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1. ABSTRACT

Transport Canadais in the process of updating its standard for the adhesion properties of child restraint
system (CRS) labels and warnings. At the same time, the U.S. Nationa Highway Traffic Safety
Administration (NHTSA) has proposed changes intended to make CRS labels and ingtructions clearer and
simpler to understand. Transport Canada s very supportive of this objective, and is aso considering
amending its label requirements. Based on a passive evauation of CRS labels, NHTSA made a number of
proposed changes to their existing label requirements. To complement these passive eva uations, the present
study compared the effectiveness of four different CRS label conditions on actual users CRS installation
behaviour. The four label conditions included: 1) no labels, 2) the manufacturer |abels (' Consumer’; these
labels conform to the current requirements for labeling of the Canadian Motor Vehicle Safety Standards
(CMVSS), which are very similar to the current U.S. Federal Motor Vehicle Safety Standards (FMV SS)
requirements), 3) labels designed according to a combination of the NHTSA current regulations and their
proposed changes (‘NHTSA), and 4) labels based on a behavioural task analysis that were designed
according to human factors principles and guidelines (*Optimal’).

Results demonstrated that, overall, the Optimal labels resulted in higher usability ratings and better task
performance. Thisindicates that 1abels designed using human factors principles and hierarchical task
analyses that identify critical task information requirements for label features will result in increased user
compliance with instructions, higher usability, and improved task performance. Results from the study aso
demondtrate that label design can decrease task performance, and that the actual design of a CRS may be
more critical than label content in the choices it affords the user.

Results of the study suggest that implementation of the recommended changes to the U.S. FMV SS
concerning CRS labeling would likely not result in increased performance or usability compared to existing
consumer labels that follow the current FMV SS guiddlines. In order to achieve significantly better ease-of -
use and task performance, it would be necessary to implement features of the Optimal label condition.
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2. INTRODUCTION

Transport Canada has investigated some of the factors that contribute to the misuse/non-use of child
restraint systems (CRS). Based on these investigations, a CRS universal anchorage system was devel oped
that improves ease-of-use and correct instalation of a CRS in a vehicle (Pedder et a., 1994). These
investigations have been supplemented by additiona research on the correct placement of a child in the CRS
and the type of harness used (Rudin-Brown et a., in press). Within this program of research an unexplored
issue is the comprehensibility and effectiveness of warnings and labels that are directly affixed to a CRS.
These label s'warnings can provide information to the user about (&) the correct installation of the CRSinto a
vehicle and (b) the correct instalation of the child in a CRS.

Transport Canadaiis currently in the process of updating its standard pertaining to the physical

characteristics of CRS labels and warnings. As part of that effort, the present study focused on the impact
of label content and design on the behaviour of CRS users.

3. PURPOSE AND SCOPE OF THE STUDY

The purpose of the study was to evaluate and compare how well usersinstall a CRS into avehicle, and a
child into a CRS, when four different types of labels'warnings, each differing in content, were affixed to the
CRS.

4. GENERAL METHOD

4.1 RESEARCH DESIGN

A 2 (forward vs. rear-facing; within-subjects) x 4 (label condition; between-subjects) mixed design was
used to assess the effect of label content on CRS installation performance.

4.2 PARTICIPANTS

A totda of 48 people participated in the study (12 per label condition). Fifty per cent of participants were
female, and age was balanced across two age groups (20 to 39 vs. 40+ years). Theratio of experienced to
inexperienced users was 2:1, reflecting the ratio of other-than-firstborn to firstborn birthsin Canada. An
individua was considered an experienced CRS user if ghe had ingtalled a CRS into a vehicle and achild
into a CRS, both within the past two years. An individua was considered to be an inexperienced CRS user
if ghe had never ingtaled a CRS into avehicle or achild into a CRS. Individuas who were professionaly
affiliated with any organization involved with CRSs or individuals with previous experience using the specific
CRS used in the study were excluded. Participants were also required to specify whether they had normal
or corrected-to-normal vision, and whether they had difficulties seeing colour; this was recorded for
information purposes only and was not used as participant exclusion criteria

Participants were recruited from a variety of sources, including newspaper advertisements, direct requests
by phone and e-mail, flyers posted at the recreation complex where the study was performed, and flyers
distributed to daycare centres around Ottawa. Participants were paid $30.00 for their time and received a
video on CRS safety.
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4.3 EQUIPMENT

The test CRS was a commercially available, convertible, 5-point harness design. It was inspected prior to
the start of the study to ensure that all functions, straps, and harnesses were in proper working order. This
specific CRS was selected because, in a previous study comparing four CRS harness designs (Rudin-Brown
et d., in press), users perceived it as having the easiest harness to use, while it aso resulted in the most
installation errors. If alternative labels could be designed that improve performance, it was assumed that
any improvement should be most gpparent on a CRS that had previously shown high error frequency rates,
such as this one.

An infant (6-month; 8 kg/17.6 Ibs) and a child (18-month, 11kg/25 Ibs) crash test dummy were used for the
experimental trials. Both crash test dummies were equipped with an age and weight identifier label. The
dummies were dressed in digpers and lightweight clothing.

The test rig within which the participants were required to instal the CRS was the back seat of a 1998
Pontiac Grand Prix that did not have any doors or aroof (Figure 1). It wasinspected prior to the study to
ensure that the safety belts were working properly, and that a tether strap anchor was installed on the rear
window shelf.

Figurel. Vehicletest rig.

Each participant completed the study using one of the four label conditions. In the No labels condition, the
Consumer labels were masked by black construction paper. In the Optima and NHTSA conditions, the
labels were affixed to their appropriate location with Velcro.  Velcro was used so the labels could be easily
and quickly attached to, and removed from, the CRS. The Optima and NHTSA labels were printed in
colour on white paper and were laminated to increase durability. The content and locations of the
Consumer, NHTSA, and Optimal labels on the CRS areillustrated in Appendix A.

A variety of measuring devices were used to obtain CRS error measurements. Harness slack was
measured using wooden dowels (1.59 cm or 5/8” dowel=1 finger, 3.2 cm or 1 %4’ dowel=2 fingers, 4.8 cm
or 1 7/8"=3 fingers, 6.35 cm or 2 ¥2" dowe for four fingers or more). Vehicle seatbelt dack, tether dack
and the space between the CRS base and the vehicle cushion (for rear-facing CRS installation) were
measured using 2.54 cm (1”) through 15.24 cm (6”) wooden spacers. A spring-type fish scale (Figure 2)
was used to assist in determining vehicle seatbelt dack; 5.5 kg (12 1bs) of force was used to pull the CRS
forward, away from the vehicle seat, while a wooden spacer was used to measure the distance between the
vehicle seat and the CRS (Figure 3).
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Figure 2. Spring-type fish scale used to measur e seat belt slack.

The study took place at the Nepean Sportsplex, a recreation centre located in Ottawa. Barriers were
placed around the testing site in order to minimize participant distraction. All experimentd triads were

videotaped.

4.4 PROCEDURE

Prior to the study, participants were briefed on the nature of the experiment and were informed of their right
to withdraw from the experiment at any time. Participants completed two experimental trials. one using the
infant (6-month) test dummy and one using the child (18-month) test dummy. For each tria, participants
installed the CRS into the vehicle and then installed and secured the test dummy into the CRS. Twenty-four
participants performed the first trial using the infant dummy and the other 24 participants completed the first
trid using the child dummy. The label condition assigned to each participant was predetermined. Each
experimental session lasted approximately 90 minutes.

Upon commencement of the tria, participants were instructed to become familiar with the CRS and the test
dummy that they were presented with. Each participant was allowed to spend as much time as they felt
necessary to become familiar with the CRS and make any necessary adjustments prior to the installation
tasks. Participants informed the observer when they were ready to proceed.

