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Abstract
Visualizing effects of images on improved anatomical knowledge are evident in medical and allied health students, but this 
phenomenon has rarely been assessed in nursing students. To assess the visualizing effect of images on improving anatomical 
knowledge and to use images as one of the methods of gross anatomical knowledge assessment in nursing students, the 
present study was repeated over two semesters. The results show that the percent class average (%) was significantly (P<0.006) 
increased with the inclusion of more anatomical images in a multiple-choice anatomy exam compared to a similar exam with 
fewer images and was significantly (P<0.002) decreased by reducing the number of images by 50% compared to image-rich 
exams. However, examinations with an equal number of images did not alter the class average. The percent score of individual 
questions from the examinations with images plus text was significantly (P<0.001) higher than the same questions with text only 
in both semesters. The findings of this study indicate that image inclusion in anatomy examinations can improve learning and 
knowledge, may help reduce cognitive load, recall anatomical knowledge, and provide a hint to an exam question.  
 https://doi.org/10.21692/haps.2023.011
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Introduction
Human anatomy and physiology are considered 
foundational courses for medical, allied health, and 
nursing disciplines and serve as a prerequisite for clinical 
and subsequent years of these disciplines (Estai & Bunt, 
2016; McVicar et al., 2014; Young et al., 2016). A variety 
of assessment methods are available to determine the 
learning outcomes of anatomical knowledge. These 
include but are not limited to, multiple choice questions 
(MCQ), matching questions, written essay questions, short 
answer questions (Pandey & Zimitat, 2007), labelling and 
identifying tagged structures (spotting) in specimens in 
practical examinations, and objective structured clinical 
examinations (Vorstenbosch et al., 2013; Sagoo et al., 2021). 
Included are also process questionnaires, the Structure 
of Observed Learning Outcomes Taxonomy (Pandey & 
Zimitat, 2007), and the use of various visual aids (Butcher 
2006; Vorsteinbosch et al., 2013; Pickering 2015; Notebaert 
2017). Images have been used as one of the most common 
methods of anatomical knowledge assessment by anatomy 
educators (Vorstenbosch et al., 2013; Notebaert et al., 2016; 
Sagoo et al., 2021) in the evaluation of students’ academic 
performance, knowledge, competence, and clinical and 
problem-solving skills (Charlin et al., 2010; Pelgrim et al., 
2011). 

For the last two decades, due to the explosion in teaching 
technologies, many anatomy programs have shifted away 
from cadaveric dissections and prosections (Parker 2002; 
Bianchi et al., 2020). This may be due in part to changes 
in anatomy curricula such as increasing costs of cadavers, 
fewer hours for cadaveric dissection, strict ethics approval 
processes, and unwanted hazardous side effects (Parker 
2002; McMenamin et al., 2014; Mutalik & Belsare, 2016) and 
emotional trauma associated with cadaveric dissection 
(Parker 2002; McMenamin et al., 2014; Mutalik & Belsare, 
2016). While there has been a continuous increase in 
student enrollment in anatomy classes, the instructor-to-
student interaction hours continue to decrease (McLachlan 
& Pattern, 2006; Drake et al., 2009; Drake 2014; Vogl 2017). 
There has been a shift from practical and oral examinations 
toward written assessment methods and the inclusion of 
many visual aids (Rowland et al., 2011). As a result, anatomy 
programs rely on alternate methods to support the teaching 
and learning of human anatomy (McLachlan 2004; Saxena et 
al., 2008; Drake et al., 2009; Attardi et al., 2016; Estai & Bunt, 
2016; Narnaware & Neumeier, 2021a; Narnaware 2021b). 
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The use of images in teaching and learning of anatomy by 
educators and students in the form of Microsoft PowerPoint® 
presentations and examinations is routine practice (Pandey 
& Zimitat, 2009; Vorstenbosch et al., 2013; Notebaert et 
al., 2016; Sagoo et al., 2021). Similarly, anatomy textbooks 
mainly consist of a myriad of images, line diagrams, color 
drawings, photographs, radiographs or animations (Wieslow 
et al., 2010; Inuwa et al., 2011), and the use of computers, the 
internet, and various teaching technologies have added a 
vast and varied number of images to be used by anatomy 
educators and students (Park et al., 2011; Attardi et al., 2016; 
Bianchi et al., 2020). 

In addition, recent advances in multimedia representations 
with a plethora of body images provide an additional 
advantage of visualization to anatomy educators and 
students (Butcher 2006; Brazina et al., 2014; Estai & Bunt, 
2016; Afsharpour et al., 2018). According to many research 
studies, these multimedia representations include verbal and 
visual information (Shaffer 2016). The visual representations 
include cadaveric dissection and prosections (Anyanwu 
& Ugochukwu, 2010; Souza et al., 2016; Montayre & 
Sparks, 2017), histological slides (Holland et al., 2015), 
preserved specimens, simulated laboratories, skeletons 
and mannequins (Fujieda & Okubo, 2016), anatomic models 
(Nowinski et al., 2009), plastination (Estai & Bunt, 2016), 
clay models (Oh et al., 2009), computer-generated three-
dimensional (3D) images and 3D printing (McMenamin et al., 
2014; Attardi et al., 2016; Backhouse et al., 2017; Zilverschoon 
et al., 2017; Rutty et al., 2019). Some anatomy educators also 
display images through educational videos and YouTube® 
videos (Saxena et al., 2008; Barry et al., 2016), interactive 
live digital imaging (Preim & Saalfield 2018; So et al., 2018; 
Rutty et al., 2019), mobile media devices (e.g. smartphones 
and tablets) (McNally et al., 2017; Raman 2015), while 
others use social media such as Facebook® (Pickering 2015; 
Pickering & Bickerdike 2017), Google® (Phelan et al., 2017), 
Twitter® (Hennesey et al., 2016) and iTunes® or podcasts and 
screencasts (Pickering 2015; Estai & Bunt, 2016). Others have 
been incorporating advanced teaching technologies such as 
virtual reality and 3D visualization goggles (Marta et al., 2017; 
Phelan et al., 2017), a virtual human cadaver (Anatomage 
Table; Bianchi et al., 2020; Narnaware & Neumeier 2021), 
while others have incorporated visual aids such as “living 
anatomy” that includes ultrasound, body painting (Reeves 
et al., 2004; So et al., 2017), and use imaging techniques (e.g. 
X-rays, CT-scans and MRIs) to explain anatomical structures 
and to familiarize the students with images (So et al., 2017; 
Rutty, et al., 2019). However, most of the studies enumerated 
above have evaluated the impact of visual aids on the study 
of a limited number of organ systems or anatomical regions, 
such as the cardiovascular system (Butcher 2006), or the 
head, neck, and trunk anatomy (Pandey & Zimitat, 2007; 
Vorstenbosch et al., 2013). Therefore, the impact of using 
images in studying systemic gross anatomy remains to be 
assessed. 

