
CJHP – Vol. 71, No. 4 – July–August 2018 JCPH – Vol. 71, no 4 – juillet–août 2018258

This single copy is for your personal, non-commercial use only.
For permission to reprint multiple copies or to order presentation-ready copies for distribution, contact CJHP at publications@cshp.ca

ORIGINAL RESEARCH

Validation of Pictograms for Safer Handling 
of Medications: Comprehension and Recall
among Pharmacy Students
Régis Vaillancourt, Christina Khoury, and Annie Pouliot

ABSTRACT
Background: Medication preparation and administration are higher-risk
steps in the medication management process. Therefore, medication 
management strategies, such as warnings and education about medication
safety, are essential in preventing errors and improving the safe handling
of medications by health care workers.

Objectives: To validate comprehension of 9 pictograms designed to 
improve medication safety, and to assess long-term recall of these 
pictograms in a sample of pharmacy students. 

Methods: First- and second-year pharmacy students were recruited as 
participants. The study was divided into 2 phases: comprehension (Phase
1) and long-term recall (Phase 2). In Phase 1, a slideshow of the 
9 pictograms was presented to participants, who were asked to write 
the meaning of and required action for each pictogram. The intended
meaning of each pictogram was then presented to the participants. Four
weeks later, long-term recall was assessed in Phase 2 of the study using
the same method. The meaning and required action that participants 
provided for each pictogram were reviewed by 3 independent raters. 
A pictogram was considered to be validated in the pharmacy student 
population if at least 67% of participants identified the correct meaning
or required action during the recall phase. 

Results: A total of 101 pharmacy students participated in Phase 1 and
67 in Phase 2. In Phase 1, 4 pictograms met the 67% threshold for 
comprehension. In Phase 2, after training, 7 of the 9 pictograms were 
validated. 

Conclusions: Given the results obtained with pharmacy students, 
redesign may be necessary for 2 of the pictograms. The use of validated
medication safety pictograms on medication labels and other identifiers
may prevent errors during medication handling and administration; this
is an important avenue of investigation for future studies. 
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RÉSUMÉ
Contexte : La préparation et l’administration des médicaments sont des
étapes à risque plus élevé dans le processus de gestion des médicaments.
Or, les stratégies de gestion des médicaments, dont les mises en garde et
les informations sur la sécurité des médicaments, sont essentielles à 
la prévention des erreurs et à une manipulation plus sécuritaire des
médicaments par les travailleurs de la santé.

Objectifs : Valider la compréhension de neuf pictogrammes conçus pour
accroître la sécurité des médicaments et vérifier si ces pictogrammes 
s’inscrivent dans la mémoire à long terme des étudiants en pharmacie.  

Méthodes : On a recruté des participants auprès des étudiants de première
et de deuxième année en pharmacie. L’étude était composée de deux
phases : compréhension (phase 1) et mémoire à long terme (phase 2).
Dans la phase 1, un diaporama de neuf pictogrammes a été présenté aux
participants à qui l’on a demandé d’interpréter chaque pictogramme et la
mesure qu’il impose. On a ensuite présenté aux participants la signification
qu’on voulait donner à chaque pictogramme. Quatre semaines plus tard
durant la phase 2, un test de mémoire à long terme employant la méthode
de la phase 1 a été effectué. Les réponses des participants quant à la 
signification et à la mesure à prendre pour chaque pictogramme ont été
analysées par trois évaluateurs indépendants. Un pictogramme était 
considéré comme validé dans la population des étudiants en pharmacie si
un minimum de 67 % des participants se souvenait de la signification
adéquate et de la mesure à prendre recherchée pendant la phase de test de
mémoire à long terme. 

Résultats : Au total, 101 étudiants en pharmacie ont participé à la phase
1 et 67 à la phase 2. Dans la phase 1, quatre pictogrammes ont atteint 
le seuil de 67 % pour la compréhension. Dans la phase 2, après une 
formation, 7 pictogrammes sur 9 ont été validés. 