Behavioura evauation of CRS labds 7
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Participants were ingtructed to install the CRS into the right seat of the vehicle mock-up. They were
informed that the vehicle was a 1998 sedan. The moddl year was pointed out because the Optimal 1abels
indicated that al 1994 model year vehicles and newer do not require the use of alocking clip on the vehicle
seat belt because these vehicles are equipped with an Automatic Locking Retractor (ALR), while pre-1994
vehicles do require alocking clip. Instructions on how to use the ALR were included in the vehicle' s owner
manual, which was provided to all participants. Participants were instructed to install the CRS as effectively
as possible, imagining that it was for their own child. Participants informed the observer when they were
ready to proceed to the child (dummy) installation task.

Participants were then required to secure the infant or child dummy into the CRS. The participants were
instructed to imagine that they were securing their own child into the restraint. Participants informed the
observer when they had completed this task.

Upon completion of each trid, participants completed a Subjective Questionnaire that assessed how easy
they found each task to complete and how confident they were that they had performed each task correctly.
At the same time, an observer measured and recorded al CRS and child installation errors using an
Evaluation Checklist. After both trids, participants completed two additional subjective questionnaires. one
that related to overal label usability and another that pertained to user confidence in task performance.

Once participants had completed both questionnaires, they were briefed in more detail regarding the purpose
of the study and were permitted to ask any questions or voice concerns. If required, the observer aso
provided the participants with information concerning their own CRS and child ingdlation errors. An
example of a Subjective Questionnaire and an Evaluation Checklist are included in Appendix B.

4.5 SEVERITY SCORES

The severity of potentia ‘ CRS-in-vehicle and ‘ child-in-CRS' usability errors was adapted from Noy and
Arnold (1995) and Rudin-Brown, Kumagai, Angel, and Iwasa-Madge (in press) using Czernakowski and
Miller's (1991; 1993) MMEA procedure. Three subject matter experts with backgrounds in CRS forensics
and usability were asked to rate, on a scale from 0 to 10, an error’s probable effect on safety, with 10
indicating the most negative effect. Final severity scores for each potential error were determined by
averaging the subjective, independent ratings of all experts. Severity scores of four or more are considered
unacceptable, and will likely compromise the effectiveness of a CRS in the event of a collison
(Czernakowski & Miller, 1993). The severity scores for the ' CRS-in-vehicle' and ‘child-in-CRS' usability
errors are shown in Table 1. Some ‘' CRS-in-vehicle' usability errors had not been previoudy associated
with severity scores (tether strap twist, shoulder belt twist, 1ap belt twist, seatbelt routed incorrectly-forward
facing condition), as well as one ‘child-in-CRS' error (shoulder harness bar not locked), and so are not
included in the Table.
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Tablel1l. ‘CRSin-vehicle’ and ‘Child-in-CRS' severity scores.

CRS-in-Vehicle
Error Forward Facing Rear Facing
Tether Strap Twist
Tether Strap Slack 1" 1
Tether Strap Slack 2" 3
Tether Strap Slack 3" 3
Tether Strap Slack 4" 3
Tether Strap Slack 5.5" or greater 8
Shoulder Belt Twist
Lap Belt Twist
Seatbelt Routed Incorrectly 9
Seatbelt not Buckled 6 7
Space Btw. Seat Back (FF) or Front (RF) and Vehicle Cushion 1" 2 1
Space Btw. Seat Back (FF) or Front (RF) and Vehicle Cushion 2" 4 3
Space Btw. Seat Back (FF) or Front (RF) and Vehicle Cushion 3" 5 4
Space Btw. Seat Back (FF) or Front (RF) and Vehicle Cushion 4" 6 5
Space Btw. Seat Back (FF) or Front (RF) and Vehicle Cushion 5" 6 6
Space Btw. Seat Back (FF) or Front (RF) and Vehicle Cushion 6" 6 7
Child-in-CRS
Error Forward Facing Rear Facing
Recline Position Inappropriate 46 3
Five-Point Harness Buckle not Attached 10 10
Chest Clip not Attached 2 23
Chest Clip Level too High 25 25
Chest Clip Level too Low 15 2
Shoulder Harness Bar not L ocked
Shoulder Harness Level too High 17 6.3
Shoulder Harness Level too Low 23 23
Harness Tightnessis Wrong (2 Fingers) 13 17
Harness Tightness Wrong (3 Fingers) 37 4.3
Harness Tightness Wrong (> 4 Fingers) 6.3 6.7
Shoulder Harness Strap Twist 13 27
Crotch Strap Twist 35 35
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4.6 RISk PRIORITY NUMBER (RPN)

The RPN is a composite measure of a potential error’s severity score and the frequency with which the
error actually occurs during testing. Typicaly, this number is derived using a subjective scale smilar to the
severity score rating scale, with O representing ‘no misuse’ and 10 representing ‘ misuse amost inevitable
(1S0, 1999). In the present study, however, the RPN was based on an actual count of the number of
participants demonstrating a particular error, and did not depend on a subjective rating. In order to be able
to compare results to other studies, the number of participants was normalized to n=100. By doing this, an
RPN value for each error could potentially range from 0 to a maximum of 1000, if 100% of participants
committed an error of severity 10.

It isimportant to note that some * CRS-in-vehicle€', and one * child-in-CRS, usability errors were not
previoudy associated with severity scores (tether strap twist, shoulder belt twist, lap belt twist, seatbelt
routed incorrectly-forward facing condition; shoulder harness bar not locked). Therefore, these errors are
not reflected in the calculated RPN values. Thisis ultimately alimitation of the anaysis of the CRS,
however, these errors were considered through a general frequency analysis.

4.7 STATISTICAL ANALYSIS

Descriptive statistics were calculated for the purposes of a general usahility analysis, as was the percentage
of correct ingtalations relating to the instalation of the CRS in the vehicle, and of the child into the CRS.
Although the study was designed so that each participant had an opportunity to instal the infant dummy
rear-facing and the child dummy forward-facing, alarge number of participants did not correctly associate
the infant test dummy with arear-facing CRS configuration. This resulted in the rear-facing condition
sample size being too small to conduct Satistical analysis on some of the data.

Where appropriate, individual one-way analyses of variance (ANOVAs) were performed on the data. An
aphalevd of .05 was used to determine Statistical significance.

5. RESULTS AND DISCUSSION

5.1 TASK PERFORMANCE

5.1.1 Decision to Ingtall CRS Forward- vs. Rear -Facing

The participants’ first key decision during the experimental trial was to determine whether the CRS wasto
be installed forward- or rear-facing, depending on the test dummy presented. The CRS for the 6-month
dummy should have been installed rear-facing while the CRS for the 18-month dummy should have been
installed forward-facing.

There was a strong tendency for participants to install the CRS into the car in the forward-facing direction
for both the infant and the child (Figure 4), even though al labels clearly indicated that child size determines
the direction of ingtallation. In the No label condition, participants did not receive any visual feedback to aid
their decision, however, the Consumer, NHTSA, and Optimal labels al specified that infants were to be
installed rear-facing, and children, forward-facing.

Behavioura evauation of CRS labds 10




Figure 4. Percentage of participants who correctly chose to install the 6-month infant test dummy
rear-facing.

50%

33%
. 25% %

Optimd NHTSA Conaumer Nolabds
Labd Condition

Percent Correci

As each of the three label conditions contained information that specified CRS orientation for an infant
(rear-facing) and a child (forward-facing), it is interesting to note such alow level of correct performance.
To investigate this further, a literature review was conducted that focused on consumer product label
compliance, including research on whether consumers read product labels, and what factors influence
whether a product label will be read. The literature review reveaed that the likelihood a user will read
warnings decreases as a user’ s familiarity with a product increases; as familiarity reduces auser’s
perceived hazard associated with product use (Ortiz, Redneck, and Kingston 2000; Braun, Holt, and Sliver
1995; Godfrey and Laugher 1984; Godfrey, Allender, Laughery, and Smith 1983). Since CRS experiencein
the current study was controlled with a 2:1 experienced to inexperienced ratio, this may have played arolein
not following the rear-facing label instructions. In addition, severa of the experienced participants indicated
that they had previoudy used a designated infant restraint system when their children were infants, and
subsequently placed them into a forward-facing CRS when they outgrew it. Thus, severa participants did
not have previous experience with a convertible CRS, resulting in them viewing the CRS as one that is used
only in the forward-facing direction.