Numerous studies have shown that visualization with images 
can lead to improved factual learning (Butcher, 2006), 
knowledge retention (Balemans et al., 2016; Narnaware & 
Neumeier, 2020a), spatial ability, and recall of anatomical 
knowledge, as well as reduction of examination anxiety 
and stress, and alteration of cognitive load; it may provide 
hints to answering questions in anatomy examinations 
(Mayer & Moreno, 2003; Mayer 2005; Butcher 2006; Crips 
& Sweiry, 2006; Barhtolomme & Bromme, 2009; Pickering 
2015; Notebaert 2017). These visual aids studies, however, 
mainly focused on students’ cognitive load, exam stress, and 
anxiety, but little is known on their impact on the students’ 
academic performance. 

In Canada, many nursing programs use didactic, passive 
teaching and learning of anatomy; a few exceptional 
programs incorporate laboratories without cadaveric 
dissections (Barton et al., 2016; Alfaro et al., 2018). The impact 
of the use of images on improving anatomical knowledge 
has only been investigated in a limited number of studies 
(Alfaro et al., 2018). Previous studies on the use of visual aids 
were mainly focused on medical and allied health programs 
(Pickering 2015; Notebaert 2017), particularly in relation to 
exam anxiety and stress (Mayer & Anderson, 1992; Sweller 
1998; Mayer & Moreno, 2003), memorization, knowledge 
retention, and cognitive load (Butcher 2006; Crisp & Sweiry, 
2006; Bartholomme & Bromme, 2009). These aspects, 
however, have rarely been assessed in nursing students. 

The Department of Health and Science, Faculty of Nursing 
at MacEwan University in Western Canada has a student-
centered nursing curriculum. However, teaching and learning 
of gross human anatomy in this program is impacted by 
the low number of instructional hours compared with 
other nursing programs without a laboratory component in 
anatomy and physiology in Canada, the United States, and 
Europe (Diaz-Mancha et al., 2016; Narnaware & Neumeier, 
2020; 2021b). Recently, we reported that nursing students 
retained 71.0% of their first-year anatomical knowledge 
in their second year (Narnaware & Neumeier, 2019, 2020b) 
and 51.6% in third-year studies (Narnaware & Neumeier, 
2021c). We have initiated many interventional strategies 
to improve students’ long-term retention of anatomical 
and physiological knowledge, including the use of modern 
teaching technology (Narnaware & Neumeier, 2021a), content 
reinforcement (Narnaware & Chahal, 2019), and online and 
in- class activities (Narnaware et al., 2019). Despite human 
anatomy being considered a ‘visual science’ and an image-
reliant subject, the impact of images on anatomy exam 
scores in nursing students has not yet been assessed. The 
objectives of the present study are: 1) to use images as one 
of the methods of gross anatomical knowledge assessment, 
2) to determine the impact of images on gross anatomy 
examination scores, and 3) to evaluate the use of images as 
interventional strategies to improve learning and knowledge 
of the human body in first-year nursing students. 
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Materials and Methods 
Design and participants 

This study was conducted in Fall 2017 and Winter 2018. The 
participants were enrolled in the first year of the Bachelor 
of Science in Nursing program at MacEwan University. Two 
sections of gross human anatomy, comprising 70-80 students 
each, were taught by conventional didactic teaching 
using Microsoft  PowerPoint® presentations and a three-
dimensional (3D) virtual human cadaver- the Anatomage 
Table (Anatomage, Inc., California, USA) that the Faculty of 
Nursing purchased in 2015 (Narnaware & Neumeier, 2021b). 
This course was taught in a lecture format for 80 minutes 
two days a week for 13 weeks in each semester; there was 
no laboratory. The majority of the participants were females 
(85.4%) with an average age of 21.4 ± 5.38 (means ± SD); the 
male participants (14.6%) had an average age of 21.8 ± 4.73. 

Examinations 

This study consisted of three midterms and a final 
examination with MCQs. The first mid-term (Exam #1) 
for both cohorts consisted of 66 MCQs and covered the 
introduction to anatomy, tissues, the integumentary system, 
bone tissues, articulations (joints), muscular tissue, and the 
appendicular skeleton (pectoral girdle - bones, muscles, 
nerves, and blood vessels). The second mid-term (Exam #2) 
consisted of 62 MCQs and covered the appendicular skeleton 
(upper limb: bones, muscles, nerves, and blood vessels) and 
axial skeleton (skull bones and muscle and blood vessels), the 
cardiovascular system (the heart and blood vessels) and the 
lymphatic system. The third mid-term (Exam #3) consisted 
of 65- 66 MCQs and covered the axial skeleton (vertebral 
column and rib cage - bones, muscles, nerves, and blood 
vessels) and the respiratory system, nervous system (nervous 
tissues, spinal cord, spinal nerves, brain and cranial nerves), 
autonomic nervous system (ANS) and the special senses. The 
final examination was cumulative, with an emphasis of a few 
chapters from the third midterm examination, i.e., the brain 
and the cranial nerves, ANS, special senses, and respiratory 
system, and covered the appendicular skeleton (pelvic girdle 
and lower limb - bones, muscles, nerves, and blood vessels), 
and the digestive, urinary and reproductive systems. The 
final exam consisted of 120 MCQs. Anatomy Exam #1 in 
section BN01 included 13 images (more images), whereas 
section BN02 included 5 images (fewer images). This order 
was reversed in Exam #2. In this exam, the section BN02 
quiz included 11 images (more images), whereas section 
BN01 included 4 images (fewer images). Exam #3 included 
5 images and the final exam consisted of 9 images in both 
sections (same number of images) (Table 1). The images 
were taken from lecture material with identification text and 
labelling removed and numbering adjusted for test items 
(see Figure 2). The exact order of images in both anatomy 
cohorts was repeated in Winter 2018, except in that semester, 
Exam #1, section BN03 consisted of 10 images in one section 

and 5 images in section BN04. This order was reversed in 
Exam #2. Exam #3 and the final examination included 4 and 9 
images in both sections (BN03 & BN04).

Data analyses 

All examinations were given to the students in both cohorts 
in both semesters in paper format. The MCQ answer sheets 
were collected at each examination’s end and sent to the 
university’s scanning center for optical scoring. The results 
were returned to the Principal Investigator (PI) in a pdf file 
with students’ answers, score data, statistics such as average 
mean percent score with standard deviation (SD), confidence 
interval, and test reliability that included Kuder- Richardson 
Formula 20, coefficient (Cronbach) alpha and confidence 
intervals. The data from three midterms and finals exams 
from Fall 2017 and Winter 2018 with more, less or the same 
number of images were subjected to statistical evaluation 
using R 4.2.1 (R Statistical Software, R Core Team, Vienna, 
Austria), and results were expressed as a class mean with 
standard deviation (± SD). Individual percent scores of 
questions with images plus text versus text only, simplified 
image versus detailed image, and an individual tissue/organ 
with image plus text versus text only were also subjected 
to statistical evaluation. Because Exam #3 and the final 
exam consisted of equal images in both sections, the data 
were pooled and expressed as Exam #3 (Figures 1 and 2, A 
& B) for both semesters. Two sample t-test was performed 
to compare class averages with more versus less images 
within each semester, whereas two-way ANOVA with no 
interaction and a randomized block design was used to 
compare class averages with more versus less images 
between two semesters for exam #1 and Exam #2 (Fall-2017 
vs. Winter-2018). A one-way ANOVA was conducted for 
exams #3 and final with the same number of images for both 
semesters (Fall- 2017 vs. Winter-2018). The Chi-square was 
used to evaluate correct versus incorrect answer data, and 
Fisher’s Z-test was performed to compare the percent rating 
of individual questions with text plus images versus text only. 
The differences were considered to be significant at P<0.05 
for all the exams and percent scores of individual questions. 
Graphs were prepared with Microsoft Excel® spreadsheet 
software for Microsoft Windows® (Microsoft Corp., Redmond, 
WA). Bar graphs were generated showing means (± SD). The 
differences were considered to be significant at P<0.05 for all 
the exams and percent scores of individual questions. Graphs 
were prepared with Microsoft Excel® spreadsheet software 
for Windows® (Microsoft Corp., Redmond, WA). Bar graphs 
were generated showing means (± SD).
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Results 

