
PRACTICE EXAM 11: ASQ CQE SIMULATION 

(175 QUESTIONS) 
 

1. A quality engineer is implementing SPC on a highspeed stamping press producing 800 parts per 

minute. The quality engineer proposes sampling 5 consecutive parts every 15 minutes for the Xbar and 

R chart. A colleague argues that consecutive parts from a highspeed press may not provide independent 

observations because they are produced under nearly identical conditions (same material section, same 

temperature, same die condition). What is the consequence of this lack of independence within 

subgroups? 

 

A. Consecutive parts always provide the best withinsubgroup variation estimate regardless of production 

speed 

B. The lack of independence produces a subgroup range that underestimates the true shortterm variation 

C. Highspeed presses always produce identical parts, making SPC monitoring unnecessary 

D. Consecutive parts from the same production instant experience virtually identical conditions, 

producing artificially small withinsubgroup ranges that underestimate the true shortterm variation — this 

results in control limits that are too tight, generating excessive false alarms when legitimate common 

cause variation exceeds the underestimated range 

 

 

 

2. A quality engineer is analyzing a 2⁶⁻³ fractional factorial design (8 runs, Resolution III). The analysis 

identifies Factors A, C, and F as potentially significant. The quality engineer knows that in Resolution 

III designs, each main effect is aliased with at least one twofactor interaction. Before implementing 

process changes based on these results, what is the mandatory next step? 

 

A. Implement changes for all three factors immediately since screening experiments provide definitive 

results 

B. Conduct a followup experiment at higher resolution (Resolution V or full factorial) using only 

Factors A, C, and F to cleanly separate main effects from their aliased twofactor interactions — 

confirming whether the observed effects are truly main effects or confounded interactions before 

committing to process changes 



C. Repeat the identical 2⁶⁻³ screening design to verify reproducibility of the initial results 

D. Resolution III aliasing is a theoretical concern that has no practical impact on industrial screening 

experiments 

 

 

 

3. A quality engineer is reviewing a product reliability test report. Sixty units were tested for 2,000 hours 

with 4 failures at hours 350, 780, 1,200, and 1,650. The remaining 56 units survived. Total accumulated 

test hours = (56 × 2,000) + 350 + 780 + 1,200 + 1,650 = 115,980 hours. Using the totaltimeontest 

method under the exponential assumption, what is the estimated MTBF? 

 

A. MTBF = 115,980/4 = 28,995 hours — the total accumulated test hours (including surviving units' full 

duration) divided by the number of failures provides the maximum likelihood MTBF estimate under the 

constant failure rate assumption 

B. MTBF = 2,000/4 = 500 hours, dividing the test duration by the number of failures 

C. MTBF = 60/4 = 15, dividing the number of units by the number of failures 

D. MTBF cannot be estimated from censored test data without first identifying the failure distribution 

 

 

 

4. A quality engineer discovers that the organization's supplier audit program uses a standardized 

checklist that has not been updated in 7 years. During that time, the organization transitioned from ISO 

9001:2008 to ISO 9001:2015, added IATF 16949 requirements, and implemented a new ERP system 

that changed several quality processes. The auditors report that audits are becoming less effective. What 

is the most likely cause of the declining effectiveness? 

 

A. The auditors need refresher training on existing audit techniques and interpersonal skills 

B. Audit effectiveness naturally declines over time regardless of checklist currency 

C. The outdated checklist evaluates requirements that may no longer be current while missing new 

requirements from ISO 9001:2015 riskbased thinking, IATF 16949 automotivespecific requirements, 

and ERPdependent quality processes — the auditors are evaluating against obsolete criteria while gaps 

in new requirements go unexamined 

D. The standardized checklist should be replaced with auditor judgmentbased questioning for all audits 



5. A quality engineer is conducting a process capability study on a precision turning operation. The 

specification is 12.00 ± 0.08 mm. Data from 40 subgroups of size 5 yields x̄̄̄̄  = 11.97 mm, R̄̄  = 0.052 

mm, and d₂ = 2.326. The estimated σ̂ = R̄̄ /d₂ = 0.022 mm. Calculate Cp, Cpk, and identify the 

constraining specification limit. 

 

A. Cp = 0.16/(6 × 0.022) = 1.21; Cpk = 1.21 because the process is centered at the nominal 

B. Cp = 1.21 and Cpk = 0.85, constrained by the upper specification limit 

C. Cp and Cpk cannot be calculated with R̄̄ based σ estimates for subgroups of size 5 

D. Cp = 0.16/(6 × 0.022) = 1.21; CPU = (12.08  11.97)/(3 × 0.022) = 1.67; CPL = (11.97  11.92)/(3 × 

0.022) = 0.76; Cpk = 0.76 — constrained by the lower specification because the process mean (11.97) is 

shifted below the nominal (12.00), placing it closer to the LSL 

 

 

 

6. A quality engineer is implementing lean manufacturing and encounters the concept of "jidoka" — 

automation with a human touch. A CNC machining center produces a defective part due to a broken tool 

insert. Under conventional operation, the machine continues producing defective parts until the operator 

notices during a scheduled inspection. Under jidoka, what should happen? 

 

A. The operator should perform 100% inspection at the end of each batch to catch defective parts 

B. The machine should be equipped with sensors that detect the tool breakage (through force 

monitoring, vibration analysis, or dimensional feedback) and automatically stop production, alerting the 

operator to the abnormality — preventing continued production of defective parts and enabling 

immediate root cause investigation 

C. A downstream inspection station should sort out defective parts before they reach the customer 

D. The operator should increase the frequency of visual inspections to every 10 parts 

 

 

 

7. A quality engineer is conducting a measurement system analysis for a noncontact laser measurement 

system used to measure the thickness of transparent glass substrates. The Gage R&R study yields: 

repeatability = 8.5% of tolerance, reproducibility = 1.2% of tolerance, total %GRR = 8.6% of tolerance, 

ndc = 9. The very low reproducibility indicates which characteristic of this measurement system? 



A. The operators are not properly trained on the laser measurement system's operation 

B. Reproducibility should always exceed repeatability for a properly functioning measurement system 

C. The automated laser system effectively eliminates operator influence — the instrument executes the 

same measurement algorithm regardless of which operator initiates the program; variation is dominated 

by the instrument's inherent repeatability rather than operator differences 

D. The ndc of 9 is inadequate and the measurement system needs improvement 

 

 

 

8. A quality engineer is analyzing the Cost of Quality for a newly launched product line and discovers 

an unusual pattern: Prevention costs are unusually high (25% of COQ), Appraisal costs are moderate 

(20%), Internal Failure costs are very high (40%), and External Failure costs are low (15%). This pattern 

— high prevention with high internal failure — suggests which condition? 

 

A. The high prevention spending has reduced external failures to an acceptable level, confirming the 

prevention investment is working correctly — the remaining internal failures represent detection before 

customer shipment, which is the intended outcome of a preventionfocused strategy during product 

launch 

B. The prevention spending is wasted because it has not reduced internal failure costs 

C. The pattern is impossible and indicates a COQ calculation error that must be corrected 

D. All COQ categories should be exactly 25% each for a balanced quality cost structure 

 

 

 

9. A quality engineer is implementing a risk management system and encounters the concept of "risk 

appetite" versus "risk tolerance." The organization's risk appetite statement says "we accept moderate 

risk in pursuit of innovation" while the risk tolerance for a specific product safety characteristic is "zero 

defects reaching the customer." A project manager argues that the moderate risk appetite allows relaxing 

the zerodefect tolerance for the safety characteristic. Why is the project manager incorrect? 

 

A. Risk appetite and risk tolerance are identical concepts and the project manager's interpretation is valid 

B. The project manager is correct because organizational risk appetite overrides specific risk tolerances 



C. Risk appetite should always be set to "zero risk" for all characteristics and product types 

D. Risk appetite describes the organization's general willingness to accept risk at the strategic level, 

while risk tolerance sets specific boundaries for individual risks — the organization may accept 

moderate strategic risk in innovation while maintaining zero tolerance for safetycritical defects; the 

general appetite does not override specific tolerances set for safety characteristics 

 

 

 

10. A quality engineer is reviewing a control chart and observes that the Xbar chart shows all 25 

subgroups within limits with no patterns. However, when the quality engineer constructs a histogram 

from the same 250 individual data points, the histogram reveals a distinctly bimodal distribution — two 

separate peaks at 49.7 mm and 50.3 mm. The specification is 50.0 ± 0.8 mm. Why might the Xbar chart 

fail to detect this bimodality? 

 

A. Xbar charts are specifically designed to detect bimodal distributions and would always flag this 

pattern 

B. If the two populations alternate or are interleaved within subgroups, the subgroup averages tend 

toward the grand mean, masking the bimodal nature of the individual values — additionally, if both 

population means fall within the control limits, the chart shows no signal; the histogram reveals the 

distribution shape that the sequential Xbar chart cannot directly assess 

C. Xbar charts and histograms always agree on distribution characteristics when applied to the same data 

D. Bimodal distributions are normal and expected in manufacturing and do not warrant investigation 

 

 

 

11. A quality engineer is implementing a supplier quality management program and discovers that the 

organization evaluates suppliers solely on incoming inspection defect rates. No other quality metrics are 

tracked. A supplier with zero incoming defects delivers critical components 3 weeks late on 40% of 

orders, has failed to respond to 3 corrective action requests, and has had 2 changes of ownership in the 

past year. Why is defectrateonly evaluation dangerously incomplete? 

 

A. Incoming defect rate is the only metric that matters for supplier quality management 

B. Delivery performance, financial stability, and responsiveness are purchasing department concerns, 

not quality 



C. A comprehensive supplier evaluation should include quality (defect rate, capability, CAPA 

responsiveness), delivery (ontime rate, lead time variability), financial health (ownership changes, 

profitability), and service (technical support, communication) — a supplier with zero defects but chronic 

late delivery, unresponsive CAPA, and financial instability poses significant supply chain risk that 

defect rate alone cannot reveal 

D. Only ISOcertified suppliers need multidimensional evaluation; others need only defect rate tracking 

 

 

 

12. A quality engineer is conducting a designed experiment to optimize an electroplating process. The 2³ 

full factorial with 3 replicates (24 runs) yields: Factor A (current density) p = 0.001, Factor B (bath 

temperature) p = 0.004, Factor C (plating time) p = 0.42, AB interaction p = 0.006, AC interaction p = 

0.72, BC interaction p = 0.55, ABC interaction p = 0.91. Which terms belong in the final model? 

 

A. Factors A, B, and the AB interaction — both significant main effects and their significant interaction 

are included; Factor C is not significant and has no significant interactions, so it can be set based on 

nonquality criteria such as throughput or cost without affecting plating quality 

B. All seven effects should be retained to preserve the complete factorial model structure 

C. Only Factor A because it has the single smallest pvalue in the entire ANOVA table 

D. Only the AB interaction since it involves both significant main effects and carries the most 

information 

 

 

 

13. A quality engineer is analyzing warranty return data for a fleet of commercial vehicles. The Weibull 

analysis yields β = 1.8 and η = 120,000 miles. The maintenance department wants to know the B10 life 

— the mileage at which 10% of vehicles are expected to have experienced this failure mode. Using F(t) 

= 1  e^((t/η)^β), solve for t when F(t) = 0.10. 

 

A. B10 = 120,000 × 0.10 = 12,000 miles, calculated as 10% of the characteristic life 

B. B10 = 120,000/1.8 = 66,667 miles, calculated by dividing η by β 

C. B10 cannot be calculated from Weibull parameters without separate failure rate tables 



D. B10 = η × (ln(0.90))^(1/β) = 120,000 × (0.1054)^(1/1.8) = 120,000 × (0.1054)^(0.556) ≈ 120,000 × 

0.281 ≈ 33,720 miles — meaning 10% of vehicles experience this failure by approximately 33,700 miles 

 

 

 

14. A quality engineer is reviewing the organization's internal audit program and discovers that audit 

findings are consistently limited to documentation deficiencies — missing signatures, incomplete forms, 

expired revision stamps — while process effectiveness, product quality outcomes, and customer 

satisfaction are never examined. External auditors routinely find significant process gaps that internal 

auditors miss. What fundamental improvement is needed? 

 

A. Documentationfocused auditing is the complete and correct approach for ISO 9001 internal audits 

B. The internal audit program must expand its scope and methodology to evaluate process effectiveness 

— whether processes achieve intended outcomes, whether quality objectives are being met, and whether 

the QMS delivers conforming products and customer satisfaction; surfacelevel documentation checks 

miss the fundamental purpose of quality management system auditing 

C. Internal auditors should only verify that documentation exists; process effectiveness is the external 

auditor's responsibility 

D. Adding more documentation checkpoints to the audit checklist will address the gap 

 

 

 

15. A quality engineer is implementing SPC on a batch chemical process where each batch produces a 

single viscosity measurement. Batches are produced every 4 hours. After plotting 50 data points on an 

IMR chart, the quality engineer discovers that consecutive measurements show strong positive 

autocorrelation (lag1 r₁ = 0.82). The chart has been producing frequent false alarms — well above the 

expected 0.27% per point. What is the fundamental cause of the excessive false alarms? 

 

A. The excessive false alarms are caused by measurement system degradation, not data characteristics 

B. Autocorrelation has no effect on IMR chart performance under any data conditions 

C. Standard IMR charts assume independent observations — positive autocorrelation causes consecutive 

points to follow similar trajectories, creating runs, trends, and zone patterns that would be rare under 

independence but are common in correlated data; the chart interprets these correlated patterns as process 

signals, triggering rules far more frequently than expected 



D. The false alarms indicate the process is genuinely out of control and each signal should be 

investigated 

 

 

 

16. A quality engineer is reviewing a product design for a medical infusion pump. The design team 

performed extensive design verification (meeting all engineering specifications) but limited design 

validation (testing under simulated clinical conditions). The quality engineer discovers that the pump's 

user interface caused 3 use errors during a small clinical simulation study — nurses selected the wrong 

flow rate because the display layout was confusing. The pump met all functional specifications during 

verification. What does this reveal about the relationship between verification and validation? 

 

A. Verification results override validation findings because verification uses more rigorous test methods 

B. The use errors during clinical simulation are irrelevant because the pump meets all engineering 

specifications 

C. Verification and validation should always produce identical results for a properly designed product 

D. Verification confirmed the pump meets its engineering specifications, but validation revealed that the 

design does not adequately meet user needs in the clinical environment — a product can pass all 

specification tests yet fail in actual use if the specifications did not capture realworld usability 

requirements 

 

 

 

17. A quality engineer is implementing acceptance sampling under ANSI/ASQ Z1.4 and must explain 

the switching rules to a production team. The current inspection status is normal with AQL = 1.0%. Ten 

consecutive lots have been accepted, production is at a steady rate, and the responsible authority 

approves. The quality engineer proposes switching to reduced inspection. What happens to the sample 

size and the switchingback trigger? 

 

A. The sample size increases under reduced inspection to provide more thorough verification of the 

improved quality 

B. The sample size remains identical to normal but the acceptance number is increased 

C. Reduced inspection eliminates sampling entirely and relies on supplier certification 



D. The sample size decreases under reduced inspection, reflecting confidence earned through 

consecutive acceptances — but if any lot is rejected, production becomes irregular, or other adverse 

conditions arise, the organization must immediately switch back to normal inspection 

 

 

 

18. A quality engineer is analyzing a control chart and notices that the R chart has been stable for 35 

subgroups, but the Xbar chart shows a peculiar pattern: the first 12 points cluster tightly near 50.2 mm, 

then points 1324 cluster near 49.8 mm, then points 2535 cluster near 50.1 mm. Each cluster appears 

stable within itself, but the transitions between clusters are abrupt. What does this stepped pattern most 

likely indicate? 

 

A. The process is exhibiting normal random variation that occasionally produces apparent clusters 

B. The three distinct levels with abrupt transitions suggest assignable causes at the transition points — 

batchtobatch material changes, operator shift changes, tool replacements, or fixture adjustments that 

create step changes in the process mean; each step represents a new process condition that should be 

investigated to identify what changed at each transition 

C. The control limits need to be recalculated separately for each of the three clusters 

D. The R chart stability proves the stepped Xbar pattern has no practical significance 

 

 

 

19. A quality engineer is implementing a lean value stream mapping exercise and calculates the process 

cycle efficiency (PCE) for a medical device manufacturing process. Total lead time = 32 days, 

valueadded processing time = 85 minutes. What is the PCE, and what does it reveal? 

 

A. PCE = 85/(32 × 8 × 60) = 85/15,360 = 0.55% — over 99.4% of lead time is consumed by 

nonvalueadded activities including queue time, inventory storage, transport, and inspection waiting; this 

extremely low efficiency reveals massive improvement opportunity through lean waste elimination 

B. PCE = 85/32 = 2.66 minutes per day, representing the daily processing rate 

C. PCE cannot be calculated for regulated medical device manufacturing processes 

D. PCE = 85/(32 × 24 × 60) = 0.18%, but this calculation uses 24hour days which is incorrect 

 



20. A quality engineer is reviewing a tolerance stackup analysis for a precision assembly. The assembly 

clearance is determined by Gap = A  B  C  D  E, involving 5 components. The worstcase analysis shows 

minimum gap = 0.01 mm (barely acceptable). The statistical RSS analysis shows minimum gap = 0.09 

mm (comfortable margin). The design engineer proposes using the RSS result. Before approving, what 

must the quality engineer verify? 

 

A. RSS tolerance analysis should always be approved when it shows a comfortable margin 

B. Worstcase analysis should always be used for assemblies with more than 3 components 

C. The RSS calculation requires only that the number of components exceeds 4 for statistical validity 

D. The quality engineer must verify that all component dimensions are independently manufactured, 

approximately normally distributed, and reasonably centered within their tolerances — if any dimension 

is systematically biased toward one extreme, or if the assembly has critical functional consequences 

from exceeding the gap limit, worstcase or modified RSS may be more appropriate 

 

 

 

21. A quality engineer is analyzing a Gage R&R study for a torque measurement system used on 

safetycritical fasteners. Results: repeatability = 3.2% of tolerance, reproducibility = 1.8% of tolerance, 

total %GRR = 3.7% of tolerance, ndc = 19. Based on AIAG guidelines, what is the assessment? 

