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Objective: In 1996 changes were made to the nuclear med
icine content and mode of delivery in the Year 1 degree 
program at The University of Sydney, Australia. The aim was 
to evaluate whether changes made to the program raised 
the clinical abilities of students entering their clinical place
ment in Year 2. 
Methods: Questionnaires to assess the students' percep
tion of how well Year 1 had prepared them for their clinical 
Year 2 were distributed to both the 1995 and 1996 students. 
The clinical supervisors also were surveyed to determine if 
the 1996 students demonstrated any difference in their un
derstanding and application of nuclear medicine technology 
principles. 
Results: The 1996 students were more positive about their 
clinical readiness and the clinical supervisors observed an 
increased level of understanding and application by the 
1996 students. 
Conclusion: Changes in the Year 1 curriculum provided 
students with a higher level of clinical readiness at the com
mencement of their Year 2 clinical placement. 
Key Words: nuclear medicine technology education; curric
ulum design; assessment of learning outcomes 
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Teaching in any discipline requires that the educators under
stand the learners. To teach successfully the educator must 
plan the learning experiences for the students and determine 
the extent to which these objectives are being achieved. Eval
uation of teaching methods and outcomes is necessary to guide 
educators and enable them to base their decisions on informa
tion that is accurate, relevant and comprehensive (I). 

As educators in nuclear medicine it is important to plan and 
evaluate the extent to which teaching strategies achieve worth
while educational outcomes. Nuclear medicine students at the 
University of Sydney study a three-year bachelor of applied 
science degree. The underlying knowledge and principles 
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learned in the academic program are reinforced by the clinical 

education component. Clinical education is an assessable sub
ject during which students attend nuclear medicine practices 
and are assessed and supervised by educators at both the 
clinical center and the university. 

In 1996 changes were made to increase the nuclear medicine 
component of the Year I subject medical radiations. Changes 
included the introduction of problem-based learning (PBL), an 
overview of the indications, performance and interpretation of 
commonly performed nuclear medicine studies (i.e., bone, lung 
and myocardial perfusion studies). A brief introduction to 
basic instrumentation principles of the gamma camera was also 
added to the curriculum. 

The aim of the changes was to increase the first-year stu
dents' understanding and knowledge of nuclear medicine prac
tice thereby allowing earlier development of clinical skills in 
the Year 2 program. The overview of nuclear medicine was 
developed to help the students conceptualize principles more 
easily and build clinical skills more rapidly. As an educator it is 
important to create a learning context that facilitates concep
tual understanding. Coles (2) states, "educational research has 
demonstrated that students find abstract concepts difficult to 
understand if they arc presented out of the context in which 
they are to be applied and used." 

Ten hours of PBL content were introduced as it has been 
shown to be an appropriate method of teaching clinically based 
subjects. This learning strategy has been found to encourage 
students to take responsibility for their learning (3). Students 
are presented with a clinical scenario that causes them to 
hypothesize about a range of situations or conditions. It en
courages students to be active by theoretically adopting the 
role of a qualified practitioner with a simulated clinical situation 
( 4). PBL encourages students to use resources, share information. 
learn independently and become self-directed learners. 

Questionnaires were used as an evaluation tool. Gronlund 
(I) states, "evaluation can be defined as the systematic process 
of determining the extent to which instructional objectives arc 
achieved by the students." A questionnaire can be "used to 
measure attitudes, opinions or achievements" (5). Quantitative 
and qualitative evaluation of these results determines the ex
tent to which the objectives for change have been achieved. 
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The aim of this project was to evaluate whether the changes 

made to the Year I curriculum achieved an increased level of 
clinical competence when the student enters Year 2. An in
creased level of competence would include both a theoretical 
understanding of the principles and an ability to quickly learn 
to perform the studies. 

MATERIALS AND METHODS 

A questionnaire was administered to 1995 and llJ96 Y car 1 
undergraduate students during their following year. A separate 
questionnaire was presented to all clinical centers that super

vised both groups of students. Each questionnaire included a 
cover letter that explained the purpose and value of the survey 

to the undergraduate program. 