The label compliance literature also addressed the effects of |abel colour. One study determined that orange
was perceived as a greater hazard than blue (Cheatham and Wogalter, 1999), while another indicated that
red was interpreted by readers as indicating the greatest level of percelved hazard, followed by orange,
black, green, and blue (Shaver and Braun, 2000). The Optimal labels used orange for the forward-facing
condition (NHTSA used red) and blue as the rear-facing condition (as per the proposed NHTSA guiddine
changes), which may have influenced participants to focus more attention on the forward-facing instructions,
rather than on those specified for the rear-facing configuration.

DeJoy (1989) assessed the effectiveness of consumer product warnings, and found that many people who
notice warnings do not actualy read them. Further, if people do read product warnings, they often fail to
take the recommended precautions. The data from the literature review was summarized according to the
percentage of participants who noticed, read, and complied with warnings, and is repeated herein Table 2.
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Table2. Consumer product label compliance (from DeJoy 1989).

Notice Read Complied
Warning
Friedmann, 1988 88% 46% 27%
Otubso, 1988 64% 3% 26%
Strawbridge, 1986 91% 7% 37%
Average 81% 54% 30%

Comparing the datain Table 2 with the current findings, the Consumer and NHTSA label conditions resulted
in what appearsto be typical compliance levels (25% and 33%). The Optimal condition increased
compliance above typicd levels to 50% indicating that, with this label design, half of the participants
correctly made the key decision regarding the orientation of the CRS in relation to child age and weight.
The Optimal label that specifies CRS orientation used a pictogram along with text to convey this message
instead of simple text aone (asin the NHTSA and Consumer conditions). Aswell, the rear- and forward-
facing orientation labels were located on the front of the CRS to increase the probability of detection.

5.1.2 Percentage of Correct Installations

One measure of CRS usahility is the percentage of installations (‘ CRS-in-vehicle' and ‘child-in-CRS') that
are performed correctly. To derive this measure for each label condition and seat direction, the severity
scores for all of the usability errors that occurred during each participant’ s installation were evaluated. A
CRS was considered correctly installed if there were no errors having a severity score of four or more. An
85% criterion vaue was chosen to represent acceptable label performance, based on the requirements of
ISO test procedure 13215-2 (Requirements and Test Procedures for Correct Installation; 1999), wherein a
CRS s considered acceptable if at least 85% of the installations are performed correctly.

5.1.2.1 CRS-in-Vehicle

The percentage of correct installations of the CRS in the vehicle was computed per labe condition for both
forward- and rear-facing conditions (Figure 5). The No labels and Optimal conditions demonstrated the best
performance in the forward-facing mode, and were the only two conditions that met the 85% criterion. The
Optimal condition resulted in the best performance rear-facing, but with only 33% of installations being
performed correctly.

These results indicate the following three important findings:
1. Optima labd design resulted in higher levels of performance than the other conditions.
2. Because of the visua clues provided by certain features of the CRS (such as where the
seat belt isto be routed), CRS design appears to be a critical influence on task performance
(as the No labels condition demonstrated good performance)
3. Labd design can interfere with task performance, asillustrated by lower performance
levelsin the NHTSA and Consumer conditions compared to the No labels condition.
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Figure 5. Percentage of correct installations (CRS-in-vehicle)
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5.1.2.2 Child-in-CRS

The percentage of correct child (dummy) installations was computed per |abel condition for both forward-
and rear-facing conditions. These data are presented in Figure 6, illustrating that al four label conditions
approached or exceeded the criteria of 85% correct for forward-facing, while none met the threshold for
rear-facing.

Figure 6. Percentage of correct installations (child-in-CRYS).
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It is noteworthy that the Consumer label condition resulted in 83% correct ingtalations forward-facing and
8% correct installations rear-facing, compared to 85% and 11%, respectively, for the same CRS and labels
in aprevious study (Kumaga et d., 2000; Rudin-Brown et a., in press). In the current study, the NHTSA
and Optimal labels improved performance beyond the Consumer condition to a 92% correct instalation level
for the forward-facing condition, and the Optimal |abels increased rear-facing performance to a 42% correct
ingtalation level.

It is equally noteworthy that having no labels affixed to the CRS resulted in an increase in performance over

the Consumer |abdl condition for rear-facing, and equa performance when forward-facing. Thisfinding
reinforces the suggestion that CRS design is critical and that label design can degrade task performance.
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5.1.3 Error Frequencies

Figure 7 outlines ‘ CRS-in-vehicle’ error frequencies for forward- (a) and rear-facing (b) configurations.
The two errorsin which the Optimal labels resulted in smilar, instead of reduced, error frequencies when
compared to the other three label conditions forward-facing are shoulder belt/lap belt twist and vehicle belt
dack. Theremovad of seatbet twist (shoulder and lap) was not illustrated on the Optimal labdls; it was | eft
to the judgment of the participants whether twist in the vehicle belt compromises CRS safety. During the
experimentd trials, some participants stated that they were aware of the twist in the vehicle belt, however,
they felt that a twist in the vehicle belt was of no concern as long as the vehicle belt was buckled. On the
same note, participants indicated that twist in the vehicle belt would likely affect a child’'s comfort leve,
however, it is possible that there was no effort to fix the error since a crash test dummy and not area child
was used during the tridl.

Figure 7. Error Frequency: CRS-in-vehicle (a) forward-facing; (b) rear-facing.
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The Optimal |abels resulted in 100% error for ‘seat belt dack’ in the forward-facing configuration, which is
the same as the NHTSA condition and dightly higher than the Consumer and No labels conditions.
Although the use of alocking clip or the vehicle' s ALR to remove belt dack was identified on the Optimal
labels, participants continuoudly failed to perform the function properly. Upon discussing this error with the
participants, severa indicated that they knew the CRS was not properly secured, but they did not know how
to tighten the dack, even though they were aware of the dack removal directions on the label. Participants
indicated that they were not familiar with the locking clip and had never used a clip before. Participants aso
mentioned that they were confused with the ALR terminology (on the labels and in the vehicle's user
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manual), and severa participants did not notice the vehicle user manual that was provided to them (which
specified how to use the ALR). The observers noted that some participants initially used the ALR properly,
but then unbuckled the vehicle belt to perform other tasks and consequently forgot to re-engage the ALR
when re-securing the CRS.

It isimportant to note that the Optimal labels resulted in better performance (>10%) than the No labels and
NHTSA conditions for proper routing of the vehicle seat belt. This error is viewed as safety critical, as an
improper routing can result in the CRS rotating, extending and swaying a fair distance from the vehicle sedt.
Improved performance in the Optimal condition likely resulted from the seatbelt routing arrow indicators that
were affixed to the CRS; severa participants indicated on the label usability questionnaire that the arrow
indicators were easy to understand and aided task performance.

Tether strap dack in the forward-facing configuration was more common in the No labels and NHTSA
conditions than the Optima condition (>20% for the NHTSA condition). The correct attachment of the
tether strap is critical to the safety effectiveness of the CRS; therefore, the percentage of participants that
performed this error in the Optimal condition (27%) is still considerable. During the experimenta trias,
severa participants indicated that the tether strap was not secured properly during their installation, and they
could not determine how to remove the dack based on the poor design of the tether strap re-threading
buckle. The Optima labels, therefore, did prompt participants to remove the dack; however, it was the
design of the tether itself that made this function difficult to perform. It is recommended that simpler tether
strap tightening mechanisms be implemented on CRSs.

CRS-in-vehicle errors for the rear-facing configuration related mostly to the seat belt being routed
incorrectly and seat belt dack. The Optimal label condition showed the greatest improvement in
performance, compared to the other three conditions, in these areas.