 

A. The system needs improvement because the ndc exceeds the recommended range of 515 

B. The measurement system is fully acceptable — %GRR well below 10% with ndc of 19 (far above the 

minimum 5) indicates excellent discrimination and minimal measurement variation; this system is 

suitable for all quality decisions including SPC, capability analysis, and accept/reject decisions on 

safetycritical fasteners 

C. The system is conditionally acceptable but requires monthly reevaluation for safetycritical 

applications 

D. The repeatability and reproducibility components must be exactly equal for an acceptable system 

 

 

 

22. A quality engineer is implementing a risk management system for a food manufacturing operation. 

The team identifies a risk of undeclared allergen crosscontamination between product lines that share 



equipment. Under the risk treatment hierarchy, which approach should be evaluated first before 

considering less effective alternatives? 

 

A. Add allergen warning labels to all products manufactured on shared equipment as the primary control 

B. Implement validated cleaning procedures between allergen and allergenfree production runs 

C. Schedule allergencontaining products at the end of the production day followed by overnight cleaning 

D. Eliminate the hazard through inherently safe design — dedicate separate production lines for 

allergenfree products, physically preventing any possibility of crosscontamination; if dedicated lines are 

not feasible, then validated cleaning with allergenspecific testing verification provides the next level of 

protection 

 

 

 

23. A quality engineer is conducting a hypothesis test to compare mean tensile strength from two heat 

treatment processes. Process A: n₁ = 20, x̄̄ ₁ = 850 MPa, s₁ = 25 MPa. Process B: n₂ = 20, x̄̄ ₂ = 870 MPa, 

s₂ = 30 MPa. The pooled ttest yields t = 2.29. The critical tvalue at α = 0.05 (twosided) with 38 df is 

±2.024. What is the conclusion? 

 

A. Reject H₀ — there is statistically significant evidence that the two processes produce different mean 

tensile strength (|t| = 2.29 > 2.024); Process B produces significantly higher strength than Process A 

B. Fail to reject because the sample sizes are below the minimum of 30 required for ttests 

C. The test is invalid because the standard deviations differ between the two processes 

D. Fail to reject because the difference of 20 MPa is too small to be practically significant 

 

 

 

24. A quality engineer is reviewing a process validation report for a critical sterilization process. The 

validation tested at the minimum validated cycle parameters (worst case for sterility). The quality 

engineer asks whether the maximum validated cycle was also tested. The validation team argues that 

longer sterilization always improves sterility and maximum testing is unnecessary. What concern should 

the quality engineer raise? 

 



A. Longer sterilization cycles are always beneficial to both sterility and product integrity 

B. Maximum cycle testing is only required for gamma radiation sterilization, not for steam or EtO 

C. The validation team is correct — only minimum cycle testing is relevant for sterilization validation 

D. Excessive sterilization exposure can damage the product — causing material degradation, 

dimensional changes, seal compromise, or functional impairment; the maximum validated cycle must 

also be tested to confirm product integrity is maintained at the upper extreme of the sterilization 

parameters 

 

 

 

25. A quality engineer is implementing a kanban system for a production cell. Daily demand = 1,500 

units, replenishment lead time = 0.2 days (approximately 1.6 hours), safety stock factor = 15%, and 

container size = 75 units. Using K = D × L × (1 + S) / C, how many kanban cards are needed? 

 

A. K = 1,500/75 = 20 kanban cards based solely on daily demand divided by container size 

B. K = D × L × (1 + S) / C = 1,500 × 0.2 × 1.15 / 75 = 345/75 = 4.6, rounded up to 5 kanban cards — 

each authorizing one container of 75 units, with the 15% safety factor buffering against demand and lead 

time variation 

C. K = 1,500 × 1.6 × 1.15 / 75 = 36.8, rounded up to 37 cards using lead time in hours 

D. K = 1,500 × 0.2 / 75 = 4.0 kanban cards exactly, without any safety stock factor 

 

26. A quality engineer is reviewing a product design that incorporates a GD&T feature control frame 

specifying position tolerance of ⌀0.30 mm at MMC for a pin with size limits of 10.00–10.08 mm, 

referenced to datums A, B, and C. The actual pin is produced at 10.03 mm diameter. For an external 

feature (pin), MMC is the largest size (10.08 mm). What is the total positional tolerance available? 

 

A. 0.30 mm — the stated tolerance applies at all feature sizes without any bonus 

B. Only 0.25 mm because the pin being smaller than MMC reduces the available tolerance 

C. 0.33 mm — calculated by adding the departure from nominal (10.08  10.03 = 0.05) incorrectly 

D. 0.35 mm — the stated tolerance (0.30) plus bonus tolerance from MMC departure (10.08  10.03 = 

0.05), totaling 0.35 mm; as the pin departs from MMC toward LMC, additional positional tolerance 

becomes available because the smaller pin has more clearance with the mating hole 



27. A quality engineer is implementing a corrective action for a recurring contamination defect on 

precision optical surfaces. The 5 Whys analysis reveals: Why contamination? → Airborne particles 

settling on surfaces during assembly. Why airborne particles? → Clean room particle count exceeds 

Class 1000 during highactivity periods. Why exceeding Class 1000? → HVAC system cannot maintain 

particle count when more than 3 operators work simultaneously. Why insufficient HVAC? → The clean 

room was designed for 2operator capacity but production demand requires 34 operators. Why 

undersized? → The original clean room design did not account for production volume growth. What is 

the systemic corrective action? 

A. Limit the clean room to 2 operators maximum and reduce production volume accordingly 

B. Retrain operators on proper clean room gowning procedures to reduce particle generation 

C. Upgrade the HVAC system to maintain Class 1000 at the required 34 operator capacity, and 

implement a management of change process that evaluates clean room capacity when production 

volume changes are planned — addressing both the immediate filtration deficiency and the systemic gap 

in change management 

D. Add a final cleaning step after optical assembly to remove any surface contamination 

 

 

 

28. A quality engineer is reviewing the organization's approach to management review and discovers 

that quality data is presented using monthly averages only — no trend analysis, no statistical process 

behavior analysis, and no comparison to targets. The CEO asks "is our quality getting better or worse?" 

and the quality team cannot answer definitively because the monthly averages fluctuate randomly 

between 2.5% and 3.5% defect rate. What analytical improvement should the quality engineer 

implement? 

 

A. Present monthly quality data on a run chart or control chart format that distinguishes common cause 

variation from special cause changes — this enables definitive statements about whether quality is 

improving, stable, or deteriorating based on statistical signals rather than subjective interpretation of 

random monthtomonth fluctuation 

B. The monthly average format is adequate because any change from month to month indicates 

improvement or deterioration 

C. Replace monthly data with annual averages to smooth out random fluctuation 

D. Present only the best monthly result each quarter to demonstrate improvement to management 

 

 



29. A quality engineer is implementing a lean production system and encounters a situation where the 

painting department operates a large batch oven that can hold 200 parts. The upstream machining 

department produces parts at a rate of 25 per hour. The current practice fills the oven to capacity before 

starting a paint cycle (8 hours of accumulation), creating a significant WIP buffer. The quality engineer 

proposes reducing the batch size. What lean principle is being applied, and what enables smaller 

batches? 

A. Maintaining the 200part batch maximizes oven utilization and should not be changed 

B. Reducing the batch size without addressing oven cycle time will increase cost per part and should be 

avoided 

C. All parts should be painted individually in a continuous flow process regardless of oven constraints 

D. Reducing the batch size reduces WIP and lead time — but the oven's fixed cycle time creates an 

economic lot size constraint; the quality engineer should first investigate whether a smaller supplemental 

oven or continuous conveyorized paint system could enable smaller batches, and also evaluate whether 

the current oven's cycle time can be reduced 

 

 

 

30. A quality engineer is analyzing a scatter diagram of injection molding cavity pressure versus part 

weight. The Pearson correlation coefficient is r = 0.92. The quality engineer proposes using cavity 

pressure as a realtime predictor of part weight to enable 100% virtual inspection — predicting every 

part's weight from the pressure signal without physical weighing. Before implementing this virtual 

inspection, what validation is essential? 

 

A. A correlation of 0.92 is sufficient to implement virtual inspection without additional validation 

B. The scatter diagram should be regenerated with at least 1,000 data points to confirm the correlation 

C. Virtual inspection based on correlations should never be used in manufacturing applications 

D. A designed experiment should confirm the causal relationship, the prediction model must be 

validated against physical measurements over the full range of operating conditions, and the prediction 

accuracy must be demonstrated to meet the required measurement uncertainty — a strong correlation 

alone does not guarantee reliable prediction for every individual part 

 

 

 



31. A quality engineer is conducting a chisquare goodnessoffit test to determine whether process data 

follows a normal distribution. The data is grouped into 7 class intervals. The test yields χ² = 8.2 with 

degrees of freedom = k  p  1 = 7  2  1 = 4 (subtracting 1 for the constraint and 2 for estimated parameters 

μ and σ). The critical value at α = 0.05 with 4 df is 9.488. What is the conclusion? 

 

A. Fail to reject the normality assumption because χ² = 8.2 < 9.488 — the data is consistent with a 

normal distribution, supporting the use of standard Cp/Cpk calculations and normaldistributionbased 

control chart limits 

B. Reject the normality assumption because the chisquare value is positive and greater than zero 

C. The test is invalid because normality tests should only use the AndersonDarling method 

D. The result is inconclusive because 4 degrees of freedom is insufficient for any chisquare test 

 

 

 

32. A quality engineer is reviewing the organization's approach to handling customer complaints and 

discovers that each complaint is resolved individually but no systematic trend analysis is performed. 

What improvement would extract the most analytical value from the complaint data? 

 

A. Increase the speed of individual complaint response times to improve customer satisfaction scores 

B. Hire additional complaint handling staff to reduce the backlog of open complaints 

C. Implement systematic complaint trend analysis — Pareto analysis by failure mode, stratification by 

product/region/time/customer segment, correlation with production variables, and root cause pattern 

identification — to detect systemic quality issues, prioritize improvement projects, and identify 

emerging failure patterns before they become widespread 

D. Individual complaint resolution fully satisfies all ISO 9001:2015 quality system requirements 

 

 

 

33. A quality engineer is implementing a process control plan for a critical heat treatment operation. The 

plan specifies thermocouple monitoring at 3 locations within the furnace, with readings logged every 5 

minutes. The quality engineer discovers that the thermocouples were last calibrated 18 months ago 

against a schedule requiring 12month calibration. What immediate action is required? 

 



A. The 6month overdue status is minor and can wait until the next scheduled calibration 

B. Thermocouple calibration intervals of 18 months are within acceptable industry practice 

C. Only thermocouples used for final product acceptance decisions require timely calibration 

D. The overdue thermocouples must be calibrated immediately, and an impact assessment must be 

performed — all heat treatment records from the past 6 months (since calibration was due) must be 

reviewed to determine whether any products were processed with potentially inaccurate temperature 

readings that could have affected metallurgical properties 

 

 

 

34. A quality engineer is analyzing a designed experiment and the team debates whether to include 

center points in their 2⁴ factorial (16 runs). Budget allows 20 runs total. Adding 4 center points would 

complete the budget. What two specific statistical benefits do center points provide that the 16 factorial 

runs alone cannot? 

 

A. Center points improve the precision of all main effect and interaction estimates uniformly 

B. Center points detect curvature (if the center response differs significantly from the factorial corner 

average, at least one factor has a nonlinear effect requiring response surface methods) and provide 

replicated observations for estimating pure error, enabling formal Ftests of significance in the 

unreplicated factorial 

C. Center points are only useful for verifying the measurement system's calibration during the 

experiment 

D. Center points add 4 additional factorial combinations that estimate fourfactor interactions 

 

 

 

35. A quality engineer discovers that the organization's process for handling nonconforming product has 

a useasis disposition rate of 82%. Most engineering justifications state simply "within historical 

production range — no functional impact" without detailed analysis. What two problems does this 

pattern reveal? 

 

A. The high useasis rate and superficial justifications reveal: (1) the specifications may be tighter than 

functionally necessary, suggesting a specification review is warranted; and (2) the cursory justifications 



do not demonstrate thorough engineering analysis of fit, function, reliability, downstream process 

impact, and customer requirement compliance 

B. Useasis rates above 80% are normal for mature manufacturing processes 

C. The superficial justifications are adequate because engineering signoff provides sufficient authority 

D. All nonconforming product should be scrapped regardless of engineering analysis findings 

 

 

 

36. A quality engineer is reviewing a supplier's SPC data and notices that the control chart shows 

excellent stability — all 30 points within limits with no patterns. However, the quality engineer also 

notices that the supplier calculated Cpk using the withinsubgroup standard deviation (σ ̂= R̄̄ /d₂) while the 

quality engineer calculates Ppk using the overall standard deviation from all individual measurements. 

The supplier reports Cpk = 1.95 while the quality engineer calculates Ppk = 1.15. What does this 

discrepancy indicate? 

 

A. The supplier's Cpk calculation is incorrect and should match the quality engineer's Ppk value 

B. The quality engineer's Ppk calculation is incorrect and should match the supplier's Cpk value 

C. The significant gap between Cpk (1.95) and Ppk (1.15) reveals substantial betweensubgroup variation 

from process instability — the process has good shortterm capability within individual subgroups but 

significantly degraded longterm performance due to shifts, trends, or other assignable causes occurring 

between subgroups 

D. Cpk and Ppk always differ by a fixed ratio and the gap has no diagnostic significance 

 

 

 

37. A quality engineer is implementing a lean initiative and the team discovers that operators on an 

assembly line spend 25% of their time walking to retrieve components from a central stockroom 30 

meters away. The quality engineer proposes relocating highusage components to pointofuse bins at each 

workstation. What lean waste category does this address, and what secondary benefits are expected? 

 

A. This addresses transportation waste only, with no secondary quality or productivity benefits 



B. Relocating components to pointofuse addresses motion waste (25% of operator time reclaimed) and 

produces secondary benefits: reduced workinprocess, fewer handlingrelated quality defects, improved 

cycle time, and better operator focus on valueadded assembly tasks instead of material retrieval 

C. The central stockroom layout should be maintained because it provides better inventory control 

visibility 

D. Only automated material delivery systems can effectively reduce component retrieval waste 

38. A quality engineer is reviewing a product reliability test report. Thirty units were tested for 5,000 

hours with zero failures. Using the chisquare method for zerofailure tests: MTBF_lower = 2T/χ²(α, 2r+2) 

where r = 0, T = 150,000 hours, and χ²(0.10, 2) = 4.605. What is the demonstrated MTBF at 90% 

confidence? 

 

A. MTBF = infinity because no units failed during the test period 

B. MTBF = 5,000 hours because that was the test duration per unit 

C. MTBF_lower = 150,000/4.605 = 32,573 hours, which is incorrect because it omits the factor of 2 

D. MTBF_lower = 2(150,000)/4.605 = 300,000/4.605 = 65,147 hours — the test demonstrates at least 

65,147 hours MTBF at 90% confidence; zero failures establishes a statistical lower bound, not infinite 

reliability 

 

 

 

39. A quality engineer is implementing a corrective action system and must distinguish when a 

"correction" is sufficient versus when a full "corrective action" is required. A production batch of 500 

units fails final inspection due to a cosmetic surface defect. Investigation reveals a onetime 

contamination event from a maintenance activity that has already been completed and will not recur. No 

other batches are affected. What is the appropriate response? 

 

A. A correction (reworking or scrapping the affected 500 units) is sufficient for this isolated, 

selfcorrecting event — the cause is identified, contained to one batch, and the maintenance activity that 

caused the contamination is complete; however, the quality engineer should verify the maintenance 

procedure includes provisions to protect production during future maintenance activities 

B. A full 8D corrective action is required for every final inspection failure regardless of circumstances 

C. No action is needed because the contamination event was a onetime occurrence that selfcorrected 

D. The maintenance department should receive a formal nonconformity report for causing production 

losses 



40. A quality engineer is analyzing a process that produces pharmaceutical capsules. The fill weight 

specification is 200 ± 10 mg. Process data shows x̄̄  = 204.5 mg (intentionally overfilling to minimize 

regulatory risk of underweight capsules) and σ̂ = 2.8 mg. Calculate Cp and Cpk, and identify the 

constraining specification. 

 

A. Cp = 20/(6 × 2.8) = 1.19; Cpk = 1.19 because the overfill is an intentional pharmaceutical design 

choice 

B. Cp = 20/(6 × 2.8) = 1.19; CPU = (210  204.5)/(3 × 2.8) = 0.65; CPL = (204.5  190)/(3 × 2.8) = 1.73; 

Cpk = 0.65 — severely constrained by the upper specification 

C. Cp = 1.19; Cpk = min(0.65, 1.73) = 0.65, constrained by the upper specification — the intentional 

overfill provides excellent protection against underweight capsules (CPL = 1.73) but severely reduces 

margin on the high side (CPU = 0.65), making the process incapable at the USL 

D. Cpk cannot be calculated for pharmaceutical processes with deliberately offset targets 

 

 

 

41. A quality engineer is reviewing a designed experiment and discovers that the response variable is 

measured using an instrument with %GRR = 38% of the response variation. The ANOVA identifies 

only 2 of 7 tested effects as significant. The quality engineer suspects some truly significant effects may 

have been missed. Why is this concern valid? 