Student Questionnaire 

The student questionnaire was designed to assess the stu
dent's initial perceptions of how well Y car I had prepared 
them for their first clinical placement in Year 2. Many factors 
can alter the rate of a student"s clinical development. These 
include the type of center, either private or public. sole tech
nologist center versus a larger center with numerous technol

ogists, and the natural aptitude of the student. Responses were 
required for the early period of the clinical placement to 

reduce the effect of variables at different clinical centers. 
The student questionnaire contained nine questions that 

referred to both the application and understanding of the 
material studied in Year I nuclear medicine classes. The survey 
was designed with a select response format following the Likert 

scale hut omitting the neutral response. The neutral response 
was omitted to force students to he decisive about their re
sponses. The scale included strongly disagree. disagree. agree 
and strongly agree. To ensure items in the student question

naire were not ambiguous or confusing. the survey was piloted 
by members of the academic staff. The questionnaire was 

presented during class to Year 2 students who had completed 
the initial clinical placement. Students who had repeated Year 2 
were excluded from the survey. The questionnaire was retrospec
tive for the 1995 students and was conducted in November 1996. 

The questionnaire for 1996 students was conducted at the com
pletion of their initial clinical placement in March 19lJ7. 

Analysis of the student survey data involved compiling re
sponses to the statements and separating response results into 
questions related to understanding or application. Responses 

were compiled as either positive or negative percentile results. 
The Mann-Whitney U Wilcoxon Rank Sum W Test was used 

to determine the statistical significance of the results. 

Clinical Center Questionnaires 

Clinical center questionnaires were faxed to centers which 
had supervised both 1996 and 1997 Year 2 students during 
their first clinical placement. A pilot survey was sent to a 
clinical center which had supervised only one of the Y car 2 
student groups, this excluded them from completing the clini
cal center survey but was helpful in gaining objective data 

regarding the clarity of the survey. 
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The clinical center questionnaire contained six questions 

including multiple parts designed with a select response for
mat. A select response format was used as it is less time consum
ing to complete and would result in a higher return rate. The 
questionnaire was designed to determine if there was any differ

ence between the 1997 student group and the 1996 student group 
in their understanding and application of nuclear medicine prac
tice studied during the previous year (Year I of the undergradu
ate program). The items were written to gain a response that 
indicated either yes or no to an increase demonstrated by the 

1997 students for specific areas of nuclear medicine practice. An 
open-ended question was included for general statements regard

ing the student's overall readiness or capabilities. This question 
was included to gain additional information. 

Analysis of clinical center data involved compiling the num
ber of positive responses to the 1997 students' increased level 
of understanding and application to areas of nuclear medicine 
practice studied in Year 1. Results were compiled as percentile 
increases in the 1997 group. A chi-square test with one degree 

of freedom was applied to determine the significance of these 
results. 

RESULTS 

The November 1996 student questionnaire had a 6J'lc re

sponse rate with 17 surveys returned from a total of 27 students. 
The March 1997 student questionnaire had a 74'7r response rate 
with 14 of the 19 students responding. The response rates from 
the student surveys fell within an acceptable rate as a 70o/c re
sponse rate is deemed acceptable when surveying a professional 
group (5). The response rates were similar for both groups of 
students, thereby reducing any bias that may have been intro
duced by nonresponse from either group. Statistically the group 
numbers were small, thereby reducing the effectiveness of deter

mining the significance of the results. 
The student questionnaire with percentile results is given in 