Conclusions : Compte tenu des résultats obtenus auprès des étudiants
en pharmacie, deux des pictogrammes pourraient être appelés à retourner
à la planche à dessin. L’ajout de pictogrammes validés de sécurité des
médicaments sur les étiquettes et autres marques d’identification de
médicaments pourrait éviter des erreurs pendant la manipulation et 
l’administration de médicaments. Il s’agit là d’une piste de recherche 
importante pour de futures études. 

Mots clés : pictogrammes, sécurité des médicaments, manipulation 
sécuritaire des médicaments
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INTRODUCTION 

The medication management process includes prescribing,

transcribing, dispensing, and administering medication.

When there is a breakdown or oversight during any of these steps,

a medication error may occur, exposing the patient to harm.1,2

Evidence shows that the leading sources of medication errors are

the prescribing and administration steps, with administration 

representing more than half of all errors.1,3-5 Medication adminis-

tration is a complex process that encompasses counting, calculating,

mixing, measuring, and ensuring that the right patient receives

the right medication, in the right dose, by the right route, for the

right reason, at the right time.1,6 Medication routes such as IV 

administration are associated with the highest frequencies of 

errors, with some studies reporting error rates as high as 50%.1,7At

particular risk of medication errors is the pediatric population.

Medication error rates up to 20% have been reported for 

the pediatric population, or 3 times higher than in the adult 

population.4,8

Visual aids can help draw attention to a document and 

improve the comprehension of information.9 Pictograms are 

visual aids that represent concepts through visual synthesis to

communicate messages and information.10 They are intended to

provide information in an effective manner without the use of

words and therefore can prove advantageous in settings with 

language or literacy challenges.10,11 The Dual Coding Theory was

proposed in 1971 by Canadian psychology professor Allan Paivio.

The Dual Coding Theory posits that verbal and nonverbal infor-

mation are stored in long-term memory as 2 distinct systems,

whereby activation of one of the systems can trigger activation of

the other.12 It has also been suggested that there is improved recall

of information when pictures are presented instead of words,

through activation of both coding systems.13 Improved recall of

information from pictures, as opposed to words alone, is known

as the “pictorial superiority effect”.12 The Dual Coding Theory

proposes that pictograms, with associated text, could provide 

optimal processing and improve recall of medication information.

A few studies have shown the superiority of pictograms used in

conjunction with verbal communication,14-19 whereas other 

studies have failed to demonstrate that pictograms improve long-

term recall of instructions.17,20 However, in recent years, health

care systems have recognized the value of pictograms, and studies

are showing improved comprehension, recall, and adherence 

with use of pictograms among patients receiving prescribed 

medications.2,21

The use of pictograms is increasingly being recommended

to convey warnings and safety information; indeed it is common

to find warning signs and labels on consumer products.11,22,23 The

Workplace Hazardous Materials Information System has imple-

mented cautionary pictograms from the Globally Harmonized

System of Classification and Labelling of Chemicals to increase

workplace safety in the handling of chemicals.24 Similar strategies

for medication handling could improve medication safety, par -

ticularly the medication administration process. Furthermore,

these pictograms would align with the Basel Statements put 

forward by the International Pharmaceutical Federation (FIP), 

including the statement that “Hospital pharmacists should ensure

that medicines are packaged and labeled to ensure identification

and to maintain integrity until immediately prior to administra-

tion to the individual patient”.25 The FIP also recommends that 

hospitals develop and implement policies and practices to prevent

errors associated with the route of administration.25

In an initial, recently conducted study, our team identified 

9 key medication safety issues that could benefit from the 

implementation of safety pictograms for health care providers.2

Pictograms were then developed to represent each of these safety

issues and underwent an iterative design process. A Delphi survey

with self-declared experts from the FIP was conducted to identify

international preferences for the pictograms to represent these 

9 key medication safety issues (published elsewhere in this issue).26

For these pictograms to be implemented in practice, not only

must they be designed with input from members of the target

population, but they must also undergo validation by members

of the target population. In this case, the target population consists

of health care professionals, such as pharmacy technicians, 

pharmacists, nurses, and physicians. As a first step in this valida-

tion process, a sample of pharmacy students was recruited for the

current pilot study, for initial validation of comprehension and

recall of the 9 pictograms designed to improve medication safety.