 

A. Measurement error has no effect on designed experiment outcomes under any circumstances 

B. The measurement error inflates all effect estimates equally, making them easier to detect 

C. The experiment must be discarded entirely and cannot provide any useful information 

D. The high measurement error (38% of response variation) adds noise that reduces the experiment's 

statistical power — truly significant effects may appear nonsignificant because the measurement noise 

masks the signal; improving the measurement system or increasing the number of replicates would 

recover the lost power 

 

 

42. A quality engineer is reviewing the organization's management review minutes from the past 3 

years. Each review produces the same conclusions: "continue monitoring quality metrics" and "maintain 

current improvement efforts." No specific actions, resource allocations, or responsibility assignments are 

documented. What is the quality engineer's assessment? 



A. Consistent conclusions confirm the management review process is stable and wellfunctioning 

B. Management review has become a routine compliance exercise producing no actionable outputs — 

effective reviews should identify specific improvement opportunities, assign responsibilities with 

deadlines, allocate resources for identified needs, and produce measurably different outputs each cycle 

based on evolving quality data and changing organizational context 

C. Management review should only produce specific actions when significant quality problems exist 

D. The review format meets ISO 9001:2015 requirements because the standard does not specify output 

content 

 

 

 

43. A quality engineer is conducting a twoproportion Ztest comparing defect rates between two injection 

molding machines. Machine A: 28 defectives out of 1,500 (p̂₁ = 0.0187). Machine B: 15 defectives out 

of 1,500 (p̂₂ = 0.0100). The pooled proportion is p̂ = 43/3,000 = 0.01433. The Zstatistic = 2.08. The 

critical Z at α = 0.05 (twosided) is ±1.96. What is the conclusion? 

 

A. The machines have equal defect rates because both rates are below 2% and the difference is trivial 

B. The test is invalid because both defect rates must exceed 5% for the normal approximation to be valid 

C. Z = 2.08 exceeds the critical value of 1.96, providing significant evidence that Machine A has a 

higher defect rate than Machine B 

D. The result is significant (p < 0.05) — Machine A's defect rate (1.87%) is significantly higher than 

Machine B's (1.00%); the quality engineer should investigate root causes including mold condition, 

process parameters, material feed, and cooling system differences 

 

 

 

44. A quality engineer is implementing a visual management system in a lean production cell. The 

andon board has been installed for 8 months but the quality engineer discovers that operators almost 

never activate the yellow warning signal — they wait until a problem becomes critical and activate red 

(production stop) instead. This eliminates the early warning capability that yellow signals are designed 

to provide. What systemic management change is needed? 

 

A. Remove the yellow signal since operators are not using it in practice 



B. Discipline operators who fail to use the yellow signal at the appropriate threshold 

C. Leaders must respond quickly and supportively to yellow signals, demonstrating that early problem 

reporting is valued — operators avoid yellow signals when they perceive early reporting brings 

criticism, delays, or unwanted attention; creating a culture that rewards early detection rather than 

punishing it is essential for the early warning system to function 

D. Replace the andon system with fully automated monitoring that eliminates reliance on operator 

judgment 

 

 

 

45. A quality engineer is analyzing warranty data for an automotive component. The failure rate follows 

the exponential distribution with MTTF = 60,000 miles. The component carries a 36,000mile warranty. 

Using R(t) = e^(t/MTTF), what percentage of components are expected to fail during the warranty 

period? 

 

A. 60%, calculated as 36,000/60,000 × 100% using the linear approximation 

B. 50%, because half of all components fail before the MTTF in exponential distributions 

C. 0%, because the warranty period is less than the MTTF 

D. Approximately 45.1%, calculated as 1  e^(36000/60000) = 1  e^(0.60) = 1  0.549 = 0.451 — a 

substantial proportion of components fail within the warranty period, representing significant warranty 

liability 

 

 

 

46. A quality engineer is implementing total productive maintenance (TPM) and the team calculates 

OEE for a CNC machining center: planned time = 480 min, planned breaks = 30 min, unplanned 

downtime = 50 min, ideal cycle time = 1.8 min/part, actual output = 195 parts, rejected parts = 9. 

Calculate OEE. 

 

A. OEE = 195/480 = 40.6% based on actual output versus total scheduled time 

B. Available time = 480  30 = 450 min. Availability = (450  50)/450 = 400/450 = 0.889. Performance = 

(195 × 1.8)/400 = 351/400 = 0.878. Quality = (195  9)/195 = 186/195 = 0.954. OEE = 0.889 × 0.878 × 

0.954 = 0.744 or 74.4% 



C. OEE = (195  9)/195 = 95.4% based solely on the quality rate 

D. OEE = 400/450 = 88.9% based solely on the availability calculation 

 

 

 

47. A quality engineer is implementing a measurement system for checking the perpendicularity of a 

machined surface to a datum bore. The specification tolerance is 0.015 mm. Instrument A (dial indicator 

on Vblocks) yields %GRR = 34% of tolerance. Instrument B (CMM with automated program) yields 

%GRR = 6% of tolerance. Which instrument should be selected? 

 

A. Instrument A because dial indicators are the traditional method for perpendicularity measurement 

B. Either instrument is acceptable because both fall within some measurement system capability range 

C. Instrument B (CMM) must be selected — Instrument A's 34% GRR exceeds the 30% maximum 

threshold, making it unacceptable; more critically, for a 0.015 mm tolerance, Instrument A's 

measurement variation consumes more than onethird of the tolerance, rendering borderline accept/reject 

decisions unreliable 

D. The selection should be based solely on instrument cost, favoring the less expensive dial indicator 

setup 

 

 

 

48. A quality engineer is reviewing a product design for a consumer appliance and encounters the 

concept of "design for manufacturing" (DFM). The design includes a component that requires a 

specialized assembly tool costing $15,000, produces a 5% assembly defect rate, and requires 45 seconds 

of assembly time. A redesigned version of the same component can be assembled by hand with standard 

tools, reduces the defect rate to 0.1%, and takes 15 seconds. The redesigned component costs $0.35 

more per unit. Annual production is 500,000 units. Which design should be selected? 

 

A. The original design because it has lower perunit component cost and cost minimization is paramount 

B. The quality engineer should evaluate both designs holistically — the redesigned component costs 

$175,000 more annually in material but eliminates the $15,000 tool, reduces defectrelated costs by 

approximately 4.9% × 500,000 × rework cost, saves 30 seconds × 500,000 = 4,167 hours of labor 

annually, and dramatically improves quality; the total cost of the redesigned version is almost certainly 

lower 



C. Both designs are equivalent and the selection should be deferred to manufacturing engineering 

D. The redesigned component should be rejected because any increase in unit cost is unacceptable 

 

 

 

49. A quality engineer is implementing a riskbased approach to determining calibration intervals. A 

precision bore gage used 50 times daily on safetycritical aerospace components currently has a 12month 

calibration interval. The last 4 calibrations show asfound readings trending progressively toward the 

tolerance limit: bias of 0.001, 0.002, 0.003, and 0.004 mm from tolerance. What should the quality 

engineer recommend? 

 

A. Maintain the 12month interval because the instrument has passed all four consecutive calibrations 

B. Extend the interval to 18 months because the consistent passing results demonstrate instrument 

stability 

C. Only adjust intervals after an instrument actually fails a calibration check, not based on trending data 

D. Shorten the calibration interval — the progressive drift trend (0.001 → 0.004 mm) indicates the 

instrument will likely exceed tolerance before the next 12month calibration; for a highuse safetycritical 

application, the interval must be shortened to prevent the instrument from drifting out of tolerance 

between calibrations 

 

 

 

50. A quality engineer is reviewing the organization's approach to continual improvement and discovers 

that all improvement projects originate from the quality department. Production, engineering, 

maintenance, and other departments do not initiate or participate in improvement activities. What 

fundamental quality management principle is being violated? 

 

A. Only the quality department should own and manage improvement projects in any organization 

B. Total employee involvement — quality improvement is a shared responsibility across all 

organizational functions; without crossfunctional participation, the organization misses improvement 

opportunities in areas where the quality department has limited expertise, influence, and direct access to 

process knowledge 



C. Crossfunctional involvement is only required for Six Sigma DMAIC projects, not general 

improvements 

D. The quality department is the most qualified function to identify and execute all improvement 

initiatives 

 

 

 

51. A quality engineer is analyzing the results of a reliability test. One hundred units were placed on test. 

By 1,000 hours, 12 units failed. By 2,000 hours, 8 additional units failed. By 3,000 hours, 4 additional 

units failed. The decreasing number of failures per interval suggests which reliability behavior? 

 

A. A decreasing failure rate consistent with infant mortality — early weak units are eliminated and the 

surviving population becomes progressively more reliable, consistent with a Weibull distribution with β 

< 1 

B. A constant failure rate consistent with the useful life portion of the bathtub curve 

C. An increasing failure rate consistent with a wearout mechanism where degradation accelerates 

D. A bathtub curve showing all three phases within this single 3,000hour test period 

 

 

 

52. A quality engineer is reviewing a product's design FMEA for an automotive braking component. The 

team assigns Severity = 10 (loss of braking function), Occurrence = 2 (very low based on historical 

data), and Detection = 2 (100% automated functional test). The RPN = 40. Under the AIAG/VDA 

Action Priority method, how should this be treated? 

 

A. The low RPN of 40 indicates this failure mode is adequately controlled and requires no action 

B. Only failure modes with RPN > 100 require any form of action under the Action Priority method 

C. A Severity of 10 mandates high priority regardless of the RPN — the Action Priority method requires 

verification that prevention and detection controls are genuinely effective for catastrophic failure modes 

because the consequences of underestimating occurrence or overestimating detection capability are 

irreversible 

D. The Occurrence and Detection ratings of 2 each adequately compensate for the Severity of 10 



53. A quality engineer is implementing a process control plan for a precision grinding operation. The 

critical characteristic is surface roughness (Ra ≤ 0.4 μm). The quality engineer must decide between 

SPC monitoring (subgroups of 3 every 30 minutes) and 100% automated profilometry on every part. 

The automated system costs $120,000 but detects 99.5% of nonconforming surfaces. Production rate is 

80 parts per hour. Which analysis determines the correct approach? 

 

A. SPC is always superior because it is statistically more rigorous than 100% inspection 

B. 100% inspection is always mandatory for critical characteristics regardless of cost considerations 

C. The decision should be based solely on the $120,000 equipment cost 

D. A riskbased analysis comparing the cost and detection coverage — SPC with 30minute intervals 

leaves 40 parts unverified between checks; if the consequence of an escaped nonconforming part is high 

(safetycritical, expensive downstream rework, customer impact), 100% automated inspection may be 

justified despite the investment 

 

 

 

54. A quality engineer is analyzing a scatter diagram of two process variables and calculates both 

Pearson (r = 0.12) and Spearman (ρ = 0.81) correlation coefficients. The large discrepancy indicates 

which condition? 

 

A. The Pearson coefficient is always more accurate and the Spearman result should be disregarded 

B. Both coefficients are unreliable and a completely different analytical approach is required 

C. The sample size is too small for either correlation coefficient to be meaningful 

D. A strong monotonic but nonlinear relationship exists — Spearman captures any consistent directional 

trend regardless of linearity while Pearson measures only linear association; the variables move together 

reliably but in a curved rather than straightline pattern, and nonlinear regression modeling is needed 

 

 

 

55. A quality engineer is reviewing the organization's document control system and discovers that when 

controlled procedures are revised, only 55% have documented evidence that affected personnel were 

notified and trained. For the remaining 45%, revised procedures were uploaded to the electronic system 

without communication. What quality system gap does this represent? 



A. Electronic document systems automatically notify all users and no additional action is required 

B. Personnel notification is recommended but not required by any document control standard 

C. Only procedures directly affecting product quality require notification; administrative procedures do 

not 

D. Uploading revised procedures without notifying affected personnel creates risk that operators 

continue following outdated practices — effective document control requires both making the current 

version accessible AND proactively communicating changes to ensure awareness and compliance 

 

 

 

56. A quality engineer is implementing acceptance sampling under ANSI/ASQ Z1.4. The organization 

has been on tightened inspection for a supplier after multiple lot rejections. Under tightened inspection, 

if 5 consecutive lots are not accepted, what action do the switching rules require? 

 

A. Continue tightened inspection indefinitely until the supplier demonstrates sustained improvement 

B. Return to normal inspection and provide the supplier additional time to address their quality issues 

C. Discontinue inspection of the product until the supplier demonstrates quality improvement — 

ANSI/ASQ Z1.4 requires that acceptance inspection be suspended when 5 consecutive lots fail under 

tightened conditions; the organization must take action to improve quality before resuming 

D. Switch to reduced inspection to minimize the cost of inspecting consistently poorquality material 

 

 

 

57. A quality engineer is conducting a measurement system analysis for a destructive test — tensile 

strength testing where each specimen is destroyed during measurement. The standard crossed Gage 

R&R design cannot be used because the same specimen cannot be measured by multiple operators. 

Which alternative MSA approach is appropriate? 

 

A. The standard crossed Gage R&R can be applied to destructive tests by testing at reduced force levels 

B. Destructive tests cannot be evaluated using any measurement system analysis methodology 

C. A linearity and bias study completely replaces Gage R&R for all destructive test applications 



D. A nested (hierarchical) Gage R&R design where each operator tests unique specimens from the same 

population — the nested ANOVA structure separates operator effects from specimentospecimen 

variation, providing repeatability and reproducibility estimates without requiring the same part to be 

measured by multiple operators 

 

 

 

58. A quality engineer is reviewing a process validation report for a heat treatment furnace. The 

validation demonstrated acceptable metallurgical properties when the furnace was loaded with 60 parts 

per batch. Production routinely loads 200 parts. The production manager argues that the validation 

applies at any load level. Why should the quality engineer disagree? 

 

A. Heat treatment results are independent of furnace load size for any type of furnace 

B. The validation at 60 parts should be performed at minimum load to represent worstcase conditions 

C. Load size only affects sterilization processes, not heat treatment metallurgical processes 

D. The 3.3× increase in thermal mass from 60 to 200 parts significantly alters heatup rates, temperature 

distribution within the load, soak time at the target temperature, and cooling uniformity — parts in the 

center of the larger load may not reach the required temperature for the required duration; validation 

must be performed at the actual production load level 

 

 

 

59. A quality engineer is implementing a lean manufacturing initiative and calculates process cycle 

efficiency for an engineering change order (ECO) process: total lead time = 38 days, actual valueadded 

work content = 5.5 hours. What is the PCE? 

 

A. PCE = 5.5/(38 × 8) = 5.5/304 = 1.81% — over 98% of the ECO lead time is consumed by 

nonvalueadded activities: waiting in approval queues, sitting in departmental inboxes, and being 

transferred between functions; this reveals massive opportunity for administrative lead time reduction 

B. PCE = 5.5/38 = 14.5% based on hours divided by days without unit conversion 

C. PCE cannot be calculated for office/administrative processes because they lack physical material flow 

D. The 38day ECO cycle time represents industrystandard performance and indicates no improvement 

opportunity 



60. A quality engineer is reviewing the results of a hypothesis test. The twosample ttest comparing two 

production lines yields p = 0.08 at α = 0.05. The observed difference is 2.5 mm on a characteristic with a 

15 mm specification tolerance. The sample sizes were n₁ = n₂ = 15. The quality engineer fails to reject 

H₀ but is concerned about the practical significance of the 2.5 mm difference (16.7% of tolerance). What 

should be considered? 

 

A. The nonsignificant result proves the lines are identical and no further investigation is warranted 

B. The pvalue of 0.08 should be rounded to 0.05 and declared significant for practical purposes 

C. The small sample sizes (n = 15) may have provided insufficient power to detect the 2.5 mm 

difference — a posthoc power analysis may reveal the test had low power; the quality engineer should 

consider whether a larger followup study is warranted given the practical significance of a difference 

representing 16.7% of the specification tolerance 

D. The result should be interpreted as significant at α = 0.10 without any further qualification 

 

 

 

61. A quality engineer is implementing a riskbased internal audit program and must determine audit 

frequency for the organization's CAPA system. The CAPA system has shown: 45% ontime closure rate 

(55% overdue), 30% of closed CAPAs lack effectiveness verification, and 22% recurrence rate for 

problems with closed corrective actions. What audit frequency is appropriate? 

 

A. Annual auditing is sufficient for all CAPA systems regardless of performance metrics 

B. Only customer complaints should trigger CAPA system audits, not performance metrics 

C. The CAPA system should be audited daily until performance metrics improve to acceptable levels 

D. Quarterly or semiannual audits — the CAPA system shows significant systemic weaknesses (low 

ontime closure, missing effectiveness verification, high recurrence rate) that require frequent monitoring 

to verify improvement actions are being implemented and sustained 

 

 

 

62. A quality engineer is reviewing a supplier's corrective action response to a recurring dimensional 

nonconformity. The supplier's root cause analysis states: "CNC machine was out of calibration." The 



corrective action states: "Machine was recalibrated." This is the second identical corrective action for the 

same problem. What should the quality engineer require? 

 

A. The response is adequate because the machine has been recalibrated and will now produce 

conforming parts 

B. Ask: Why did the machine go out of calibration? (wear, vibration, thermal drift), Why wasn't the drift 

detected earlier? (SPC monitoring, preventive maintenance adequacy), What systemic change prevents 

recurrence? (enhanced PM schedule, automated drift detection, tighter calibration intervals) — the 

supplier must address the root cause of the calibration drift, not just restore calibration 

C. The supplier should purchase a replacement CNC machine to permanently resolve calibration drift 

D. Accept the response but increase incoming inspection sample size to provide additional protection 

 

 

 

63. A quality engineer is analyzing a control chart and observes that all 30 Xbar chart points fall within 

control limits. However, the quality engineer notices that 22 of the 30 points fall above the center line, 

with only 8 below. The R chart is stable. While no individual Western Electric rule may be clearly 

violated across the full 30 points, the overall distribution of points (73% above center) suggests which 

condition? 

