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Abstract

Background: Didactics play a key role in medical education. There is no standard-
ized didactic evaluation tool to assess quality and provide feedback to instructors.
Cognitive load theory provides a framework for lecture evaluations. We sought to
develop an evaluation tool, rooted in cognitive load theory, to assess quality of didac-
tic lectures.

Methods: We used a modified Delphi method to achieve expert consensus for items
in a lecture evaluation tool. Nine emergency medicine educators with expertise in
cognitive load participated in three modified Delphi rounds. In the first two rounds,
experts rated the importance of including each item in the evaluation rubric on a 1
to 9 Likert scale with 1 labeled as “not at all important” and 9 labeled as “extremely
important.” In the third round, experts were asked to make a binary choice of whether
the item should be included in the final evaluation tool. In each round, the experts
were invited to provide written comments, edits, and suggested additional items.
Modifications were made between rounds based on item scores and expert feedback.
We calculated descriptive statistics for item scores.

Results: We completed three Delphi rounds, each with 100% response rate. After
Round 1, we removed one item, made major changes to two items, made minor word-
ing changes to nine items, and modified the scale of one item. Following Round 2, we
eliminated three items, made major wording changes to one item, and made minor
wording changes to one item. After the third round, we made minor wording changes
to two items. We also reordered and categorized items for ease of use. The final eval-
uation tool consisted of nine items.

Conclusions: We developed a lecture assessment tool rooted in cognitive load theory
specific to medical education. This tool can be applied to assess quality of instruction

and provide important feedback to speakers.
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INTRODUCTION

Medical educators have employed the didactic lecture format since
1850.1 Although utilization of educational methods that emphasize
active learning is increasing, didactics continue to play a key role
in medical education.>® Feedback obtained through didactic lec-
ture evaluation tools benefit instructors, learners, and curriculum
planners alike by catalyzing the improvement of future iterations.
Accordingly, the Accreditation Council for Continuing Medical
Education (ACCME) requires the evaluation of continuing medical
education activities for effectiveness, although it does not provide
specifics about the optimal approach.* Further, evaluation of teach-
ing excellence contributes to promotion.

Cognitive load theory is a learning theory that has been increas-
ingly recognized in medical education and is particularly relevant
given the workload and complexity of knowledge to be acquired by
medical trainees.>” Limited data suggest that optimizing cognitive
load can positively influence learning outcomes.® Cognitive load
theory provides a useful framework for centering lecture evaluation
tools around features that directly impact learning of the material
presented. Cognitive load theory explores the relationship between
working memory and long-term memory.>”” Three types of cognitive
load impact the transfer of information from working to long-term
memory, including intrinsic, extrinsic, and germane load. Intrinsic
cognitive load refers to the inherent complexity of a particular topic.®
Instructors can minimize intrinsic load by modifying how they pres-
ent material or choosing to limit the amount of material covered.’
Extrinsic load represents the resources required to process material
(including extraneous stimuli) and inhibits learning.® Instructors min-
imize it by reducing environmental distractions such as noise and ex-
traneous talking, focusing content on learning objectives, and using
visual aids that augment rather distract from key learning points.”
Germane load facilitates learning through the process of organizing
new data into schema to consolidate information.® Instructors can
promote germane load by grouping information in meaningful ways.”
Understanding the interplay between the different types of cogni-
tive load can help instructors optimize the transfer of knowledge
from working to long-term memory during educational experiences,
such as didactic lectures.

Currently, there is no standardized didactic evaluation tool avail-
able for widespread use in medical education. While prior work has
investigated lecture evaluation tools for emergency medicine (EM)
residents, few available tools evaluate the effectiveness of instruc-
tion in the context of cognitive load.'®! A trial of one evaluation
tool, adapted from Leppink et al,'? demonstrated good internal
validity for two components of cognitive load.'®** However, the
original tool was created for evaluation of lectures given within the
undergraduate university setting and adapted for use in graduate
medical education.®!! Given the unique instructional setting of
graduate medical education, with its advanced learners and com-
plex knowledge to be acquired, a tool should be developed specif-

ically for use in this setting and aimed at the goals of EM didactic

instruction. Thoughtful design of didactic evaluation tools has been
shown to enhance the quality and quantity of feedback obtained.*®
The development of a didactic lecture evaluation tool rooted in cog-
nitive load theory can generate valuable feedback for lecturers of
all levels, facilitate assessment and teaching of didactic skills, and
enhance learning outcomes by encouraging effective presentation
of content. The objective of this study was to develop an evaluation
tool, rooted in cognitive load theory, to assess the quality of didactic
lectures in graduate medical education including content, presenta-
tion, and delivery.

