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Gordon1‡, Viviana Jiménez-Murcia3‡, Javier Eslava-Schmalbach1,3☯

1 Hospital Universitario Nacional de Colombia, Facultad de Medicina, Universidad Nacional de Colombia,
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de Colombia, Bogotá, Colombia, 3 Technology Development Center, Sociedad Colombiana de
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Abstract

Audiovisual educational material has been used effectively as a knowledge translation strategy

in patient education. Given the need to impact maternal mortality rates, 12 video clips related

to maternal and neonatal health information were designed based on the results of a previous

systematic review (SR). The content was formulated based on clinical practice guideline rec-

ommendations and validated following a formal consensus methodology. This study evaluated

the effectiveness of knowledge transfer from the 12 video clips in terms of attention, emotional

response, and recall by using neuroscience tools. In a randomized cross-over trial, 155 sub-

jects (pregnant women, non-pregnant women, and men) received random sequences of 13

video clips, including a control video clip. Participants’ attention levels were evaluated through

eye tracking, their emotional reactions were monitored by electrodermal activity and pupillary

diameter, and their recall was tested via a questionnaire. An analysis was performed to evalu-

ate differences in the groups and between the video clips and the control clip using variance

analysis models that considered period, sequence, and carry-over effects. Results revealed

that fixation length was greater in women than in men, while the greatest emotional effects

occurred in men. All three groups had good recall results, without any significant differences

between them. Although the sequencing did influence attentional processes, no carry-over

effect was demonstrated. However, a differential effect was noted among video clips in all

three outcomes, that is, when adjusted for group, level of education, and having had children.

The control clip generated less attention, emotional reaction, and recall than the experimental

video clips. The video clips about maternal and neonatal health were shown to be effective in

the transference and comprehension of information. Therefore, cognitive neuroscience tech-

niques are useful in evaluating knowledge translation strategies through audiovisual formats.
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Introduction

Improving maternal health and reducing maternal mortality are priorities in public health. At

the global level, the importance of intensifying the efforts of national action plans in this regard

is reinforced through the prioritization of the health of women and children [1]. In Colombia,

the maternal mortality rate in 2017 was 51.4 deaths per 100,000 live births (LV). Maternal mor-

tality is higher among the poorest population groups and four times higher in the departments

where the highest Multidimensional Poverty Index rates have been reported (Vichada and

Chocó) [2].

In order to identify the causes of high maternal mortality, a systematic analysis was devel-

oped by the WHO [3], which revealed that for the period 2003–2009, 73% of all maternal

deaths were the direct result of obstetric problems, with hemorrhage and in particular postpar-

tum hemorrhage being the most frequent direct cause. It is evident, therefore, that the highest

proportion of maternal morbidity and mortality occurs during childbirth, strategies must be

formulated to tackle these issues. Although many complications of pregnancy are not prevent-

able, early recognition of warning signs and timely consultation prior to childbirth and in post-

partum stages can have a positive effect on maternal outcomes, with a lower proportion of

complications and better health results [4]. Strategies focused on reducing the number of

maternal deaths should be directed not only at health professionals and institutions, but also at

the pregnant woman, her family and friends, and the community at large. Everyone involved

should receive clear and specific information to know how to recognize warning signs and act

on them in a timely manner.

The existing gap between knowledge generated through research and its application has

been recognized as one of the most critical public health challenges we face today, and knowl-

edge transfer (KT) can address this gap [5–7]. Consequences of the knowledge-action gap

included the suboptimal use of effective treatments, poor health outcomes, and health inequal-

ities, which have a negative impact on quality of life, productivity, and resource use and distri-

bution [8]. KT strategies can be used to evaluate the implementation of knowledge and

identify methods to reduce the gap between the generation of evidence and its application in

clinical practice [9].

The use of reminders and video clips ensures that scientific evidence will be accessible to

decision-makers and health providers [10]. A systematic review (SR) that assessed the effec-

tiveness of intervention strategies determining factors in clinical practice focused on improv-

ing outcomes included 15 studies in its quantitative analysis. The review reported an OR of

1.56 (95% CI 1.27–1.93, p< 0.001) in favor of targeted interventions [11]. Similarly, the effec-

tiveness of knowledge strategies in public health has been demonstrated [11,12]. However, few

strategies facilitate the empowerment of patients regarding their health care, specifically those

for pregnant women and children.

Cognition is the ability to recognize and process information by using knowledge to modify

preferences; in problem-solving it is related to reasoning, learning and drawing conclusions

[10, 11]. Memory is made up of associations that represent events, people or places. However,

memory is selective, and in general, what people remember is what they have deemed to be

important or interesting. Each type of information is represented by specific neuronal patterns,

and the repetition of a pattern strengthens the recall of an event in the process known as long-

term potentiation [12]. Thus, for example, the repetition of a message, as occurs in the case of

advertising campaigns, should stimulate recall of the information pertaining to the advertised

product.

Although social scientists commonly use research tools such as interviews or self-declared

questionnaires, these are insufficient to gather all the necessary data [13], because the
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responses to these tools reflect introspective reflections about the emotions in relation to an

advertising stimulus. Reactions to subtle stimuli may be impossible to quantify using tradi-

tional methods. An alternative is to evaluate autonomic responses concentrating on emotional

reactions that are not distorted by higher cognitive processes [14]. Other techniques have been

developed using cognitive neuroscience to observe the processing and making of decisions in

real time in which aspects of perception, attention, emotion, and memory come into play

[15,16]. Neuromarketing has emerged as an area in which the balance of internal and external

preferences that govern emotional experiences is being studied and understood through

behavioral observation and physiological monitoring [17]. This allows the relationship

between emotional and rational behaviors to be analyzed, particularly in relation to marketing

and persuasion [18,19].

A method widely used in neuromarketing is eye tracking, a technique that allows the detec-

tion and recording of eye movements. During the execution of a visual task, the relationship

between eye movements and cognitive processes such as language and image processing,

memory processes, social cognition, and decision making can be examined [20,21]. Eye track-

ing is used to understand how a person perceives, explores, searches, and remembers what has

been visualized. This provides a window into the cognitive processes involved with the process

of visualization [22]. Calvert et al. evaluated the use of the eye tracking technique to predict the

effectiveness of advertising campaigns that had been previously rated as good or bad. The

researchers reported significant differences in eye tracking for each type of campaign in terms

of fixation on the number of quadrants per second. The finding suggest that commercials are

more effective when attention is kept on fewer areas of the screen [23]. Oculometric data are

useful in this research because they can be used to improve the selection of appropriate video

clips based on their ability to be remembered and their emotional impact. Additionally, the

measurement of neuropsychological reactions can be monitored based on the analysis of subtle

changes in the galvanic skin response [19]. Therefore, the clear wording and appropriate

understanding of the message that is received, as well as the activation of the neural mecha-

nisms of attention and emotion, will enable the prediction of the retention ability and the

effectiveness of the received stimulus.

Thus, the facilitation of the dissemination of health knowledge can also be based on the

results obtained from cognitive neuroscience strategies applied to marketing, or neuromarket-

ing, as it is known in the fields of economics and advertising [17]. These strategies could con-

tribute to the knowledge and empowerment of pregnant women and their families, along with

better care in the prenatal, childbirth, and postpartum processes. It would, therefore, improve

the health outcomes for both the mother and the newborn child. The objective of this study

was to evaluate the effectiveness of 12 video clips in the KT of information about maternal and

neonatal health by measuring levels of attention, emotional response, and recall through using

neuromarketing tools.

Materials and methods

The protocol for this trial and supporting CONSORT checklist are available as supporting

information; see S1 Checklist and S1 File.

Ethics statement

The study protocol was approved by the Research Ethics Committee of the Sociedad Colombi-

ana de Anestesiologı́a y Reanimación (S.C.A.R.E.) on July 7th, 2015 (No. CE201503). The trial

was registered before participants were recruited on the international trial register
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(ClinicalTrials.gov: Identifier NCT03330860). The authors confirm that all ongoing and

related trials for this intervention are registered.

Study design and participants

A randomized, open crossover trial was conducted, where each participant included in the study

received randomly-generated sequences of 13 video-clips (one of them as a control). The ran-

domization method was based on the algorithm designed by the eye tracker (Tobii TX300),

which uses the Latin squares design to create the sequences, constructing (x) number of presen-

tation sequences, according to (n) number of video clips selected to be randomized, and defining

video clip 13 (the control) as the basis for randomization. Through this method, the allocation

concealment was also guaranteed, since neither the patient nor the researcher knew the presenta-

tion sequence of the videos. Due to the nature of the interventions and the outcome measure-

ment method, blinding of subjects or researchers was not possible. The sample was obtained

through intentional, non-probabilistic sampling; participants included were pregnant women,

non-pregnant women, and men over 18 years of age. Subjects were excluded if they displayed

health problems related to pregnancy or some clinically significant visual or auditory disorder.