Figure 8 outlines ‘ child-in-CRS'’ error frequencies for forward- (a) and rear-facing (b) configurations.
Forward-facing, the Optima label condition resulted in a reduction in harness dack and fewer incorrect
chest clip height errors than the other label conditions. This may have resulted from the pictorials used on
the labels, dong with the placement of these labels on the harness shoulder straps of the CRS, ensuring that
they were clearly visible to participants during the child installation task. However, it should be noted that
the Optimal condition still resulted in considerable error frequencies (harness slack= 75%; chest clip
level=64%). Harness dack is directly related to the height of the shoulder harness dots; if the shoulder
harness is not lowered to the appropriate level for the child, it is virtualy impossible to remove harness dack.
Asillugtrated in Figure 8, the Optimal condition resulted in 100% error for ‘wrong shoulder harness levels',
thus maintaining a high error frequency for harness dack.

Every label condition (both forward- and rear-facing) resulted in a high frequency of incorrect shoulder
harness levels. During the experimenta trials, participants raised concerns regarding the height of the
shoulder harness for the child and infant. At the same time, participants mentioned that they could not
determine how to lower the height of the harness to the appropriate location. Upon discussing this with the
participants further, it was noted that the participants were accustomed to restraint systems that have
severa harness dots that require re-threading—the Alpha Omega has one harness dot on an adjustable
backrest. The participants believed that the one harness slot was stationary.
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Figure 8. Error frequency: child-in-CRS (a) forward-facing; (b) rear-facing.
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5.1.4 Risk Priority Numbers (RPNS)

Severity scores, frequencies and RPN values for each ‘ CRS-in-vehicle’ and ‘child-in-CRS' error in each
label condition in the forward- and rear-facing seat orientation are presented in Appendix C. Total RPN
values for each label condition are dso provided. For each label condition, the frequency of each error
(normalized to n=100) was computed. The error frequencies were then multiplied by the predetermined
severity score to provide a RPN value for each error.  Each individua error RPN vaue for alabd condition
was summed to provide atotal RPN value for the label condition.
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5.1.4.1 CRS-in-Vehicle

The total RPN value associated with installing the CRS into the vehicle for each label condition is presented
in Figure 9, and indicates that, forward- and rear-facing, the greatest overall error levels occurred in the
NHTSA and No labels condition.

Figure9. CRS-in-vehicletotal RPNs

1400
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800 Forward Facing
600 - 0 Rear Facing
400
200 1
0 - . . .

Optimal NHTSA Consumer No labels

RPN values were calculated individualy for each participant, resulting in each participant receiving an
overall error score representing their forward- and rear-facing task performance. A t-test was performed
to examine the effects of participant experience on error scores. A significant effect of experience was
found, t=3.49, p<.001, reveding that experienced participants had significantly lower individua errors scores
than inexperienced participants(4.367 vs. 9.625) for the task of ingtalling the CRS in avehicle.

5.1.4.2 Child-into-CRS

The total RPN value associated with instaling the child into the CRS for each label condition is presented in
Figure 10, and indicates that the greatest overall error levels occurred in the NHTSA and Consumer |abel
conditions when installed rear-facing, while the Optimal and No labels condition had the lowest overall error
level.

Figure 10. Child-in-CRStotal RPNs
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Again, asignificant effect of experience was found, t=2.47, p<.05, revealing that experienced participants
had significantly lower individua error scores than inexperienced participants (4.943 vs. 7.97) for the task of
ingaling a child into the CRS.

An additional test performed on these data indicated that age also had an effect on participant error, t=2.72,
p<.01, whereby younger participants (20 to 39 years) made significantly fewer errors than older participants
(40+ years) (4.492 vs. 7.641) when ingdling the child into the CRS.

5.1.5 Task Timings

The time to complete each of the magjor tasks was recorded for each participant. These data were used to
calculate the average time to configure the CRS (prior to an ingtdlation), the time to ingtal the CRS into the
vehicle, and the time to ingtall the child into the CRS. The time to install the CRS into the vehicle and the
child into the CRS were summed to calculate a total time spent on the tasks for each participant. The
averages of these times are illustrated in Figure 11 for both forward- and rear-facing configurations. These
data (in seconds) indicate that the task of installing a CRS into the vehicle, and the task of ingaling a child
into a CRS were completed in a combined time of less than 10 minutes rear-facing, and in a combined time
of less than 8 minutes forward-facing. These times are less than the suggested maximum combined
ingalation time of 15 minutes that is specified in 1SO 13215-2 Requirements and Test Procedures for
Correct Instalation (1999).

Figure11. Task timings.
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5.2 SUBJECTIVE QUESTIONNAIRES

5.2.1 Label Usability

At the end of each session, participants completed alabd usability questionnaire that required them to rate
the usability characteristics of the labels they had used during the trial (not performed for the No labels
condition).
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5.2.1.1 Impact on task performance

Participants were required to rate their level of agreement with the following statements concerning the
impact of label design on task performance;
The labels (were):
- Easy to Locate

Helped Complete Tasks More Quickly

In aUseful Location

Easy to Read

Helped Complete Tasks Correctly

Figure 12 summarizes overal label ease-of-use. Thisis represented by an overall average that was
computed from an overall ease-of-use rating for each participant. These data indicate that the Optimal
Design condition had the highest overall usahility, followed by the NHTSA labels and the Consumer labels.
It isimportant to note that the Consumer labels had negative overall usability ratings (less than 4) for both
forward- and rear-facing, and that both the NHTSA and Optimal Design conditions raised that usability level
onto the positive side of the rating scale.

Figure 12. Label overall ease-of-use (a) forward-facing; (b) rear-facing.
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A one-way ANOVA showed a significant main effect of label design, F=4.48; p<.05. Post hoc analysis
with Tukey’s test reveded that the Optimal label condition received a higher overall usability rating than the
Consumer condition (47.45 vs. 26.72).

Behavioura evauation of CRS labds 19




A one-way ANOVA also revealed amain effect of education level on overdl labd usability, F=4.03, p<.05.
The post hoc analysis showed that this resulted from a significant difference between Graduate and
University level participants; participants with Graduate University degrees rated label usability lower than
participants with Bachelor University degrees (13.33 vs. 47.46). It should be noted that most participantsin
the study indicated high school education as their highest level of education achieved.

Figure 13 summarizes the detailed label ease-of-use data by feature. These data show the continued trend

of the Optimal Design labels having a greater ease-of -use compared to both the NHTSA and Consumer
labels.

One-way ANOV As were performed to evaluate the effects of label design on each of the ‘ ease-of -use’
statements. A significant effect of label design was found for the following two statements: the labels were
Easy to Locate, F=3.51, p<.05, and the labels were in a Useful Location, F=4.46, p<.05. Tukey’stest
revealed that, in both cases, the Optimal Design labels received significantly higher ratings than the
Consumer labels. It isaso interesting to note that the Consumer |abels were rated on the negative side of
the usability scale for al features except ease of locating them when the CRS was rear-facing.

It should be noted that, due to the low number of participants that actualy installed the CRS in the rear-

facing configuration, the “n” for rear-facing was much lower than that for forward-facing. Asaresult, the
forward-facing data is a more complete assessment of label design.
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Figure 13. Label ease-of-useratings (a) forward-facing; (b) rear-facing).
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5.2.1.2 Ease-of-understanding
Participants were required to complete a subsequent set of label usability questions that focused on the
labels' ease-of-understanding. They were asked to rate their level of agreement with the following
statements:
It was easy to understand:
- Instructions on the Seat

Images on Labels

Arrow Indicators

Warnings
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Figure 14 summarizes the overal label understanding ratings, which indicate that the Optima Design labels
were easiest to understand, followed by the NHTSA and then Consumer labels. 1n accordance with the
Consumer label ease-of-use finding, the Consumer labels aso displayed overall negative (less than 4) ratings
on the ease-of -understanding scale, while the NHTSA and Optima Design conditions improved this metric.

Figure 14. Label overall ease-of-under standing (a) forward-facing; (b) rear-facing.
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A one-way ANOVA found a significant main effect of label design on overall ease-of-understanding,
F=4.63, P<.05. Post-hoc analysis revealed that the Optimal Design labels were rated as significantly easier
to understand than the Consumer labels (21 vs. 11.55).