METHODS
Study design

We utilized a modified Delphi technique to achieve consensus on
items for an evaluation tool, based on cognitive load theory, to as-
sess the quality of didactic lectures. The modified Delphi technique
is a systematic group consensus strategy designed to increase con-
tent validity.14 This study was reviewed by the institutional review
board of the David Geffen School of Medicine at UCLA and deter-
mined to be exempt.

Study setting and participants

The first author invited nine EM educators with expertise in cogni-
tive load from diverse regions across the United States who have
been working on evaluating cognitive load to participate in the
Delphi panel.”** All had published research incorporating cognitive
load theory. Previous studies have recommended that six to 10 ex-
perts is an appropriate number for obtaining stable results in the
modified Delphi method.*>"*” All invited panelists agreed to partici-
pate. The panel consisted of three professors, three associate pro-
fessors, and three assistant professors. Six members held advanced
degrees in education related fields. We collected data between
February and May 2022.

Study protocol

The first author, who was not a member of the Delphi panel, drafted
initial items for the evaluation tool after review of the literature and
other tools utilizing cognitive load theory to optimize content va-
lidity. We utilized an electronic survey platform (SurveyMonkey) to
administer and collect data from the Delphi surveys.!® In the first
two rounds of the modified Delphi process, expert panelists rated
the importance of including each item in the evaluation rubricona 1
to 9 Likert scale with 1 labeled as “not at all important” and 9 labeled
as “extremely important.” We determined a priori that items with a

mean score of 7 or greater advanced to the next round and items
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with a mean score of 3 or below were eliminated. The first author,
who served as the Delphi panel moderator, applied discretion for
items with mean scores between 4 and 6, with the aim of both ad-
hering to the opinions of the experts and creating a comprehensive
evaluation tool. Each item consisted of a stem and anchored choices
with associated point-value assignments. In each round, the experts
were invited to provide additional written comments, edits, and
suggestions for each item and given an opportunity to suggest ad-
ditional items that were not included initially. The moderator made
modifications between rounds based on scores and feedback from
panelists. After each round, the moderator provided panelists with
summary mean item scores, written comments, and an edited ver-
sion of the items derived from the results of the previous round. The
panelists were then asked to rate the revised items and provide ad-
ditional edits or suggestions. In the third round, panelists were asked
to make a binary choice of whether the item should be included in
the final evaluation tool. For this round, we determined an inclusion
threshold of 75% “yes” a priori. Similar to prior rounds, in the third
round, we also invited experts to provide written comments, edits,
and suggestions. After consensus was achieved, we created a final

evaluation tool.

Data analysis

We calculated and reported descriptive statistics for item scoring

during Delphi rounds.

RESULTS

We completed three Delphi rounds (Table 1). The response rate was
100% for each. After Round 1, we removed one item, made major
changes to two items, made minor wording changes to nine items,
and modified the scale of one item. No additional items were added.
Following Round 2, we eliminated three items, made major wording
changes to one item, and made minor wording changes to one item.
No additional items were added. After the third round, we made
minor wording changes to two items. We also reordered and cat-
egorized items for ease of use. All items met our a priori threshold
for inclusion and no additional items were suggested. Thus, we de-
termined that we had achieved consensus. All panelists approved
the final evaluation tool which contained nine items and is displayed

in Figure 1.

DISCUSSION

Use of a robust instrument to measure cognitive load can assist fac-
ulty and residents in optimizing didactic sessions to enhance learning
outcomes. This study provides initial content validity evidence for an

instrument tailored to graduate medical education. The instrument

incorporates all three forms of cognitive load (intrinsic, extrinsic, and
germane). The instrument is intended to evaluate different facets of
a didactic session and provide meaningful, actionable feedback to
the presenter using the evidence principles of cognitive load educa-
tion theory.