The CONSORT flow diagram of subject recruitment, allocation and analysis is shown in Fig 1.

Intervention. Each subject was exposed to 13 video clips containing information regard-

ing maternal and neonatal health. These consisted of:

Intervention videos: 12 video clips about prenatal control (video clips 1 to 4), labor and

delivery care (video clips 5 to 8), and postpartum and newborn care (video clips 9 to 12) were

made. Each video aimed at providing important information during each of these stages.

These video clips were made with mixed 2D and 3D elements. Every video was about 45 sec-

onds long, and their format and content were prepared based on the best available evidence,

obtained from a SR (Phase I) [24]) and clinical practice guidelines, which was validated by

clinical experts (Phases II and III) (S2 File). The decision regarding the duration of each video

was based on the fact that segmentation allows learners to engage with small pieces of new

information, which facilitates control over the flow of new information; therefore, each video

included only key information on a single topic. Similar interventions using short videos have

proven to produce better engagement than using longer videos [25,26]. The areas of interest

(AOIs) of each video clip were defined as the most relevant areas that best represented the key

concepts and on which the participants were expected to fix their attention more (S2 File).

Control video: video clip in 2D, with information about prenatal control presented in a

conventional format (narration, static images and text on the screen). It was obtained from the

link: https://www.youtube.com/watch?v=VghQlqtX71U. A section of the video was used for

the purposes of this study.

After each video there was an eight second rest period (wash out period), during which a

neutral sequence was presented with the intention of calibrating the response of the individual

in a neutral state and thus, be able to control the carry-over effect. The participation of the sub-

jects was voluntary, and the measurements were carried out by trained personnel, after obtain-

ing written informed consent. The content of the videos was not explained either before or

during the test. Participants were recruited between May and June 2017 through phone calls,

online calls and social networks. The sessions were held in the Laboratory of Cognitive Neuro-

science and Communication of the National University of Colombia, from June 23 to July 21,

2017, with an approximate duration of 30 minutes per participant.

Outcomes. Attention and emotional reaction outcomes were measured through tech-

niques used in neuromarketing: eye movements and pupillary diameter through the eye-track-

ing method, and electrodermal activity measurement employing a galvanometer.
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Attention: the eye-tracking method was used to evaluate the subject´s attention to the visual

stimulus of the video clips, using the Tobii Tx300 Eye Tracker equipment. Eye movements

were recorded during each video presentation. The following variables were measured, which

registered how and when was the subject’s focus on the AOIs: 1) time to first fixation (TFF) in

seconds on an AOI (indicative of the efficiency of the arrangement of visual elements [27]),

and 2) duration of each of the fixations made on an AOI (has been shown to be related to the

area’s information, content or complexity [28]). These measurements indicate the total dura-

tion of the fixation on each AOI.

The screen-time of each AOI and the duration of subject fixation on each AOI was recorded

in seconds. A proportion between the subject fixation time and the screen-time of each AOI

was then calculated to make the results comparable despite the differences in AOI screen-time.

Subsequently, to obtain a final measurement per subject, an average of the data was calculated,

obtaining the proportion of fixation time over AOI screen-time for each video. To obtain the

Fig 1. CONSORT flow diagram of subject recruitment, allocation and analysis.

https://doi.org/10.1371/journal.pone.0215561.g001
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time to the first fixation on an AOI, the time elapsed from the beginning of each AOI to the

exact time of fixation on the area was measured. Then for each subject, the average time to first

fixation per video clip was calculated.

Emotional reaction: the monitoring of the autonomous activity to evaluate the subjects´

emotional state or reaction was carried out by recording electrodermal activity. This phenome-

non is related with the sweat glands´ response to a stimulus, which alters the skin´s electrical

properties [29]. The electrodes were placed on the distal phalanges of the third and fourth fin-

gers of the non-dominant hand, with SE-35 sensors connected to a T-601 preamplifier (J & J

Enterprises Seattle, WA). Physiolab USE3 Software was used for the analysis of results (J & J

Engineering, 2004). The analysis was performed by calculating the amplitude of the electro-

dermal response (μS) to a stimulus [29]. Two values were required to calculate the amplitude

for each AOI: the conductance recorded at the lowest point during the latency period (base-

line), and the conductance peak. Thus, for this study, we analyzed the data from a phasic per-

spective. The baseline was the beginning of each video where the title of the topic to be

addressed was presented and no other images were displayed. This analysis was conducted for

each subject for each AOI per video-clip, and measurements where a positive amplitude was

obtained were included in the data: that is, those in which the skin conductance measurement

was greater than that of the baseline, since positive amplitudes are those associated with an

emotional impact.

In addition to the recording of the electrodermal activity, the emotional reaction was also

evaluated by measuring the pupillary diameter (in mm) per millisecond with the visual track-

ing equipment (the eye tracker), since the reaction of the pupil is a psychophysiological indica-

tor of cognitive and emotional processing [30]. Although the variations of the pupil are usually

related to the cognitive load, they do not allow researchers to determine the intensity or emo-

tional valence [31]. However, some studies have inferred emotional impact through this tech-

nique [32]. Recent research has confirmed that the pupil dilates in response to emotionally

arousing materials [33,34]. In consumer science, various studies have reported increases in

pupil size in response to stimuli and experiences that evoke strong interest and emotions in

consumers [35–37].

Additionally, pupil dilation is associated with the activity of the locus coeruleus [38] which

is a key region of emotional arousal, as it reflects activity of the SNS induced by the presenta-

tion of emotional stimuli and indicates intense emotional arousal toward both pleasant and

unpleasant stimuli and experiences [39]. Pupillary responses appear to indicate emotional

arousal, increased mental activity in decision making and in response to rewards [39]. An

average measurement of the pupillary diameter of each eye was taken for all the video clips,

and a final average of both eyes.

Recall evaluation: The assessment of the recall component was carried out by having partic-

ipants complete a knowledge test in the form of a questionnaire after each video clip had been

watched. The questionnaires, each with two or four questions, were prepared by the research-

ers based on the information presented in each video clip and on the AOIs. As the number of

questions per questionnaire differed between video clips, once the total of correct answers per

questionnaire had been established, the proportion of correct answers was calculated with

respect to the total number of questions (S3 File).

Missing data

In total, 6 subjects were excluded from the analysis as a result of incomplete recording of the

electrodermal activity or ocular tracking due to equipment failure. In total there were 19 sets

of missing data (6 for the fixation time in AOIs, 6 for the time of first fixation, and 7 for the
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electrodermal activity), corresponding to missing measurements for some videos owing to

technical failures in the measurement of the electrodermal activity and eye tracking. These

data were imputed using the last observation carried forward method [40,41].

Sample size

For the calculation of the sample size, the statistical power analysis program G� Power 3 [42]

was used for a one-way analysis of variance (ANOVA) and fixed effects, using the F statistic.

The expected sample size (f) was estimated based on the classification described by Cohen

[43], which defines values of 0.1, 0.25 and 0.4 as small, medium and large effects, respectively.

The selection of parameters used for the recall results were an average effect size f = 0.3; power

(1-β) = 0.90 and alpha (α) = 0.05 for the three groups. The calculation yielded a result of a

required total sample of 144 subjects. As there was to be no monitoring of the participants and

the possible number of losses (mainly due to failures in recording), a minimum of 150 subjects

was defined for the total sample.

Statistical analysis

A descriptive analysis of the data was carried out, with the qualitative variables presented in

proportions and the quantitative variables by measures of central tendency and dispersion

depending on their distribution (Shapiro-Wilks test). An overall analysis was made for the lev-

els of attention, emotional response and recall among groups (non-pregnant women, pregnant

women and men), by level of education and having had children, using the Kruskal-Wallis test

or Wilcoxon sum rank test, depending on the number of levels of each factor. As a result of the

multiple comparisons between attention, emotional reaction and recall, the level of signifi-

cance was adjusted to a p<0.0025, using the Bonferroni correction method for multiple com-

parisons [44,45].