Table 1. Analysis of the responses was grouped into questions 
relating to either understanding or application. Questions re
lating to how students felt they understood clinical concepts 
were in Questions 1, J, 5, 6 and 9. Questions relating to how 
students perceived they could apply clinical skills were in Ques

tions 2, 4, 7 and ~-
The positive versus negative results for responses to the 

questions related to understanding arc given in Figures I and 

2. Application-related responses arc given in Figures J and 4. 
The combined understanding responses in Figure 2 showed 

the llJ97 group to have an increased positive response to the 
level of understanding in all aspects surveyed, with an increase 
ranging from 20/fc in Question lJ to a 38% increase in Question 
1. There were no areas for the 1997 group where the response 
was equal to or reduced compared to the 1996 group. Ques
tions I and 6 proved to he statistically significant because of the 
substantial difference in the scores using the Mann-Whitney U 
Wilcoxon Rank Sum W Test. Question 1 was significant at the 
level of p = 0.037~ and Question 6 at the level of p = 0.021~. 
Using the Mann-Whitney U Wilcoxon Rank Sum W Test 
results are rated significant at p < 0.05. 
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TABLE 1 
1996 and 1997 Student Questionnaire with Percent Responses 

Strongly disagree Disagree Agree Strongly agree 

Statement 1996% 

1. Year 1 gave me enough preparation to allow me to 5.9 
learn and build on my knowledge in the clinical 
setting. 

2. Year 1 gave me enough preparation to apply basic 5.9 
clinical skills. 

3. Year 1 lectures prepared me for understanding the 0 
use of gamma cameras. 

4. Year 1 lectures prepared me for using the gamma 0 
cameras for bone and lung studies. 

5. Year 1 lectures gave me an understanding of the 0 
principles of bone imaging. 

6. Year 1 gave me an understanding of the principles of 0 
lung imaging. 

7. Year 1 practical sessions gave me knowledge that 17.6 
could be applied directly to the clinical placement. 

8. Year 1 practical sessions gave me skills that I could 11.8 
use in the clinical placement. 

9. Year 1 medical radiations gave me enough basic 5.9 
knowledge to retain information obtained in the 
clinical setting. 

Response numbers: 1996 n = 17; 1997 n = 14. 

The combined application responses in Figure 4 showed the 
1997 group to have an increased positive response to the level 
of application in all aspects surveyed, with an increase ranging 
from 9% in Question 4 to a 24% increase in Question 7. There 
were no areas in which the 1997 group gave responses equal to 
or less than those of the 1996 group. These results were not 
significantly different, however. 

The clinical center questionnaire was divided into understanding 
and application-related questions. The results are displayed as a 
percentage of the increased positive response to the 1997 
student group's increased level of performance compared to 
the 1996 group. Understanding-related questions were 
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FIGURE 1. Overall 1996 positive versus negative responses to 
understanding questions. 
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1997% 1996% 1997% 1996% 1997% 1996% 1997% 

0 52.9 21.4 35.3 71.5 5.9 7.1 

0 41.2 28.6 52.9 57.1 0 14.3 

0 41.2 28.6 52.9 64.3 5.9 7.1 

0 23.5 14.3 76.5 71.5 0 14.3 

0 35.3 0 52.9 85.7 11.8 14.3 

0 29.4 0 64.7 78.6 5.9 21.4 

0 35.3 28.6 47 57.1 0 14.3 

0 47 42.9 41.2 42.9 0 14.3 

0 35.3 21.4 58.8 64.3 0 14.3 

Questions 1, 2a, 2b and 2c with responses to these questions 
displayed in Figure 5. Application-related questions were 3, 
4a, 4b and 5 with responses to these questions displayed in 
Figure 6. All yes responses were counted and assessed by 
chi-square test with one degree of freedom to determine if 
there was statistical significance. Statistical significance for 
p = 0.05 was rated when the chi-square result was 2:3.84. 

The clinical center's response to understanding questions 
showed a positive response ranging from 28% to 87.5%. Sig
nificance was demonstrated in Questions 2a (chi-square test 
result of 24.5) and Questions 2b and 2c (each with a chi-square 
test result of 12.5). 
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FIGURE 2. Overall 1997 positive versus negative responses to 
understanding questions. 
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FIGURE 3. Overall 1996 positive versus negative responses to 
application questions. 

The clinical center's response to application questions showed 
a positive response ranging from 12.sr·1r to 37.5'/r. Significance 

was demonstrated in Question 3 (chi-square test result of 4.5). 

