far
(4)

Total
(13)

Worked
Example 1

(9)

Worked
Example 2

(9)

Total
(9)

Task 1
(9)

Task 2
(9)

Task 3
(9)

Task 4
(9)

ProcessWE
(N = 40)

3.14
(1.28) *

2.28
(1.01)

1.83
(0.87)

7.24
(2.41) *

1.98
(1.10)

1.87
(1.08)

1.91
(1.02)

4.20
(1.74)

3.78
(1.54)

5.40
(1.58)

4.46
(1.32)

Product WE
(N = 32)

2.16
(1.55)

2.11
(1.05)

1.45
(1.04)

5.72
(2.34)

2.99
(1.48)

1.63
(1.04)

1.81
(0.97)

3.97
(1.60)

3.59
(1.50)

5.06
(1.95)

4.21
(1.33)

Control
Condition
(N = 13)

2.50
(1.49)

1.69
(1.18)

1.46
(0.97)

5.65
(2.02)

2.92
(1.85)

3.46
(1.98) *

3.19
(1.73) *

5.23
(2.09)

4.92
(2.18) *

6.31
(1.55)

5.49
(1.52) *

* Denotes significant main effect.

Results from the one-way ANOVA for task difficulty ratings during the learning phase
indicated a significant main effect for the total learning phase, F(2, 82) = 7.567, p = 0.001.
Post hoc comparisons using the Dunnett test showed that the task difficulty rating for
the total learning phase for the Control condition was significantly higher than the rating
for the ProductWE condition, p = 0.045, with a large effect size obtained, d = 0.98. The
Dunnett Statistical Analysis compares groups with other groups [38] where the result of
the homogeneity of variance was significant, p < 0.005. The Control condition did not
statistically differ from the ProcessWE condition, p = 0.066, and the ProcessWE condition
did not statistically differ from the ProductWE condition, p = 0.964.

Results from the one-way ANOVA for task difficulty ratings during the learning
phase revealed no significant main effect for Worked Example 1, F(2, 82) = 2.545, p = 0.085.
However, a significant main effect was found for Worked Example 2, F(2, 82) = 10.640,
p = 0.000. Post hoc comparisons using the Dunnett test indicated that task difficulty ratings
for Worked Example 2 were significantly higher in the Control condition compared to both
the ProductWE and ProcessWE conditions, with p = 0.019 and p = 0.043, respectively.

Hypothesis 4 proposed higher perceived task difficulty for participants in the Pro-
cessWE or Control conditions compared to the ProductWE condition during the learning
phase. Results showed a significant difference between the Control and ProductWE con-
ditions, but no difference between the Control and ProcessWE conditions. However, for
Worked Example 2, the Control condition reported statistically significantly higher task
difficulty ratings compared to both the ProcessWE and ProductWE conditions.

Results from the one-way ANOVA for task difficulty ratings during the test phase
indicated a significant main effect for the total phase, F(2, 82) = 4.265, p = 0.017. Post hoc
comparisons using the Tukey HSD test showed that the perceived task difficulty rating
during the test phase was significantly higher for the Control condition than for both the
ProductWE condition, p = 0.013 with large effect size, d = 0.90, and the ProcessWE condition,
p = 0.049, medium effect size, d = 0.73.

Results from the one-way ANOVA for task difficulty ratings during the test phase
showed no significant main effect for Task 1, F(2, 82) = 2.480, p = 0.090. One-way ANOVA
results for task difficulty ratings during the test phase indicated a significant main effect for
Task 2, F(2, 82) = 3.212, p = 0.045. Post hoc comparisons using the Tukey HSD test showed
that the task difficulty rating for Task 2 for the Control condition was significantly higher
than the task difficulty ratings for the ProductWE condition, p = 0.041. Results from the
one-way ANOVA for task difficulty ratings during the test phase showed no significant
main effect for Task 3, F(2, 82) = 2.408, p = 0.096.

Hypothesis 6, proposing lower perceived task difficulty for participants in the Pro-
cessWE condition compared to the ProductWE condition during the test phase, did not
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demonstrate statistical significance in the experiment, therefore not supporting the hy-
pothesis. Hypothesis 8 states that when learning about the characteristics of substantive
communication, participants presented with the ProcessWE condition or ProductWE con-
dition will report lower perceived task difficulty during the test phase than participants
presented with the Control condition. Results from the one-way ANOVA for task difficulty
ratings indicated a significant main effect for the total task difficulty rating for the test
phase. Further, the post hoc comparisons using the Tukey HSD test showed that the task
difficulty rating during the test phase for the Control condition was significantly higher
than the task difficulty ratings during the test phase for both the ProcessWE condition and
ProductWE condition.

In summary, there were five key findings in relation to the aim of the experiment to
investigate the participant’s cognitive load for the three instructional conditions:

• The ProcessWE condition significantly outperformed the ProductWE condition in
both total test performance scores and Task 1 test performance scores. The total test
performance score was the sum of three tasks participants completed: a recall task, a
near transfer task, and a far transfer task. Each task was scored using clear marking
criteria. This aligns with previous findings on the worked example effect, which indi-
cate that process-oriented worked examples enhance cognitive schema construction
and automation, resulting in better performance than product-oriented worked ex-
amples [13,19,23]. Additionally, integrating principled knowledge in process-oriented
worked examples enhances understanding by motivating learners to invest effort
into understanding the “why” and “how” [23]. This finding is novel because process-
oriented and product-oriented worked examples have primarily been researched in
well-structured learning domains such as mathematics, science, and economics [1,5].
While extensive research has demonstrated the effectiveness of worked examples
in well-structured learning domains [39,40], there has been less research on their
effectiveness in ill-structured learning domains [1,5].