Because this is a crossover trial, one of the main drawbacks is the carry-over effect: this

effect can be controlled or prevented by introducing a wash-out period between interventions,

which must be long enough to eliminate the effects of a process [46]. In this case, a wash-out

time of 8 seconds was used for all subjects between the 13 video clips. An analysis was carried

out for the levels of attention, emotional reaction and recall, adjusted by group (men, non-

pregnant women, and pregnant women), level of education, and children, using the statistical

package pk, in particular pkshape and pkcross, of the software STATA 13.1. This allows the

analysis of crossover experiments by analysis of variance models (ANOVA) taking into

account period, sequence and carry-over effects. Because the sample data do not come from a

normally distributed population, it was necessary to carry out the transformation of the vari-

ables, with the square root method for the attention variable, logarithmic for the emotional

reaction variable, and the cube power for the recall variable.

Results

The final sample consisted of 161 subjects, with an average age of 27 years, and with a similar

distribution among the three groups. The proportion of subjects by level of education was sim-

ilar among groups, with a higher number of participants at the high school and undergraduate

levels (77%) (Table 1).

Attention: for all the videos, the proportion was higher in the group of pregnant women

compared to the other two groups. Significant differences were observed among the groups for

video clip 11 (p<0.0025) (Table 2). Fig 2 shows there was a longer fixation time in the AOIs of

clips 8, 9 and 11, with proportions greater than 0.5. On the other hand, clips 3, 10 and 12 were

reported as having the lowest result. In relation to the time to the first fixation, a greater
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Table 1. Sociodemographic characteristics of the participants.

Variable Man

(N = 54)

Non-pregnant woman

(N = 56)

Pregnant woman

(N = 51)

Total sample

(N = 161)

Age

Median (Q1-Q3)1
24 (21–30) 27.5 (22–47) 30 (23–35) 27 (22–35)

Level of education n (%) n (%) n (%) n (%)

None 0 2 (3.5) 0 2 (1.24)

Elementary 1 (1.8) 4 (7.1) 6 (11.8) 11 (6.8)

High School 25 (46.3) 25 (44.6) 26 (51) 76 (47.2)

Undergraduate 18 (33.3) 15 (26.8) 15 (29.4) 48 (29.8)

Postgraduate 10 (18.52) 10 (17.9) 4 (7.8) 24 (14.9)

Children n (%) n (%) n (%) n (%)

Yes 6 (11.1) 21 (37.5) 33 (64.7) 60 (37.3)

No 48 (88.9) 35 (62.5) 18 (35.3) 101 (62.7)

1Q1-Q3: first quartile–third quartile

https://doi.org/10.1371/journal.pone.0215561.t001

Table 2. Time and proportion of fixation in areas of interest per groups of men, non-pregnant women and pregnant women (attention).

Video clips Proportion of fixation in areas of interest (Median—(IQR1)) Time to first fixation (in seconds) in areas of interest (Median—(IQR1))

Man

(n = 51)

Non-pregnant woman

(n = 53)

Pregnant woman

(n = 51)

Total

n = 160

Man

(n = 51)

Non-pregnant woman

(n = 53)

Pregnant woman

(n = 51)

Total

n = 160

V-1 0.42

(0.36–0.50)

0.42

(0.36–0.46)

0.43

(0.39–0.47)

0.42

(0.37–0.47) ��
0.62

(0.53–0.74)

0.58

(0.50–0.69)

0.55

(0.46–0.65)

0.65

(0.51–0.83) ��

V-2 0.41

(0.34–0.49)

0.41

(0.32–0.49)

0.42

(0.37–0.49)

0.41

(0.34–0.49) ��
0.71

(0.55–0.85)

0.66

(0.57–0.85)

0.61

(0.5–0.75)

0.59

(0.38–0.82)

V-3 0.21

(0.16–0.26)

0.21

(0.16–0.25)

0.23

(0.18–0.26)

0.21

(0.16–0.26) ��
0.59

(0.41–0.82)

0.64

(0.51–0.94)

0.44

(0.33–0.75)

0.73

(0.51–0.94) ��

V-4 0.36

(0.31–0.40)

0.39

(0.29–0.45)

0.39

(0.32–0.43)

0.38

(0.32–0.42) ��
0.81

(0.54–0.96)

0.67

(0.47–0.85)

0.73

(0.49–0.94)

0.61

(0.51–0.72)

V-5 0.37

(0.29–0.44)

0.36

(0.30–0.45)

0.41

(0.34–0.50)

0.39

(0.31–0.46) ��
0.59

(0.46–0.67)

0.61

(0.52–0.72)

0.64

(0.54–0.75)

0.54

(0.29–0.77)

V-6 0.42

(0.34–0.44)

0.40

(0.34–0.45)

0.41

(0.31–0.46)

0.41

(0.33–0.45) ��
0.53

(0.26–0.71)

0.51

(0.23–0.77)

0.56

(0.39–0.77)

0.43

(0.35–0.59) ��

V-7 0.38

(0.32–0.44)

0.40

(0.34–0.44)

0.45

(0.39–0.48)

0.40

(0.34–0.45) ��
0.45

(0.35–0.70)

0.46

(0.39–0.58)

0.38

(0.32–0.57)

0.45

(0.33–0.61) ��

V-8 0.88

(0.77–0.96)

0.86

(0.76–0.89)

0.88

(0.84–0.97)

0.88

(0.77–0.96) ��
0.47

(0.32–0.60)

0.45

(0.35–0.67)

0.43

(0.32–0.60)

0.04

(0.01–0.06) ��

V-9 0.56

(0.46–0.61)

0.57

(0.51–0.62)

0.58

(0.52–0.63)

0.57

(0.50–0.63) ��
0.03

(0.01–0.06)

0.04

(0.008–0.06)

0.04

(0.01–0.08)

0.25

(0.16–0.40) ��

V-10 0.23 �

(0.19–0.26)

0.22 �

(0.19–0.26)

0.25 �

(0.22–0.31)

0.23

(0.20–0.28) ��
0.30

(0.15–0.51)

0.25

(0.18–0.39)

0.23

(0.14–0.36)

0.48

(0.39–0.67)

V-11 0.72

(0.65–0.77)

0.71

(0.66–0.76)

0.75

(0.70–0.78)

0.73

(0.67–0.77) ��
0.47

(0.39–0.64)

0.48

(0.39–0.62)

0.75

(0.70–0.78)

0.15

(0.11–0.21) ��

V-12 0.23

(0.18–0.29)

0.26

(0.21–0.29)

0.26

(0.21–0.32)

0.25

(0.20–0.31) ��
0.15

(0.11–0.20)

0.15

(0.12–0.21)

0.15

(0.10–0.22)

0.53

(0.39–0.75)

Control 0.31

(0.27–0.38)

0.33

(0.27–0.39)

0.35

(0.29–0.40)

0.33

(0.27–0.39)

0.51

(0.34–0.75)

0.56

(0.40–0.99)

0.49

(0.41–0.68)

0.58

(0.50–0.69)

1IQR: first quartile–third quartile

�Significant differences p<0.0025 between comparison of groups–non-parametric Kruskal-Wallis test.

��Significant differences p<0.0025 between comparison of each video clip with the control–Wilcoxon rank-sum test

https://doi.org/10.1371/journal.pone.0215561.t002

Effectiveness of maternal and neonatal health video clips through neuromarketing tools

PLOS ONE | https://doi.org/10.1371/journal.pone.0215561 May 8, 2019 8 / 19

https://doi.org/10.1371/journal.pone.0215561.t001
https://doi.org/10.1371/journal.pone.0215561.t002
https://doi.org/10.1371/journal.pone.0215561


homogeneity of the data between video clips was identified, with less than one minute elapsed

before the first fixation in all videos, the times of clips 9 and 12 being the lowest and the time

of clip 4 the highest, as shown in Fig 3. When comparing the proportion of fixation with

respect to the total time of the AOIs for each video clip with the control video, significant dif-

ferences were noted for all the comparisons (Table 2); however, for video clips 3, 10 and 12,

this favored the control video.

Participants without education had the lowest fixation levels, and a similar trend was identi-

fied in non-pregnant women and men with elementary education. The differences between

levels of education were observed mainly in video clips 2, 5, and 7; however, no significant dif-

ferences were demonstrated. It was also observed that subjects without children had a longer

Fig 2. Proportion of fixation in areas of interest (Median—(IQR)).

https://doi.org/10.1371/journal.pone.0215561.g002

Fig 3. Time to first fixation (in seconds) in areas of interest (Median—(IQR)).

https://doi.org/10.1371/journal.pone.0215561.g003
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fixation time in the AOIs, especially in the first six video clips, video clip 12 and the control

video.