METHODS

Participants

Students from the School of Pharmacy of the University of

Waterloo, Waterloo, Ontario, were invited to participate in the

study. Students were recruited between May and July 2017 from

2 classes of first- and second-year students in the pharmacy 

program. The demographic data collected from participants were

age, year of study, and whether they had previous experience in

the hospital setting. There were no benefits or risks associated with

participating in the study, and written consent was obtained from

each participant. This study was approved by the Children’s 

Hospital of Eastern Ontario Research Ethics Board and the 

Research Ethics Board at the University of Waterloo.

Pictogram Validation
Phase 1: Comprehension Assessment 

Comprehension was assessed during regularly scheduled

classes at the School of Pharmacy. A slide show was presented to

participants, with the 9 pictograms presented sequentially. After

each pictogram was presented, participants were asked to record

their responses to the following 3 questions on a paper question-

naire: What do you think this symbol means? In the context of
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health care professionals prescribing, preparing, dispensing, or 

administering a medication with this symbol on it, what action

should you take in response to this symbol? How could this 

pictogram be improved? The same 3 questions were asked for each

of the 9 pictograms presented. Once the comprehension test was

completed, the pictograms were displayed again and the intended

meaning was explained to participants. 

To avoid research team bias, 3 independent raters evaluated

participants’ responses. Answers were scored as “correct”, “incorrect”,

or “no response is given”. A response was rated as correct if a 

correct answer was provided for either the first question or the

second question, which were considered together as prompts to

elicit the meaning of the pictogram. The percentage of partici-

pants who understood the pictograms was calculated using only

the “correct” and “incorrect” responses for each pictogram. In 

accordance with ISO standard 9186 from the International 

Organization for Standardization (ISO), a comprehension rate of

at least 67% was needed for a pictogram to be considered 

validated.27 The ISO standards were chosen because they are 

international and directly applicable to the design of pharmaceutical

pictograms.11 Participants’ comments on pictogram improvement

were considered only for those pictograms that did not meet this

validation standard.

Phase 2: Recall Assessment 

Long-term recall of pictogram meaning was assessed after 

4 weeks. The same slide-show method was used, and the same

questions were asked as in Phase 1. 

Data Analysis

Differences in comprehension rates for between-subject 

comparisons (e.g., first-year students compared with second-year

students) were assessed using the Fisher exact test with � set at

0.05. Differences in comprehension rates for within-subject 

comparisons (i.e., comprehension compared with recall) were 

assessed using the McNemar test for paired dichotomous data.

RESULTS

Study Participants

In Phase 1 of the study, 101 students participated. In Phase

2 of the study, 67 students completed the recall assessment. 

Demographic information for these participants is presented in

Table 1. 

Pictogram Validation
Phase 1: Comprehension Assessment 

Four of the pictograms were understood by more than 67%

of participants. These pictograms represented “Drug that requires

airway management before administration”, “Drug that must 

always be diluted before administration”, “Medication that has a

high incidence of calculation/dosage errors”, and “Drug names

that look alike and sound alike”. The remaining 5 pictograms were

each understood by less than 67% of participants (Table 2). 

A subgroup analysis was performed according to participants’

year of study (see Appendix 1, available at https://www.cjhp-

online.ca/index.php/cjhp/issue/view/177/showToc). Comprehen-

sion rates were compared between the 33 first-year students and

the 68 second-year pharmacy students. Despite having more 

education in the field of pharmacy, second-year students were no

more likely to understand the pictograms, with one exception:

second-year students were more likely to understand the 

pictogram for “Drug that must always be diluted before admin-

Table 1. Demographic Characteristics of Study Participants

                                                                                                         Phase of Study; 
                                                                                                  No. (%) of Participants
Characteristic                                                               Phase 1:                                    Phase 2: 
                                                                       Comprehension (n = 101)       Long-Term Recall (n = 67)
Age*
≥ 20 and < 25 years                                                   75       (82)                                 49       (83)