 

A. The process is in control because all points are within the control limits 

B. The R chart stability confirms no investigation is needed despite the asymmetric point distribution 

C. The asymmetric distribution of points (22 above, 8 below center) has an extremely low probability in 

a centered process — it strongly suggests the process mean has shifted above the original center line; the 

quality engineer should investigate what has changed and either correct the assignable cause or 

recalculate the center line if the shift represents a permanent, acceptable process change 

D. Asymmetric point distribution is normal and expected on Xbar charts for any manufacturing process 

 

 

 

64. A quality engineer is implementing errorproofing on a pharmaceutical blister packaging line. The 

highestrisk error involves placing the wrong tablet type into a blister cavity — mixing two 



similarlooking tablets from different products. Currently, operators visually verify tablet identity by 

appearance. The error rate is 180 ppm. Which pokayoke approach provides the most reliable prevention? 

 

A. An automated vision system with machine learningbased tablet identification that photographs each 

cavity, identifies the tablet by shape/size/color/imprint, and prevents the sealing mechanism from 

activating unless the correct tablet is confirmed in every cavity — providing 100% verification with no 

dependence on operator attention 

B. Colorcoding the blister cards to match the tablet color for easier visual identification 

C. Adding a second operator to doublecheck tablet identity in each cavity before sealing 

D. Providing operators with higherquality reference photographs for more accurate visual comparison 

 

 

 

65. A quality engineer is analyzing a Weibull plot of failure data for a fleet of industrial gearboxes. The 

plot shows a single straight line with β = 3.5 and η = 40,000 hours. With β > 1, the failure rate is 

increasing (wearout). The maintenance department wants to establish a preventive replacement interval 

ensuring no more than 5% of gearboxes fail before replacement. Using F(t) = 1  e^((t/η)^β), solve for t 

when F(t) = 0.05. 

 

A. t = 40,000 × 0.05 = 2,000 hours based on 5% of the characteristic life 

B. t = 40,000/3.5 = 11,429 hours based on dividing η by β 

C. t = 40,000 × (0.05)^(1/3.5) = incorrect formula application 

D. t = η × (ln(0.95))^(1/β) = 40,000 × (0.0513)^(1/3.5) = 40,000 × (0.0513)^(0.286) ≈ 40,000 × 0.395 ≈ 

15,800 hours — replacement at approximately 15,800 hours ensures 95% of gearboxes survive to 

scheduled maintenance 

 

 

 

66. A quality engineer is reviewing the organization's approach to design verification for a new 

industrial sensor. The test plan includes extensive functional testing at standard laboratory conditions 

(25°C, 50% RH). The sensor will be installed in chemical processing plants with temperatures from 

20°C to +65°C, humidity from 5% to 98%, corrosive atmospheres, and vibration. What verification gap 

does the quality engineer identify? 



A. Laboratory testing at standard conditions adequately represents all industrial installation 

environments 

B. The test plan must include verification under the full range of expected conditions — temperature 

extremes, humidity cycling, corrosive atmosphere exposure, and vibration — to demonstrate reliable 

performance across all foreseeable installation conditions; ambientonly testing provides no evidence of 

sensor performance at environmental extremes 

C. Environmental testing is only required for militaryspecification equipment, not industrial sensors 

D. The 200hour test duration is the primary concern rather than the environmental test conditions 

 

 

 

67. A quality engineer is reviewing a product liability case. A consumer product caused injury despite 

meeting all applicable voluntary industry standards at the time of manufacture. The manufacturer argues 

that standards compliance provides a complete defense. Why might this argument be insufficient? 

 

A. Meeting voluntary standards always provides complete product liability defense in all jurisdictions 

B. Voluntary standards are never relevant to product liability determinations in any legal framework 

C. Standards compliance is only a complete defense if the product was manufactured more than 10 years 

ago 

D. Voluntary standards represent minimum industry consensus at a specific point in time — a 

manufacturer has an independent duty to identify and mitigate productspecific risks beyond what 

standards address, including foreseeable use conditions, user populations, and failure modes that 

standards may not cover 

 

 

 

68. A quality engineer is conducting a process capability study on a coating thickness process. The 

specification is 25 ± 5 μm (20–30 μm). Data shows x̄̄  = 27.2 μm and σ̂ = 1.5 μm. The quality engineer 

calculates: Cp = 10/(6 × 1.5) = 1.11, CPU = (30  27.2)/(3 × 1.5) = 0.62, CPL = (27.2  20)/(3 × 1.5) = 

1.60, Cpk = 0.62. Which improvement strategy is most efficient? 

 

A. Reduce the process standard deviation from 1.5 μm to improve both Cp and Cpk simultaneously 

B. Widen the specification tolerance by negotiating with the customer for a more lenient USL 



C. Recenter the process mean from 27.2 toward 25.0 μm — since Cp = 1.11 but Cpk = 0.62, the process 

has moderate inherent capability but is running severely offcenter toward the upper limit; recentering 

would bring Cpk much closer to Cp with minimal investment 

D. Implement 100% thickness inspection to sort out nonconforming product at the upper limit 

 

 

 

69. A quality engineer is implementing a document control system and encounters a situation where a 

controlled work instruction references an external industry standard (ASTM). The external standard has 

been updated to a new revision that changes a critical test parameter. The quality engineer discovers the 

internal work instruction still references the old revision. What is the document control obligation? 

 

A. External standards are outside the organization's document control scope and require no tracking 

B. The internal procedure automatically adopts the latest revision of any referenced external standard 

C. External standard updates are only relevant when a customer specifically requests the latest revision 

D. The organization must evaluate the impact of the external standard revision on the internal work 

instruction, update the procedure if the changed test parameter affects quality decisions, and retrain 

affected personnel — referenced external standards require active monitoring and impact assessment 

 

 

 

70. A quality engineer is reviewing an organization's risk register and discovers that 18 risks were 

identified and assessed 3 years ago. Since then, the organization launched 4 new products, changed 5 

suppliers, implemented a new MES system, and relocated one manufacturing facility. The risk register 

has not been updated. What is the primary concern? 

 

A. A 3yearold risk register accurately represents current organizational risks 

B. Risk registers are static strategic planning documents that only need updating during external audits 

C. Only the new product risks need to be added; the original 18 risks remain valid and unchanged 

D. The risk register almost certainly does not reflect the current risk profile — new products, supplier 

changes, MES implementation, and facility relocation each introduce new risks and alter existing ones; 

the outdated register provides false security while failing to identify emerging threats 



71. A quality engineer is implementing a lean initiative and calculates the takt time for a production cell. 

Available production time = 420 minutes per shift (after breaks). Customer demand = 280 units per 

shift. Takt time = 420/280 = 1.5 minutes per unit. The cell has 4 workstations with cycle times of 1.3, 

1.6, 1.2, and 1.4 minutes. Station 2 exceeds takt time by 0.1 minutes. What is the immediate 

consequence? 

 

A. The 0.1minute overload is negligible and will be absorbed by natural cycle time variation 

B. Station 2 should be automated entirely to eliminate the cycle time constraint 

C. Station 2 becomes the bottleneck constraining the entire cell below customer demand — without 

correction, the cell produces only 420/1.6 = 262 units per shift, falling 18 units short of the 280unit 

demand; line balancing should redistribute specific work elements from Station 2 to Stations 1, 3, or 4 

D. Overtime should be scheduled every shift to compensate for the 18unit production shortfall 

 

 

 

72. A quality engineer is conducting a Gage R&R study and discovers that the study was performed at a 

constant ambient temperature of 21°C. In production, the measurement area temperature varies between 

17°C and 29°C throughout the day. Why is this a concern for the validity of the study? 

 

A. Temperature variation has no effect on measurement system performance for any instrument 

B. The constanttemperature study captured the measurement system's bestcase performance — 

production temperature variation adds thermal expansion of instruments and parts beyond what the 

study captured; the actual production %GRR will likely be higher, potentially moving the system from 

acceptable to unacceptable 

C. Temperature effects only matter for measurements with tolerances below 0.001 mm 

D. The Gage R&R study automatically accounts for temperature effects through the random error 

component 

 

 

 

73. A quality engineer is analyzing the economic justification for a process improvement project. 

Current process: Cpk = 0.80, producing approximately 4.5% nonconforming output. Proposed 

improvement: Cpk = 1.50, reducing nonconforming to approximately 3.4 ppm. Annual production = 



750,000 units, cost per defective = $55. Project cost = $185,000. What is the annual savings and 

approximate payback? 

 

A. Cannot be calculated without knowing the product selling price per unit 

B. Current defect cost = 750,000 × 0.045 × $55 = $1,856,250/year. Postimprovement ≈ $0. Annual 

savings ≈ $1,856,250. Payback = $185,000/$1,856,250 ≈ 5 weeks 

C. Annual savings = $185,000 because savings always equal the project investment 

D. Current defect cost = 750,000 × 0.045 × $55 = $1,856,250. After improvement ≈ $0. Payback = 

$185,000/$1,856,250 ≈ 0.10 years ≈ 5 weeks — demonstrating the extraordinary economic return of 

improving process capability from 0.80 to 1.50 

 

 

 

74. A quality engineer is reviewing a control chart and observes that the last 7 points on the Xbar chart 

form a steady downward trend — each point is lower than the preceding one. All points remain within 

control limits. The R chart is stable. According to Western Electric rules, how should this pattern be 

interpreted? 

 

A. No action is needed because all points are within the control limits and the trend may reverse 

naturally 

B. Seven consecutive declining points constitute a trend signal indicating a systematic process change 

— progressive tool wear, chemical depletion, thermal drift, or gradual material property change is 

causing a consistent directional shift; investigation should identify the specific mechanism driving the 

progressive decline 

C. Wait for 10 consecutive trending points before investigating to avoid overreacting to normal variation 

D. Recalculate the control limits using only the last 7 data points to reflect the downwardshifted process 

 

 

 

75. A quality engineer is implementing a risk management system and must establish monitoring 

indicators for a critical singlesource supply chain dependency. The component has an 18week lead time 

and no qualified alternate source. Which combination of indicators provides the most comprehensive 

early warning? 



A. Only the supplier's ontime delivery rate is needed as a single comprehensive monitoring metric 

B. Only lagging indicators (actual production line stops due to component shortage) need monitoring 

C. Monitor only the component's warehouse inventory level against the safety stock threshold 

D. Leading indicators: supplier financial health reports, capacity utilization trends, raw material 

availability, inventory versus safety stock targets, geopolitical risk monitoring; Lagging indicators: 

delivery performance, quality rejection rates, supply disruption events — together providing predictive 

early warning and outcome confirmation 

 

 

 

76. A quality engineer is implementing a calibration program and must determine the combined standard 

uncertainty for a critical dimensional measurement. Sources: digital micrometer accuracy (±0.003 mm), 

thermal expansion (±0.005 mm), operator technique (±0.002 mm), reference standard (±0.001 mm). All 

sources are independent. What is the combined uncertainty? 

 

A. Combined = 0.003 + 0.005 + 0.002 + 0.001 = 0.011 mm using arithmetic addition 

B. Combined = max(0.003, 0.005, 0.002, 0.001) = 0.005 mm using only the dominant source 

C. Combined uncertainty cannot be calculated without knowing correlation coefficients between sources 

D. Combined = √(0.003² + 0.005² + 0.002² + 0.001²) = √0.000039 = 0.00625 mm — thermal expansion 

dominates at 64% of total variance, identifying environmental temperature control as the 

highestleverage improvement for measurement uncertainty reduction 

 

 

 

77. A quality engineer is implementing a corrective action for a recurring assembly error where 

operators occasionally install a retention clip in the wrong slot. Two adjacent slots are similar in size. 

Training and visual aids have failed to prevent the error (4 occurrences in 8 months). What is the most 

effective permanent corrective action? 

 

A. Increase training frequency to weekly refresher sessions with competency verification 

B. Redesign the slots to have distinctly different geometries or add a physical keying feature that makes 

incorrect clip placement physically impossible — eliminating the error through inherently safe design 

rather than relying on operator attention, training, or memory 



C. Add a second operator to verify clip placement after each assembly operation 

D. Install an automated vision system to detect incorrect clip placement before the next assembly step 

 

 

 

78. A quality engineer is reviewing a process validation report for a critical adhesive bonding operation. 

The validation tested bond strength at three temperatures (low, nominal, high of the validated range) and 

three cure times (low, nominal, high). All nine combinations produced acceptable results. However, the 

quality engineer discovers that all testing was performed using adhesive from a single manufacturing lot. 

The validated process uses adhesive from 6 different suppliers. What validation gap exists? 

 

A. Singlelot adhesive testing adequately represents all supplier lots because the adhesive specification is 

the same 

B. Only the adhesive manufacturer's lottolot variability data needs to be reviewed, not retesting 

C. The validation should include testing with adhesive from different lots and/or suppliers to 

demonstrate that lottolot material variation does not compromise bond strength 

D. Adhesive lot variation only matters for structural aerospace bonding, not for general manufacturing 

 

 

 

79. A quality engineer is reviewing the organization's internal audit schedule and discovers that all 12 

departmental audits are compressed into a single month (January). By December, some processes have 

not been audited for 11 months. What scheduling improvement should the quality engineer recommend? 

 

A. Compressing audits into January is optimal for concentrated auditor focus and administrative 

efficiency 

B. All audits should be moved to the fourth quarter to capture fullyear performance data 

C. Distribute audits across all 12 months so that some aspect of the quality system is continuously under 

assessment — this provides ongoing surveillance, enables earlier problem detection, distributes the audit 

workload, and ensures no process goes more than a few months without evaluation 

D. Reduce the total number of audits from 12 to 6 to allow for longer, more thorough assessments 

 



80. A quality engineer is reviewing the organization's approach to management review and discovers 

that the review focuses exclusively on reviewing past performance data (lagging indicators). No 

forwardlooking analysis of emerging risks, anticipated regulatory changes, market shifts, or 

organizational changes is included. ISO 9001:2015 Clause 9.3.2 requires consideration of "changes in 

external and internal issues." What should the quality engineer recommend? 

 

A. Management review should focus exclusively on historical data because past performance is the only 

objective basis for decisions 

B. Forwardlooking analysis is required only in strategic planning meetings, not management reviews 

C. Adding only competitor analysis constitutes adequate forwardlooking content for management review 

D. Add forwardlooking analysis of emerging risks, regulatory changes, market trends, technology 

developments, and planned organizational changes — this enables proactive QMS adaptation rather than 

reactive response to historical performance 

 

 

 

81. A quality engineer discovers that the organization's SPC charts for 25 different characteristics are 

maintained and plotted daily but no operator has ever responded to an outofcontrol signal. When asked, 

operators state they plot points but do not know what to do when a signal occurs. Investigation reveals 

that 5 of the 25 charts currently show outofcontrol signals that have been present for 38 days. What is 

the fundamental problem? 

 

A. Twentyfive charts is too many for effective SPC monitoring and the number should be reduced 

B. SPC without timely response provides no quality protection — the charts have been generating 

signals for 38 days without investigation or correction, meaning potentially nonconforming product has 

been produced throughout the delay; the entire purpose of SPC is realtime detection followed by 

immediate response; plotting without acting defeats this intent entirely 

C. The charts are functioning correctly because the points are being plotted accurately 

D. Weekly review of SPC charts during management meetings is an adequate response timeline 

 

 

 



82. A quality engineer is analyzing the Cost of Quality and finds: Prevention = $85K (6%), Appraisal = 

$285K (20%), Internal Failure = $620K (44%), External Failure = $420K (30%). Total COQ = $1.41M 

on revenue of $17M (8.3%). What strategic action most effectively reduces total COQ? 

 

A. Reduce appraisal costs by 50% to immediately lower total COQ from 8.3% to approximately 7.1% 

B. Maintain the current allocation because 8.3% COQtorevenue is within typical industry ranges 

C. Increase external failure spending to improve warranty claim processing speed and customer 

retention 

D. Significantly increase prevention investment — with 74% of COQ in failure categories and only 6% 

in prevention, the organization is overwhelmingly reactive; each prevention dollar typically eliminates 

35 dollars of failure cost, making prevention the highestreturn quality cost strategy 

 

 

 

83. A quality engineer is conducting a process capability study and discovers that the data exhibits 

significant rightskewness (AndersonDarling p = 0.002 for normality test). The customer requires Cpk ≥ 

1.33. Standard Cp/Cpk formulas assume normal distribution. Which approach is most appropriate? 

 

A. Calculate standard Cpk using the raw data and simply note that the data is nonnormal in the report 

B. Collect additional samples until the distribution appears normal by visual histogram inspection 

C. Apply a BoxCox transformation to the data, verify normality of the transformed data, transform the 

specification limits using the same function, and calculate Cpk on the transformed scale — preserving 

the mathematical validity of the capability index while properly accounting for the nonnormal 

distribution 

D. Use the range of the data divided by the specification width as an alternative capability measure 

 

 

 

84. A quality engineer is reviewing a product design for a portable medical device. The design team 

performed extensive design verification (meeting all engineering specifications) but conducted design 

validation using only 5 productionequivalent units tested in a controlled laboratory by design engineers. 

The device will be used by patients aged 1890 in home environments ranging from 10°C to +40°C. 

What are the most significant validation limitations? 



A. Five units tested in a controlled lab by design engineers represents adequate validation for any 

medical device 

B. Only the number of test units is a concern; the test conditions and operators are adequate 

C. Laboratory validation by design engineers is the gold standard for medical device validation testing 

D. Three limitations exist: (1) the controlled laboratory does not represent home environments; (2) 

design engineers operate the device with expert knowledge, avoiding use errors that patients would 

make; (3) five units may not capture unittounit manufacturing variation; validation should include 

representative users across the patient population testing in simulated home conditions 

 

 

 

85. A quality engineer is implementing acceptance sampling and must explain the concept of Average 

Outgoing Quality Limit (AOQL) to management. The current plan has AOQL = 1.8% under the 

assumption that rejected lots are 100% inspected with all defectives replaced. The product is a 

safetycritical electrical connector for medical equipment. What should the quality engineer communicate 

about this AOQL? 