With respect to the time to first fixation, the data again showed better results in the group

of pregnant women, that is, a shorter time to first fixation. The longest times were reported by

men in six of the thirteen video clips; however, for the control video the longest time to the

first fixation was that of non-pregnant women (Table 2). Regarding education levels, it was

noted that the higher the level of education (undergraduate and postgraduate), the greater the

time elapsed for the first fixation in the AOIs, especially in non-pregnant women. Significant

differences were observed in video clip 3 (p = 0.002) and within the groups, there was no sig-

nificant difference in any of the comparisons.

In the comparison between subjects with and without children, it was observed that for sub-

jects without children, there was a shorter time to first fixation in the AOIs in each of the three

groups, except for the first three video clips in the group of pregnant women. Video clip 9

showed the smallest difference between the two groups of having and not having children. The

differences these two groups were observed mainly in video clips 11, 12 and 13, but were not

statistically significant.

Table 3 shows the variability between subjects, owing to the presence of the sequence effect;

this finding suggests that the order of presentation of the videos has an effect on the time of fix-

ation. Likewise, there was intra-subject variability due to a period effect, but no carry-over

effect was observed. Therefore, the time it takes the subjects to fix their attention on the AOIs

differs between video clips, but this result does not depend on the effect of the previous video

(Table 3, model 1). When including the factors of education level, group, and having had chil-

dren, the model was adjusted appropriately to the data (F = 0.000) and showed 80% for the

proportion of the time of fixation and 55% for the time of first fixation of the variability, as

explained by the independent variables included (R2 = 0.79 and 0.55); that is, the time of

Table 3. Results of the outcome of attention in the analysis of variance models.

Proportion of fixation in areas of interest Time to first fixation in areas of interest (seconds)

Model 1

Source of variability gl1 Mean squares Statistic test F Prob > F gl1 Mean squares Statistic test F Prob > F

Among subjects

Effect of sequencing 27 0.05 1.99 0.0059 27 0.12 2.11 0.0030

Residuals 127 0.03 6.32 0.0000 127 0.06 2.42 0.0000

Intrasubject

Carry-over effect 9 0.00 1.03 0.4172 9 0.04 1.51 0.1384

Period effect 32.35 2.70 667.70 0.0000 12 5.06 213.13 0.0000

Residuals 7.39 0.00 1830 0.02

Model 2–Adjusted by group, education level, and children

Model 37 1.7180 201.14 0.0000 37 1.7282 64.68 0.0000

Groups� 2 0.2721 31.86 0.0000 2 0.2867 10.73 0.0000

Education level 4 0.0427 5.00 0.0005 4 0.1094 4.09 0.0026

Children 1 0.4194 49.11 0.0000 1 0.6904 25.84 0.0000

Carry-over effect 9 0.0053 0.63 0.7705 9 0.0390 1.46 0.1563

Period effect 12 5.1580 603.86 0.0000 12 5.0606 189.39 0.0000

Residuals 1977 0.0085 1977 0.0267

Analysis of variance (ANOVA) for crossover studies using the statistical package pkcross
1 gl = degrees of freedom

�Groups = Men, non-pregnant women and pregnant women

https://doi.org/10.1371/journal.pone.0215561.t003
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fixation in the AOIs is significantly related to the levels of the three factors included (Table 3,

model 2).

Emotional reaction: the analysis of electrodermal activity was carried out using the results

of the positive amplitudes by AIOs of each video clip for each subject (emotional impact),

which amounted to 14% of all the amplitude data, of which 31.6% corresponded to non-preg-

nant women, 37.3% to the group of men and 31% to the group of pregnant women. The elec-

trodermal response amplitude used in the ANOVA model with pkcross corresponds to the

mean of the transformed variable (since it did not show a normal distribution) of the positive

amplitudes for each video. On the other hand, when making comparisons between groups and

videos the variable that was not subjected to transformation (original data) was used, and

therefore the results are presented as the median of the positive amplitudes for each video,

together with the corresponding dispersion measure. The amplitude was greater in men, and

significant differences were observed when comparing the results of this group with those of

the group of pregnant women, in whom the amplitude of all video clips was less than 4 μS, sug-

gesting a greater emotional impact in the men. Video clips 1, 6 and 11 produced a greater emo-

tional response within the total sample, whereas video clip 5 and the control video were those

that generated lower amplitudes; however, the differences between video clips are not signifi-

cant (Table 4).

Table 4. Amplitude of electrodermal response and pupillary diameter by group of men, non-pregnant women and pregnant women (Emotional reaction).

Video-clip Amplitude of electrodermal response in microsiemens (μS) (Median—(IQR1)) Pupillary diameter in mm (Median—(IQR1))

Man

(n = 49) ¶
Non-pregnant woman

(n = 52) ¶
Pregnant woman

(n = 50) ¶
Total

n = 151¶
Man

(n = 51)

Non-pregnant woman

(n = 53)

Pregnant woman

(n = 51)

V-1 5.32

(2.11–12.59)

3.60

(1.89–12.04)

1.11

(0.76–2.87)

2.71

(0.94–6.77)

3.03 �

(2.80–3.38)

3.15 �

(2.88–3.45)

2.89 �

(2.67–3.15)

V-2 3.04

(1.25–10.41)

9.24

(0.98–14.64)

1.58

(0.53–3.60)

2.15

(0.88–10.41)

3.09 �

(2.84–3.41)

3.10 �

(2.82–3.41)

2.86 �

(2.63–3.13)

V-3 8.30

(3.94–11.73)

3.96

(0.74–14.06)

1.34

(0.52–2.94)

3.23

(0.85–8.92)

3.06 �

(2.84–3.34)

3.05 �

(2.81–3.34)

2.85 �

(2.65–3.1)

V-4 2.92

(1.03–7.37)

2.28

(0.59–5.79)

1.70

(0.65–3.75)

2.47

(0.90–5.95)

3.23 �

(2.99–3.55)

3.21 �

(2.91–3.54)

2.95 �

(2.70–3.22)

V-5 2.77

(1.50–8.31)

1.06

(0.20–4.01)

0.70

(0.51–2.71)

1.23

(0.52–3.71)

3.17 �

(2.92–3.47)

3.15 �

(2.86–3.44)

2.93 �

(2.68–3.22)

V-6 3.77

(1.85–13.78)

2.71

(0.91–8.88)

0.76

(0.34–3.07)

2.63

(0.75–7.14)

3.14 �

(2.91–3.44)

3.13 �

(2.87–3.41)

2.88 �

(2.68–3.15)

V-7 4.66

(1.45–10.03)

2.19

(0.74–3.72)

1.25

(0.57–2.99)

2.42

(0.83–5.37)

3.05 �

(2.84–3.31)

3.06 �

(2.8–3.37)

2.85 �

(2.64–3.09)

V-8 3.69

(1.58–7.11)

0.90

(0.53–3.12)

1.42

(0.77–4.01)

2.44

(0.76–4.21)

3.09 �

(2.86–3.38)

3.08 �

(2.83–3.38)

2.88 �

(2.67–3.14)

V-9 2.00

(1.70–6.49)

3.05

(1.64–9.36)

1.16

(0.75–3.01)

2.32

(0.98–5.77)

3.21 �

(2.95–3.56)

3.24 �

(2.94–3.59)

3.02 �

(2.75–3.31)

V-10 2.83

(0.68–8.57)

3.12

(1.21–7.70)

0.71

(0.15–1.91)

1.92 (0.48–4.72) 3.17 �

(2.94–3.46)

3.19 �

(2.89–3.48)

2.90 �

(2.7–3.19)

V-11 6.91

(2.03–12.14)

3.11

(0.58–14.30)

1.41

(0.69–3.34)

2.66

(0.98–11.40)

3.14 �

(2.91–3.42)

3.17 �

(2.85–3.48)

2.88 �

(2.66–3.15)

V-12 3.29

(1.32–9.27)

2.21

(0.72–6.39)

1.51

(0.77–2.91)

2.20

(0.82–5.53)

3.18 �

(2.95–3.48)

3.18 �

(2.9–3.5)

2.92 �

(2.72–3.2)

Control 3.28

(0.99–8.60)

1.44

(0.20–2.52)

1.06

(0.40–2.54)

1.46

(0.39–3.89)

2.94 �

(2.74–3.19)

2.96 �

(2.70–3.2)

2.73 �

(2.57–2.96)

1IQR: first quartile–third quartile
¶ A lower sample is shown, as a result of subjects who did not produce a positive amplitude, i.e. those in which the measurement of conductance of the skin was less than

that of the baseline.