≥ 25 and < 30 years                                                   15       (16)                                   9       (15)

≥ 30 years                                                                     1         (1)                                   1         (2)

Level of education
First-year pharmacy school                                          33       (33)                                 29       (43)

Second-year pharmacy school                                     68       (67)                                 38       (57)

Participant has some hospital experience†               
Total                                                                            35       (35)                                 20       (31)

First-year pharmacy school‡                                          2         (6)                                   2       (10)

Second-year pharmacy school‡                                  33       (94)                                 18       (90)

*Ten participants in Phase 1 and 8 participants in Phase 2 did not provide their age.
†Based on yes/no response. Three participants in Phase 2 did not respond. 
‡Percentages in this row are based on the total number with hospital experience 
(i.e., 35 in Phase 1 and 20 in Phase 2).
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Table 2 (part 1 of 2). Pictogram Comprehension (Phase 1)

continued on page 262
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istration” (22/33 [67%] for first-year students versus 63/68 [93%]

for second-year students, p = 0.002 by Fisher exact test). 

Another subgroup analysis was performed to examine

whether pharmacy students with hospital experience were more

likely than those without such experience to understand the 

pictograms (see Appendix 2, available at https://www.cjhp-

online.ca/index.php/cjhp/issue/view/177/showToc). Among the

participants who completed the demographic questions, 35 had

prior hospital experience and 62 did not. Participants with 

hospital experience were no more likely to understand the 

pictograms, with one exception. The participants with hospital

experience were more likely than those without to understand the

pictogram for “Drug that requires airway management before

administration” (29/35 [83%] for those with experience versus

37/62 [60%] for those without experience, p = 0.024 by Fisher

exact test).

Phase 2: Recall Assessment 

A total of 67 participants from the first phase of the study

completed the second phase. For each pictogram, comprehension

and recall rates for participants who completed both Phases 1 and

2 are presented in Table 3. At recall, 7 of the 9 pictograms reached

the ISO standard of at least 67% comprehension, with only

“Concentrated electrolyte formulations” (37/67 [55%]) and

“Medication with a significant risk of harm if administered 

improperly” (41/67 [61%]) not reaching the minimum threshold

for comprehension. All but 2 of the pictograms were understood

by more participants during Phase 2 than Phase 1. The 2 

*Pictograms © 2016 by Régis Vaillancourt, The CHEO Research Institute, and Mike P Zender; reproduced with permission.

Table 2 (part 2 of 2). Pictogram Comprehension (Phase 1)
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continued on page 264

Table 3 (part 1 of 2). Comprehension (Phase 1) and Recall (Phase 2) for Subset of Participants Who Completed Both
Phases of Study
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*Pictograms © 2016 by Régis Vaillancourt, The CHEO Research Institute, and Mike P Zender; reproduced with permission.
†By McNemar exact test. The number of discordant pairs was less than 10 for each analysis; therefore, a binomial 
distribution was used.

Table 3 (part 2 of 2). Comprehension (Phase 1) and Recall (Phase 2) for Subset of Participants Who Completed Both
Phases of Study
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pictograms without a statistically significant increase in under-

standing were “Drug that requires airway management before 

administration” (47/67 [70%] in Phase 1 versus 53/67 [79%] in

Phase 2; p = 0.31) and “Medication that has a high incidence of

calculation/dosage errors” (61/67 [91%] in Phase 1 versus 66/67

[99%] in Phase 2; p = 0.06 by Fisher exact test). In both cases,

the pictograms were relatively well understood in Phase 1, leaving

less room for improvement in comprehension after training.

Subgroup analyses were performed to examine the influence

of year of study and prior hospital experience on the comprehen-

sion of the pictograms at recall. Overall, 29 first-year students and

38 second-year students participated in the long-term recall 

comprehension test. No statistically significant differences were

found in rates of comprehension between first- and second-year

students. Students without prior hospital experience were less

likely to recall the pictogram for “Medication that can only 

be given via central line” than were students who did have prior

hospital experience (28/44 [64%] among those without prior 

experience versus 18/20 [90%] among those with prior 

experience; p = 0.026 by Fisher exact test). No other statistically

significant differences were found. 