Impact of the More Images versus Less on the Mean Class Score 

The inclusion of images in anatomy examinations resulted in 
significant changes in the mean class average and percent 
rating of individual questions based on images. Results 
from the Fall 2017 study show that the inclusion of more 
anatomical images in a multiple-choice anatomy exam (Exam 
#1, section BN01 significantly (P<0.006) increased the percent 
class average compared to a similar exam with fewer images 
(Exam #1, section BN02, Table 1). Reducing the number of 
images to less than 50% in anatomy Exam #2, section BN01 
resulted in a significant decrease (P<0.002) in the percent 
class average compared to an image-rich exam #2, section 
BN01. However, for Exam #3 and the final exam, which 
contained an equal number of images in both sections (BN01 
& BN02), the percent class average did not differ (Table 1). 

Exams Sections Number of 
Students (n)

Number of 
Images

Number of 
Questions

% Class Average 
(± SD) P-value

Fall - 2017
Exam #1 BN01 79 13 66 75.9 ± 6.2

Exam #1 BN02 76 05 66 73.3 ± 6.6* 0.006

Exam #2 BN02 76 11 62 74.4 ± 7.3

Exam #2 BN01 74 04 62 71.1 ± 9.0* 0.002

Exam #3 BN01 77 5 65 69.1 ± 7.2

Exam #3 BN02 72 5 66 71.9 ± 7.8 0.43

Final Exam BN01 75 9 120 70.9 ± 11.5

Final Exam BN02 72 9 120 70.8 ± 13.0 0.48

Table 1. The impact of more versus fewer images on the percent class average in the Fall 2017.  Results are expressed as mean ± SD 
and converted into percent class average. *P<0.006 section BN01 and BN02. 

In Winter 2018, yielded similar but slightly different results 
were obtained. The percent class average was highly 
significant (P<0.001) in anatomy Exam #1, section BN03, 
with more images compared to a similar exam with fewer 
images (Exam #1, section BN04, Table 2). However, reducing 
the number of images by 50% in anatomy Exam #2, section 
BN03 resulted in a significant decrease (P<0.0005) in the 
percent class average compared to an image-rich Exam #2 

in section BN04 (Table 2). For Exam #3 and the final exam, 
which contained an equal number of images in both sections 
(BN03 & BN04), the percent class average did not differ (Table 
2). However, percent class average was significantly lower 
(P<0.006) for the final exam in Winter 2018 compared to the 
final exam in Fall-2017. 



8  •  HAPS Educator Journal of the Human Anatomy and Physiology Society          Volume 27, Issue 2    Summer 2023

continued on next page

The Impact of the Images in Multiple-choice Questions on Anatomy Examination Scores of Nursing Students

Percent Scores of Individual Questions with Images Plus Text 
Versus Text Only 

The percent score of an individual question based on images 
significantly increased by 23.4% in Exam #1 (P<0.001). 
Similarly, the percent score of an individual question based 
on images in Exam #2 was significant and increased by 

Exams Sections Number of 
Students (n)

Number of 
Images

Number of 
Questions

% Class Average 
(± SD) P-value

Winter - 2018
Exam #1 BN03 69 10 66 76.3 ± 6.5

Exam #1 BN04 59 05 66 70.6 ± 6.3** 0.001

Exam #2 BN04 59 10 62 72.2 ± 7.3

Exam #2 BN03 69 05 62 64.6 ± 10.0** 0.0005

Exam #3 BN03 69 04 65 72.4 ± 6.0

Exam #3 BN04 59 04 66 69.3 ± 7.4 0.96

Final Exam BN03 65 13 120 69.5 ± 11.3

Final Exam BN04 57 13 120 67.3 ± 14.8† 0.003

Table 2. The impact of more versus fewer images on the percent class average in the Winter 2018.  Results are expressed as mean ± SD 
and converted into percent class average. **P<0.001 compared to section BN03 and BN04. † P<0.003 compared to Fall-2017. 

10.5% (P<0.001; Figure 1A) in Fall 2017 compared to the 
overall mean score of exams with text only. However, the 
percent score of individual questions based on images was 
only increased by 0.7% in Exam #3 with the same number of 
images with text only. 

Figure 1A. The percent scores of 
all questions with text plus images 
versus the same questions with text 
only in Fall 2017. Results are expressed 
as mean ± SD and converted into 
percent class average.  **P<0.01 
section 1 compared to section 2. 
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In Winter 2018, the percent scores of individual questions 
based on images plus text increased by 13.5% in Exam #1 
and 10.2% in Exam #2 compared to an overall mean score 
with text only (Figure 1B). This score was increased by 5.4% in 
Exam #3 compared to the same number of images with text 
only. 

Percent Scores of Selected Tissues/Organs with Images Plus Text 
Versus Text Only 

The percent scores of the selected tissues with images plus 
text were increased by 30% compared to the same tissues 
with text only (86.8 ± 12.1 (± SD) % vs. 65.5 ± 28.0 (± SD) 
(Table 3). 

Figure 1B. The percent scores of all 
questions with text plus images versus the 
same questions with text only in Winter 
2018.  Results are expressed as mean ± SD 
and converted into percent class average.  
**P<0.01 section 1 compared to section 2. 

Image description Text + Images (%) Text Only  
(%)

Directional terms 92.4 82.4

Directional terms 91.1 76.3

Planes and Sections 97.4 17.1

Intercellular Junctions 96.2 73.6

Section through Skin 91.1 65.8

Skeletal Muscle Layers 70.8 15.7

Structure of Scapula 68.3 64.4

Table 3. An Example of the Percent Score of Individual Questions with Images + Text or Text Only 
on Selected Topics. 
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Figure 2. An example of the inclusion of 
images of human thoracic vertebrae as a 
reference image for one anatomy examination.  
The percent score of three pooled questions 
was calculated using this figure with image 
plus text compared to the same questions with 
text only.  *0.05 compared to text only. 

Percent Scores of an Individual Image Plus Text Versus Text Only

The overall mean score of individual questions with reference 
images plus text was significantly higher (P<0.05) compared 
to the same questions with text only (Figure 2).  