Measures of cognitive load include self-reported instruments, mea-
sures of psychological parameters, and tools for learners.'?'%?° There
are several published cognitive load instruments.'>**?° Our group
previously collected validity evidence on the instrument by Leppink
et al.™'2in the graduate medical virtual didactic setting. We found the
10-item cognitive load instrument demonstrated reasonable validity
evidence.! While the tool of Leppink et al.*? and others measure only
cognitive load, this current instrument includes additional measures of
excellence in didactics. The instrument highlights specific behaviors
that can be modified. The instrument was developed to assess fea-
tures of each type of cognitive load (intrinsic, extrinsic, germane) and
to look for behaviors that are commonly used to combat cognitive load
to enhance learning. For example, the speaker may slow down the pace
of their speech when discussing a particularly challenging concept.

Intrinsic cognitive load is inherent to both what is being taught
and to whom it is being taught. Teaching advanced calculus is intrinsi-
cally difficult if taught to students who are versed in calculus but tre-
mendously more difficult to those who have never been introduced
to calculus. The speaker can decrease intrinsic load by tailoring their
content according to the audience's knowledge and utilizing strategies
such as limiting the amount of new, complex information; presenting
content in various manners; and reactivating prior knowledge. Our in-
strument specifically includes items on content difficulty, volume of
material, organization, and activation of prior learning. A speaker can
readily modify extrinsic cognitive load through control of the learning
environment by minimizing disruption and presenting information in a
way that harmonizes visual and auditory information. Our instrument
incorporates extrinsic load by assessing content relevance, audiovi-
sual presentation format, and speaker delivery. Presenters should
increase, rather than limit, germane load, which facilitates learning
through strategies such as helping learners form schemas or orga-
nized ways of thinking about the topic. Our instrument assesses mul-
tiple aspects of facilitation of learning.

This lecture evaluation tool has multiple potential applications
in an educational system. First, educators can readily apply it across
didactic programming and curricula to assess quality of instruction.
Second, it can serve as an effective feedback tool for instructors. It
diverges from typical affective domain items used commonly in eval-
uations that focus on entertainment and enjoyability in favor of those
rooted in theory about effective instruction. Beyond content, results
gathered from this evaluation can focus attention on resources,
design, and personal factors. Improved feedback to educators on
their didactics should enhance the quality of future instruction.?*
Speakers can also utilize this tool as they plan their presentations as
a design rubric that allows them to proactively incorporate cognitive
load theory. Training programs can use it as part of an evaluation sys-

tem for speakers, providing consistency in the evaluation process and
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TABLE 1 Results of modified Delphi process

Scoring rubric items

Item 1

Content relevance

0 = Content is not relevant to resident learning of EM

1 = Content is somewhat relevant to resident learning of EM
2 = Content is relevant to resident learning of EM

Content relevance

0 = Content is not relevant to learners in the audience

1 = Content is somewhat relevant to learners in the audience
2 = Content is relevant to learners in the audience

Content relevance

0 = Content is not relevant to the majority of learners in the audience

1 = Content is somewhat relevant to the majority of learners in the audience
2 = Content is relevant to the majority of learners in the audience

Item 2

Content alignment with objectives

0 = Content is not aligned with learning objectives

1 = Content is somewhat aligned with the learning objectives
2 = Content is aligned with the learning objectives

Item 3

Management of environment

0 = There are many environmental distractions (poor lighting, dysfunctional audio/visual
technology, interrupting alerts, etc.) during the didactic session

1 =There are occasional environmental distractions during the didactic session

2 = The lecturer takes great care to minimize environmental distractions during the didactic
session

Management of environment

0 = There were many environmental distractions not mitigated by the speaker
1 = There were some environmental distractions not mitigated by the speaker
2 = The speaker minimized nearly all environmental distractions

Item 4

Slides and audiovisual design

0 = Slides/audiovisual aids distract from the didactic session (not aligned with session goals and
objectives, excessive text, font that's too small to read, etc.)

1 = Slides/audiovisual aids are adequate, but could be improved

2 = Slides/audiovisual aids augment the didactic session (aligned with objectives, focus on images
rather than text, no distracting extraneous pictures/GIFs, etc.)

Slides and audiovisual design

0 = Slides/audiovisual aids distract from the didactic session (material is not aligned with topic,
excessive text, font that is too small to read, etc.)