Figure 15 summarizes the ratings of each of the ease-of -understanding statements. All aspects of the
Optimal Design labels resulted in higher understanding ratings, especialy the arrow routing indicators and
the additional instructions provided by the Optimal Design labels.

One-way ANOV As were performed to evaluate the effects of label design on each of the ease-of -
understanding statements. A significant effect of label design was found for the statement: “It was easy to
understand the arrow routing indicators’, F=4.59, p<.05. Tukey’stest revealed that the arrow indicators on
the Optimal |abels were rated as easier to understand than those on the Consumer labels (5.33 vs. 2.80).

Behavioura evauation of CRS labds 22




Figure 15. Label features ease-of-understanding (a) forwar d-facing; (b) rear-facing.
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5.2.2 Task-based Usability

Participants were required to complete a subjective task-based usability questionnaire immediately after
performing each CRS ingtalation (forward- and rear-facing; CRS-in-vehicle and child-in-CRS). The
guestionnaire rated the participants level of agreement with the following statements:

It was very easy to:
- Adjust the CRS Prior to Instdlation

Place the CRSin the Vehicle
Secure the CRS in the Vehicle
Place the Child in the CRS, and
Secure the Child in the CRS.
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Figure 16 summarizes the overal task-based usahility for forward- and rear-facing ingtalations. A one-way
ANOVA indicated a main effect of label type on overall task-based usability, F=3.06, p<0.05, with the No
Label condition being rated as significantly easier to use than the NHTSA condition. These data suggest
that if an individua does not have any instruction or feedback regarding an installation task she will rate the
task as easier to perform.

Figure 16. Overall task-based usability ratings (1=strongly disagree; 7=strongly agr ee).
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The itemized task usability ratings (Figures 17 and 18) indicate the tasks participants felt they had the most
difficulty performing. For both forward- and rear-facing conditions, the lowest ease-of -use ratings occurred
for securing the CRS into the vehicle, with the rear-facing condition being rated lower than the forward-
facing condition.

Figure 17. Itemized usability ratings (forward-facing).
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Figure 18.

Itemized usability ratings (rear-facing).
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In the rear-facing condition, the NHTSA and Consumer conditions had the lowest usability ratings for
securing the CRS into the vehicle and for securing the child into the CRS. For these tasks, the Optimal and
No labels conditions had a greater ease-of -use rating; the Optimal 1abels had specific |abel features that
were incorporated into their design to make this task easier, while the No labels condition may have been
perceived as “easy” because participants were not provided with information that would dispute the choices

they made.

6. CONCLUSIONS AND RECOMMENDATIONS

The study results lead to the following conclusions about CRS use and CRS label and warning design:

1

The Optimal Design labels resulted in higher usability ratings, and for key areas such as
selecting the correct CRS orientation for infants (rear-facing), the Optimal Design labels
resulted in improved task performance, compared to the other label conditions. This suggests
that labels that are designed using 1) human factors principles, and 2) hierarchical task analyses
that identify critical task information requirements for label features, result in increased usability
and improved task performance compared to labels designed using other methods.

From a gtatistical perspective, implementation of the proposed changesto the U.S. FMVSS
requirements concerning CRS labeling will likely not result in increased performance or usability
compared to existing consumer labels that follow the current CMV SS/FMV SSrequirements. In
order to achieve significantly higher compliance, ease-of-use, and task performance, it would be
necessary to implement the features of the Optimal Design condition.

Pictograms improve the usability of labels, and appear to improve label compliance, especidly
when the label is positioned in the appropriate location.

Asthe Optimal Design labels received high ratings for location and ease-of -reading, it is
inferred that it is beneficia to have al English language labels located optimally on one side of
the CRS, and all French language labels located optimally on the other side of the CRS.
Experienced CRS users make fewer errors when instaling a CRS into a vehicle, and a child into
aCRS, than inexperienced users.

Y ounger CRS users (20 to 39 years) make fewer errors installing a child into a CRS than older
users (40+ years).

Behavioura evauation of CRS labds 25




As aresult of these conclusions, regulatory agencies should consider the following recommendations when
considering future CRS label design regulations:

1. Require the use of sans-serif fonts. Human factors design principles indicate that sans-serif
font is not only easy to read (Trommelen, 1994), but people are more likely to read warnings
that use sans-serif fonts (Braun, Silver, & Stock, 1992).

2. Use orange colour-coding for the rear-facing configuration. Colour-coding should be used
on the borders of labels that highlight the instructions for forward- and rear-facing
configurations. Orange should be used for rear-facing labels (red is reserved for messages or
warnings indicating a great level of perceved hazard), as users tended to overlook these and
ingtal the infant dummy forward-facing regardless of its age and weight. While the intent isto
use orange colour-coding to attract users attention to the rear-facing option on convertible
CRSs, thisissue may need to be re-examined using the complete range of age, height, and
weight requirements (e.g., infant, toddler, and children up to 80 Ibs). Current experience with
field data indicates that installation performance with rear-facing CRSs is typically very good
compared to that with forward-facing CRSs.

3. Use pictograms for key tasks. Theseinclude: CRS orientation, chest clip height, harness
tension, and seat belt route. Further, pictogram labels should be co-located at the location on the
CRS where the user will be performing the task, as was the case in the Optimal Design labelsin
thisstudy. On convertible CRSs, it is recommended to use a pictogram that shows an infant
associated with the rear-facing condition and a child associated with the forward-facing
condition, and it should include directional arrows indicating the proper CRS orientation for a
child and an infant. Finaly, aforward-/rear-facing pictogram label should be located on the
front of the CRS to increase the likelihood of detection.

4. Separate the placement of bilingual instructions. It is recommended that English language
labels be located on one side of the CRS and that French language labels be located in the same
positions on the opposite side of the CRS. Although such a pattern may pose some difficulties
when installing a CRS against one side of a vehicle, the benefits related to convenience and
ease of |locating the instructions are expected to outweigh any disadvantages.

5. Consider providing guidance on label location in relation to task performance.
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8. APPENDIX A: Locations of Consumer, NHTSA, and Optimal labels on CRS.

8.1 CONSUMER LABELS

Manufacturer and Certification Label

Side A
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General Warning Label (English Side)

3

Side B
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Rear Facing and Forward Facing Installation Labels

th

votre bébé pourrait subir des bless
la téle et/ow au cou,
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8.2 NHTSA LABELS

Harness Slot Labels

Rear Facing: Harness should he level with
or just below infant’s shoulders.

*Forward-Facing: Harness should be level
or just above child’s shoulders.

Orienté vers 'armére | Le harnais doit ére
au niveau des épaules du bebe ou juste au-
dessous.

Orient & wers Uawant - Le harnais doit e
au niveau des épaules de Uenfant ou juste
au-dessus.

Air Bag Warning Label

3

A WWARNING! F AVERTISSEMENTI

DO NOT place rear-facing child
seat an front seat with air bag.

DEATH OR SERIOUS INJURY
Can accur.

The back seat is the safest

place for children 12 and under.

MINSTALLEZ PAS Un siege pour enfant ariente vers
I'arrigre sur le sigge avant d'un vehicule equipé de
Coussing gonflakles.

LA MORT OU DES BELESSURES GRAWES pourraient
en résulter,

La banguette arriere du vehicule est 'endroit Ie plus
sr pour Ies enfants de 12 ans et moins.
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Manufacturer and Certification Labels

6 This restraint is certified for
use in motor vehicles and
aircraft when used with the
internal 5-point harness. This
restraint 15 not certified for
uze it aitcraft when used aza
belt-pozitioning bhooster
without the car seat harness

Coszco Alpha Omega
02-C53-BNP

th

Nanufactured In/Date de fahrication
Ionth/Mois Year/Anneée
1172001

. . Ce sitge est certifié pour étre
U3 Dorel Juvenile Group Inc. e e

2525 State 3t., Columbus, 1N 47201 S e

on se sert du harnais 4 5
points intégre. Ce sigge non
' est pas certifie pour Eire
utilisé dans un awion 71l est
utilizé comme coussin
dappoint pour aider 4
positionner la cemnture &t sans
le harnais.