 

A. An AOQL of 1.8% is always acceptable regardless of the application or product criticality 

B. The AOQL means that regardless of how bad incoming quality becomes, the worstcase average 

outgoing quality will never exceed 1.8% defective (18,000 ppm) — for a safetycritical medical device 

connector, this maximum escape rate is almost certainly unacceptable and a tighter sampling plan or 

additional controls are needed 

C. AOQL is a theoretical metric with no practical application in acceptance sampling decisions 

D. The AOQL only applies when incoming quality is very good and has no meaning for poorquality lots 

 

 

 

86. A quality engineer is reviewing a supplier's process capability report for a critical dimension. The 

supplier reports Cpk = 2.10 based on 80 measurements collected over a single 4hour production shift 

using material from one lot. The quality engineer requests additional data. Why might the singleshift, 

singlelot capability overstate the true longterm capability? 

 

A. Singleshift data always produces accurate longterm capability estimates regardless of conditions 



B. Eighty measurements provides a fully reliable capability estimate under all circumstances 

C. The 4hour collection period is the recommended standard duration for all capability studies 

D. Singleshift, singlelot data captures only shortterm variation — it misses betweenshift operator 

differences, lottolot material variation, daytoday environmental changes, and equipment thermal cycling 

effects; longterm capability including all these additional sources will almost certainly be lower than the 

reported 2.10 

 

 

 

87. A quality engineer is implementing a lean manufacturing initiative and analyzes a production cell 

that produces 52 units per hour. Customer demand requires 65 units per hour. Rather than adding a 

second shift, the quality engineer proposes improving the cell's efficiency. Which metric should be 

calculated first to identify where the 13unit gap originates? 

 

A. Overall Equipment Effectiveness (OEE) — this reveals how much theoretical capacity is lost to 

downtime (availability), speed losses (performance), and quality losses; the 13unit gap between 52 

actual and 65 required may be recoverable through targeted improvement of the specific OEE 

component with the largest loss 

B. The defect rate per unit to determine if quality rejects are the primary constraint 

C. The cost per unit to evaluate whether overtime is more costeffective than efficiency improvement 

D. The individual cycle time at each workstation to identify the bottleneck operation 

 

 

 

88. A quality engineer is reviewing a control chart and observes that the Xbar chart shows a systematic 

alternating pattern — values cycle between approximately 24.9 and 25.1 every 23 subgroups. The R 

chart is stable. This oscillating pattern indicates which process condition? 

 

A. Normal random variation that occasionally creates apparent cyclic patterns by chance 

B. The control limits are too tight, creating the appearance of an oscillation pattern 

C. Two distinct process states are alternating systematically — common causes include overadjustment 

(each correction overcorrects the target), rotation between two fixtures or material lots, alternating 



between operators, or a control system with feedback overshoot; the regularity of the pattern rules out 

random variation 

D. The R chart stability proves the alternating pattern has no practical significance 

 

 

 

89. A quality engineer is reviewing a process validation report for a pharmaceutical tablet compression 

process. The validation demonstrated acceptable tablet weight, hardness, and dissolution using material 

from a single API (active pharmaceutical ingredient) lot. Production uses API from 4 different qualified 

suppliers. What validation gap exists? 

 

A. Singlelot API testing adequately represents all suppliers because the API specification is identical 

B. The validation should be supplemented with testing using API from all qualified suppliers — API 

lots from different manufacturers may have different particle size distributions, moisture content, and 

flow characteristics that affect tablet compression parameters and final product quality, even when all 

lots meet the same specification 

C. Only the API supplier's certificate of analysis needs to be reviewed, not additional testing 

D. API lot variation only affects dissolution testing, not weight or hardness measurements 

 

 

 

90. A quality engineer is implementing a riskbased approach to process monitoring. A highspeed 

packaging line produces 500 units per minute. The current SPC plan samples 5 units every 30 minutes. 

Between samples, 15,000 units are produced without verification. A recent outofcontrol event went 

undetected for 45 minutes, potentially affecting 22,500 units. What analysis should guide the sampling 

frequency decision? 

 

A. The 30minute interval is adequate for all packaging processes regardless of production speed 

B. All 500 units per minute should undergo 100% automated inspection 

C. Sampling frequency should be reduced to hourly because historical stability justifies less frequent 

checking 

D. The frequency decision should balance exposure quantity (15,000 units between checks), 

consequence of an undetected shift (cost per nonconforming unit × units at risk), process stability 



history, and detection speed — if the total risk exposure between samples exceeds the cost of more 

frequent sampling, the interval should be shortened 

 

 

 

91. A quality engineer is reviewing a product's design FMEA and discovers that the team has not 

updated it since the initial design phase — 6 years ago. During those years, 30 customer complaints 

revealed a failure mode not in the original FMEA, three design revisions were implemented, and the 

manufacturing process was transferred to a new facility. What should the quality engineer require? 

 

A. The original FMEA remains valid because it captured the design intent at the time of product release 

B. Only the 30 customer complaints need to be added to the existing FMEA as a minor update 

C. Update the FMEA to incorporate field failure data (actual failure modes not originally anticipated), 

evaluate the impact of all three design revisions, assess the facility transfer's effect on occurrence and 

detection ratings, and add any new failure modes from 6 years of manufacturing experience — 

transforming the FMEA from a stale document into a living risk management tool 

D. The FMEA should be completely recreated from scratch and the original discarded entirely 

 

 

 

92. A quality engineer is conducting a hypothesis test comparing the variance of a critical dimension 

before and after a process change. Before: n₁ = 30, s₁² = 0.072. After: n₂ = 30, s₂² = 0.031. The Ftest 

yields F = 0.072/0.031 = 2.323. The critical Fvalue at α = 0.05 (onesided, testing for variance reduction) 

with (29, 29) df is approximately 1.86. What is the conclusion? 

 

A. The test is invalid because Ftests can only be used for comparing means, not variances 

B. Fail to reject because the Fvalue must exceed 3.0 for practical significance in manufacturing 

C. The variances are equal because both sample sizes are the same number of observations 

D. Reject H₀ — F = 2.323 exceeds the critical value of 1.86, providing statistically significant evidence 

that the process variance decreased after the change; the variance ratio indicates the prechange variance 

was approximately 2.3 times larger 

 



93. A quality engineer is implementing a supplier development program and must select 5 suppliers 

from 40 active suppliers for intensive development. Which selection methodology maximizes the 

program's impact? 

 

A. Select the 5 suppliers with the longest business relationship to reward loyalty and partnership 

B. Randomly select 5 suppliers to ensure unbiased program implementation across the supply base 

C. Select suppliers based only on incoming defect rate, choosing the 5 with the highest rates 

D. Select based on a weighted combination of component criticality, quality trend deterioration, 

singlesource risk, strategic importance, and cost of poor quality — targeting suppliers where 

development investment generates the greatest total quality and supply chain improvement 

 

 

 

94. A quality engineer is reviewing a product reliability test. Twentyfive units completed an 8,000hour 

test with zero failures. Using the chisquare method: MTBF_lower = 2T/χ²(α, 2) where T = 200,000 

hours and χ²(0.10, 2) = 4.605. What is the demonstrated MTBF at 90% confidence? 

 

A. MTBF = infinity because no units failed during the test period 

B. MTBF_lower = 2(200,000)/4.605 = 400,000/4.605 = 86,862 hours at 90% confidence — zero failures 

establishes a statistical lower bound; larger samples or longer testing would increase this bound, but no 

finite test demonstrates infinite reliability 

C. MTBF = 8,000 hours because that was the test duration per unit 

D. MTBF_lower = 200,000/4.605 = 43,431 hours, which omits the required factor of 2 in the numerator 

 

 

 

95. A quality engineer is implementing a visual management system for a pharmaceutical clean room. 

The system must provide realtime production information without introducing contamination sources. 

Standard paperbased visual boards and markers generate particulates that could compromise the 

controlled environment. Which approach best balances visual management with clean room 

requirements? 

 



A. Paperbased boards can be used in clean rooms if they are laminated with a cleanable surface coating 

B. No visual management is possible in clean room environments due to inherent contamination 

constraints 

C. Electronic displays — sealed units inside the clean room or displays mounted outside visible through 

observation windows — provide realtime status, quality metrics, and alerts without introducing 

particulategenerating materials 

D. Verbal communication between operators is the only contaminationfree option for clean rooms 

 

 

 

96. A quality engineer is reviewing an organization's quality objectives for the upcoming year. The 

objectives state: "Improve customer satisfaction" and "Reduce scrap." According to ISO 9001:2015 

Clause 6.2, what specific elements must be added? 

 

A. Each objective must specify a measurable target, timeframe, planned actions, required resources, 

responsible individuals, and evaluation method — "improve customer satisfaction" becomes actionable 

only when it defines the metric (e.g., NPS score), target (e.g., increase from 72 to 80), deadline, action 

plan, resource needs, owner, and progress monitoring method 

B. Adding numerical targets (e.g., "reduce scrap by 15%") is the only additional element needed 

C. Quality objectives only require management signature to be fully compliant with the standard 

D. ISO 9001:2015 does not specify any particular elements for quality objectives beyond general 

direction 

 

 

 

97. A quality engineer is implementing acceptance sampling under ANSI/ASQ Z1.4. The organization 

has been on normal inspection and 10 consecutive lots have been accepted. Production is steady and the 

responsible authority approves switching. What inspection level comes next, and what are the 

consequences? 

 

A. Tightened inspection with larger sample sizes and stricter acceptance criteria to verify quality 

B. Skiplot inspection that inspects only every third lot to minimize inspection costs 



C. The organization may switch to reduced inspection, but if any lot is rejected during reduced 

inspection the organization must immediately return to normal inspection 

D. Reduced inspection with smaller sample sizes — reflecting confidence earned through 10 

consecutive acceptances under normal conditions; however, Z1.4 requires immediate return to normal if 

a lot is rejected, production becomes irregular, or any other adverse quality condition arises 

 

 

 

98. A quality engineer is analyzing a process that exhibits significant positive autocorrelation (lag1 r₁ = 

0.80) in consecutive measurements. Standard IMR charts produce excessive false alarms. What is the 

root cause of the excessive signals, and what alternative monitoring approach should be considered? 

 

A. The excessive false alarms indicate the process is genuinely out of control and every signal is valid 

B. Standard charts assume independent observations — autocorrelation creates natural runs and trends 

that violate this assumption; EWMA (Exponentially Weighted Moving Average) charts, timeseries 

models that remove the autocorrelation before charting, or increased sampling intervals that reduce the 

correlation between consecutive observations are more appropriate alternatives 

C. The false alarms are caused by measurement system problems unrelated to data autocorrelation 

D. Autocorrelation has no effect on any type of control chart's false alarm rate 

 

 

 

99. A quality engineer is reviewing the organization's approach to nonconforming product disposition. 

The quality engineer discovers that production operators are making "useasis" decisions for parts 

measured slightly out of specification, with no engineering review, no documentation, and no customer 

notification. Why is this practice a serious quality system violation? 

 

A. Production operators are qualified to make useasis decisions because they understand the process best 

B. Useasis dispositions are acceptable for parts within 10% of the specification limit without 

engineering review 

C. Useasis dispositions require formal engineering analysis confirming functional acceptability, 

documented MRB approval, and customer notification when contractually required — operators lack the 



engineering authority and technical basis to determine whether outofspecification parts function 

acceptably 

D. Only safetycritical characteristics require formal disposition procedures; noncritical characteristics 

can be operatordispositioned 

 

 

 

100. A quality engineer is reviewing the organization's cost of quality structure and discovers that 

external failure costs are not tracked in the COQ report. The quality manager argues that warranty 

claims are already tracked by finance and don't need to appear in the quality report. Why is excluding 

external failures from COQ a significant analytical gap? 

 

A. External failure costs tracked by finance are redundant with the COQ report and their exclusion saves 

effort 

B. External failure costs are the least strategically important COQ category and can be safely excluded 

C. ISO 9001 does not require any form of cost of quality tracking, including external failures 

D. Excluding external failures presents an incomplete picture of total quality costs — external failures 

(warranty, recalls, liability, lost sales, reputation damage) are often the largest and most strategically 

important category; without them, the COQ analysis understates the true cost of poor quality and may 

fail to justify prevention investments 

 

 

101. A quality engineer is analyzing a designed experiment using response surface methodology (RSM). 

The secondorder model contour plot reveals an elongated ridge rather than a clear peak or valley. The 

quality engineer cannot identify a single optimal point because the response varies little along the ridge 

direction. What analytical technique should the quality engineer apply? 

 

A. Abandon RSM and revert to a screening design to identify additional significant factors 

B. Add center points to the existing design to improve curvature detection sensitivity 

C. Rerun the entire experiment with narrower factor ranges to focus on the ridge area 

D. Apply ridge analysis to explore along the elongated ridge direction — this technique identifies the 

combination of factor settings that optimizes the response at any given distance from the center point, 



finding the best achievable conditions even when no single stationary point exists on the response 

surface 

 

 

 

102. A quality engineer is reviewing a supplier's corrective action response to a recurring plating 

adhesion failure. The response history shows: Occurrence 1 → retrain operator. Occurrence 2 → add 

supervisor verification. Occurrence 3 → retrain all operators and post visual aids. Occurrence 4 → add 

management daily review. None of these actions resolved the problem. What does this pattern 

definitively demonstrate? 

 

A. The operators and supervisors need more specialized training from an external plating expert 

B. Four failed individualfocused corrective actions prove the root cause is systemic — the plating 

process parameters, bath chemistry, surface preparation, or equipment conditions create the adhesion 

failure regardless of which individual performs or supervises the task; only systemlevel changes can 

break the recurrence cycle 

C. Management daily review should be continued longer to allow it to take effect 

D. The plating operation should be outsourced to a specialty subcontractor with better equipment 

 

 

 

103. A quality engineer is implementing a risk management system under ISO 14971 for an implantable 

cardiac device. The team identifies a risk where the device's hermetic seal could degrade over the 10year 

implant life, allowing body fluids to enter the electronics enclosure. The team rates probability as "very 

low" based on accelerated aging test results. Why should the quality engineer challenge the probability 

rating approach? 

 

A. Accelerated aging tests always overestimate the probability of seal degradation in realworld 

conditions 

B. Accelerated aging should be supplemented with realtime aging data from similar sealed devices in 

field service 

C. Accelerated aging test results must be validated by confirming that the acceleration model (typically 

Arrhenius) applies to the specific seal degradation mechanism — if the accelerated conditions activate 

different failure physics than normal body temperature exposure, the predicted low probability may be 



unreliable; additionally, the 10year duration amplifies even small annual probabilities into significant 

cumulative risk 

D. ISO 14971 prohibits the use of accelerated aging data for probability estimation on implantable 

devices 

 

 

 

104. A quality engineer is conducting a process capability study on a CNC grinding operation. The 

specification is 25.00 ± 0.05 mm. Data from 50 subgroups of 5 yields x̄̄̄̄  = 24.98 mm and σ̂ = 0.012 mm. 

Calculate Cp and Cpk, and identify the constraining specification. 

 

A. Cp = 0.10/(6 × 0.012) = 1.39; CPU = (25.05  24.98)/(3 × 0.012) = 1.94; CPL = (24.98  24.95)/(3 × 

0.012) = 0.83; Cpk = 0.83 — constrained by the lower specification because the mean is shifted below 

the nominal, placing it closer to the LSL 

B. Cp = 1.39 and Cpk = 1.39 because the 0.02 mm offset from nominal is negligible 

C. Cp and Cpk are both 1.94 using only the upper specification for grinding processes 

D. Cpk cannot be calculated when the process mean is below the specification nominal 

 

 

 

105. A quality engineer is reviewing the organization's supplier audit program and discovers that the 

same auditors have been auditing the same suppliers for 6 consecutive years. Customer complaints 

related to supplied material have increased 55% while internal supplier audit findings have decreased 

60% during the same period. What is the most likely explanation for these diverging trends? 

 

A. Supplier quality has genuinely improved internally while customer requirements have become more 

demanding 

B. The customer complaints are caused by the organization's own processes, not by supplierprovided 

material 

C. The 6year trend is a temporary statistical fluctuation that will selfcorrect without intervention 

D. The supplier audit program has likely lost rigor through familiarity — auditors may have developed 

comfortable relationships, reduced scope, or softened criteria over 6 years; real supplier quality 

problems that internal auditors are missing are being discovered by customers through field failures 



106. A quality engineer is implementing lean manufacturing and calculates that a production cell has a 

takt time of 90 seconds. The five workstations have cycle times of 82s, 88s, 95s, 78s, and 85s. Station 3 

exceeds takt time by 5 seconds. Which lean approach addresses this constraint most efficiently? 

 

A. Add a sixth workstation to absorb the excess work from Station 3 

B. Analyze Station 3's task breakdown and redistribute specific work elements to adjacent stations — 

Stations 1 (8s available), 2 (2s available), 4 (12s available), and 5 (5s available) collectively have 27 

seconds of capacity to absorb Station 3's 5second overload without adding resources 

C. Increase the takt time to 95 seconds by reducing daily customer demand through pricing adjustments 

D. Automate Station 3 entirely to eliminate the human cycle time constraint 

 

 

 

107. A quality engineer is reviewing a Gage R&R study for a visual inspection process. Three inspectors 

each classified 50 parts (20 knowngood, 20 knownbad, 10 borderline) three times each. Agreement with 

the reference standard is 97% for clearly good and bad parts but only 52% for the 10 borderline parts. 

What is the critical assessment? 