1 = Slides/audiovisual aids neither augment nor distract from the didactic session

2 = Slides/audiovisual aids augment the didactic session (aligned with topic, focus on images
rather than text, no distracting extraneous pictures/GIFs, etc.)

Slides and audiovisual design

0 = Slides/audiovisual aids distract from the didactic session (material is not aligned with topic,
excessive text, font that is too small to read, etc.)

1 = Slides/audiovisual aids neither augment nor distract from the didactic session

2 = Slides/audiovisual aids augment the didactic session (aligned with topic, focus on images
rather than text, no distracting extraneous pictures/GlIFs, etc.)

Item 5

Lecturer preparedness

0 = Lecturer is unprepared

1 = Lecturer is somewhat prepared and demonstrates basic knowledge of topic
2 = Lecturer is well prepared and demonstrates command knowledge of topic

Delphi process

Round1°® Round 2° Round 3°
6.78
7.33
8
5.44
7.00
6.11
8.44
8.78
9
6.89
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TABLE 1 (Continued)

Delphi process

Scoring rubric items Round 1° Round 2° Round 3°

Speaker preparedness 6.67
0 = Speaker appears unprepared

1 = Speaker appears somewhat prepared and demonstrates basic knowledge of topic

2 = Speaker appears well prepared and demonstrates command knowledge of topic

Item 6

Lecturer verbal presentation 7.89
0 = The lecture's verbal presentation is ineffective (too fast or too slow, inappropriate volume,
often uses filler words like “um,” etc.)
1 = The lecture's verbal presentation is somewhat effective
2 = The lecturer's verbal presentation is effective (good pace of speech, volume, etc.)

Speaker verbal presentation 7.67
0 = The speaker's verbal presentation is detrimental to learning (too fast or too slow,
inappropriate volume, often uses filler words like “um,” etc.)
1 = The speaker's verbal presentation is somewhat effective for learning, but with significant
room for improvement
2 = The speaker's verbal presentation is effective for learning (good pace of speech, volume, etc.)

Speaker verbal presentation 9
0 = The speaker's verbal presentation is detrimental to learning (too fast or too slow,
inappropriate volume, often uses filler words like “um,” etc.)
1 = The speaker's verbal presentation is somewhat effective for learning, but with significant
room for improvement
2 = The speaker's verbal presentation is effective for learning (good pace of speech, volume, etc.)

Item 7

Content difficulty 7.56
0 = Content is either too easy or too difficult for level of learner

1 = Content is mostly appropriate for level of learner but at times may be too easy or too difficult

2 = Content is consistently appropriate difficulty for level of learner

Content difficulty 7.89
0 = Speaker frequently provides content that is either too easy or too difficult for the levels of
learners present
1 = Content is mostly appropriate for level of learner but at times may be too easy or too difficult
(or if the audience consists of multiple learner levels, speaker only provides content of
appropriate difficulty to a single level of learner)
2 = Speaker consistently provides content of appropriate difficulty for all level of learners present

Content difficulty 9
0 = Speaker frequently provides content that is either too easy or too difficult for the levels of
learners present
1 = Content is mostly appropriate for level of learner but at times may be too easy or too difficult
(or if the audience consists of multiple learner levels, speaker only provides content of
appropriate difficulty to a single level of learner)
2 = Speaker consistently provides content of appropriate difficulty for all level of learners present

Item 8

Volume of material 7.44
0 = Volume of material covered in lecture is inappropriate for the time allotted (too much or too
little)
1 = Volume of material covered in lecture is somewhat appropriate for the time allotted
2 = Volume of material covered in lecture is very appropriate for the time allotted

Volume of material 8.44
0 = Volume of material covered in the didactic session is inappropriate for the time allotted (too
much or too little)
1 = Volume of material covered in the didactic session is somewhat appropriate for the time
allotted
2 = Volume of material covered in lecture is optimized for the time allotted

(Continues)
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TABLE 1 (Continued)

Scoring rubric items

Volume of material

0 = Volume of material covered in the didactic session is inappropriate for the time allotted (too

much or too little)

1 = Volume of material covered in the didactic session is somewhat appropriate for the time

allotted

2 = Volume of material covered in lecture is optimized for the time allotted

Item 9

Organization of delivery
0 = Presentation is disorganized

1 = Material is presented in a linear fashion, but could be improved
2 = Material is optimally organized and presented from simple to complex to facilitate learning