Canada: Dorel Juwetdle Group Ine.
Le Groupe Juvénile Dorel inc.
804, e Deslauriers
Saint-Laurent (Quéhec)
Canada HAN 1X1

Side A
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General Warning Label

WARNING! DEATH OF SERIOUS INJURY CAN OCCUER

= Followr all instructions on this child restraint

= Becure this child restraint with the wehiclg’ = child restraint anchorage system if available or
with a wehicle belt.

= Place this child restraint in a rear-facing position when using it with an infant weighing
hetween 2.3-10 kg (5-22 lhs) and i3 45.3-88.9 crn tall (19-35 inches), or 10-15.9 kg (22-35
Ibs) and not yet 12 months old

= Snugly adjust the belts provided with this child restrain around your child
= Register your child restraint with the matafacturer.

AVERTISEEMENT! RIGQUE DE MORT OU DE BLESSURES GRAVES

= Butvez toutes les directives d'utilisation relatives 4 ce sigége pour enfant.

= Maintenez ce sigge pour enfant avec le dispozitif d’ancrage du vehicule, 271 en est mund, ou
awec la ceinture du wehicule

= Orientez ce sigge vers Uarriére quand vous y placez un bébé pesant entre 2.5 et 10 kg
(542210 et mesurant entre 48 3 et 88,9 cm (19 4 35 po), ou pesant entre 10 et 15,9 kg
(224 3510 et 4gé de moing de 12 mois,

= Serrez les cowrroies de ce sigge pour enfant autour de votre enfant.

=Enregistrez votre siége pour enfant auprés de son fabricant.

Behavioura evauation of CRS labds
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Rear Facing and Forward Facing Installation Labels : —
~ 10 Forward-Facing Infant Position

9 t Rear-Facing Infant Fosition t Sigge pour hébe orlent € vers Uavant
Sikge pour bébé orient & vers Uarriére

Use only with children who weigh 10-

* Use only with children who weigh 2.3-10 * Uniquetnent pour les enfants pesant entre 2,3 et _1 8kg (22-40 lbs), are 102 cm (40
kg (5-22 lbs) and are43.3-88.0 cmtall 10 kg (5 & 221b) et mesurant entre 48,3 e 38,9 cm inches) or less and over 12 months old.
(19-35 inches), or 10-15.9kg (22-35 lbs) {192 35 po), ou pesant entre 10 et 15,9 kg (224 3510) ;
and not et 12 months old et dges de moms de 12 mois, Uniguetment pour les @fants pesant
entre 10 et 18 kg (224 40 1b),
* WARNING! Your child can suffer ssvere | * AVERTISSEMENT! Votre enfant peut subir de mesurpr L eon (Hlpoy ou rpins o
head andfor neck injury if rear-facing graves hlessures 4 la t&te etfou au cou 2’1 se trouwe dgés de plus de 12 mois.
restraint iz placed in front seat of wehicle danig un sigge pour enfant orlenté wers Uarriére placé
sur le sigge avant du véhicule. Lap Bett Only
Lap Belt Only Lap/Shoulder Belt Cetnture souz-ghdotminale seulerment
Cemture zous-abdominale seulermnent Cemrture sous-abdormnal e-baudrier
Lap/shoulder belt

Ceinture sous-abdorminal e-baadrier

1%1

Side A
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8.2 OPTIMAL LABELS

Child Seat Recline Position Labels

[ | ]
1 # Rear-Facing

3 i Fonsard-Facing
I -Newborns: Seat must «Use anly far children over a
be fully reclined I year old: Seat can be reclined
| orin upright position.

l sInfants: Seat must e
fully or partially reclined.
= -] | 7] J

P Crienté vers |'arriére 4 | Criente vers I'avant

=Uniguement pour les enfants
de plus de 1 an; le siege peut
| Etre incling ou droit.

I =Mouveal-ne © le siege dait
étre camplétement incline.

I -Behe : g siege doit Etre
complétement ou partielle-

ment incling.
e e e =
5 To Recline Seat
Fourincliner le siége
=Full red handle =Tirez la poigneée rouge vers
toward wou and lift vous et soulevez-la pour
to recline seat. incliner le siege.

(8
a—
|
LS
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S-Point Harness Labels

The chest clip should

he in line with the

child's mid-chest (arm
pit level)

\

There should be one
finger width between
the child and the

shoulder strap
.

L'agrafe de poitrine doit
étre placée au niveau
des aisselles (mi-

paitring). d'un doigt.

Le jeu entre 'enfart et
la bretelle doit corres-
pondre a I'epaisseur

8 To Adjust Shoulder Strap
Tension

*To Loosen: Lift release lever
and pull shoulder straps.

«To Tighten: Pull front strap
through release lever .

Tension des bretelles

Dessaerrage | soulever le levier
de degagementt et tirez sur les
sangles.

*Serrage | tirez les sangles a
Qide du lewier de dégagement.

Behavioura evauation of CRS labds
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Release Lever

Levier de dégagement

9 & 10

37




Shoulder Harness Level Labels

11

12

13

4 y N

«Rear Facing: Shoulder straps should
be level with or just below infant's
shoulders.

Forward-Facing: Shoulder straps
should be level or just above child's

\_ shoulders. "/
A ¢ ERTISSEMENT

=Oriente vers l'amiere : réglez |a fixa-
tion des bretelles au niveau des
epaules du bébe ou juste en-dessous.

=Crriente vers I'avant . reglez Ia fixa-
tion des bretelles au niveau des
epaules de 'enfant ou juste aw-

kdessus. )

& Adjust Shoulder Strap Height

=Squeeze metal bar towards wou and lift
ar lower it to correct harness height.
§ -Lock bar into new position. J

{ Hauteur des bretelles

«Tirez la barre métallique vers vous,
puis placez-la a la hauteur adequate.
=errouillez la barre & sa nouvelle

A [osition. y,

Behavioura evauation of CRS labds
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Seat Orientation Labels Air Bag Warning

f———

15 Rear-Facin N 16 Forward-Facin | 17
I 1 : el aEng WARNING! / AVERTISSEMENT!
Ise with infants up to one For use only with children at
wear old who are: I least 1 yearald who are: DO NOT place rear-facing child
seat on front seatwith air bag.
«2.3-15.9 kg (5-35 Ibs) «10-18 kg (22-40 Ibs)
-48.3-88.9 om [19-35 inches) I -102cm (40 inches) or less DEATH Ok SERIOUS INJURY
can occur.
I A— = The back seat is the safest
I place far children 12 and under.
o o I R . MINSTALLEZ PAS Un siege pour enfant ariente vers
I Onerteiverslarmere Oriente vers ['avant I'arriere sur le siege avant d'un vehicule equipe de
Pour les enfants de 1 an ou I Uniquement pour les enfants COLSSING ganIables_
muins oui de 1 anou plus gui LA MORT OU DES BLESSURES GRAVES pourraient
I = pesent entre 2.3 et 15,9 kg = pesent entre 10 et 18 kg en resulter.
(5233 Ib), l (22 40 Ihy; s s ; .
! La banguette arriere du vehicule est I'endroit e plus
SIESHIENt St Uel R R ERL BE AR o e C O POilr 165 SATAAtS O S Ans et meis "
58,9 cm (19 &35 po). _moins. i :

Behavioura evauation of CRS labds




18

19

Tether Strap Labels

Tether strap used anly in 20 Make sure tether strap is
fonward-facing child seat. threaded correctly.
Sangle d'ancrage a 21| Assurezvous que la

utiliser seulement avec

_ ! sangle d'ancrage est
siége orienté vers |'avant.

correctement installée.

**Picture 25 1s located on
the Tether Strap anchor**

Behavioura evauation of CRS labds
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23

Tether Strap

Sangle d'ancrage

th




General Warning Labels

25

AWARNINGI

=F ailure to follow the car seat instructions
can result in your child striking the vehicle's
interior during a sudden stop or crash.

«Secure the restraint with a wehicle belt as
specified in the manufacturer's instructions.

«Snugly adjust the shoulder harness provided
with this child restraint around your child.