�Significant differences p<0.0025 in the comparison of groups–non-parametric Kruskal-Wallis test.

https://doi.org/10.1371/journal.pone.0215561.t004
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The group of pregnant women showed the lowest amplitudes, but there were no obvious

differences between levels of education. On the contrary, among men and non-pregnant

women a greater emotional impact was observed in those with highest levels of education

(undergraduate and postgraduate), but significant differences were only noted in video clip 10

(p = 0.001). In the comparisons between having and not having children, it was observed that

in subjects who had no children there was a greater emotional impact among all three groups,

although this finding was more evident in men and non-pregnant women; the differences

between having and not having children for non-pregnant women were significant only in

video clip 8 (p = 0.002).

For the majority of the videos, the pupillary diameter was highest in men, and significant

differences were found for all the videos when comparing the groups (Table 4). The group of

pregnant women displayed the lowest diameter for all the videos and thus was the group with

the lowest emotional reaction. The smallest diameter recorded for each of the groups was for

the control video (Table 4).

The result of the electrodermal activity in the analysis of variance did not show variability

between subjects or intra-subjects; the effect of sequence was not proven, nor were the period

and carry-over effects, so the emotional impact measured via electrodermal activity is not

dependent on the differences between videos or on the effect of a video previously seen

(Table 5, model 1). When including the factors of level of education, group, and having chil-

dren, the model was adjusted in an appropriate manner to the data (F = 0.000). However, only

18% of the variability in the electrodermal activity is explained by the independent variables

included (R2 = 0.178). The results of the model showed that the emotional reaction is signifi-

cantly related to the levels of the three factors included (Table 5-model 2).

Recall: there were no statistically significant differences among the groups, with all the sub-

jects in the sample answering correctly to most of the questions asked. While there was a good

Table 5. Results of the emotional reaction outcome and recall in the analysis of variance models.

Amplitude of electrodermal response in microsiemens (μS) Recall (proportion of correct responses)

Model 1

Source of variability gl1 Mean squares Statistic test F Prob > F gl1 Mean squares Statistic test F Prob > F

Between subjects

Sequence effect 27 2.52 0.35 0.9989 27 0.18 1.08 0.3680

Residuals 123 7.25 4.89 0.0000 127 0.17 3.01 0.0000

Intrasubject

Carry-over effect 9 1.71 1.15 0.3220 9 0.04 0.79 0.6241

Period effect 12 1.51 1.02 0.4324 12 0.79 14.27 0.0000

Residuals 1830 0.02 1830 0.06

Model 2 –Adjusted for group, education level and children

Model 37 9.5246 4.37 0.0000 37 0.5326 8.97 0.0000

Groups � 2 27.6107 12.67 0.0000 2 0.1095 1.85 0.1583

Education level 4 15.2786 7.01 0.0000 4 1.8745 31.58 0.0000

Children 1 42.4479 19.47 0.0000 1 0.4321 7.28 0.0070

Carry-over effect 9 1.5308 0.70 0.7072 9 0.4313 0.73 0.6848

Period effect 12 2.1323 0.98 0.4680 12 0.7882 13.28 0.0000

Residuals 745 2.1797 1977 0.0593

Analysis of variance (ANOVA) for crossover studies using the statistical package pkcross

1 gl = degrees of freedom

�Groups = Men, non-pregnant women, and pregnant women

https://doi.org/10.1371/journal.pone.0215561.t005
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recall of the information in all the videos, the best-recalled video clips were those from 1 to 3

and 11, and the lowest recall was for the control video. In the comparison between each video-

clip and the control, significant differences were identified in all the comparisons (p<0.001).

Regarding the level of education, the results showed that the higher the level of education

(undergraduate and graduate), the greater the information recall. The video clips 5, 8 and the

control video produced the lowest scores among those with the lowest levels of education

(none and elementary) and the control video produced the lowest scores in the rest of the

levels.

In the variance analysis for the recall outcome, there was no variability between subjects,

implying that there was no sequence effect, but there was intra-subject variability from a

period effect. However, a carry-over effect was not evident, so therefore memory differs

between video clips, but this response does not depend on the effect of the previous video

(Table 5, model 1). When including the factors of level of education, group and having chil-

dren, the model was adjusted in an appropriate manner to the data (F = 0.000); only about

15% of the variability in recall is explained by the independent variables (R2 = 0.143). The

results of the model showed that recall is significantly related to the level of education and hav-

ing children or not, but there were no differences between groups.

Discussion

This study is one of the first to implement a neuromarketing strategy to evaluate an audiovi-

sual KT tool in maternal and neonatal health. The study was done as a crossover trial, which

also included within its development the implementation of research in epidemiology, cogni-

tive neuroscience, and other disciplines. This study identifies methods to reduce the gap

between formulating evidence and applying it in order to benefit patients [6,10,47]. It has

become vital to design educational strategies that guarantee an effective learning process. Edu-

cational materials presented in an audiovisual format has already been used effectively in the

education of patients [24,48,49].

Research in neuroscience aimed at the perceptions and reactions to commercial ads has

heretofore focused mainly on evaluating the effectiveness of advertising campaigns in the field

of neuromarketing [19,50,51] or predicting the effectiveness of public health campaigns. The

objective is to optimize the messages and experiences for consumers by improving the effective

transmission of those messages as well as modifying their beliefs, attitudes, preferences, and

behaviors [16]. Examples of this include the anti-smoking campaigns [52].

Since a carry-over effect was not observed in any outcome the wash-out period imple-

mented in this study was effective in eliminating the influence of a video clip on the one fol-

lowing it. It was also observed that the sequence effect, the order in which the videos were

presented, did exert influence on the attentional processes, both in the time of fixation in the

areas of interest and in the time to the first visual fixation. This is relevant because the study by

Geiger et al., which evaluated participants’ attention to televisual clips, showed that subjects

develop expectations about the next visual stimulus in a sequence based on the information of

previously presented stimuli [53]. However, in this study, the order of presentation of the vid-

eos did not generally influence the recall of the video clip information or the emotional reac-

tion to it. However, in the models adjusted by group, a distinct effect was observed between

video clips, in the level of education and having children or not, for all the evaluated outcomes.

Between groups, there was a longer fixation time for the pregnant women, followed by the

non-pregnant women this would seem to indicate that women tend to have greater attentional

focus than men. Despite these differences, Video Clips 8, 9, and 11 had the longest fixation

time across all three groups. The time to the first visual fixation followed a similar pattern and
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was quickest in the group of pregnant women as well. This would indicate that those who scan

the screen more widely take a longer time to identify the AOIs. In this sense, the video clips

were effective in attracting the attention of pregnant women in the AOIs, which represent the

segments of special relevance. Similar findings were reported by Cárdenas et al., who found

that visual attention was more stable in women than in men [54]. Other studies have shown,

based on eye tracking techniques, that facial expression recognition is higher in women as well

[55]. Gender differences in attentional processes are also supported in the selectivity model

theory, which identifies men as selective processors and women as exhaustive processors

[56,57]. In short, while in men message processing is done through getting a general scheme of

the message, in women it produces a detailed wording of the content of the message, [58].

Subjects with lower educational levels had shorter visual fixation times. In some studies, it

has been observed that individuals with a higher level of education support their visual track-

ing strategies with executive functions that favor concentrating one’s attention on the key ele-

ments of a scene [17,59,60]. Similar results have been described regarding the comprehension

of visual stimuli based on levels of expertise. Thus, whereas experts tend to allocate attentional

resources to relevant information, focusing on task-relevant areas and ignoring redundant

images, novices show more variability on their areas of focus, and they have a longer duration

of fixation on redundant areas [61]. However, in the group of pregnant women, this distinct

pattern of fixation was not evident, suggesting that the closeness to the theme presented in the

scenes favors the fixation on key elements and also diminishes the attention elsewhere.

The least-recalled video clip in all three groups was the control video clip, and the differ-

ences were significant when compared with each video clip. The control video clip differed

from the others in several design aspects. It did not contain any 3D animation, the narration

was presented in a foreign accent, and the video clip had background music, abundant text,

and used static images. This finding reaffirms the results of the SR of the first phase and leads

to the conclusion that the strategies implemented in the design of the experimental videos

facilitated the attention and recall processes. Although no differences were found between the

groups, as with the attention process the level of education indicated that the level of recall in

the individuals with a lower educational level is lower; this could be related to the lower atten-

tion as observed in the times of fixation or to a lower short-term memory capacity in this

group [62].