 

A. The measurement system is fully acceptable — operator agreement with the reference standard 

exceeds 95% overall and meets AIAG requirements for attribute measurement systems 

B. Only the clearly good and clearly bad results are relevant for evaluating visual inspection system 

capability 

C. The 52% agreement on borderline parts is acceptable for attribute measurement systems 

D. The 97% agreement on clear parts is expected for easy decisions, but 52% agreement on borderline 

parts is critically inadequate — barely above random chance for binary classification; accept/reject 

decisions for borderline parts near the specification limit are where measurement system capability 

matters most, and this system cannot be relied upon for consistent quality decisions at that boundary 

 

 

 

108. A quality engineer is analyzing field failure data for an automotive electronic module. A Pareto 

chart shows: connector corrosion (40%), solder joint fatigue (25%), capacitor degradation (18%), and 

other (17%). Before selecting an improvement project, the quality engineer calculates costperfailure: 



connector repair = $18, solder joint rework = $95, capacitor replacement = $120. At 8,000 annual 

returns, which failure mode has the highest cost impact? 

 

A. Connector corrosion has the highest cost because it is the most frequent failure mode 

B. Solder joint fatigue has the highest cost impact: 2,000 returns × $95 = $190,000/year, exceeding 

connector corrosion (3,200 × $18 = $57,600) though not capacitor degradation 

C. All three modes have equal cost impact when properly normalized by failure frequency 

D. Capacitor degradation has the highest cost: 1,440 × $120 = $172,800/year. But solder joint fatigue: 

2,000 × $95 = $190,000/year. Connector: 3,200 × $18 = $57,600/year. Solder joint fatigue at $190,000 

represents the highest total annual cost — demonstrating that costweighted Pareto can reverse 

frequencybased priority 

 

 

 

109. A quality engineer is implementing a corrective action for a recurring dimensional nonconformity 

on machined parts. The root cause analysis reveals that CNC tool offsets are not verified after tool 

changes because the tool change procedure lacks an offset verification step. What systemic corrective 

action prevents recurrence? 

 

A. Retrain all CNC operators on the importance of verifying tool offsets after each tool change 

B. Add a supervisor verification checkpoint after every tool change on every CNC machine 

C. Implement 100% dimensional inspection of the first 10 parts after every tool change 

D. Add a mandatory firstpiece inspection and offset verification step to the tool change procedure — 

requiring measurement of the new tool, calculation and entry of the offset, firstpiece dimensional 

verification against the engineering drawing, and documented signoff before production resumes; this 

systemic change applies to all machines and all operators 

 

 

 

110. A quality engineer is reviewing the organization's approach to design validation for a consumer 

medical device intended for home use by patients aged 1885. The validation was conducted using 6 

engineering prototypes tested by 4 design engineers in a controlled laboratory. What are the most 

significant validation limitations? 



A. The sample size of 6 prototypes is always adequate for consumer medical device validation testing 

B. Three significant limitations exist: (1) engineering prototypes may differ from production units in 

materials and manufacturing; (2) the controlled laboratory does not replicate the variable home 

environment; (3) design engineers operate with intimate product knowledge, avoiding use errors that 

patients aged 1885 with varying abilities would make — validation should use productionrepresentative 

devices tested by representative users 

C. Only the controlled laboratory environment is a concern; the engineers and prototypes are adequate 

D. Consumer medical devices do not require userbased validation because they are not hospital devices 

 

 

 

111. A quality engineer is implementing acceptance sampling under ANSI/ASQ Z1.4 and the 

organization has been on tightened inspection after multiple lot rejections. Under tightened inspection, 5 

consecutive lots have now been accepted. According to the switching rules, what action is permitted? 

 

A. The organization must remain on tightened inspection for at least 12 months regardless of results 

B. Only 3 consecutive acceptances are needed to return to normal under tightened inspection rules 

C. The organization can switch back to normal inspection — Z1.4 switching rules permit return to 

normal after 5 consecutive lot acceptances under tightened inspection, indicating the supplier has 

demonstrated sustained quality improvement under the more stringent criteria 

D. The organization should switch directly from tightened to reduced inspection to reward improvement 

 

 

 

112. A quality engineer is conducting a measurement system analysis for a destructive test — 

crosssection metallographic analysis of weld penetration depth. Each specimen is destroyed during 

measurement. The standard crossed Gage R&R design cannot be applied. Which alternative approach is 

appropriate? 

 

A. A nested (hierarchical) Gage R&R design where each operator evaluates unique specimens from the 

same population — the nested ANOVA structure separates operator effects from specimentospecimen 

variation, providing repeatability and reproducibility estimates without requiring the same specimen to 

be measured by multiple operators 



B. The standard crossed design can be applied by photographing the crosssection before destructive 

testing 

C. Destructive tests cannot be evaluated using any measurement system analysis method 

D. A linearity study replaces Gage R&R for all metallographic measurement applications 

 

 

 

113. A quality engineer is reviewing a process validation report for an adhesive bonding operation. The 

validation tested at three cure temperatures (low, nominal, high) and three cure times (low, nominal, 

high) — all nine parameter combinations. All produced acceptable bond strength. However, the quality 

engineer discovers that all testing used adhesive from a single manufacturing lot. Production uses 

adhesive from 4 different suppliers. What validation gap exists? 

 

A. Singlelot testing adequately represents all supplier lots because the adhesive specification is identical 

B. The validation should include testing with adhesive from different suppliers and/or lots to 

demonstrate that lottolot material variation does not compromise bond strength — different 

manufacturers may produce adhesive with varying viscosity, filler content, and cure characteristics even 

when meeting the same specification 

C. Only the adhesive manufacturer's lotrelease certificate of analysis needs to be reviewed 

D. Adhesive lot variation only matters for structural aerospace bonding, not general manufacturing 

 

 

 

114. A quality engineer is reviewing a product design that uses a snapfit plastic housing. Moldflow 

simulation shows acceptable filling patterns with no predicted defects. The design team considers the 

simulation sufficient for design verification. Why should the quality engineer insist on physical 

prototype testing in addition to simulation? 

 

A. Simulations are completely unreliable for injection molding and should never be used 

B. Physical prototypes are only necessary for metal parts, never for plastic injectionmolded components 

C. Simulation should be replaced entirely by physical testing because they never agree 



D. Simulations model idealized conditions that may not capture manufacturing variability (material lot 

differences, machine variation, humidity effects), assembly interaction forces, environmental 

degradation, or failure modes not included in the model — physical testing validates that the actual 

product behaves as the simulation predicts under representative conditions 

 

 

 

115. A quality engineer is analyzing a control chart and observes that the R chart for a turning operation 

shows a steady upward trend over the last 18 subgroups. No individual point has exceeded the UCL yet, 

but the progressive increase is concerning. The Xbar chart shows no abnormal patterns. What physical 

mechanism is the most likely cause, and why must the R chart trend be addressed first? 

 

A. The R chart trend has no significance because no points have exceeded the UCL 

B. Only Xbar chart signals require investigation; R chart trends are always secondary 

C. The upward R trend indicates growing withinsubgroup variation — likely from progressive tool wear, 

fixture loosening, or bearing degradation; this must be addressed first because Xbar limits are calculated 

from R̄̄ , and if variability is increasing, the current Xbar limits may no longer represent the process 

accurately 

D. The R chart trend indicates the measurement system is degrading rather than the actual process 

 

 

 

116. A quality engineer is implementing a lean value stream improvement and identifies that the quality 

inspection queue creates a 5day delay. Parts wait an average of 5 days before a 25minute inspection. 

Queue efficiency = 25/(5 × 8 × 60) = 25/2400 = 1.04%. What lean approach eliminates this queue 

waste? 

 

A. Move inspection to the point of manufacture — operator selfinspection or automated inprocess 

gauging eliminates both transport to the inspection area and the 5day queue; immediate feedback 

enables realtime process correction rather than delayed afterthefact detection 

B. Hire additional inspectors to reduce the 5day queue to a few hours 

C. Eliminate inspection entirely because the 1.04% efficiency proves inspection adds no value 

D. Implement a priority queuing system that inspects safetycritical parts before noncritical parts 



117. A quality engineer is reviewing the organization's cost of quality data. Prevention = $100K (7%), 

Appraisal = $275K (19%), Internal Failure = $640K (45%), External Failure = $410K (29%). Total 

COQ = $1.425M on $17M revenue (8.4%). What strategic recommendation should the quality engineer 

make? 

 

A. Reduce appraisal spending by 50% to immediately lower total COQ from 8.4% to approximately 

7.5% 

B. Maintain the current allocation because 8.4% COQtorevenue is within typical industry benchmarks 

C. Increase external failure spending to improve warranty claim processing and customer retention 

D. Significantly increase prevention investment — with 74% of COQ in failure categories and only 7% 

in prevention, the organization is overwhelmingly reactive; each prevention dollar typically eliminates 

35 dollars of failure cost, making prevention the highestreturn quality cost strategy 

 

 

 

118. A quality engineer is analyzing a Weibull plot of bearing failure data and obtains β = 3.2 and η = 

45,000 hours. The maintenance department wants to establish a preventive replacement interval ensuring 

no more than 2% of bearings fail before replacement. Using F(t) = 1  e^((t/η)^β), solve for t when F(t) = 

0.02. 

 

A. t = 45,000 × 0.02 = 900 hours, calculated as 2% of the characteristic life 

B. t = η × (ln(0.98))^(1/β) = 45,000 × (0.0202)^(1/3.2) = 45,000 × (0.0202)^(0.3125) ≈ 45,000 × 0.338 ≈ 

15,210 hours — replacement at approximately 15,200 hours ensures 98% of bearings survive to 

scheduled maintenance 

C. t = 45,000/3.2 = 14,063 hours, calculated by dividing η by β 

D. The replacement interval cannot be determined from Weibull parameters without failure rate tables 

 

 

 

119. A quality engineer is implementing a document control system for a pharmaceutical manufacturer. 

Beyond standard document control (revision control, approval, distribution), pharmaceutical regulations 

impose additional requirements. Which requirement is most specific to pharmaceutical documentation? 

 



A. All pharmaceutical documents must be printed on special tamperevident paper stock 

B. Pharmaceutical regulations prohibit electronic document management systems entirely 

C. Standard document control requirements are identical for pharmaceutical and nonpharmaceutical 

facilities 

D. 21 CFR Part 11 compliance for electronic records requires electronic signatures with nonrepudiation, 

complete audit trails tracking every document access and modification, validated computer systems, and 

batch production records linking each manufactured batch to the specific procedure revisions in effect 

during manufacture 

 

 

 

120. A quality engineer is reviewing a process that has demonstrated Cp = 2.30 and Cpk = 2.25 for 18 

months — exceptionally high capability. The production manager proposes eliminating SPC monitoring 

entirely because "the process doesn't need watching." How should the quality engineer respond? 

 

A. SPC and capability serve fundamentally different functions — capability describes historical 

performance while SPC provides ongoing realtime surveillance for process changes; capability can 

degrade suddenly from tool breakage, material changes, or equipment failure; the engineer should 

evaluate reducing frequency but not eliminating surveillance entirely 

B. Approve the elimination because Cpk > 2.0 guarantees continued stability indefinitely 

C. Approve elimination but require quarterly capability recalculation as a substitute monitoring method 

D. Double the current SPC frequency to better protect this exceptionally capable process 

 

 

 

121. A quality engineer is conducting a chisquare test of independence on a 3×4 contingency table 

examining defect types across three production shifts. The calculated χ² = 21.5 with 6 degrees of 

freedom. The critical value at α = 0.01 is 16.81. What is the conclusion? 

 

A. Fail to reject because the chisquare value must exceed 25 for a table of this size 

B. There is a highly significant association between shift and defect type (χ² = 21.5 > 16.81, p < 0.01) — 

the distribution of defect types differs across shifts; standardized residual analysis identifies which 

specific shiftdefect combinations drive the association 



C. All three shifts produce identical defect distributions and this result is a Type I error 

D. The result is borderline significant and should be replicated before drawing conclusions 

 

 

 

122. A quality engineer is implementing a riskbased approach to incoming inspection. Four materials 

require evaluation: Material J (safetycritical, new supplier, no quality history), Material K (noncritical, 

6year zerodefect supplier), Material L (safetycritical, certified supplier with recent 3× defect rate 

increase), Material M (critical, established supplier with Cpk > 2.0). Which ranking from most to least 

intensive inspection is correct? 

 

A. All four should receive identical inspection intensity for fairness and supply base consistency 

B. K → M → L → J, prioritizing established suppliers over new suppliers regardless of performance 

trends 

C. J → L → K → M, which incorrectly places the noncritical zerodefect supplier above the critical 

capable one 

D. J and L (most intensive) → M (moderate) → K (least intensive) — safetycritical items from 

unproven suppliers (J) and from suppliers with deteriorating quality (L) demand the most rigorous 

inspection; critical items from proven capable suppliers (M) need moderate verification; noncritical 

items from longestablished zerodefect suppliers (K) need minimal oversight 

 

 

 

123. A quality engineer is reviewing a product design that incorporates a GD&T feature control frame 

specifying total runout of 0.04 mm relative to datum axis A. A colleague asks how total runout differs 

from circular runout. What is the key distinction? 

 

A. Total runout controls the entire surface simultaneously during full rotation about the datum axis — 

capturing both crosssectional errors (roundness) and axial errors (taper, straightness, profile) in a single 

measurement; circular runout checks only individual crosssections independently and cannot detect 

taper or waviness between slices 

B. Total runout and circular runout are identical controls with different names in the GD&T standard 

C. Circular runout is always more restrictive than total runout for the same nominal tolerance value 



D. Total runout applies only to flat surfaces while circular runout applies only to cylindrical features 

 

 

 

124. A quality engineer is implementing a kanban system for a production cell. Daily demand = 900 

units, replenishment lead time = 0.35 days (approximately 2.8 hours), safety stock factor = 20%, and 

container size = 50 units. Using K = D × L × (1 + S) / C, how many kanban cards are needed? 

 

A. K = 900/50 = 18 kanban cards based solely on daily demand divided by container size 

B. K = 900 × 2.8 × 1.20 / 50 = 60.48 ≈ 61 cards, incorrectly using lead time in hours 

C. K = 900 × 0.35 × 1.20 / 50 = 378/50 = 7.56, rounded up to 8 kanban cards — each authorizing one 

container of 50 units with the 20% safety factor buffering against demand and lead time variation 

D. K = 900 × 0.35 / 50 = 6.3 kanban cards exactly, with no safety stock consideration 

 

 

 

125. A quality engineer is reviewing a product reliability test. Forty units completed a 5,000hour test 

with zero failures. Using the chisquare method: MTBF_lower = 2T/χ²(α, 2) where T = 200,000 hours 

and χ²(0.10, 2) = 4.605. What is the demonstrated MTBF at 90% confidence? 

 

A. MTBF = infinity because no units failed during the test 

B. MTBF_lower = 2(200,000)/4.605 = 400,000/4.605 = 86,862 hours — the test demonstrates at least 

86,862 hours MTBF at 90% confidence; zero failures establishes a statistical lower bound, not infinite 

reliability 

C. MTBF = 5,000 hours because that was the test duration per individual unit 

D. MTBF_lower = 200,000/4.605 = 43,431 hours, which incorrectly omits the factor of 2 

 

 

 

126. A quality engineer is analyzing a process that has Cp = 1.70 and Cpk = 0.72. This extreme gap 

indicates which condition, and what is the most efficient improvement strategy? 



A. The process standard deviation must be reduced through fundamental equipment upgrades 

B. The specification limits should be widened to match the current process output distribution 

C. The measurement system is introducing bias that artificially depresses the Cpk relative to Cp 

D. The process has excellent inherent spread capability (6σ uses only 59% of tolerance) but is severely 

offcenter — the mean has shifted far from the midpoint; recentering the mean is the most efficient 

improvement because it recovers lost capability without investment in variation reduction 

 

 

 

127. A quality engineer is implementing errorproofing on a medical device assembly line. The 

highestrisk error involves installing an Oring in the wrong groove — two adjacent grooves of similar 

size accept Orings of different materials. Training and visual aids have failed to prevent the error (5 

occurrences in 10 months). What corrective action provides the most reliable prevention? 

 

A. Increase training frequency to weekly sessions with competency verification testing 

B. Add an automated vision system to detect incorrect Oring placement after assembly 

C. Redesign the grooves to have distinctly different dimensions or geometric profiles that physically 

prevent incorrect Oring placement — making the correct installation the only possible installation 

regardless of operator attention, training, or fatigue level 

D. Add a second operator to verify Oring material and groove assignment at each assembly 

 

 

 

128. A quality engineer is reviewing the organization's management review process and discovers that 

quality data is presented using monthly averages only — no trend analysis, no statistical process 

behavior charts, and no comparison to objectives. Monthly defect rates fluctuate between 2.8% and 

3.6%. Management asks "are we improving?" and the quality team cannot give a definitive answer. 

What analytical improvement is needed? 

 

A. Present quality data on control charts or run charts that distinguish common cause fluctuation from 

special cause changes — this enables definitive statements about whether quality is improving, stable, or 

deteriorating based on statistical signals rather than subjective interpretation of random monthtomonth 

variation 



B. Monthly average format is adequate because any change from month to month indicates real 

improvement 

C. Replace monthly data with annual averages to eliminate confusing random fluctuation 

D. Present only the best month's result each quarter to demonstrate continuous improvement 

 

 

 

129. A quality engineer is analyzing a scatter diagram of injection pressure versus part weight. The 

Pearson correlation is r = 0.94. The quality engineer proposes using pressure as a realtime predictor for 

100% virtual weight inspection. Before implementation, what validation is essential? 

 

A. A correlation of 0.94 is sufficient evidence to implement virtual inspection without further validation 

B. The virtual inspection system should be validated by conducting a designed experiment confirming 

the causal relationship, validating the prediction model against physical weight measurements across the 

full operating range, and demonstrating that prediction accuracy meets the required measurement 

uncertainty — correlation alone does not guarantee reliable individual part prediction 

C. Virtual inspection based on process variable correlations should never be used in manufacturing 

D. Only a confirmation that the correlation exceeds 0.99 is needed before implementation 

 

 

 

130. A quality engineer is reviewing the organization's risk register and discovers that 20 risks were 

identified and assessed 3 years ago. Since then, 5 new products launched, 6 suppliers changed, a new 

ERP system was implemented, and the organization relocated a production facility. The risk register has 

not been updated. What is the primary concern? 