Percent Scores of Simplified Images Versus Detailed Images 

The percent score of simplified images plus text was 
significantly (P<0.05) higher than detailed images plus text 
(93.6 ± 4.0 (± SD) vs. 81.9 ± 3.0 (± SD) (Figure 3).

Figure 3. Percent scores of 
simplified images versus detailed 
images of selected anatomical 
structures
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Discussion 

Anatomy educators routinely use myriad images to 
explain anatomy to students to stimulate visual learning 
(Bartholomme & Bromme, 2009; Vorstenbosch et al., 2013; 
Notebaert 2017). The present study shows that anatomy 
students had an advantage when images were included in 
their MCQ anatomy exams. This was tested in several ways: 
more images versus fewer images, images plus text vs. text 
only, and simplified images vs. detailed images. Moreover, 
the percent score of individual questions based on images 
plus text or scores of questions on tissues/organs or a single 
reference image with text significantly increased the class 
mean average compared with questions with text only. 
This indicates that images can provide a visualizing effect 
(Butcher 2006; Vorstenbosch et al., 2013). Image-linked 
visualizing effects have been shown to support the cognitive 
processes necessary for deep understanding (Butcher, 
2006), effective memorization (Pandey & Zimitat, 2007), and 
learning and improved knowledge of the human body and 
academic performance (Notebaert et al., 2013; Pickering 
2015). 

The literature on the effect of the use of images on anatomy 
learning outcomes is varied and inconclusive. For example, 
a pilot study conducted on medical students by Holland et 
al., (2015) using 195 histology images showed no significant 
differences in item difficulty (proportion of students 
answering correctly), item discrimination (a correlation 
between answering a specific exam item correctly and 
performing well on the exam), and item point biserial 
correlation between question items containing images plus 
text versus text only. The opposite results were reported by 
Peeck (1993) for participants reading from a text without 
a picture; they were found to be more motivated and 
interested in continuing reading compared with those who 
read the same text accompanied by a poor diagram. Berends 
& van Lieshout (2009) pointed out that despite taking longer 
to answer questions, poor-performing students in their study 
reported that images were helpful. This contrasts with other 
studies where students found images unnecessary (Crips 
& Sweiry, 2006). The poor examination performance, lower 
accuracy, and slower response time on exam items were 
found to be associated with increasing working memory 
load, cognitive load, and students’ inability to answer items 
in examinations (Mayer & Moreno, 2003; Sweller 1994). 

On the other hand, a study by Vorstenbosch et al. (2013) 
on medical students reported lower item difficulty, item 
discrimination, and item point biserial in test items on 
fetal circulation containing images compared to images 
with an answer list. While using cross-sectional images of 
the abdominal organs and vessels around the heart, the 
same authors reported greater item difficulty and item 
discrimination. In a most recent study by Sagoo et al. (2021) 
using anatomical and radiological images of the bones 
and soft tissues the second- year medical students scored 

significantly higher on questions with images compared to 
questions without images. Similarly, in pre-nursing students, 
Notebaert (2017) reported that even though examination 
item discrimination and difficulty were not altered for MCQs 
with text containing reference images compared to MCQs 
with text only, students with text and reference images 
achieved higher academic performance compared to those 
with text only. This indicates that including reference images 
in MCQ exams had no influence on item difficulty and item 
discrimination. In a review of 55 experiments, however, 
Levie & Lentz (1982) reported that 85% of studies showed 
improved knowledge retention with an illustrated text (with 
the inclusion of images) compared with text alone, while 
Hunt (1978) demonstrated that 85% of students correctly 
answered a question with an image of a barium swallow 
versus students given the same question accompanied by a 
written X-ray report. The addition of appropriate illustrated 
images in anatomy exams by others has shown similar 
outcomes to those enumerated above in terms of improving 
and increasing academic performance (Carney & Levine, 
2002; Mayer & Moreno, 2003; Mayer, 2015; Sagoo et al., 2021). 
The visualizing effects of images in exams also improved 
students’ spatial ability; students with high spatial ability 
better understood exam items (drawings, photographs, 
specimens, and radiographs) and performed better overall in 
the exam (Vorstenbosch et al., 2013). These discrepancies and 
inconclusive results from the studies cited above could stem 
from many causes. These include the number of questions 
and images used to assess the students in these studies, the 
types and quality of images used, the degree of details in the 
images, the analytical methods used, and whether or not the 
students found these images relevant, helpful and essential 
to answer the questions (Butcher, 2006; Crisp & Sweiry, 
2006; Berends & van Lieshout, 2009; Holland et al., 2013; 
Vorstenbosch et al., 2013; Pickering 2015; Notebaert 2017).

The present study shows that including images with 
accompanying text in anatomy exams containing MCQs 
improved the class performance compared to MCQs with 
text only. This is consistent with the use of anatomical images 
in pre- nursing students (Notebaert et al., 2017), anatomy 
drawing screencasts (Pickering, 2015), and histological 
images (Vorstenbosch et al., 2013; Holland et al., 2015; 
Pickering 2015), anatomical and radiological images of 
bones and soft tissues in medical (Sagoo et al., 2021) and 
allied-health students (Skinder- Meredith 2010). Improved 
class performance of anatomy students in exams containing 
more images and images plus text compared to text only 
in the present study may be attributed partly to visualizing 
effects of the Anatomage Table used in the present study 
(Biachi et al., 2020; Narnaware & Neumeier, 2021a). Thus, the 
present study indicates that image inclusion in anatomy 
exams increased exam test scores, improved knowledge and 
learning of the human body, and promoted active learning, 
similar to the findings by others in medicine (Pickering 2014; 
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Notebaert 2017; Sagoo et al., 2021) and allied-health (Skinder- 
Meredith 2010) students. A variation in number of images 
and class averages between nursing students enrolled in the 
Fall 2017 and Winter 2018 semesters may have contributed 
to a number of factors such as a semester (fall vs winter), 
student cohorts, number of students, questions in the exams 
and images, whether reference images being simple vs. 
detailed and perceptiveness of visualizing effects of images 
by an individual student (Hunt 1978; McVicar et al., 2014; 
Notebaert 2017; Vorstenbosch et al., 2013). However, due to 
the large amount of data collected from three mid-terms 
and a final exam in both the fall and winter semesters, item 
difficulty, item discrimination, and biserial point were not 
determined in the present study and will form the basis of a 
separate future communication. 

The notion that overly excessive details can reduce learners’ 
ability to process essential information (Mayer & Moreno, 
2003) was supported in the present study. We compared 
the simplified images (fewer details) versus detailed images 
(more information) over two semesters (see Figure 3). 