• Mental effort ratings for Worked Example 2 during the learning phase for the Pro-
cessWE and ProductWE conditions were significantly lower than the Control con-
dition. This aspect of CLT warrants further investigation using worked examples
in ill-structured learning domains, as the additional information included in these
examples can increase cognitive load [40,41].

• Task difficulty ratings during the learning phase for the Control condition were sig-
nificantly higher than the ProductWE condition. This finding demonstrates that the
worked example effect, as predicted by CLT, positively impacted the learning of novice
participants, consistent with the effectiveness of worked examples in well-structured
learning domains [1,42].

• Task difficulty ratings during the test phase for the Control condition were significantly
higher than those for the ProcessWE and ProductWE conditions. This finding aligns
with existing CLT research in well-structured learning domains [1,29,43,44].

• Task difficulty ratings for Worked Example 2 during the learning phase for the Control
condition were significantly higher than those for both the ProcessWE and ProductWE
conditions. This finding is also consistent with existing CLT research in well-structured
learning domains [1,29,43,44].

5. Discussion

Research questions were posed to assess test performances, perceived mental effort,
and perceived task difficulty among participants in the three instructional conditions. Re-
garding Research Question 1, comparisons of test performances showed that the ProcessWE
condition significantly outperformed the ProductWE condition. However, there was no
significant difference between the ProcessWE and Control conditions, despite higher mean
scores in the ProcessWE condition. Similarly, no significant difference was found between
the ProductWE and Control conditions, contradicting Hypothesis 2. Nevertheless, partici-
pants in the ProductWE condition generally outperformed those in the Control condition.
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The literature indicates that mental effort and task difficulty ratings are higher for novices
who are not presented with worked examples [1,41–44].

Regarding Research Question 2, there were no significant differences in perceived
mental effort or perceived task difficulty during the learning phase between the ProcessWE
and ProductWE conditions, contradicting Hypotheses 3 and 4. Additionally, no significant
difference was found in perceived mental effort ratings during the learning phase between
the ProductWE and Control conditions, thus not confirming Hypothesis 3. However, there
was a significant difference in perceived task difficulty ratings during the learning phase
between the ProductWE and Control conditions, confirming Hypothesis 4, with the Control
condition having a higher mean. Furthermore, analyzing individual worked examples
revealed significant differences, with Worked Example 2 showing lower perceived mental
effort and task difficulty ratings for both ProcessWE and ProductWE compared to the
Control condition, confirming Hypothesis 4.

For Research Question 3, investigating perceived mental effort and perceived task
difficulty during the test phase between the ProcessWE and ProductWE conditions yielded
no significant differences, failing to confirm Hypotheses 5 and 6. Research Question 4
aimed to determine if the ProcessWE or ProductWE conditions led to lower perceived
mental effort and task difficulty compared to the Control condition during the test phase.
The results showed no significant difference in perceived mental effort between the Pro-
cessWE/ProductWE and Control conditions, contradicting Hypothesis 7. However, a
significant difference in perceived task difficulty supported Hypothesis 8. The literature
indicates that mental effort and task difficulty ratings are higher for novice learners who are
not presented with worked examples compared to novice learners presented with worked
examples [1,41–44].

6. Conclusions

This study advances CLT research by offering both theoretical insights and practical
applications. Theoretically, this study is one of the first that examined worked examples in
an ill-structured learning domain and has shown evidence of the effectiveness of Process-
WEs in ill-structured learning domains, an area that has been largely under-researched [1,5].
Practically, this study contributes to CLT as the instructional materials produced for this
study serve as an example of how to structure and format ProcessWEs and ProductWEs
within an ill-structured learning domain using video and text annotations. An insight into
their presentation and structure is that the text annotations were concise and displayed
immediately after the concept was demonstrated in the video. Finally, as the NSW QTM
has been found to improve teacher practice and student performance, these materials may
inform NSW QTM professional development materials. To further contribute to the field
of CLT, more research is required to explore other ill-structured learning domains beyond
quality teaching to understand how different instructional conditions support participant
engagement and meaning-making. This could take the form of both quantitative and
qualitative studies. For example, further experimental studies are required to investigate
ProductWEs and ProcessWEs, but also, qualitative studies can provide insight into how
participants engage with these worked examples. A promising direction for future research
is to examine how novice and expert participants engage with ProcessWEs and ProductWEs
in an ill-structured learning domain to better understand their thoughts and processes. This
would contribute to CLT research by examining whether there is presence of the expertise
reversal effect. The expertise reversal effect asserts that learners require varying levels of
support based on their expertise [26,42,45,46], and suggests that the effectiveness of worked
examples diminishes as learners become more proficient and build schemas through the
continued use of worked examples [42].

Four limitations are identified in this research. Firstly, there were unequal sample
sizes for the three conditions, including a small sample size for the Control condition
due to participant availability issues. Second, participants all belong to one university.
Future studies could involve students from diverse universities. Third, focusing solely
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on substantive communication within the NSW QTM may limit result generalization.
Fourth, including pauses in Control condition video recordings, while enhancing research
robustness, may unintentionally scaffold learning, affecting outcomes.

Overall, this study demonstrated that the use of ProcessWEs in an ill-structured
learning domain aided participants in developing relevant schemas for understanding and
applying knowledge in the NSW QTM element of substantive communication. Similarly,
ProductWEs were found to be more effective than conventional problem-solving methods
for learning about substantive communication in the NSW QTM. These findings align
with existing CLT research on worked examples in well-structured learning domains for
novice participants [19,23,28], as the ProcessWEs, providing principled knowledge and
strategic information, improved performance during the test phase in an ill-structured
learning domain. However, while there were some significant results aligning with CLT
research regarding participants’ perceived mental effort and task difficulty ratings, they
were inconclusive.
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