DISCUSSION 

The data ohtained from hoth the students and clinical center 
questionnaires showed an overall increase in positive responses 
for performance in understanding and application. The 1997 

Y car 2 student questionnaire received no responses in the 
strongly disagree category to any of the questions. 

Questions I and 6 of the student questionnaire proved to he 
statistically significant and demonstrated that the 1997 Year 2 

students felt more positive ahout Y car I material preparing 
them for the clinical in Y car 2. Y car I provided enough 
understanding of the principles of lung imaging to learn and 

huild on their knowledge in the clinical setting. Questions 5 
and 9 may show a tendency towards Year I material improving 

100 

90 

80 
70 

Ql 60 
Ill 
r::: 50 ~0 

0 a. 
Ill 40 Ql 
a: 30 

20 
10 

0 
1 2a 

•no change 
Dincreased 

understanding 

2b 2c 

Question Number 

FIGURE 5. Clinical center responses to increased understanding 
demonstrated by the 1997 Year 2 student group. 
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FIGURE 4. Overall 1997 positive versus negative responses to 
application questions. 

the understanding of the principles of hone imaging, although not 

significant. While none of the application responses in the student 
questionnaire were statistically significant, they did demonstrate a 
positive increase for all questions hy the 1997 group. 

The clinical center questionnaire results followed a similar 
trend to the student questionnaire results hy demonstrating an 
overall positive improvement. Questions I, 2a, 2h and 2c all 

related to whether the 1997 group of students appeared to 
have an apprcciahlc difference in their level of understanding 
to the principles of hone. lung and thallium myocardial perfu
sion imaging. Questions 2a, 2h and 2c demonstrated a statis
tically significant increased level of understanding. 

Question 3 in the application-related questions of the clini
cal center questionnaire proved to he statistically significant. 
This question demonstrated that the 1997 group had an in
creased level of ahility in patient positioning and patient com
munication. This demonstrates that the increased level of nu

clear medicine content delivered in Year I assisted students in 
gaining concepts of clinical practice more readily. This concurs 
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FIGURE 6. Clinical center responses to increased application 
demonstrated by the 1997 Year 2 student group. 
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with Coles' (2) findings that show the importance of facilitating 
conceptual understanding to enable the student to apply skills. 
While other questions relating to the application of skills did 
not show a statistically significant increase they all did demon
strate a positive trend. 

The 1996 data were collected retrospectively compared with 
the 1997 data which were collected immediately after the first 
clinical placement. This was a limitation of the study, as the 
1996 students were asked to recall perceptions they had expe
rienced 9 mo earlier. The 1996 students may have had their 
recall influenced by external factors that did not relate to their 
Year I learning and Year 2 clinical experiences. 

Ideally the clinical center survey should have been adminis
tered immediately after each Year 2 clinical rotation in 1996 
and 1997 to obtain specific information regarding the perfor
mance of each student group. As the project was initiated in 
late 1996 a comparison of 1997 versus 1996 had some limita
tion as clinical centers were asked to recall their perceptions of 
the 1996 student group after a delay of 9 mo. The clinical and 
student questionnaire items differed slightly with the omission 
of questions relating to myocardial data on the student survey. 
The omission of myocardial imaging on the student question
naire meant that perceptions of performance in cardiac nu
clear medicine were limited to the clinical centers' responses 
only. 

CONCLUSION 

The results from both the student and clinical center ques
tionnaires show a rise in the level of understanding demon-
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strated by the group of students who had the content and mode 
of delivery of their Year 1 curriculum changed. The clinical 

center responses showed an increase in the students' applica
tion of patient positioning and patient communication skills. 
Student responses demonstrated that changes to the practical 
sessions aided them in applying clinical skills. These results will 

encourage implementation of further changes to the Year 1 
program to further improve each student's ability to apply 
principles of nuclear medicine technology and to build clinical 

skills more rapidly. 
As an educator it is important to create a learning environ

ment that facilitates conceptual understanding and to evaluate 
learning experiences. This study effectively assessed learning 
outcomes and directed the teaching program to ensure contin

ued development and excellence in teaching. 
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