The percent scores of individual questions with simplified 
images (e.g. heart markings) with five numerical labels 
were significantly higher than those for detailed images 
(e.g. heart’s internal anatomy) with ten numerical labels. 
Extraneous information such as extra lines and labels, was 
eliminated in the simplified images. This helped students 
avoid spending too much time and attention on the images 
(Crips & Sweiry, 2006). Increased exam scores with more 
images or simplified images indicate that the students may 
have had a greater motivation to study when images were 
accompanied by a text (Peeck 1993; Ainsworth & Loizou, 
2003). Simplified images have been shown to promote 
factual learning, and students learned more from simplified 
images than from illustrated images and made fewer 
comprehension errors than detailed images (Levie & Lentz, 
1982; Butcher 2006). This can be explained in two ways: 
firstly, reducing diagrammatic details such as irrelevant 
words and only highlighting important information in a 
question with images can promote students’ learning (Mayer 
et al., 2001; Bartholomme & Bromme, 2009; Vorstenbosch 
secondly, as images provide visual cues, visual information is 
processed much faster than verbal information (Bartholome 
& Bromme, 2009). In addition, learning from text and pictures 
supports mapping (numerical labels versus highlighting), 
reduces the student’s cognitive load and visual search from 
images (Carlson et al., 2003; Bartholome & Bromme, 2009), 
their working memory load, and improves understanding 
and coherence (Mayer & Gallini, 1990; Mayer & Anderson, 
1992; Mayer et al., 2001). It also supports students’ 
comprehension and enhances integration between visual 
images and text during their learning (Butcher 2006). 
Others have also reported that simplified images reduce 
comprehension error and support information integration 
during learning (Butcher 2006); they also decrease item 
difficulty and item discrimination (Vorstenbosch et al., 2013), 

improve visualization and memorization (Pandey & Zimitat, 
2007) and promote active learning (Pickering 2014). 

Several theories have emerged concerning the visualizing 
effects of images. The improved learning outcome of the 
anatomy examinations with images with text compared to 
those with text-only observed in the present study could be 
attributed to the coherence and mental model development 
theory proposed by Bartholome & Bromme (2009) and Mayer 
et al. (2001). These authors stated that learning from pictures 
and text may stem from the fact that learners are required 
to select the relevant verbal and pictorial information from 
working memory that can then be organized in the central 
nervous system for processing to form a verbal and a 
pictorial/visual mental model. Then, the next step involves 
the comprehension process that integrates the information 
from both text and pictures. Finally, text and image 
information complement each other, thus fostering learning 
(Schnotz 2002). According to Mayer et al. (2001), words and 
pictures are processed in two different processing systems. 
Visual cues provide greater prompting (to labeled anatomical 
structures) than text only, encouraging students to use their 
free capacity for conceptual integration and processing 
(Batholome & Bromme, 2009). 

On the other hand, cognitive load theory (CLT) proposed 
by Mayer & Moreno (2003) and the Multimedia Learning 
Theory by Mayer (2010) describes words and pictures from 
examination questions that enter the sensory memory via 
‘dual channel’ (verbal and pictorial), then being organized 
within the working memory during the examination. Here, 
it can be integrated with the schemata from the long-term 
memory created when the student engages with the images 
during studying. Improved class performance with the 
inclusion of a greater number of images or more simplified 
images observed in the present study may be partly because 
visual resources were more likely to be ‘read’ and processed 
faster than text only (Winn 1987). 

Limitations of this study 

There were two key limitations throughout this study. The 
use of images in the assessment of anatomical knowledge 
is diverse, implying that the type of  image used is an 
important factor interacting with the test item’s content. 
Secondly, due to the large number of students involved and 
the vast number of images used in the exams, results on item 
difficulty, item discrimination, and point biserial points are 
not included in the current data interpretation. As supported 
by others, image inclusion can reduce exam anxiety, improve 
confidence, and spatial ability, alter the cognitive load, and 
help long-term knowledge retention was not assessed. In 
addition, students’ opinions on whether images were helpful 
remain to be clarified in the present study. This study also 
did not evaluate the individual questions using images vs 
texts only in the previous exams, and therefore, long-term 
knowledge retention and learning could not be assessed.
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Conclusions
The present study highlights the significant impact of 
anatomical images on improving the understanding of 
gross human anatomy in nursing students. It also shows that 
they may reduce the cognitive load, increase spatial ability, 
help recall knowledge, and provide cues to exam question 
answers. Therefore, the inclusion of images in anatomy 
exams in a nursing curriculum that does not include a lab or 
cadaveric dissection should be considered an assessment 
method of learning outcomes of gross anatomy. The images 
can be used as an interventional strategy to improve long-
term knowledge retention in nursing students. Therefore, 
when designing a curriculum to improve the learning 
outcomes in gross anatomy, emphasis should be placed on 
the inclusion of simplified structural diagrams of the body. 
The present study, conducted the first time on nursing 
students in Canada, indicates that visual representation 
appears to be the most effective when designed to support 
nursing students’ cognitive processes integral for their 
enhanced understanding (Butcher 2006). This adds to 
available evidence that a “multimodal” approach using 
simplified body images should be incorporated into teaching 
and learning gross human anatomy to nursing students. 
Moreover, the inclusion of visual aids should be considered 
one of the active learning pedagogies to improve learning 
outcomes of human anatomy. 

Acknowledgments
The authors acknowledge Dr. Karen Buro, Professor and the 
Chair of the Department of Mathematics and Statistics at 
MacEwan University, for providing immense assistance in the 
analysis, manipulation, and suggesting statistical analysis of 
the data. 

About the Authors
Yuwaraj (Raj) Narnaware, B.Sc., M.Sc., Ph.D., is an associate 
professor at the Department of Human Health and Science, 
Faculty of Nursing, MacEwan University, Edmonton, Alberta, 
Canada. He teaches human anatomy and physiology to first-
year Bachelor of Science in Nursing and Psychiatric Nursing 
students. His research interest focuses on the introduction 
and testing of the efficacies of modern educational 
technologies and how it can enhance the understanding of 
human anatomy and physiology. He is also actively engaged 
in evaluating anatomical knowledge and physiological 
knowledge retention in nursing education and introducing 
robust interventional strategies to bridge the gap between 
first-year theory and subsequent years of theory/clinical 
nursing students.

Sarah Cuschieri, M.D., M.Sc., Ph.D., is a lecturer and researcher 
in the Department of Anatomy, Faculty of Medicine and 
Surgery, at the University of Malta, Msida, Malta. She teaches 
medical, dental, and allied health care professions anatomy, 
physiology, and public health. Her research interests are 
epidemiology, public health, and the burden of diseases of 
noncommunicable diseases, and scientific medical writing. 
She is also the president of the Malta Obesity Association and 
is actively involved in several collaborative research projects, 
particularly in the area of diabetes and obesity.

Literature Cited 
Afsharpour, S., Gonsalves, A., Hosek, R., & Partin, E. (2018). 