Organization of delivery

0 = Presentation is disorganized, hindering learning
1 = Material is presented in a linear fashion, but could be improved
2 = Material is optimally organized to facilitate learning

Organization of delivery

0 = Presentation is disorganized, hindering learning
1 = Material is presented in a linear fashion, but could be improved
2 = Material is optimally organized to facilitate learning

Item 10

Activation of learner knowledge

0 = The lecturer does not activate learner prior knowledge (i.e., questioning, review of important

content)

1 = The lecturer occasionally activates learner prior knowledge (i.e., questioning, review of

important content)

2 = The lecturer often activates learner's prior knowledge (i.e., questioning, review of important

content)

Activation of learner prior knowledge

0 = The speaker does not activate learner prior knowledge (i.e., questioning, review of important

content)

1 = The speaker occasionally activates learner prior knowledge (i.e., questioning, review of

important content)

2 = The speaker often activates learner's prior knowledge (i.e., questioning, review of important

content)

Activation of learner prior knowledge

0 = The speaker does not activate learner prior knowledge (i.e., questioning, review of important

content)

1 = The speaker occasionally activates learner prior knowledge (i.e., questioning, review of

important content)

2 = The speaker often activates learner's prior knowledge (i.e., questioning, review of important

content)
Item 11

Audience engagement

0 = The lecturer does not engage the audience

1 =The lecturer occasionally engages the audience (i.e., audience response system, interactive
questions, small group discussions or activities, worked examples)

2 = The lecturer often engages the audience (i.e., audience response system, interactive
questions, small group discussions or activities, worked examples)

Audience engagement

0 = The speaker does not engage the audience

1 = The speaker occasionally engages the audience (i.e., shares a story, asks questions that require
a verbal response, creates small group discussions or activities, constructs worked examples)

2 = The speaker often engages the audience to facilitate learning (i.e., shares a story, asks
questions that require a verbal response, creates small group discussions or activities,

constructs worked examples)

Delphi process

Round1° Round 2° Round 3°
9
8.33
8.22
9
7.78
7.78
8
7.00
711
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TABLE 1 (Continued)

Delphi process

Scoring rubric items Round 1° Round 2° Round 3°
Facilitation of learning 8
0 = The speaker's presentation of material does not facilitate learning
1 = The speaker's presentation occasionally facilitates learning (i.e., shares a story, encourages
reflection, groups materials in meaningful ways, asks questions that require a verbal response,
creates small group discussions or activities, constructs worked examples, repetition)

2 = The speaker often engages the audience to facilitate learning (i.e., shares a story, encourages
reflection, groups material in meaningful ways, asks questions that require a verbal response,
creates small group discussions or activities, constructs worked examples, repetition)

Item 12
Facilitation of learning 7.78
0 = The lecturer never “chunks” or groups information in meaningful ways
1 = The lecturer occasionally “chunks” or groups information in meaningful ways
2 = The lecturer often “chunks” or groups information in meaningful ways
Facilitation of learning (consider potential techniques to facilitate learning such as grouping 6.78

material in meaningful ways, interleaving, repetition, application of information, etc.)
0 = The speaker's presentation of material did not facilitate my learning at all
1 = The speaker's presentation style somewhat facilitated my learning
2 = The speaker's presentation style greatly facilitated my learning

Item 13
Overall quality of lecture 711
0 = Poor
1 = Average
2 = Qutstanding
Overall quality of lecture 8.44
0 = Poor
1 = Fair
2 = Good
3 = Excellent
4 = Qutstanding
Overall quality of lecture 9

0 = Poor
1 = Fair
2 = Good

3 = Excellent
4 = Qutstanding

2Panelists rated items on 1 to 9 scale of importance to include (1 = not at all important include, 9 = extremely important to include). Results reported:

mean score.