DISCUSSION

Pharmaceutical pictogram development involves a step-wise

approach that must follow standardized processes.11,27 Develop-

ment begins with identifying and understanding a specific 

population’s needs.11,28 This step was accomplished in a prior study

by identifying the 9 key medication safety issues that could benefit

from implementation of safety pictograms.2 In the current study,

we started the validation process by piloting the pictograms with

a sample of pharmacy students. As health care workers in training,

these students lack the experience of professionals, but given their

education so far, they can represent a starting point for validation.

The first phase of the study showed that participants could 

correctly guess the meaning of only 4 of the 9 pictograms designed

to improve medication safety. At recall, 4 weeks later, at least 

67% of participants were able to correctly recall the meaning of 

7 of the 9 pictograms, thus reaching the standard set by the ISO.27

Hence, this study supports the idea that training on the meaning

of pictograms can increase comprehension of more complex 

messages. Long-term recall was intentionally chosen as the 

primary outcome because of the complexity of the safety messages

depicted in the 9 pictograms. Recall is the process of retrieving

individual words or picture elements from memory and is closely

related to comprehension, the process of interpreting the meaning

of words or pictures to understand their collective meaning.9

The pictograms depicting “Concentrated electrolyte 

formulations” and “Medication with a significant risk of harm 

if administered improperly” did not reach the ISO threshold for

validation in this study, even though there was a statistically 

significant increase in the rate of comprehension at recall. In 

relation to the first of these pictograms, it is possible that the 

students, who were in their first or second year of study, had not

yet received instruction on many topics related to the use and 

significance of electrolyte solutions. Even though the meaning of

the pictogram was explained, supporting information about the

harms associated with concentrated electrolyte solutions and the

effect on patient outcomes was not provided. Health care workers

or more senior pharmacy students may be more likely to under-

stand this pictogram. Participant feedback was collected during

the study for those pictograms that were not validated. 

Participants suggested changing and redesigning the pictogram

for “Medication with a significant risk of harm if administered

improperly” because they found that the thunderbolts confused

the message. Participants also suggested that including words

within the pictogram would help to elucidate its meaning. Future

studies should target practising health care workers for validation

of these pictograms. We will continue to consult health care work-

ers to gather additional comments on how these pictograms can

be improved.  

Limitations

Although the study sample approximates, in some ways, 

the target population, it is difficult to draw firm conclusions con-

cerning the low rates of comprehension for 5 of the 9 pictograms

in Phase 1. It is impossible to know, without further validation in

a sample of health care workers, whether the problem lies with

the pictograms themselves, or whether the pharmacy students 

participating in the study simply were not yet knowledgeable

enough concerning all aspects of medication safety to identify the

pictograms’ meaning. The fact that study participants were more

likely to understand the pictograms after training suggests that

health care workers likely would be able to identify the meaning

of the pictograms, because they would already be well educated

about all aspects of medication safety and would have encountered

these medication safety issues in practice. Validation of these 

pictograms in health care professionals must be the next step.

CONCLUSION 

Implementation of medication safety programs has the 

potential to save health care systems substantial costs and to 

prevent serious patient injury, thereby leading to better patient

outcomes.29 In this study, we assessed the comprehensibility of 

9 pictograms developed to increase medication safety through 

interception and prevention of medication administration errors.

Further studies will be needed to validate the pictograms in a 

sample of health care professionals and possibly to redesign and

validate the pictograms depicting “Concentrated electrolyte 

formulations” and “Medication with a significant risk of harm if

administered improperly”. It will be important to determine how

these pictograms can be simplified or how the messages themselves

could be clarified to represent the same ideas. Future studies will
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focus on the impact of the 9 pictograms in preventing medication

administration errors in a health care setting and in improving

clinical outcomes. 
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