Analysis of immediate student outcomes following 
a change in gross anatomy laboratory teaching 
methodology. Journal of Chiropractic Education, 32(2), 98-
106. https://doi.org/10.7899/JCE-17-7  

Alfaro, P., Larouche, S. S., Ventura, N. M., Hudon, J., & Noel, G. 
P. (2019). Nursing and medical students near-peer activity 
in the anatomy laboratory: format for success. Advances 
in Medical Education and Practice, 769-780.  
https://doi:10.2147/AMEP.S209412 

Ainsworth, S., & Th Loizou, A. (2003). The effects of self‐
explaining when learning with tex or diagrams. Cognitive 
science, 27(4), 669-681.  
https://doi.org/10.1207/s15516709cog2704_5  

Anyanwu, G. E., & Ugochukwu, A. I. (2010). Impact of the 
use of cadaver on student’s ability to pass anatomy 
examination. Anatomy, 4(1), 28-34.  
https://doi.org/10.2399/ana.09.022 

Attardi, S.M., Choi, S., Barnett, J., & Rogers, K.A. (2016). Mixed 
methods of student evaluation of an on-line systemic 
human anatomy course with laboratory. Anatomical 
sciences education 9(3), 272-285.  
https://doi.org/10.1002/ase.1584

Backhouse, M., Fitzpatrick, M., Hutchinson, J., Thandi, C. 
S., & Keenan, I. D. (2017). Improvements in anatomy 
knowledge when utilizing a novel cyclical “observe‐
reflect‐draw‐edit‐repeat” learning process. Anatomical 
sciences education, 10(1), 7-22.  
https://doi.org/10.1002/ase.1616 

Balemans, M. C., Kooloos, J. G., Donders, A. R. T., & Van der 
Zee, C. E. (2016). Actual drawing of histological images 
improves knowledge retention. Anatomical Sciences 
Education, 9(1), 60-70. https://doi.org/10.1002/ase.1545 

Barry, D. S., Marzouk, F., Chulak‐Oglu, K., Bennett, D., Tierney, 
P., & O’Keeffe, G. W. (2016). Anatomy education for the 
YouTube generation. Anatomical sciences education, 9(1), 
90-96. https://doi.org/10.1002/ase.1550



14  •  HAPS Educator Journal of the Human Anatomy and Physiology Society          Volume 27, Issue 2    Summer 2023

continued on next page

The Impact of the Images in Multiple-choice Questions on Anatomy Examination Scores of Nursing Students

Barton, M. J., Johnston, A., & Todorovic, M. (2016). 
Cadaver-based anatomy for nurses: a real learning 
experience. Australian Nursing and Midwifery 
Journal, 24(3), 41. http://hdl.handle.net/10072/339267

Bartholomé, T., & Bromme, R. (2009). Coherence formation 
when learning from text and pictures: What kind 
of support for whom?. Journal of Educational 
Psychology, 101(2), 282-293.  
https://doi.org/10.1037/a0014312

Berends, I. E., & Van Lieshout, E. C. (2009). The effect of 
illustrations in arithmetic problem-solving: Effects of 
increased cognitive load. Learning and Instruction, 19(4), 
345-353.  
https://doi.org/10.1016/j.learninstruc.2008.06.012

Bianchi, S., Bernardi, S., Perilli, E., Cipollone, C., Di Biasi, J., 
& Macchiarelli, G. (2020). Evaluation of effectiveness of 
digital technologies during anatomy learning in nursing 
school. Applied Sciences, 10(7), 2357.  
https://doi.org/10.3390/app10072357

Brazina, D., Fojtik, R., & Rombova, Z. (2014). 3D visualization 
in teaching anatomy. Procedia-Social and Behavioral 
Sciences, 143, 367-371.  
https://doi.org/10.1016/j.sbspro.2014.07.496

Butcher, K. R. (2006). Learning from text with diagrams: 
Promoting mental model development and inference 
generation. Journal of educational psychology, 98(1), 182. 
https://doi.org/10.1037/0022-0663.98.1.182

Carlson, R., Chandler, P., & Sweller, J. (2003). Learning and 
understanding science instructional material. Journal of 
educational psychology, 95(3), 629.  
https://doi.org/10.1037/0022-0663.95.3.629

Charlin, B., Gagnon, R., Lubarsky, S., Lambert, C., Meterissian, 
S., Chalk, C., ... & van der Vleuten, C. (2010). Assessment in 
the context of uncertainty using the script concordance 
test: more meaning for scores. Teaching and learning in 
medicine, 22(3), 180-186.  
https://doi.org/10.1080/10401334.2010.488197

Crisp, V., & Sweiry, E. (2006). Can a picture ruin a thousand 
words? The effects of visual resources in exam 
questions. Educational Research, 48(2), 139-154.  
https://doi.org/10.1080/00131880600732249

Díaz-Mancha, J. A., Castillo-López, J. M., Munuera-Martinez, 
P. V., Fernández-Seguín, L. M., Polo-Padillo, J., & Heredia-
Rizo, A. M. (2016). A comparison of fourth-year health 
sciences students’ knowledge of gross lower and 
upper limb anatomy: a cross-sectional study. Journal of 
Manipulative and Physiological Therapeutics, 39(6), 450-
457. https://doi.org/10.1016/j.jmpt.2016.05.007

Drake, R. L. (2014). A retrospective and prospective look 
at medical education in the United States: Trends 
shaping anatomical sciences education. Journal of 
anatomy, 224(3), 256-260.  
https://doi.org/10.1111/joa.12054

Drake, R. L., McBride, J. M., Lachman, N., & Pawlina, W. (2009). 
Medical education in the anatomical sciences: The 
winds of change continue to blow. Anatomical sciences 
education, 2(6), 253-259. https://doi.org/10.1002/ase.117

Estai, M., & Bunt, S. (2016). Best teaching practices in 
anatomy education: A critical review. Annals of Anatomy-
Anatomischer Anzeiger, 208, 151-157.  
https://doi.org/10.1016/j.aanat.2016.02.010

Fujieda, K., & Okubo, K. (2016). A reusable anatomically 
segmented digital mannequin for public health 
communication. Journal of Visual Communication in 
Medicine, 39(1-2), 18-26.  
https://doi.org/10.1080/17453054.2016.1182473

Gernsbacher, M. A. (2013). Language comprehension as 
structure building. Psychology Press.  
https://doi.org/10.4324/9780203772157

Hennessy, C. M., Kirkpatrick, E., Smith, C. F., & Border, S. 
(2016). Social media and anatomy education: Using 
twitter to enhance the student learning experience in 
anatomy. Anatomical sciences education, 9(6), 505-515. 
https://doi.org/10.1016/S0140- 6736(00)03649-7

Holland, J., O’Sullivan, R., & Arnett, R. (2015). Is a picture 
worth a thousand words: an analysis of the difficulty and 
discrimination parameters of illustrated vs. text-alone 
vignettes in histology multiple choice questions. BMC 
Medical Education, 15(1), 1-9.  
https://doi.org/10.1186/s12909-015-0452-9

Hunt, D. R. (1978). Illustrated multiple choice 
examinations. Medical Education, 12(6), 417-420.  
https://doi.org/10.1111/j.1365-2923.1978.tb01420.x

Inuwa, I. M., Al Rawahy, M., Taranikanti, V., & Habbal, O. (2011). 
Anatomy “steeplechase” online: Necessity sometimes 
is the catalyst for innovation. Anatomical Sciences 
Education, 4(2), 115-118. https://doi.org/10.1002/ase.188

Levie, W. H., & Lentz, R. (1982). Effects of text illustrations: A 
review of research. Ectj, 30(4), 195-232.  
https://doi.org/10.1007/BF02765184

Fairén González, M., Farrés, M., Moyes Ardiaca, J., & Insa, E. 
(2017). Virtual Reality to teach anatomy. In Eurographics 
2017: education papers (pp. 51-58). European Association 
for Computer Graphics (Eurographics).  
http://dx.doi.org/10.2312/eged.20171026