PPanelists voted yes/no on whether an item should be included in the final evaluation tool. Results reported: frequency of “yes” response (total n = 9).

meeting standards set forth by institutional requirements and regula-
tory bodies. When applied systematically, this added consistency and
quality in evaluation can enhance the future delivery of education
across training programs. Finally, it can provide evidence for excel-
lence in teaching for educator's portfolios under consideration for
promotion. This tool was designed to be practical and easy to use.
We have demonstrated content validity evidence, but have not de-
termined how this instrument will perform in practice. Further re-
search is required to provide additional validity evidence to support
its use. While we anticipate that this tool will provide higher quality
feedback that will lead to enhanced future instruction, future studies
evaluating changes in speaker behavior and assessing the impact of

its broader utilization can examine this hypothesis.

LIMITATIONS

The study has limitations. Choice of Delphi panel experts may not be
representative of the larger pool of medical educators. It is possible
that a larger or differently composed panel may have yielded differ-
ent results. Additionally, as this method was implemented electroni-
cally, there may be limited discussion and elaboration. With three
performance assessment responses for each item, it is possible that
the evaluations will lack discriminatory power particularly for mod-
erately or highly experienced lecturers. Also, the lack of a narrative
feedback section on the evaluation could limit an evaluator's oppor-
tunity to provide specific feedback suggesting actionable improve-

ments for future lectures.
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Lecture Evaluation

Content

1) Content relevance
0 = Content is not relevant to the majority of learners in the audience
1 = Content is somewhat relevant to the majority of learners in the audience
2 = Content is relevant to the majority of learners in the audience
Score:

2) Content difficulty

0 = Speaker frequently provides content that is either too easy or too difficult for the
levels of learners present

1 = Content is mostly appropriate for level of learner but at times may be too easy or too
difficult (or if the audience consists of multiple learner levels, speaker only provides content of
appropriate difficulty to a single level of learner)

2 = Speaker consistently provides content of appropriate difficulty for all level of
learners present

Score:

3) Volume of material

0 = volume of material covered in the didactic session is inappropriate for the time
allotted (too much or too little)

1 = volume of material covered in the didactic session is somewhat appropriate for the
time allotted

2 = Volume of material covered in lecture is optimized for the time allotted

Score:

Presentation & Delivery

4) Slides and audio-visual design
0 = Slides/audio-visual aids distract from the didactic session (i.e. material is not aligned
with topic, excessive text, font that’s too small to read, etc.)
1 = Slides/audio-visual aids neither augment nor distract from the didactic session
2 = Slides/audio-visual aids augment the didactic session (i.e. aligned with topic, focus on
images rather than text, no distracting extraneous pictures/gifs, etc.)
Score:
5) Speaker verbal presentation
0 = The speaker’s verbal presentation is detrimental to learning (i.e. too fast or too slow,
inappropriate volume, often uses filler words like “um”, etc.)
1 = The speaker’s verbal presentation is somewhat effective for learning, but with
significant room for improvement
2 = The speaker’s verbal presentation is effective for learning (i.e. good pace of speech,
volume, etc.)
Score:

FIGURE 1 Finallecture evaluation tool
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6) Organization of presentation
0 = Presentation is disorganized, hindering learning
1 = Material is presented in a linear fashion, but could be improved
2 = Material is optimally organized to facilitate learning
Score:

Instructional Techniques

7) Activation of learner prior knowledge

0 = The speaker does not activate learner prior knowledge (e.g. questioning, review of
important content, etc.)

1 = The speaker occasionally activates learner prior knowledge (e.g. questioning, review
of important content, etc.)

2 = The speaker often activates learner’s prior knowledge (e.g. questioning, review of
important content, etc.)

Score:

8) Facilitation of learning (Example techniques that facilitate learning include: story-telling,
encouraging reflection, grouping material in meaningful ways, asking questions that require a
verbal response, creating small group discussions or activities, use of worked examples,
repetition, etc.)

0 = The speaker’s presentation of material does not facilitate learning

1 = The speaker’s presentation occasionally facilitates learning

2 = The speaker often engages the audience to facilitate learning

Score:
Summary
9) Overall quality of lecture
0 =Poor
1 = Fair
2= Good
3 = Excellent
4= Outstanding
Score:
Total Score: /20
FIGURE 1 Continued
CONCLUSIONS consensus building process, we derived a final assessment tool with

nine items clustered into three domains: content, presentation and de-
We developed a lecture assessment tool rooted in cognitive load the- livery, and instructional techniques. This tool can be applied to assess
ory specific to graduate medical education. Using a modified Delphi quality of instruction and provide important feedback to speakers.
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