With regard to the familiarity effect, it was observed that the participants who did not have

children were more focused on the video clips, displaying more time in fixation, a faster time

of arrival to AOIs, and a greater percentage of recall. This is likely related to a greater influence

of top-down attention, since these subjects had to reject other stimuli in the visual periphery

that was equally interesting, that is, their interest guides their observations and facilitates the

acquisition of knowledge [63,64].

The emotional reactions, measured both by recording electrodermal activity and by pupil-

lometry, show that pregnant women have a lower emotional reaction to stimuli. In men, the

stimuli had more of an emotional effect. Also, whereas pregnant women maintained a stable

emotional state throughout their viewing of the video clips, the men and the non-pregnant

women had more variable reactions. However, during the video clips that presented informa-

tion on warning signs during pregnancy and postpartum care (Clips 4 and 12), pregnant

women did react with higher pupillary diameter and amplitudes. Differences in terms of emo-

tional reactivity between men and women have been previously reported; in this regard,

women have been described as having a greater excitement in most emotions compared to

men, which shows that when watching videos that induce an emotional response, men fre-

quently show more intense emotional experiences, while women experience a greater emo-

tional expressiveness. [65].
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In general, the video clips that performed best in all the outcomes were Clips 8 and 9. This

was possibly due to the fact that in Clip 8 (pain management) the narration of the information

was supported by images that covered much of the screen, thus reducing the elements of dis-

traction, and Clip 9 displayed highly emotional content, since it emphasized skin-to-skin con-

tact with the newborn child and breastfeeding, with few elements of distraction.

Taking this study into account, it is clear that the design of educational audiovisual material

for the health sector should use strategies that make the information easier to understand,

such as minimizing distractions, presenting information of short duration, and using simple

language with scenarios with which viewers can identify [66].

Some limitations of this study are: 1) the participants at the lowest level of education repre-

sented only 13% of the sample, limiting the generalizability of results for this subgroup; 2)

there may have been possible conditioning effects for some participants because they knew in

advance that they would be tested on the video-clip information (Hawthorne effect); and 3)

the recall evaluation immediately followed the experimental presentation, and no follow-up

evaluations were made.

The strengths of the research outcomes are that the participants had good retention and

understanding of the information that was presented. Moreover, since the design and statisti-

cal analysis methods employed for this study are not commonly used in the evaluation of

psychophysiological variables, even though frequently in this type of research, the measure-

ments are often repeated on the same subject [50,67,68]. Therefore, the evaluation of variables

that can influence the response, such as the order of presentation of stimuli and the carry-over

effect, increase the internal validity of the research.

Conclusion

The tools of cognitive neuroscience (neuromarketing) could become useful in the evaluation

of attention, emotional response and memory in scenarios of educational strategies in health

and public health interventions, which have the purpose of improving outcomes through the

social acceptance of knowledge. Video clips of knowledge about maternal and neonatal health

demonstrated greater effectiveness in the acquisition of knowledge, in terms of attention, emo-

tional reaction and recall, compared with the control video. Audiovisual educational material

must be clear, have short messages, and should not have distracting or redundant elements in

order to reach a bigger proportion of the population.
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Schmalbach.

Data curation: Laura Prieto-Pinto, Nathaly Garzón-Orjuela.

Formal analysis: Laura Prieto-Pinto, Nathaly Garzón-Orjuela.
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3. Say L, Chou D, Gemmill A, Tunçalp Ö, Moller AB, Daniels J, et al. Global causes of maternal death: A

WHO systematic analysis. Lancet Glob Heal. 2014; 2: 323–333. https://doi.org/10.1016/S2214-109X

(14)70227-X

4. Gaitán H. El instituto materno infantil y los planes de reducción de la mortalidad materna: un reto para

el sistema de seguridad social en salud. Rev Colomb Obstet Ginecol. 2005; 56: 5–7.

5. Straus SE, Tetroe JM, Graham ID. Knowledge translation is the use of knowledge in health care deci-

sion making. J Clin Epidemiol. Elsevier Inc; 2011; 64: 6–10. https://doi.org/10.1016/j.jclinepi.2009.08.

016 PMID: 19926445

6. Graham ID, Logan J, Harrison MB, Straus SE, Tetroe J, Caswell W, et al. Lost in knowledge translation:

Time for a map? J Contin Educ Health Prof. 2006; 26: 13–24. https://doi.org/10.1002/chp.47 PMID:

16557505

Effectiveness of maternal and neonatal health video clips through neuromarketing tools

PLOS ONE | https://doi.org/10.1371/journal.pone.0215561 May 8, 2019 16 / 19

https://doi.org/10.1016/S2214-109X(14)70227-X
https://doi.org/10.1016/S2214-109X(14)70227-X
https://doi.org/10.1016/j.jclinepi.2009.08.016
https://doi.org/10.1016/j.jclinepi.2009.08.016
http://www.ncbi.nlm.nih.gov/pubmed/19926445
https://doi.org/10.1002/chp.47
http://www.ncbi.nlm.nih.gov/pubmed/16557505
https://doi.org/10.1371/journal.pone.0215561


7. World Health Organization. Bridging the “Know–Do” Gap Meeting on Knowledge Translation in Global

Health. World Health Organization. 2006.

8. Canadian Institutes of Health Research. Knowledge Translation at CIHR [Internet]. [cited 23 Nov 2017].

Available: http://www.cihr-irsc.gc.ca/e/29418.html#2

9. Yamada J, Shorkey A, Barwick M, Widger K, Stevens BJ. The effectiveness of toolkits as knowledge

translation strategies for integrating evidence into clinical care: A systematic review. BMJ Open. 2015;

5. https://doi.org/10.1136/bmjopen-2014-006808 PMID: 25869686

10. Grimshaw JM, Eccles MP, Lavis JN, Hill SJ, Squires JE. Knowledge translation of research findings.

Implement Sci. 2012; 7: 50. https://doi.org/10.1186/1748-5908-7-50 PMID: 22651257

11. Baker R, Gillies C, Ej S, Cheater F, Flottorp S, Robertson N, et al. Tailored interventions to address

determinants of practice (Review). Cochrane Collab. 2015; https://doi.org/10.1002/14651858.

CD005470.pub3.www.cochranelibrary.com

12. LaRocca R, Yost J, Dobbins M, Ciliska D, Butt M. The effectiveness of knowledge translation strategies

used in public health: a systematic review. BMC Public Health. England: LaRocca,Rebecca. McMaster

University Medical Centre, Hamilton, Ontario, Canada.; 2012; 12: 751. https://doi.org/10.1186/1471-

2458-12-751 PMID: 22958371

13. Poels K, Dewitte S. How to Capture the Heart? Reviewing 20 Years of Emotion Measurement in Adver-

tising. SSRN Electron J. 2006; https://doi.org/10.2139/ssrn.944401

14. Koc E, Boz H. How Can Consumer Science Be Used for Gaining Information About Consumers and the

Market? Case Studies in the Traditional Food Sector. Elsevier; 2018. pp. 129–152. https://doi.org/10.

1016/B978-0-08-101007-5.00013–0

15. Ioannides AA, Liu L, Theofilou D, Dammers J, Burne T, Ambler T, et al. Real time processing of affective

and cognitive stimuli in the human brain extracted from MEG signals. Brain Topogr. 2000; 13: 11–9.

PMID: 11073090

16. Ariely D, Berns GS. Neuromarketing: the hope and hype of neuroimaging in business. Nat Rev Neu-

rosci. 2010; 11: 284–292. https://doi.org/10.1038/nrn2795 PMID: 20197790

17. Breiter HC, Block M, Blood AJ, Calder B, Chamberlain L, Lee N, et al. Redefining neuromarketing as an

integrated science of influence. Front Hum Neurosci. 2015; 8. https://doi.org/10.3389/fnhum.2014.