15  •  HAPS Educator Journal of the Human Anatomy and Physiology Society          Volume 27, Issue 2    Summer 2023

continued on next page

The Impact of the Images in Multiple-choice Questions on Anatomy Examination Scores of Nursing Students

Mayer, R. E., Heiser, J., & Lonn, S. (2001). Cognitive constraints 
on multimedia learning: When presenting more material 
results in less understanding. Journal of educational 
psychology, 93(1), 187.  
https://doi.org/10.1037/0022-0663.93.1.187

Mayer, R. E., & Moreno, R. (2003). Nine ways to reduce 
cognitive load in multimedia learning. Educational 
psychologist, 38(1), 43-52.  
https://doi.org/10.1207/S15326985EP38016

Mayer, R. E. (2005). Cognitive Theory of Multimedia Learning. 
In R. E. Mayer (Ed.), The Cambridge handbook of 
multimedia learning (pp. 31–48). Cambridge University 
Press. https://doi.org/10.1017/CBO9780511816819.004

Mayer, R. E. (2009). Multimedia Learning. Cambridge: 
Cambridge University Press. 
https://doi.org/10.1017/CBO9780511811678

Mayer, R. E., & Gallini, J. K. (1990). When is an illustration 
worth ten thousand words?. Journal of educational 
psychology, 82(4), 715.  
https://doi.org/10.1037/0022-0663.82.4.715

Mayer, R. E., & Anderson, R. B. (1992). The instructive 
animation: Helping students build connections between 
words and pictures in multimedia learning. Journal of 
Educational Psychology, 84(4), 444–452. 
https://doi.org/10.1037/0022-0663.84.4.444

Mayer, R. E. (2010). Applying the science of learning to 
medical education. Medical education, 44(6), 543-549. 
https://doi.org/10.1111/j.1365-2923.2010.03624.x

McLachlan, J. C. (2004). New path for teaching anatomy: 
living anatomy and medical imaging vs. dissection. The 
Anatomical Record Part B: The New Anatomist: An 
Official Publication of the American Association of 
Anatomists, 281(1), 4-5. https://doi.org/10.1002/ar.b.20040

McLachlan, J. C., & Patten, D. (2006). Anatomy teaching: 
ghosts of the past, present and future. Medical 
education, 40(3), 243-253.  
https://doi.org/10.1111/j.1365-2929.2006.02401.x

McMenamin, P. G., Quayle, M. R., McHenry, C. R., & Adams, 
J. W. (2014). The production of anatomical teaching 
resources using three‐dimensional (3D) printing 
technology. Anatomical sciences education, 7(6), 479-486. 
https://doi.org/10.1002/ase.1475

McNally, G., Frey, R., & Crossan, M. (2017). Nurse manager 
and student nurse perceptions of the use of personal 
smartphones or tablets and the adjunct applications, as 
an educational tool in clinical settings. Nurse education in 
practice, 23, 1-7.  
https://doi.org/10.1016/j.nepr.2016.12.004

McVicar, A., Andrew, S., & Kemble, R. (2014). Biosciences 
within the pre-registration (pre-requisite) curriculum: An 
integrative literature review of curriculum interventions 
1990–2012. Nurse education today, 34(4), 560-568.  
https://doi.org/10.1016/j.nedt.2013.08.012

Montayre, J., & Sparks, T. (2017). Important yet unnecessary: 
nursing students’ perceptions of anatomy and 
physiology laboratory sessions. Teaching and Learning in 
Nursing, 12(3), 216-219.  
https://doi.org/10.1016/j.teln.2017.03.009

Mutalik, M., & Belsare, S. (2016). Methods to learn human 
anatomy: perceptions of medical students in paraclinical 
and clinical phases regarding cadaver dissection and 
other learning methods. International Journal of Research 
in Medical Sciences, 4(7), 2536-2541.  
http://dx.doi.org/10.18203/2320-6012

Narnaware, Y., & Burleson, K. M. (2018, April). An impact of 
images on anatomy scores in nursing students. [Presented 
poster presentation]. American Association of Anatomist 
(AAA) Annual Meeting held in San Diego, California, USA. 
https://hdl.handle.net/20.500.14078/2126

Narnaware, Y., & Chahal, P. (2019). Impact of the on-line 
and in-class activities on class average in anatomy 
& physiology in nursing students. [Presented poster 
presentation]. Human Anatomy and Physiology Society 
(HAPS) Annual Meeting held in Portland, Oregon, USA. 
https://hdl.handle.net/20.500.14078/2128 

Narnaware, Y., Neumeier, M., J. Claudio Gutierrez., Chahal, 
P. 2020d. The Impact of Content Reinforcement on 
Physiological Knowledge Retention in Nursing Students. 
Human Anatomy and Physiology Society Educator 
Journal (HAPS Educator) (Commemorative Conference 
Edition), p. 34. Retrieved from: https://cdn.ymaws.
com/www.hapsweb.org/resource/resmgr/educator_
archive/2020HAPS-SpecialEdition-Full.pdf

Narnaware, Y., & Neumeier, M. (2020). Second‐year 
nursing students’ retention of gross anatomical 
knowledge. Anatomical sciences education, 13(2), 230-236. 
https://doi.org/10.1002/ase.1906

Narnaware, Y. R., & Neumeier, M. (2021). Use of a virtual 
human cadaver to improve knowledge of human 
anatomy in nursing students. Teaching and Learning in 
Nursing, 16(4), 309-314.  
https://doi.org/10.1016/j.teln.2021.06.003

Narnaware, Y. (2021). Never heard that before! Bioscience 
knowledge retention in undergraduate nursing 
education. HAPS Educator, 25(2), 77-81.  
https://doi.org/10.21692/haps.2021.009



16  •  HAPS Educator Journal of the Human Anatomy and Physiology Society          Volume 27, Issue 2    Summer 2023

continued on next page

The Impact of the Images in Multiple-choice Questions on Anatomy Examination Scores of Nursing Students

Narnaware, Y., & Neumeier, M. (2021). Anatomical Knowledge 
Retention in Third‐Year Nursing Students. The FASEB 
Journal, 35(S1).  
https://doi.org/10.1096/fasebj.2021.35.S1.02686

Narnaware, Y., & Neumeier, M. (2020). Second‐year 
nursing students’ retention of gross anatomical 
knowledge. Anatomical sciences education, 13(2), 230-236. 
https://doi.org/10.1002/ase.1906

Notebaert, A. J. (2017). The effect of images on item statistics 
in multiple choice anatomy examinations. Anatomical 
Sciences Education, 10(1), 68-78.  
https://doi.org/10.1002/ase.1637

Nowinski, W. L., Thirunavuukarasuu, A., 
Ananthasubramaniam, A., Chua, B. C., Qian, G., Nowinska, 
N. G., et al. (2009). Automatic testing and assessment 
of neuroanatomy using a digital brain atlas: Method 
and development of computer‐and mobile‐based 
applications. Anatomical sciences education, 2(5), 244-252. 
https://doi.org/10.1002/ase.106