 

A. The 3yearold register accurately represents the current organizational risk profile 

B. Risk registers are strategic documents that only need updating during certification audits 

C. Only the new product risks need to be added to the existing register; original risks remain unchanged 

D. The register almost certainly does not reflect current risks — new products, supplier changes, ERP 

implementation, and facility relocation each introduce new risks and fundamentally alter existing ones; 



the outdated register provides false security while failing to identify emerging threats from the 

dramatically changed organizational context 

 

 

 

131. A quality engineer is implementing a corrective action system and must distinguish situations 

requiring formal corrective action from those needing only a correction. A single incoming lot fails 

inspection due to a surface finish defect. The supplier has a 5year zerodefect record. Investigation 

reveals a onetime polishing equipment malfunction that has already been repaired. No other lots are 

affected. What is the appropriate response? 

 

A. A correction (rejecting the affected lot) is sufficient for this isolated incident — the cause is identified 

(onetime equipment malfunction), already corrected, with no pattern of recurrence and limited impact; 

monitoring subsequent deliveries confirms the repair was effective and no systemic issue exists 

B. A full 8D corrective action is required for every incoming material nonconformity regardless of 

circumstances 

C. The supplier should be immediately disqualified based on this single nonconformity after 5 years 

D. No action is needed because the supplier has an excellent historical track record 

 

 

 

132. A quality engineer is reviewing a product's design FMEA for a safetycritical automotive braking 

component. The team assigns Severity = 10 (loss of braking function), Occurrence = 2 (very low), 

Detection = 3 (reliable automated test). RPN = 60. Under the AIAG/VDA Action Priority method, what 

priority should this failure mode receive? 

 

A. The low RPN of 60 indicates this failure mode is adequately controlled and needs no action 

B. Only failure modes with RPN > 150 require mandatory action under the Action Priority framework 

C. A Severity of 10 mandates high priority under the Action Priority method regardless of the RPN — 

catastrophic safety consequences require robust verification that prevention and detection controls are 

genuinely effective; the AP framework recognizes that the consequences of being wrong about 

occurrence or detection ratings for safetycritical failures are irreversible 

D. The Occurrence and Detection ratings of 2 and 3 adequately compensate for the high Severity 



133. A quality engineer is conducting a hypothesis test comparing the means of two coating processes. 

Process A: n₁ = 25, x̄̄ ₁ = 42.5 μm, s₁ = 3.8 μm. Process B: n₂ = 25, x̄̄ ₂ = 45.2 μm, s₂ = 4.2 μm. The pooled 

ttest yields t = 2.38. The critical tvalue at α = 0.05 (twosided) with 48 df is ±2.011. What is the 

conclusion? 

 

A. Fail to reject because the sample sizes should exceed 30 for valid ttest application 

B. Reject H₀ — there is statistically significant evidence that the two processes produce different mean 

coating thickness (|t| = 2.38 > 2.011); Process B produces significantly thicker coatings than Process A 

C. The test is invalid because the standard deviations differ between processes by more than 10% 

D. Fail to reject because the 2.7 μm difference is smaller than either standard deviation 

 

 

 

134. A quality engineer is implementing a lean initiative and identifies that a CNC machining center has 

OEE = 62%. The breakdown shows: Availability = 76%, Performance = 90%, Quality = 91%. The 

primary availability losses are changeover times averaging 80 minutes. Which lean tool should be 

applied first? 

 

A. Total productive maintenance to reduce unplanned equipment breakdowns 

B. Statistical process control to address the 9% quality loss component 

C. Value stream mapping to identify additional waste sources before addressing equipment OEE 

D. SMED to reduce the 80minute changeover time — since availability (76%) is the dominant OEE loss 

and changeovers are the primary availability problem, SMED directly targets the largest contributor; 

reducing setup time improves both availability and production flexibility 

 

 

 

135. A quality engineer is reviewing a process validation report for a sterilization process. The 

validation tested at minimum cycle parameters (worst case for sterility). The quality engineer asks about 

maximum cycle testing. The validation team argues longer sterilization always improves sterility. What 

concern should the quality engineer raise? 

 



A. Longer sterilization always benefits both sterility and product integrity without tradeoffs 

B. Maximum cycle testing is only required for ethylene oxide sterilization, not steam or gamma 

C. The validation team is correct that only minimum cycle testing is ever needed for sterilization 

D. Excessive sterilization exposure can damage the product — causing material degradation, 

dimensional changes, seal compromise, embrittlement, or functional impairment; the maximum 

validated cycle must also be tested to confirm product integrity at the upper extreme 

 

 

 

136. A quality engineer is analyzing the results of a designed experiment. The 2⁴ full factorial with 2 

replicates (32 runs) yields significant effects for Factors A, C, and the AC interaction. Factors B and D 

have no significant effects or interactions. For the nonsignificant factors B and D, what optimization 

principle applies? 

 

A. B and D should both be set to their high levels as a precautionary measure regardless of results 

B. B and D should be removed from the production process entirely since they don't affect quality 

C. Since B and D do not significantly affect the response and have no significant interactions, they are 

"free variables" that can be set to minimize cost, maximize throughput, or optimize other nonquality 

objectives without degrading product quality 

D. B and D should be set to match the levels of A and C for process parameter symmetry 

 

 

 

137. A quality engineer is implementing a measurement system for checking the flatness of a precision 

sealing surface. The flatness specification is 0.008 mm. Instrument A (optical flat with monochromatic 

light) yields %GRR = 5.8% of tolerance. Instrument B (CMM touch probe) yields %GRR = 32% of 

tolerance. Which instrument provides reliable quality decisions? 

 

A. Instrument B (CMM) is preferred because it provides automated digital data collection capability 

B. Both instruments are acceptable because they fall within some measurement system capability range 

C. The selection should be based solely on instrument cost, favoring the less expensive option 



D. Instrument A must be selected — its 5.8% GRR provides reliable discrimination for this tight 

tolerance, while Instrument B's 32% GRR exceeds the 30% maximum threshold, making it 

unacceptable; nearly onethird of the tolerance would be consumed by measurement uncertainty 

 

 

 

138. A quality engineer is reviewing a process that exhibits significant positive autocorrelation (lag1 r₁ = 

0.84) in consecutive measurements on an IMR chart. The chart produces excessive false alarms far 

above the expected 0.27% per point. What is the fundamental cause and what alternative monitoring 

approach should be considered? 

 

A. The excessive false alarms indicate the process is genuinely unstable and every signal should be 

investigated 

B. Standard IMR charts assume independent observations — positive autocorrelation creates runs and 

trends from correlated patterns that the chart misinterprets as process signals; EWMA charts, timeseries 

models that remove autocorrelation, or increased sampling intervals that reduce interobservation 

correlation are more appropriate alternatives 

C. The false alarms are caused by measurement system degradation unrelated to autocorrelation 

D. Autocorrelation has no effect on any control chart's false alarm rate under any conditions 

 

 

 

139. A quality engineer is reviewing the organization's quality objectives. Two objectives state: 

"Improve customer satisfaction" and "Reduce manufacturing waste." The quality engineer identifies 

these as noncompliant with ISO 9001:2015 Clause 6.2. What specific elements must be added? 

 

A. Each objective must specify a measurable target with a defined metric, a timeframe for achievement, 

planned actions, required resources, responsible individuals, and an evaluation method — "improve 

customer satisfaction" becomes actionable only when it defines the metric, target value, deadline, action 

plan, resources, owner, and monitoring method 

B. Adding numerical targets (e.g., "improve by 10%") is the only additional element needed for 

compliance 

C. Quality objectives only require the quality manager's approval signature to be fully compliant 



D. ISO 9001:2015 does not specify any particular format or content requirements for quality objectives 

 

 

 

140. A quality engineer is reviewing a supplier's process capability report for a critical aerospace 

dimension. The supplier reports Cpk = 2.05 based on 100 measurements collected over a single 4hour 

shift using material from one supplier lot. Why might this shortterm study overstate true longterm 

capability? 

 

A. A Cpk of 2.05 is always accurate regardless of the data collection duration or conditions 

B. One hundred measurements always provides a reliable capability estimate under all circumstances 

C. The 4hour collection period is the recommended standard for all capability studies in aerospace 

D. Singleshift, singlelot data captures only shortterm variation — it excludes betweenshift operator 

differences, lottolot material variation, daytoday environmental changes, and equipment thermal 

cycling; longterm capability including all these additional variation sources will almost certainly be 

lower 

 

 

 

141. A quality engineer is reviewing a control chart and observes that the Xbar chart shows a systematic 

alternating pattern — values oscillate between approximately 49.8 and 50.2 every 23 subgroups. The R 

chart is stable. This oscillation pattern indicates which process condition? 

 

A. Normal random variation that occasionally creates apparent cyclic patterns 

B. Two process states alternating systematically — common causes include overadjustment (each 

correction overcorrects), rotation between two fixtures or tooling setups, alternating between material 

lots, or a control system with feedback overshoot; the regularity rules out random variation 

C. The control limits are too tight, generating the appearance of oscillation 

D. The R chart stability proves the oscillation is statistically insignificant and requires no investigation 

 

 

 



142. A quality engineer is implementing a visual management system in a lean production cell. The 

andon system was installed 6 months ago but operators rarely activate the yellow (warning) signal, 

skipping directly to red (stop) when problems become critical. What management change enables the 

early warning function? 

 

A. Remove the yellow signal since operators have demonstrated they do not use it 

B. Discipline operators who fail to activate yellow signals at the appropriate threshold 

C. Replace the andon system with fully automated monitoring that eliminates operator judgment 

D. Leaders must respond quickly and supportively to yellow signals — operators avoid early reporting 

when they perceive it brings criticism, delays, or unwanted attention; establishing positive reinforcement 

for proactive problem reporting creates the psychological safety needed for the warning system to 

function as designed 

 

 

 

143. A quality engineer is analyzing warranty data for an automotive component. The failure 

distribution is exponential with MTTF = 55,000 miles. The warranty covers 36,000 miles. Using R(t) = 

e^(t/MTTF), what percentage of components fail during warranty? 

 

A. 65.5%, calculated as 36,000/55,000 × 100% using the linear approximation 

B. 50%, because half of components fail before the MTTF in exponential distributions 

C. Approximately 48.1%, calculated as 1  e^(36000/55000) = 1  e^(0.655) = 1  0.519 = 0.481 — a 

substantial warranty failure percentage representing significant liability 

D. 0%, because the warranty period is shorter than the MTTF 

 

 

 

144. A quality engineer is implementing TPM and calculates OEE: planned time = 480 min, breaks = 30 

min, unplanned downtime = 55 min, ideal cycle time = 2.0 min/part, actual output = 170 parts, rejected 

= 8. Calculate OEE. 

 



A. Available time = 48030 = 450 min. Availability = (45055)/450 = 395/450 = 0.878. Performance = 

(170×2.0)/395 = 340/395 = 0.861. Quality = 162/170 = 0.953. OEE = 0.878 × 0.861 × 0.953 = 0.720 or 

72.0% 

B. OEE = 170/480 = 35.4% using actual output divided by total scheduled time 

C. OEE = 162/170 = 95.3% based solely on the quality rate component 

D. OEE = 395/450 = 87.8% based solely on the availability calculation 

 

 

 

145. A quality engineer is reviewing an organization's approach to handling customer complaints. Each 

complaint is resolved individually but no systematic trend analysis is performed. What improvement 

extracts the most value from complaint data? 

 

A. Increase complaint response speed to reduce average resolution time below 48 hours 

B. Implement systematic complaint trend analysis — Pareto analysis by category, stratification by 

product/region/time/customer segment, correlation with production variables, root cause pattern 

identification — to detect systemic issues, prioritize improvement projects, and identify emerging failure 

patterns 

C. Hire additional complaint handlers to reduce the backlog of unresolved complaints 

D. Individual complaint resolution fully satisfies all quality system requirements 

 

 

 

146. A quality engineer is reviewing a process validation report for a heat treatment furnace. The 

validation demonstrated acceptable results at a 60part load. Production routinely loads 180 parts. Why 

might the validation not apply to the production load? 

 

A. Heat treatment results are independent of furnace load size for any furnace type 

B. Validation should be performed at the minimum load to demonstrate worstcase conditions 

C. Load size differences only matter for sterilization processes, not metallurgical heat treatment 



D. The 3× increase in thermal mass significantly alters heatup rates, temperature distribution, soak time, 

and cooling uniformity — parts in the center of the larger load may not reach required temperature; the 

process must be validated at the actual production load 

 

 

 

147. A quality engineer is implementing a corrective action for a recurring label error where incorrect 

lot numbers are manually entered into the printing system. The error rate is 400 ppm. What corrective 

action most effectively prevents recurrence? 

 

A. Implement automated lot number transfer from the production scheduling system to the label printer 

— eliminating manual data entry removes the human error source entirely; if manual entry must be 

retained, add barcode scanning verification that crossreferences the entered number against the 

production order 

B. Retrain operators on correct lot number entry with emphasis on doublechecking procedures 

C. Add a supervisor verification checkpoint where the supervisor confirms each lot number entry 

D. Increase the font size on the printed label to make entry errors more visible during inspection 

 

 

 

148. A quality engineer is implementing a calibration program and discovers that a precision bore gage 

has been calibrated using reference standards that were themselves overdue for reverification by 8 

months. What is the immediate concern? 

 

A. Reference standards never require reverification after their initial certification and the concern is 

unwarranted 

B. The 8month overdue status is within acceptable tolerance for reference standard reverification 

schedules 

C. Reference standards can degrade through wear, handling, and environmental exposure — if the 

standards drifted from certified values, every bore gage calibration against them may have introduced 

systematic bias; all measurements made with the bore gage since the standards became overdue may be 

affected, potentially requiring an impact assessment 



D. Only the bore gage's calibration interval needs to be shortened; the reference standard status is 

irrelevant 

 

 

 

149. A quality engineer is implementing a riskbased approach to determining SPC sampling frequency. 

A highspeed packaging line produces 600 units per minute. The current SPC plan samples 5 units every 

30 minutes. Between samples, 18,000 units are produced without verification. What risk analysis should 

guide the frequency decision? 

 

A. The 30minute interval is standard for all packaging processes and should not be questioned 

B. The frequency decision must balance exposure quantity (18,000 units between checks), consequence 

of an undetected shift (cost per nonconforming unit × units at risk), process stability history, and the 

current detection plan's speed — if risk exposure between samples exceeds the cost of more frequent 

sampling, the interval should be shortened 

C. All 600 units per minute should receive 100% automated verification regardless of cost 

D. Sampling frequency should be reduced to hourly because stable processes need less frequent 

monitoring 

 

 

 

150. A quality engineer is analyzing the results of an internal audit that found zero nonconformities 

across all audited processes. Simultaneously, customer complaints have increased 30% and warranty 

costs rose 25% over the same period. What concern should the quality engineer raise? 

 

A. Zero findings confirm the quality system is effective regardless of external quality indicators 

B. Customer complaints are outside the internal audit scope and the comparison is invalid 

C. The divergence between clean internal audits and deteriorating external quality indicators suggests 

the audit program lacks sufficient rigor — auditors may examine only documentation compliance 

without evaluating process effectiveness or quality outcomes; the program should be assessed for 

whether audits are challenging enough to detect the problems customers are finding 

D. The increasing complaints are caused by factors entirely outside the organization's quality system 

 



151. A quality engineer is reviewing the organization's document control system and discovers that 

when procedures are revised, only 60% have documented evidence of personnel notification. For the 

remaining 40%, revisions were uploaded without communication. What quality system gap does this 

represent? 

 

A. Uploading revised procedures without notifying affected personnel creates risk that operators 

continue following outdated practices — effective document control requires both accessibility of the 

current version AND proactive communication of changes to ensure awareness and compliance 

B. Electronic systems automatically notify all users, making separate notification unnecessary 

C. Personnel notification is a recommended best practice but not a document control requirement 

D. Only procedures directly affecting product characteristics require notification when revised 

 

 

 

152. A quality engineer is conducting a process capability study on a pharmaceutical capsule filling 

process. The weight specification is 250 ± 12.5 mg. Data shows x̄̄̄̄  = 254.8 mg (intentionally overfilling) 

and σ̂ = 3.2 mg. Calculate Cp and Cpk. 

 

A. Cp = 25/(6×3.2) = 1.30; Cpk = 1.30 because the deliberate overfill is an intentional design choice 

B. Cp = 25/(6×3.2) = 1.30; CPU = (262.5254.8)/(3×3.2) = 0.80; CPL = (254.8237.5)/(3×3.2) = 1.80; 

Cpk = 0.80 

C. Cp = 1.30; CPU = (262.5254.8)/(3×3.2) = 7.7/9.6 = 0.80; CPL = (254.8237.5)/(3×3.2) = 17.3/9.6 = 

1.80; Cpk = 0.80 — constrained by the upper specification because the intentional overfill places the 

mean closer to the USL 

D. Cpk cannot be calculated for pharmaceutical processes with deliberately offset targets 

 

 

 

153. A quality engineer is implementing a lean initiative and discovers that changeover times on an 

injection molding press average 150 minutes. SMED Phase 1 analysis identifies: 50 minutes external 

activities (gathering molds, staging materials), 65 minutes mold mounting/dismounting, 25 minutes 

alignment and adjustment, and 10 minutes material purging. After moving external activities outside the 

machinestopped window, what is the new changeover time? 