01073 PMID: 25709573

18. Lee N, Broderick AJ, Chamberlain L. What is ‘neuromarketing’? A discussion and agenda for future

research. Int J Psychophysiol. 2007; 63: 199–204. https://doi.org/10.1016/j.ijpsycho.2006.03.007

PMID: 16769143

19. Ohme R, Reykowska D, Wiener D, Choromanska A. Analysis of neurophysiological reactions to adver-

tising stimuli by means of EEG and galvanic skin response measures. J Neurosci Psychol Econ. 2009;

2: 21–31. https://doi.org/10.1037/a0015462

20. Duchowski A. Eye Tracking Methodology: Theory and Practice. second. London: Springer London;

2007. https://doi.org/10.1007/978-1-84628-609-4

21. Mele ML, Federici S. Gaze and eye-tracking solutions for psychological research. Cogn Process. 2012;

13: 261–265. https://doi.org/10.1007/s10339-012-0499-z PMID: 22810423

22. Bylinskii Z, Borkin MA, Kim NW, Pfister H, Oliva A. Eye Fixation Metrics for Large Scale Evaluation and

Comparison of Information Visualizations. In: Burch M, Chuang L, Fisher B, Schmidt A, Weiskopf D, edi-

tors. Eye Tracking and Visualization. Cham: Springer International Publishing; 2017. pp. 235–255.
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Murcia Ardila NV, et al. Efectividad de las estrategias de transferencia de conocimiento en lenguaje

audiovisual comparadas con otras para mejorar desenlaces en la salud individual y de la población gen-

eral: revisión sistemática. Rev Colomb Psiquiatr. 2017; https://doi.org/10.1016/j.rcp.2017.07.005

PMID: 30981325

25. Brame CJ. Effective educational videos: Principles and guidelines for maximizing student learning from

video content. CBE Life Sci Educ. 2016; 15: es6.1–es6.6. https://doi.org/10.1187/cbe.16-03-0125

PMID: 27789532

26. Guo PJ, Kim J, Rubin R. How video production affects student engagement. Proceedings of the first

ACM conference on Learning @ scale conference—L@S ‘14. New York, New York, USA: ACM Press;

2014. pp. 41–50. https://doi.org/10.1145/2556325.2566239

27. Fitts PM, Jones RE, Milton JL. Eye movements of aircraft pilots during instrument-landing approaches.

Ergonomics: Psychological mechanisms and models in ergonomics. Taylor & Francis; 2005.

28. Just MA, Carpenter PA. Eye fixations and cognitive processes. Cogn Psychol. 1976; 8: 441–480.

https://doi.org/10.1016/0010-0285(76)90015-3

Effectiveness of maternal and neonatal health video clips through neuromarketing tools

PLOS ONE | https://doi.org/10.1371/journal.pone.0215561 May 8, 2019 17 / 19

http://www.cihr-irsc.gc.ca/e/29418.html#2
https://doi.org/10.1136/bmjopen-2014-006808
http://www.ncbi.nlm.nih.gov/pubmed/25869686
https://doi.org/10.1186/1748-5908-7-50
http://www.ncbi.nlm.nih.gov/pubmed/22651257
https://doi.org/10.1002/14651858.CD005470.pub3.www.cochranelibrary.com
https://doi.org/10.1002/14651858.CD005470.pub3.www.cochranelibrary.com
https://doi.org/10.1186/1471-2458-12-751
https://doi.org/10.1186/1471-2458-12-751
http://www.ncbi.nlm.nih.gov/pubmed/22958371
https://doi.org/10.2139/ssrn.944401
https://doi.org/10.1016/B978-0-08-101007-5.000130
https://doi.org/10.1016/B978-0-08-101007-5.000130
http://www.ncbi.nlm.nih.gov/pubmed/11073090
https://doi.org/10.1038/nrn2795
http://www.ncbi.nlm.nih.gov/pubmed/20197790
https://doi.org/10.3389/fnhum.2014.01073
https://doi.org/10.3389/fnhum.2014.01073
http://www.ncbi.nlm.nih.gov/pubmed/25709573
https://doi.org/10.1016/j.ijpsycho.2006.03.007
http://www.ncbi.nlm.nih.gov/pubmed/16769143
https://doi.org/10.1037/a0015462
https://doi.org/10.1007/978-1-84628-609-4
https://doi.org/10.1007/s10339-012-0499-z
http://www.ncbi.nlm.nih.gov/pubmed/22810423
https://doi.org/10.1016/j.rcp.2017.07.005
http://www.ncbi.nlm.nih.gov/pubmed/30981325
https://doi.org/10.1187/cbe.16-03-0125
http://www.ncbi.nlm.nih.gov/pubmed/27789532
https://doi.org/10.1145/2556325.2566239
https://doi.org/10.1016/0010-0285(76)90015-3
https://doi.org/10.1371/journal.pone.0215561


29. Benedek M, Kaernbach C. Decomposition of skin conductance data by means of nonnegative deconvo-

lution. Psychophysiology. 2010; 47: 647–658. https://doi.org/10.1111/j.1469-8986.2009.00972.x PMID:

20230512

30. Duque A, Vázquez C. Implicaciones clı́nicas del uso del tamaño pupilar como indicador de actividad

psicológica: una breve revisión. Clı́nica y Salud. 2013; 24: 95–101. https://doi.org/10.5093/cl2013a11

31. Chen S, Epps J. Using Task-Induced Pupil Diameter and Blink Rate to Infer Cognitive Load. Human–

Computer Interact. 2014; 29: 390–413. https://doi.org/10.1080/07370024.2014.892428

32. Partala T, Surakka V. Pupil size variation as an indication of affective processing. Int J Hum Comput

Stud. 2003; 59: 185–198. https://doi.org/10.1016/S1071-5819(03)00017-X

33. Sabatinelli D, Bradley MM, Lang PJ, Costa VD, Versace F. Pleasure Rather Than Salience Activates

Human Nucleus Accumbens and Medial Prefrontal Cortex. J Neurophysiol. 2007; 98: 1374–1379.

https://doi.org/10.1152/jn.00230.2007 PMID: 17596422

34. Bradley MM, Miccoli L, Escrig MA, Lang PJ. The pupil as a measure of emotional arousal and auto-

nomic activation. Psychophysiology. 2008; 45: 602–607. https://doi.org/10.1111/j.1469-8986.2008.

00654.x PMID: 18282202

35. Laeng B, Eidet LM, Sulutvedt U, Panksepp J. Music chills: The eye pupil as a mirror to music’s soul.

Conscious Cogn. 2016; 44: 161–178. https://doi.org/10.1016/j.concog.2016.07.009 PMID: 27500655

36. Johnson MG, Muday JA, Schirillo JA. When viewing variations in paintings by Mondrian, aesthetic pref-

erences correlate with pupil size. Psychol Aesthetics, Creat Arts. 2010; 4: 161–167. https://doi.org/10.

1037/a0018155

37. Blackburn K, Schirillo J. Emotive hemispheric differences measured in real-life portraits using pupil

diameter and subjective aesthetic preferences. Exp Brain Res. 2012; 219: 447–455. https://doi.org/10.

1007/s00221-012-3091-y PMID: 22526951

38. Murphy PR, O’Connell RG, O’Sullivan M, Robertson IH, Balsters JH. Pupil diameter covaries with

BOLD activity in human locus coeruleus. Hum Brain Mapp. 2014; 35: 4140–4154. https://doi.org/10.

1002/hbm.22466 PMID: 24510607

39. Bell L, Vogt J, Willemse C, Routledge T, Butler LT, Sakaki M. Beyond Self-Report: A Review of Physio-

logical and Neuroscientific Methods to Investigate Consumer Behavior. Front Psychol. 2018; 9. https://

doi.org/10.3389/fpsyg.2018.01655 PMID: 30245657

40. Sjw S. SM Gr up Should we Ban the use of ‘ Last SM Journal of Public Health and Observation Carried

forward ‘ Analysis in Epidemiological Studies? Epidemiology. 2015; 1: 1–3.

41. Salkind N. Last Observation Carried Forward. Encyclopedia of Research Design. 2455 Teller Road,

Thousand Oaks California 91320 United States: SAGE Publications, Inc.; 2010. https://doi.org/10.

4135/9781412961288.n211

42. Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power: A flexible statistical power analysis program for

the social, behavioral, and biomedical sciences. Behav Res Methods. 2007; 39: 175–191. https://doi.

org/10.3758/BF03193146 PMID: 17695343

43. Cohen JB. Statistical Power Analysis for the Behavioral Sciences. Second Edi. Lawrence Erlbaum

Associates; 1988.