«The tether strap must be secured as
specified in the instructions.

=This child restraint cannot be used on rear-
facing or side- facing wehicle seats, and in
any location where the belts cannot be
properly tightened.

Do not use with belts that come out of the
door or without a locking clip when required

=This restraint is certified for use in motor
wehicles and aircraft when used with the
internal S-point harness.

=Flease register your car seat with the
manufacture.

Behavioura evauation of CRS labds

Label 26 placed in same location

on opposite side of seat.

26

AAVEI?TISSEMENT! \

+5i les directives d'utilisation du siege pour
enfant ne sont pas suivies, votre enfant
pourrait tre projeté a l'intérieur du véhicule
en cas d'arrét brusgue ou de collision.

Fixez le siege a I'aide d'une ceinture de
securité en suikvant les directives du fabricant
a l'arriére du dossier.

L es bretelles du hamais du siége doivent
Etre serrees de fagon appropriee sur I'enfant.

:La sangle d'ancrage doit Etre fixee de la
fagon specifiee dans les directives.

I'installez pas le siege pour enfant sur un
siege de vehicule oriente vers I'arriere ou
wers e cité, ni a un endroit ol la ceinture de
securité du vehicule ne peut pas tre serrée
correctement.

M'Utilisez pas |e siege avec une ceinture de
securite l[ogée dans une pore; utilisez
I'agrafe de blocage lorsgue celle-ci est
requise.

*Homologué pour utilisation en autormobile et
en aeronef si on fait usage du harmais a &

points integré.
“/euillez enregistrer vatre siege pour
enfant aupres de son fabricant.

il




Manufacturer and Certification Labels

27
Manufactured Inf \
Date de fabrication
YearfAnnée Month/hois DaydJour

02-C53-BMP
200141112 AD2C

.5 Daorel Juvenile Group Inc.
2525 State St Columbus, 1M
A47201

Canada: Dorel Juvenile Group Inc,
Le Groupe Juvénile Dorel inc.
804, rue Deslauriers
Saint-Laurent (Quehec)
Canada Han 131

k4359-3924* /

Side A
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Forward-Facing Installation Label

29

How to Insert Forward-Facing
Seatin Car

For use anly with children at
least 1 year old who are:

=10-18 kg (22-40 1bs)
=10Zcm (40 inches) or less

31 Installation d'un siége
orientg vers I'avant

Unigquement pour les enfants
d'au moins 1 an:

sesant entre 10 et 18 kg
(22 4 40 |h);
=mesurant 102 cm (40 po) ou maing

il
e 11
=

AN

Behavioura evauation of CRS labds
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How to Insert Forward
Facing Child Seat in Car 32

CAdjust shoulder strap height
{see back of seat).

2. Place child seat in the back

seat of the vehicle.

3. Thread vehicle belt (a.shoulder/ap

and b.lap only) through belt path
indicated by orange amows Delow.

4. Tighten vehicle belt by pushing

down child seat with knee, and
pulling up the shoulder belt
until lap belt is tight.

. Attach tether strap to bracket
on vehicle's rear window shelf
and adjust tightness.

- Secure lapsshoulder belt:
a. Use vehicle's automatic belt
retractor for post 1994 cars
b. Use locking clip for pre 1994
Cars

#3a Lap

Shouider | oo AR Only

#5
Tether Strap

#Ea
See vehicle
owner manual

#6h =5

Ja.Sous-abdominale

Installation d'un siége pour
enfant orienté vers |'avant

. Réglez la hauteur des bretelles (voir &
I'arrigre du dossier).

. Placez le sigge sur la banguette
arrigre du wehicule.

. Installez la ceinture de sécurité
(3. ceinture sous-abdaminale
seulement et b. ceinture d'épaulef
sous-abdominale) du wéhicule dans
les encoches du siége prévues & cet
effet comme indigue par les fleches
arange ci-dessous.

. Berrez |a ceinture de sécurité en
poussarnt le siege vers le bas avec le
genou et entirant [a ceinture vers |e
haut.

. Fixez la sangle d'ancrage au point
d'ancrage sur la plage arriere et
réglaz-en |a tension.

. Bloguez la ceinture de sécurité du

wihicule 3 'aide de

a) 'enrouleur automatique (années

modeles 1994 et suivantes);

b I'agrafe de blocage (avant 1994).

3b. épauled
S0us-

abdominale

a.
Sangle \‘_\
d'ancrage

6.3) voir le manuel

du proprietaire
du vehicule




Rear-Facing Installation Label

/

F_________

How To Insert Rear-Facing Child Seat in Car

| ]

Use with infants up to one year old who are;

« 2.3-15.9 kg (5-35 Ibs)
« 48.3-88.9 cm (19-35 inches)

—_ -

Sonagy

11—

\

- |

\

34
aemEE I
/

;
1,
- -

Installation d'un sigge arienté vers larriére

1. Adjust shoulder strap height (see back of seat).
2. Adjust recline position (see front base of seat).
3. Place child seat in the back seat of the vehicle.

4. Thread vehicle belt (a. lap only or b. shoulderlap
through belt path indicated by biue armows above.

Sy ©. Tighten wehicle belt by pushing child
seat down, and pulling up the
\ shoulder belt until 1ap belt is tight.

"™ 5. Secure lap/shoulder helt

a. Use vehicle's automatic belt
| retractor for post 1994 cars
b Use locking clip for pre 1994 cars

\__

|

Paur les enfants de 1 an ou mains qui

= pesent entre2 3 et 153 kg (5 a 35 |b);
= mesurent entre 48 3 et 839 cm (19 435 po).

#da
Lap anly

an N |

Lap/Shoulder

oy

Réglez la hauteur des bretelles foir 'arriére du dossien

Placez le sigge a 'arriére du wehicule.

. Installez la ceinture de sécurité (a. sous-abdominale
I seulement ou b, d'épaule/sous- abdaminale) du
vehicule commedans les encoches prévues a cet effet
tel qu'indiqué par les flaches bleues ci-dessus.

1

I2. Réglez l'inclinaison (voir 'avant de la base du sigge).
3:
4

43,

Sous-abdominale abdaminale

5. Serrez la ceirture de sécurité en poussarnt le
sigge vers le bas et entirant la ceinture vers
le haut.

B. Bloguez |a ceinture de sécurité 4 I'aide de
a. 'enrouleur automatigque
(annees modéles 1994 et suivantes);
\h. I'agrafe de blocage (avant 1594

Behavioura evauation of CRS labds

(a3}
pi)

Yoir le rﬁaﬁuel du g.h. ,
propriétaire du
véhicule

4b. Epaulefsous-

#6323

See vehicle owner
manual

35

640

A

- |
]
—_—

F__\

For rear-facing

instructions see below I

Directives pour sigge
oriente vers 'arriére:

woir plus bas

% o




29

35
30
Rear Facing

Routing Arrow

Forward Facing

. 33
Routing Atrows

Rear Facing
Routing Arrow

**French labels placed in same

location on opposite side of seat
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9. APPENDIX B: Subjective Questionnaire and Evaluation Checklist.