Oh, C. S., Kim, J. Y., & Choe, Y. H. (2009). Learning of cross‐
sectional anatomy using clay models. Anatomical sciences 
education, 2(4), 156-159. https://doi.org/10.1002/ase.92

Pandey, P., & Zimitat, C. (2007). Medical students’ learning 
of anatomy: memorisation, understanding and 
visualisation. Medical education, 41(1), 7-14.  
https://doi.org/10.1111/j.1365-2929.2006.02643.x

Parker, L. M. (2002). Anatomical dissection: why are 
we cutting it out? Dissection in undergraduate 
teaching. ANZ journal of surgery, 72(12), 910-912.  
https://doi.org/10.1046/j.1445-2197.2002.02596.x

Peeck, J. (1993). Increasing picture effects in learning from 
illustrated text. Learning and instruction, 3(3), 227-238. 
https://doi.org/10.1016/0959-4752(93)90006-L

Phelan, N., Davy, S., O’Keeffe, G. W., & Barry, D. S. (2017). 
Googling in anatomy education: Can google trends 
inform educators of national online search patterns of 
anatomical syllabi?. Anatomical Sciences Education, 10(2), 
152-159. https://doi.org/10.1002/ase.1641

Pelgrim, E. A., Kramer, A. W. M., Mokkink, H. G., Van den Elsen, 
L., Grol, R. P. T. M., & Van der Vleuten, C. P. M. (2011). In-
training assessment using direct observation of single-
patient encounters: a literature review. Advances in health 
sciences education, 16, 131-142.  
https://doi.org/10.1007/s10459-010-9235-6

Pickering, J. D., & Bickerdike, S. R. (2017). Medical student 
use of Facebook to support preparation for anatomy 
assessments. Anatomical sciences education, 10(3), 205-
214. https://doi.org/10.1002/ase.1663

Pickering, J. D. (2015). Anatomy drawing screencasts: Enabling 
flexible learning for medical students. Anatomical 
sciences education, 8(3), 249-257.  
https://doi.org/10.1002/ase.1480

Preim, B., & Saalfeld, P. (2018). A survey of virtual human 
anatomy education systems. Computers & Graphics, 71, 
132-153. https://doi.org/10.1016/j.cag.2018.01.005

Raman, J. (2015). Mobile technology in nursing education: 
where do we go from here? A review of the 
literature. Nurse education today, 35(5), 663-672.  
https://doi.org/10.1016/j.nedt.2015.01.018

Reeves, R. E., Aschenbrenner, J. E., Wordinger, R. J., Roque, 
R. S., & Sheedlo, H. J. (2004). Improved dissection 
efficiency in the human gross anatomy laboratory 
by the integration of computers and modern 
technology. Clinical Anatomy: The Official Journal of the 
American Association of Clinical Anatomists and the British 
Association of Clinical Anatomists, 17(4), 337-344.  
https://doi.org/10.1002/ca.10245

Rowland, S., Ahmed, K., Davies, D. C., Ashrafian, H., Patel, 
V., Darzi, A., et al. (2011). Assessment of anatomical 
knowledge for clinical practice: perceptions of clinicians 
and students. Surgical and radiologic anatomy, 33, 263-
269. https://doi.org/10.1007/s00276-010-0748-8

Rutty, J., Biggs, M., Dowsett, D., Kitchener, A., Coltman, 
N., et al. (2019). Post mortem computed tomography: 
An innovative tool for teaching anatomy within pre-
registration nursing curricula. Nurse Education Today, 76, 
154-164. https://doi.org/10.1016/j.nedt.2019.02.001

Saxena, V., Natarajan, P., O’Sullivan, P. S., & Jain, S. (2008). 
Effect of the use of instructional anatomy videos on 
student performance. Anatomical sciences education, 1(4), 
159-165. https://doi.org/10.1002/ase.38 

Shaffer, J. F. (2016). Student performance in and perceptions 
of a high structure undergraduate human anatomy 
course. Anatomical sciences education, 9(6), 516-528. 
https://doi.org/10.1002/ase.1608

Schnotz, W. (2002). Commentary: Towards an integrated view 
of learning from text and visual displays. Educational 
psychology review, 14, 101-120.  
https://doi.org/10.1023/A:1013136727916

Skinder‐Meredith, A. E. (2010). Innovative activities for 
teaching anatomy of speech production. Anatomical 
Sciences Education, 3(5), 234-243.  
https://doi.org/10.1002/ase.173

So, S., Patel, R. M., & Orebaugh, S. L. (2017). Ultrasound 
imaging in medical student education: Impact on 
learning anatomy and physical diagnosis. Anatomical 
sciences education, 10(2), 176-189.  
https://doi.org/10.1002/ase.1630



17  •  HAPS Educator Journal of the Human Anatomy and Physiology Society          Volume 27, Issue 2    Summer 2023

The Impact of the Images in Multiple-choice Questions on Anatomy Examination Scores of Nursing Students

Souza, H. C., Neto, J. L. T., & Bravo, D. S. (2009). The 
importance of anatomy practice using cadavers and new 
technologies in undergraduate biological science and 
nursing courses. La importancia de la práctica anatomía, 
el uso del cadáver y nuevas tecnologías en los cursos de 
biologia y de enfemería. Revista Argentina de Anatomía 
Clínica, 8(2), 80-86.  
https://doi.org/10.31051/1852.8023.v8.n2.14555

Sweller, J. (1994). Cognitive load theory, learning difficulty, 
and instructional design. Learning and instruction, 4(4), 
295-312. https://doi.org/10.1016/0959-4752(94)90003-5

Vorstenbosch, M. A., Klaassen, T. P., Kooloos, J. G., Bolhuis, S. 
M., & Laan, R. F. (2013). Do images influence assessment 
in anatomy? Exploring the effect of images on item 
difficulty and item discrimination. Anatomical Sciences 
Education, 6(1), 29-41. https://doi.org/10.1002/ase.1290

Winn, B. (1987). Charts, graphs, and diagrams in educational 
materials. The psychology of illustration, 152-198.  
https://doi.org/10.1007/978-1-4612-4674-9_5

Young, J. Q., van Dijk, S. M., O’Sullivan, P. S., Custers, 
E. J., Irby, D. M., & Ten Cate, O. (2016). Influence of 
learner knowledge and case complexity on handover 
accuracy and cognitive load: results from a simulation 
study. Medical Education, 50(9), 969-978.  
https://doi.org/10.1111/medu.13107

Zilverschoon, M., Vincken, K. L., & Bleys, R. L. (2017). The 
virtual dissecting room: Creating highly detailed 
anatomy models for educational purposes. Journal of 
biomedical informatics, 65, 58-75.  
https://doi.org/10.1016/j.jbi.2016.11.005

Make active learning 
easy with 
plug-and-play sensors
�����������������������

Upgrade Your 
Physiology Labs

Image by Manchester 
Metropolitan University

C

M

Y

CM

MY

CY

CMY

K

2023-HAPS Half Page Advert Lt Sensors.pdf   1   7/06/23   2:31 PM

Back to TOC