44. Armstrong RA. When to use the Bonferroni correction. Ophthalmic Physiol Opt. 2014; 34: 502–508.

https://doi.org/10.1111/opo.12131 PMID: 24697967

45. Bender R, Lange S. Adjusting for multiple testing—when and how? J Clin Epidemiol. 2001; 54: 343–

349. https://doi.org/10.1016/S0895-4356(00)00314-0 PMID: 11297884

46. Senn S. Cross-Over Trials in Clinical Research. Statistics in Practice. England: John Wiley & Sons,

Ltd; 2012. https://doi.org/10.2307/2983088

47. Curran JA, Grimshaw JM, Hayden JA, Campbell B. Knowledge translation research: the science of

moving research into policy and practice. J Contin Educ Health Prof. 2011; 31: 174–80. https://doi.org/

10.1002/chp.20124 PMID: 21953658

48. Wilson EAH, Makoul G, Bojarski EA, Bailey SC, Waite KR, Rapp DN, et al. Comparative analysis of

print and multimedia health materials: a review of the literature. Patient Educ Couns. 2012; 89: 7–14.

https://doi.org/10.1016/j.pec.2012.06.007 PMID: 22770949

49. Carey M, Schofield P, Jefford M, Krishnasamy M, Aranda S. The development of audio-visual materials

to prepare patients for medical procedures: an oncology application. Eur J Cancer Care (Engl). 2007;

16: 417–23. https://doi.org/10.1111/j.1365-2354.2006.00772.x PMID: 17760928

50. Vecchiato G, Astolfi L, De Vico Fallani F, Cincotti F, Mattia D, Salinari S, et al. Changes in brain activity

during the observation of TV commercials by using EEG, GSR and HR measurements. Brain Topogr.

2010; 23: 165–79. https://doi.org/10.1007/s10548-009-0127-0 PMID: 20033272

51. Zurawicki L. Neuromarketing: Exploring the Brain of the Consumer. Springer Berlin Heidelberg; 2010.

Effectiveness of maternal and neonatal health video clips through neuromarketing tools

PLOS ONE | https://doi.org/10.1371/journal.pone.0215561 May 8, 2019 18 / 19

https://doi.org/10.1111/j.1469-8986.2009.00972.x
http://www.ncbi.nlm.nih.gov/pubmed/20230512
https://doi.org/10.5093/cl2013a11
https://doi.org/10.1080/07370024.2014.892428
https://doi.org/10.1016/S1071-5819(03)00017-X
https://doi.org/10.1152/jn.00230.2007
http://www.ncbi.nlm.nih.gov/pubmed/17596422
https://doi.org/10.1111/j.1469-8986.2008.00654.x
https://doi.org/10.1111/j.1469-8986.2008.00654.x
http://www.ncbi.nlm.nih.gov/pubmed/18282202
https://doi.org/10.1016/j.concog.2016.07.009
http://www.ncbi.nlm.nih.gov/pubmed/27500655
https://doi.org/10.1037/a0018155
https://doi.org/10.1037/a0018155
https://doi.org/10.1007/s00221-012-3091-y
https://doi.org/10.1007/s00221-012-3091-y
http://www.ncbi.nlm.nih.gov/pubmed/22526951
https://doi.org/10.1002/hbm.22466
https://doi.org/10.1002/hbm.22466
http://www.ncbi.nlm.nih.gov/pubmed/24510607
https://doi.org/10.3389/fpsyg.2018.01655
https://doi.org/10.3389/fpsyg.2018.01655
http://www.ncbi.nlm.nih.gov/pubmed/30245657
https://doi.org/10.4135/9781412961288.n211
https://doi.org/10.4135/9781412961288.n211
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/BF03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.1111/opo.12131
http://www.ncbi.nlm.nih.gov/pubmed/24697967
https://doi.org/10.1016/S0895-4356(00)00314-0
http://www.ncbi.nlm.nih.gov/pubmed/11297884
https://doi.org/10.2307/2983088
https://doi.org/10.1002/chp.20124
https://doi.org/10.1002/chp.20124
http://www.ncbi.nlm.nih.gov/pubmed/21953658
https://doi.org/10.1016/j.pec.2012.06.007
http://www.ncbi.nlm.nih.gov/pubmed/22770949
https://doi.org/10.1111/j.1365-2354.2006.00772.x
http://www.ncbi.nlm.nih.gov/pubmed/17760928
https://doi.org/10.1007/s10548-009-0127-0
http://www.ncbi.nlm.nih.gov/pubmed/20033272
https://doi.org/10.1371/journal.pone.0215561


52. Falk EB, O’Donnell MB, Tompson S, Gonzalez R, Dal Cin S, Strecher V, et al. Functional brain imaging

predicts public health campaign success. Soc Cogn Affect Neurosci. 2016; 11: 204–14. https://doi.org/

10.1093/scan/nsv108 PMID: 26400858

53. Geiger S, Reeves B. The Effects of Scene Changes and Semantic Relatedness on Attention to Televi-

sion. Communic Res. SAGE Publications Inc; 1993; 20: 155–175. https://doi.org/10.1177/

009365093020002001

54. Cárdenas RA, Harris LJ, Becker MW. Sex differences in visual attention toward infant faces. Evol Hum

Behav. 2013; 34: 280–287. https://doi.org/10.1016/j.evolhumbehav.2013.04.001

55. Hall JK, Hutton SB, Morgan MJ. Sex differences in scanning faces: Does attention to the eyes explain

female superiority in facial expression recognition? Cogn Emot. 2010; 24: 629–637. https://doi.org/10.

1080/02699930902906882

56. Darley WK, Smith RE. Gender Differences in Information Processing Strategies: An Empirical Test of

the Selectivity Model in Advertising Response. J Advert. 1995; 24: 41–56. https://doi.org/10.1080/

00913367.1995.10673467

57. Meyers-Levy J, Maheswaran D. Exploring Differences in Males’ and Females’ Processing Strategies. J

Consum Res. 1991; 18: 63. https://doi.org/10.1086/209241

58. Hwang YM, Lee KC. Using an Eye-Tracking Approach to Explore Gender Differences in Visual Atten-

tion and Shopping Attitudes in an Online Shopping Environment. Int J Hum Comput Interact. Taylor &

Francis; 2018; 34: 15–24. https://doi.org/10.1080/10447318.2017.1314611

59. Perfetti C. Decoding, Vovabulary, and Comprehension. The Golden Triangle of Reading skill. Bringing

Reading Research to Life; 2010.

60. Yoncheva YN, Blau VC, Maurer U, McCandliss BD. Attentional focus during learning impacts N170

ERP responses to an artificial script. Dev Neuropsychol. 2010; 35: 423–45. https://doi.org/10.1080/

87565641.2010.480918 PMID: 20614358
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68. Wieser MJ, Pauli P, Alpers GW, Mühlberger A. Is eye to eye contact really threatening and avoided in

social anxiety?—An eye-tracking and psychophysiology study. J Anxiety Disord. 2009; 23: 93–103.

https://doi.org/10.1016/j.janxdis.2008.04.004 PMID: 18534814

Effectiveness of maternal and neonatal health video clips through neuromarketing tools

PLOS ONE | https://doi.org/10.1371/journal.pone.0215561 May 8, 2019 19 / 19

https://doi.org/10.1093/scan/nsv108
https://doi.org/10.1093/scan/nsv108
http://www.ncbi.nlm.nih.gov/pubmed/26400858
https://doi.org/10.1177/009365093020002001
https://doi.org/10.1177/009365093020002001
https://doi.org/10.1016/j.evolhumbehav.2013.04.001
https://doi.org/10.1080/02699930902906882
https://doi.org/10.1080/02699930902906882
https://doi.org/10.1080/00913367.1995.10673467
https://doi.org/10.1080/00913367.1995.10673467
https://doi.org/10.1086/209241
https://doi.org/10.1080/10447318.2017.1314611
https://doi.org/10.1080/87565641.2010.480918
https://doi.org/10.1080/87565641.2010.480918
http://www.ncbi.nlm.nih.gov/pubmed/20614358
https://doi.org/10.1007/s10648-011-9174-7
https://doi.org/10.1016/j.jcps.2009.04.002
https://doi.org/10.1016/j.jcps.2009.04.002
https://doi.org/10.1080/0163853X.2005.9651676
https://doi.org/10.1177/1073858413514136
http://www.ncbi.nlm.nih.gov/pubmed/24362813
https://doi.org/10.1371/journal.pone.0158666
https://doi.org/10.1371/journal.pone.0158666
http://www.ncbi.nlm.nih.gov/pubmed/27362361
https://doi.org/10.2105/AJPH.2014.302332
https://doi.org/10.2105/AJPH.2014.302332
http://www.ncbi.nlm.nih.gov/pubmed/25905845
https://doi.org/10.1111/aas.12751
http://www.ncbi.nlm.nih.gov/pubmed/27465523
https://doi.org/10.1016/j.janxdis.2008.04.004
http://www.ncbi.nlm.nih.gov/pubmed/18534814
https://doi.org/10.1371/journal.pone.0215561