Subjective Questionnaire:
1. Peaserate your level of agreement with the following statements:

Strongly | Moderately Slightly | Borderline | Slightly | Moderately | Strongly
Disagree | Disagree Disagree Agree Agree Agree

It was very easy to:

1. Configure the seat | | O O [ O O
prior to insarting it in
the vehicle.

Comments

2. Place the seat into the | ] O | n O O
vehicle.

Comments

3. Secure the seat to the ] ] O | H | O
vehicle.

Comments

4. Placethe child in the N | O O O O O
seat.

Comments

5. Secure the child in the N [ ] ] O | O
seat.

Comments

Behaviourd evaluation of CRS labels 46




2. Pleaserate your level of agreement with the following statements:

Strongly | Moderately | Slightly | Borderline | Slightly | Moderately | Strongly
Disagree Disagree Disagree Agree Agree Agree
| am very confident that
| correctly:
1. Configured the seat ] H H ] ] H H
prior to insarting it in
the vehicle.
Comments
2. Secured the seat to the ] H H ] ] H H
vehicle.
Comments
3. Secured the child in the ] ] H ] ] H H
seat.
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Label Usability Ratings

1. Peaserate your level of agreement with the following statements:

Strongly Moderately | Slightly Borderline Slightly Moder ately Strongly Not
Disagree Disagree Disagree Agree Agree Agree Applicable
Thelabels on the seat:
1. Were easy to locate. O O O O O O O O
Comments:
Helped me to complete the task O O O O O O O O
quickly.
Comments:
Werein a useful location. O O O O O O O O
Comments:
Were easy to read. O O | O O O O O
Comments:
Helped me to complete the task O O O | O O O O
correctly.
Comments:
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2. Please rate your level of agreement with the following statements:

Strongly Moderately Slightly Borderline | Slightly Moderately Strongly Not
Disagree Disagree Disagree Agree Agree Agree Applicable

It was Very Easy to Understand
1. The written Instructions on the Child Seat O O | O O O O O
Comments
2. The images used on the labels O O O O O O O O
Comments
3. The arrow indicators used on the labels O O O O O O O O
Comments
4. The warning labes O O O O O O O O
Comments
5. The recommended child recline position O O | O O O O (|
ingtructions
Comments
6. The recommended shoulder height O O O O O O O O
ingtructions
Comments
7. The recommended dot/bet path instructions O O | | O O O O
Comments
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1. Please rate the following statements.

User Confidence Ratings

Strongly Moderately | Sightly Borderline | Slightly | Moderately | Strongly | NA
| am very confident that : Disagree | Disagree Disagree Agree Agree Agree
The child would be safe in the seat O O O O O O O O
Comments
| installed the child seat correctly in the O O O O O O O O
mock-up
Comments
| followed al of the warnings on the child O O O O O O O O
seat
Comments
| used the chest clip correctly. O O O O O O O O
Comments
| correctly adjusted the chest clip height. O O O O O O O O
Comments
| connected the crotch strap correctly. O O O O O O O O
Comments
| obtained the proper shoulder harness O O O O O O O O
tension.
Comments
| obtained the correct shoulder harness leve. O O O O O O O O

Comments
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Strongly Moderately | Sightly Borderline | Slightly | Moderately | Strongly | NA
| am very confident that : Disagree | Disagree Disagree Agree Agree Agree
| correctly adjusted the tether strap tension. O O O O O O O O
Comments
| correctly secured the tether belt to the O O O O O O O O
vehicle mock-up
Comments
| correctly secured the seatbelt buckle O O O O O O O O
Comments
| correctly routed the seatbelt through the O O O O O O O O
child seat
Comments
| correctly secured the seat belt tension O O O O O O O O

Comments

Behavioura evauation of CRS labels
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10. APPENDIX C: Severity Scores, Frequencies, and RPN Values

CRSin Vehicle Forward-Facing

Label Condition

None Consumer NHTSA Optimal

Error Severity | preq | RPN | Freg | RPN | Freq | RPN | Freq | RPN
Score

Installed in Proper Direction 100% 83.3% 100% 83%
Tether Strap Twisted 18.2%
Tether Strap Slack 1" 1 8% 8 18% 18
Tether Strap Slack 2" 3 % 27
Tether Strap Slack 3" 3 10% 30
Tether Strap Slack 4 3 10% 30
Tether Strap Slack 5.5" or greater 8 25% 200 % 728 42% 336
Shoulder Belt Twist 50% 45.5% 25% 45.5%
Lap Belt Twist 18.2% 8.3% 27.3%
Seatbelt Routed Correctly 33.3% 18.2% 33.3% 18.2%
Seatbelt Not Buckled 6 9.1% 54.6
Space Btw. Seat Back and Vehicle Cushion 1" 2 16.7% | 334 18% 36 25% 50 363% | 726
Space Btw. Seat Back and Vehicle Cushion 2" 4 9.1% 364 25% 100 | 27.3% | 109.2
Space Btw. Seat Back and Vehicle Cushion 3" 5 25% 125 18% 20 8.3% 415 | 27.3% | 1365
Space Btw. Seat Back and Vehicle Cushion 4" 6 16.7% | 1002 | 18% 108 | 16.7% | 100.2
Space Btw. Seat Back and Vehicle Cushion 5" 6 9.1% 5.6
Space Btw. Seat Back and V ehicle Cushion 6" 6 16.7% | 100.2 18% 108 25% 150 9.1% 54.6

Total RPN 588.8 535.8 785.7 472.5
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CRSin Vehicle: Rear-Facing

L abel Condition
None Consumer NHTSA Optimal
Error Severity | rreq | RPN | Freq | RPN | Freg | RPN | Freq | RPN
Score
Installed in Proper Direction 25% 25% 33.3% 50%
Shoulder Belt Twist 33.3% 33.3% 17%
Lap Belt Twist 3B3.3%
Seatbelt Routed Correctly 9 66.7% | 600.3 50% 450
Seatbelt Not Buckled 7
Space Btw. Seat Front and V ehicle Cushion 1" 1 33% | 333 33% 333 | 66.7% | 66.7
Space Btw. Seat Front and V ehicle Cushion 2" 3 333% | 999 20% 60
Space Btw. Seat Front and Vehicle Cushion 3" 4
Space Btw. Seat Front and V ehicle Cushion 4" 5
Space Btw. Seat Front and Vehicle Cushion 5" 6
Space Btw. Seat Front and V ehicle Cushion 6" 7 33.3% | 2331
Total RPN 633.6 266.4 616.6 60
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Child in CRS: Forward-Facing

Label Condition

None Consumer NHTSA Optimal
Error Severity | rreq | RPN | Freq | RPN | Freg | RPN | Freq | RPN
Score
Recline Position Inappropriate 46
Five-Point Harness Buckle not Attached 10 8.3% 83 % 0
Chest Clip not Attached 2 8% 16.60
Chest Clip Level too Low 15 58% 87 7% 1125 | 6/% 1005 | 64% 9%
Chest Clip Level too High 25 13% | 31.25 8% 20 1% | 4250
Shoulder Harness Bar not L ocked
Shoulder Harness Level too High 17 100% 170 91% 1547 | 92% | 155.89 | 100% 170
Shoulder Harness Level too Low 23 % 2.7
Harness Tightness Wrong (2 Fingers) 13 92% | 11917 | 75% | 9750 | 67/% | 8667 | 6/% | 86.67
Harness Tightness Wrong (3 Fingers) 37 8% 3083 | 17 | 6167 8% 30.83
Harness Tightness Wrong (>4 Fingers) 6.3 8% 5250 | 17% 105 8% 525
Shoulder Harness Strap Twist 13 1% | 21.71
Crotch Strap Twist 35 18% 63 50% 175 6% | 1274 | 2% | 9555
Total RPN 522.92 737.94 726.72 570.25
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Child in CRS: Rear-Facing

Label Condition

None Consumer NHTSA Optimal
Error Severity | rreq | RPN | Freq | RPN | Freg | RPN | Freq | RPN
Score
Recline Position Inappropriate 3 67% | 2001 | 25% 75
Five-Point Harness Buckle not Attached 10
Chest Clip not Attached 23 1% | 3841
Chest Clip Level too Low 2 67% | 1334 | 33% 66.6
Chest Clip Level too High 25 % | 1875
Shoulder Harness Bar not L ocked
Shoulder Harness Level too Low 23
Shoulder Harness Level too High 6.3 67% | 42021 | 67% | 420.21 | 100% 630 67/% | 420.21
Harness Tightness Wrong (2 Fingers) 17 8% 136 8% 136 25% 425 17% 289
Harness Tightness Wrong (3 Fingers) 43 8% 344 8% 344 17% 731
Harness Tightness Wrong (>4 Fingers) 6.7 8% 53.6 8% 53.6
Shoulder Harness Strap Twist 27 3% | 8991
Crotch Strap Twist 35 3% | 11655 | 33% | 11655 | 75% | 2625 | 50% 175
Total RPN 718.16 960.57 1231.90 789.22
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