A. 150 minutes because no activities were eliminated, only reclassified 

B. 50 minutes because only the external activities determine the changeover time after SMED 

C. 75 minutes, which is exactly half the original time based on standard SMED ratios 

D. 100 minutes — only internal activities remain: mold mounting/dismounting (65 min) + 

alignment/adjustment (25 min) + purging (10 min); the 50 minutes of external activities now occur 

during the previous production run 

 

 

 

154. A quality engineer is analyzing a designed experiment where the residual plot shows a distinct 

funnel pattern — residuals are small for low predicted values and increasingly spread for high predicted 

values. This heteroscedasticity violates the ANOVA assumption of constant variance. What remedial 

action is appropriate? 

 

A. Heteroscedasticity has no effect on ANOVA validity and can be safely ignored for all experiments 

B. Apply a variancestabilizing transformation (log or square root) to the response variable before 

reanalyzing — this equalizes the variance across the response range; alternatively, use weighted least 

squares that gives less weight to observations with higher variance 

C. Adding more replicates automatically corrects the heteroscedasticity in any experimental design 

D. The funnel pattern proves that none of the experimental factors have real significant effects 

 

 

 

155. A quality engineer is reviewing the organization's CAPA system and discovers that the average 

time from problem identification to root cause determination is 68 days, while implementation averages 

only 5 days. What does this imbalanced pattern reveal? 

 

A. The rapid 5day implementation confirms the organization prioritizes swift corrective action execution 

B. The 68day investigation period is appropriate for thorough, careful root cause determination 

C. The investigation should be extended to 90 days to ensure even more thorough root cause analysis 

D. The 68day investigation phase is the primary bottleneck — likely caused by insufficient resources, 

lack of RCA skills, competing priorities, or no urgency escalation mechanism; streamlining 



investigation methods, providing training, and establishing priority protocols would dramatically reduce 

total CAPA cycle time 

 

 

 

156. A quality engineer is implementing a supplier quality management program. The organization has 

50 active suppliers but development resources allow intensive work with only 5 per year. Which 

selection methodology maximizes the program's strategic impact? 

 

A. Select the 5 suppliers with the longest business relationship to strengthen partnerships 

B. Randomly select 5 suppliers annually to ensure every supplier eventually receives development 

attention 

C. Select based on a weighted combination of component criticality, quality trend deterioration, 

singlesource risk, strategic importance, and cost of poor quality — directing development investment 

where improvement generates the greatest total business impact 

D. Select only suppliers that formally request participation in the development program 

 

 

 

157. A quality engineer is reviewing a control chart and observes that 12 of the last 15 Xbar chart points 

fall above the center line. The R chart is stable. Within those 15 points, there must be at least 8 

consecutive above center line. What does this pattern indicate? 

 

A. The process is in control because all points remain within the upper and lower control limits 

B. The R chart stability confirms the Xbar pattern has no practical significance and needs no 

investigation 

C. The control limits should be recalculated using only the last 15 subgroups as the new baseline 

D. The run of 8+ consecutive points above center line triggers the Western Electric run rule, indicating a 

sustained upward shift in the process mean — the quality engineer should investigate what changed 

(material, operator, equipment, environment) and either correct the assignable cause or establish new 

limits if the shift is permanent and acceptable 

 



158. A quality engineer is implementing a measurement system for checking concentricity of a precision 

shaft. The specification is 0.012 mm TIR. Method A (bench centers with dial indicator) yields %GRR = 

40% of tolerance. Method B (CMM rotational scanning) yields %GRR = 7% of tolerance. Which 

instrument provides reliable decisions? 

 

A. Method A is acceptable because bench centers are the traditional measurement approach for 

concentricity 

B. Both methods are acceptable since both are commonly used for concentricity verification 

C. The selection should be based on measurement cost alone, favoring the less expensive method 

D. Method B must be selected — Method A's 40% GRR far exceeds the 30% maximum threshold, 

consuming nearly half the tolerance with measurement uncertainty; for a 0.012 mm TIR specification, 

this makes borderline accept/reject decisions completely unreliable; Method B at 7% provides the 

accuracy needed 

 

 

 

159. A quality engineer is implementing a lean value stream improvement. Finished goods inventory 

averages 48 days. Customer lead time expectation is 4 days. The quality engineer proposes reducing to 

10 days. The finance department objects because the 48day buffer protects against demand fluctuation. 

How should the quality engineer frame the business case? 

 

A. Immediately reduce inventory to 10 days regardless of the finance department's concerns 

B. Maintain the 48day inventory because the finance department's buffer argument has operational merit 

C. Eliminate all finished goods inventory to implement pure maketoorder immediately 

D. The 48day inventory ties up significant working capital — reducing to 10 days (still 2.5× the 

customer lead time) frees substantial cash; implement the reduction gradually with improvements in 

demand forecasting and production flexibility to maintain service levels during the transition 

 

 

 

160. A quality engineer is reviewing an organization's internal audit schedule. All 12 departmental 

audits are compressed into January. By December, some processes have not been audited for 11 months. 

What improvement should the quality engineer recommend? 



A. Compressing all audits into January maximizes auditor efficiency and management review 

preparation 

B. Move all audits to the fourth quarter to capture fullyear performance data for management review 

C. Distribute audits across all 12 months for continuous quality system surveillance — this provides 

ongoing assessment, enables earlier problem detection, distributes audit workload, and ensures no 

process goes more than a few months without evaluation 

D. Reduce total audits from 12 to 6 annually to allow more thorough assessment of each department 

 

 

 

161. A quality engineer is analyzing the economic justification for an errorproofing device. The current 

process produces a polarity reversal error at 550 ppm. Each error costs $110 in rework. Annual 

production volume is 1.8 million units. The pokayoke device costs $38,000 and eliminates 98% of 

errors. What is the payback period? 

 

A. The payback exceeds 2 years, making the project economically unjustifiable for this error rate 

B. Current annual error cost = 1,800,000 × 0.00055 × $110 = $108,900. Savings at 98% = $108,900 × 

0.98 = $106,722. Payback = $38,000/$106,722 ≈ 4.3 months 

C. Annual savings = $38,000 because savings always equal the investment in errorproofing projects 

D. Cannot be calculated without knowing the product's unit selling price and profit margin 

 

 

 

162. A quality engineer is reviewing a process capability study and discovers that data was collected 

from only the first shift over 3 days. The process operates 3 shifts with different operators and uses 

material from 5 qualified suppliers. Why might this limited collection period overstate longterm 

capability? 

 

A. Firstshiftonly data always produces accurate longterm capability estimates 

B. Firstshift, singlesupplier data captures only shortterm variation from one set of conditions — it 

misses second and third shift operator variation, lottolot material differences from the other 4 suppliers, 

and environmental variation; the observed variation underrepresents longterm reality, producing an 

artificially high Cpk 



C. Three days of data always provides a reliable capability estimate regardless of operating conditions 

D. The number of shifts and suppliers has no effect on process capability calculations 

 

 

 

163. A quality engineer is reviewing a product design for an outdoor industrial sensor. The verification 

test plan includes temperature cycling and rain ingress testing. The sensor will be installed in coastal 

chemical processing plants. What environmental test is missing? 

 

A. The current test plan adequately covers all industrial installation environments for outdoor sensors 

B. Salt spray and corrosive atmosphere testing should be added to verify that materials, coatings, 

connectors, and seals maintain integrity under the combined chemical and marine exposure conditions of 

a coastal chemical plant 

C. Only altitude testing needs to be added for installations at elevations above sea level 

D. Wind load testing is the only missing environmental test for outdoor industrial sensors 

 

 

 

164. A quality engineer is implementing a risk management system and must establish risk register 

review frequency. The organization manufactures medical devices, relies on suppliers in geopolitically 

sensitive regions, and recently launched 3 new product lines. A colleague proposes annual review during 

management review. Is this adequate? 

 

A. Annual review is always adequate regardless of organizational risk dynamics or product portfolio 

B. Risk registers only need updating when triggered by specific customer complaints or audit findings 

C. The organization's dynamic risk profile — medical device regulations, geopolitically exposed 

suppliers, and new product launches — creates conditions that can change significantly between annual 

reviews; quarterly reviews with interim monitoring of highpriority risk indicators would provide better 

protection 

D. Risk registers should be reviewed daily for maximum organizational risk awareness at all times 

 

 



165. A quality engineer is conducting a designed experiment to optimize an electroplating process. The 

2³ full factorial with 2 replicates (16 runs) yields: Factor A (current) p = 0.001, Factor B (temperature) p 

= 0.004, Factor C (time) p = 0.52, AB interaction p = 0.007, AC p = 0.68, BC p = 0.55, ABC p = 0.92. 

Which terms belong in the final model? 

 

A. All seven effects to preserve the complete factorial structure regardless of significance 

B. Only Factor A because it has the single smallest pvalue in the ANOVA table 

C. Factors A, B, and the AB interaction — both significant main effects and their significant interaction 

satisfy the hierarchy principle; Factor C is not significant and has no significant interactions, making it a 

free variable for nonquality optimization 

D. Only the AB interaction because it carries the most information about the process 

 

 

 

166. A quality engineer is reviewing a supplier's SPC data and notices the control limits were 

established 2 years ago. Multiple process improvements have been implemented since. What is the 

primary concern? 

 

A. Twoyearold limits always remain valid as they represent the historical process baseline 

B. The outdated wider limits may be unable to detect current process changes — if improvements 

reduced the standard deviation, the old wider limits cannot detect shifts that updated narrower limits 

would reveal; the chart's detection sensitivity has degraded, potentially allowing significant quality 

changes to go unnoticed 

C. Older control limits are more conservative and always provide better quality protection 

D. Control limits should never be updated because recalculation introduces statistical bias into 

monitoring 

 

 

 

167. A quality engineer discovers that the organization's SPC charts for 30 characteristics are maintained 

daily but operators never respond to outofcontrol signals. Investigation reveals 4 charts currently 

showing unaddressed signals present for 37 days. What is the fundamental problem? 

 



A. Thirty charts is too many for effective monitoring and the number should be reduced to 10 

B. Weekly chart review during management meetings is an adequate response timeline for SPC signals 

C. SPC without timely response provides no quality protection — plotting points without acting on 

signals is equivalent to installing smoke detectors without training anyone to respond to alarms; the 37 

day delay means potentially nonconforming product has been produced throughout the unaddressed 

signal period 

D. The charts are functioning correctly because the data points are being accurately plotted 

 

 

 

168. A quality engineer is reviewing a product liability case. A consumer product caused injury despite 

meeting all applicable voluntary industry standards at manufacture. The manufacturer argues standards 

compliance provides a complete defense. Why might this be insufficient? 

 

A. Meeting voluntary standards always provides complete product liability defense in all jurisdictions 

B. Voluntary standards represent minimum industry consensus at a specific time — a manufacturer has 

an independent duty to identify and mitigate productspecific risks beyond standards, including 

foreseeable use conditions, user populations, and failure modes that standards may not cover; 

compliance is necessary but may not be a complete defense 

C. Standards compliance is completely irrelevant to product liability determination in all cases 

D. Only mandatory government regulations, never voluntary standards, are relevant to liability analysis 

 

 

 

169. A quality engineer is implementing a calibration program and must determine the combined 

standard uncertainty for a critical measurement. Sources: instrument accuracy (±0.004 mm), thermal 

expansion (±0.007 mm), operator technique (±0.003 mm), reference standard (±0.001 mm). All 

independent. Calculate combined uncertainty. 

 

A. Combined = 0.004 + 0.007 + 0.003 + 0.001 = 0.015 mm by arithmetic addition 

B. Combined = max(0.004, 0.007, 0.003, 0.001) = 0.007 mm using only the dominant source 

C. Combined uncertainty cannot be calculated without knowing correlation coefficients between sources 



D. Combined = √(0.004² + 0.007² + 0.003² + 0.001²) = √(0.000016 + 0.000049 + 0.000009 + 0.000001) 

= √0.000075 = 0.00866 mm — thermal expansion dominates at 65% of total variance 

 

 

 

170. A quality engineer is reviewing the organization's approach to management review. The review 

covers all ISO 9001:2015 required inputs but produces only vague outputs: "continue current approach" 

and "maintain improvement efforts." No specific decisions, resource allocations, or action assignments 

are documented. What requirement is not being met? 

 

A. The outputs are adequate as long as the review was conducted with top management present 

B. ISO 9001:2015 Clause 9.3.3 requires management review outputs to include specific decisions and 

actions regarding improvement opportunities, QMS changes, and resource needs — vague continuation 

statements fail to produce the actionable outputs needed to drive actual quality improvement 

C. Management review outputs are advisory only and do not require specific documented decisions 

D. Only financial resource decisions need to be documented as management review outputs 

 

 

 

171. A quality engineer is implementing a lean initiative and calculates process cycle efficiency for an 

engineering change order process. Total lead time = 40 days, actual valueadded work = 6 hours. What is 

the PCE? 

 

A. PCE = 6 hours/(40 days × 8 hours/day) = 6/320 = 1.875% — over 98% of ECO lead time is 

nonvalueadded: waiting in approval queues, sitting in departmental inboxes, and being transferred 

between functions; this reveals massive opportunity for administrative lead time reduction 

B. PCE = 6/40 = 15% using hours divided by days without unit conversion 

C. PCE cannot be calculated for administrative processes because they lack physical material flow 

D. The 40day ECO cycle time is standard industry performance and indicates no improvement 

opportunity 

 

 



172. A quality engineer is reviewing a supplier's corrective action response to a recurring dimensional 

nonconformity. The supplier's root cause: "Machine out of calibration." Corrective action: "Machine 

recalibrated." This is the third identical response. What should the quality engineer require? 

 

A. The response is adequate because the machine has been recalibrated and will produce conforming 

parts 

B. The quality engineer should accept this response and increase incoming inspection as additional 

protection 

C. The supplier should immediately purchase a replacement machine to permanently resolve calibration 

drift 

D. Ask why the machine drifts out of calibration (wear, vibration, thermal effects), why drift isn't 

detected earlier (SPC, preventive maintenance), and what systemic change prevents recurrence 

(enhanced PM, automated monitoring) — three identical "recalibrate" responses prove the root cause of 

the drift is not being addressed 

 

 

 

173. A quality engineer is analyzing a process that has Cp = 1.55 and Cpk = 1.50. The nearequality of 

these indices provides which specific information? 

 

A. The process has inadequate capability and requires improvement to achieve Cpk > 2.0 

B. The nearequality indicates a calculation error that must be investigated and corrected 

C. The process is wellcentered within its specification tolerance — the nearequality of Cp (1.55) and 

Cpk (1.50) confirms the process mean is very close to the specification midpoint, with minimal 

capability lost to offcentering; this is the ideal condition where virtually all inherent capability is 

effectively utilized 

D. Cp and Cpk values this similar provide no useful information about process centering 

 

 

 

174. A quality engineer is implementing a riskbased approach to incoming inspection. Material P is 

safetycritical from a new unproven supplier. Material Q is noncritical from a supplier with 7year 

zerodefect history. Material R is safetycritical from a supplier with recent 4× defect rate increase. 



Material S is critical from a supplier with documented Cpk > 2.0. Rank from most to least intensive 

inspection. 

 

A. All four should receive identical inspection for consistency across the supply base 

B. P and R (most intensive) → S (moderate) → Q (least intensive) — safetycritical items from unproven 

suppliers (P) and from suppliers with deteriorating quality (R) demand the most rigorous inspection; 

critical items from proven capable suppliers (S) need moderate verification; noncritical items from 

established zerodefect suppliers (Q) need minimal oversight 

C. Q → S → R → P, prioritizing established suppliers regardless of their current performance trends 

D. Only materials P and R need inspection; Q and S should receive automatic skiplot acceptance 

 

 

 

175. A quality engineer is reviewing the organization's cost of quality data. Prevention = $90K (6%), 

Appraisal = $270K (18%), Internal Failure = $660K (45%), External Failure = $450K (31%). Total 

COQ = $1.47M on $18M revenue (8.2%). What strategic recommendation should the quality engineer 

make? 

 

A. Significantly increase prevention investment in quality planning, DOE, errorproofing, and training — 

with 76% of COQ in failure categories and only 6% in prevention, the organization is overwhelmingly 

reactive; each prevention dollar typically eliminates 35 dollars of failure cost, making prevention the 

highestreturn quality cost strategy 

B. Reduce appraisal costs by 50% to immediately lower total COQ percentage 

C. Maintain current allocation because 8.2% is within acceptable industry benchmarks 

D. Increase external failure spending to improve warranty claim processing and customer retention rates 

 

Practice Exam 11: Answer Key and Explanations 

 

1. D — Consecutive parts from a highspeed press experience virtually identical conditions (same 

material section, temperature, die condition), producing artificially small withinsubgroup ranges. This 

underestimates true shortterm variation, creating control limits that are too tight and generating 

excessive false alarms when legitimate common cause variation exceeds the understated range. 



2. B — Resolution III designs confound main effects with twofactor interactions. A followup 

experiment at Resolution V using only the significant factors (A, C, F) cleanly separates main effects 

from their aliased interactions with minimal additional runs. This confirmation step is mandatory before 

committing to process changes based on potentially confounded screening results. 

3. A — MTBF = 115,980/4 = 28,995 hours. The total accumulated test hours include both failed units 

(counted to their failure time) and 56 surviving units (counted for their full 2,000hour test duration). 

This maximum likelihood estimate under the exponential assumption properly accounts for the 

information contributed by censored (surviving) observations. 

 

4. C — The 7yearold checklist evaluates obsolete ISO 9001:2008 requirements while missing ISO 

9001:2015 riskbased thinking, IATF 16949 automotivespecific requirements, and ERPdependent quality 

processes. Auditors are evaluating against outdated criteria while new requirements go unexamined, 

explaining both the declining effectiveness and the gap between internal and external audit findings. 

 

5. D — Cp = 0.16/(6 × 0.022) = 1.21. CPU = (12.08  11.97)/(3 × 0.022) = 0.11/0.066 = 1.67. CPL = 

(11.97  11.92)/(3 × 0.022) = 0.05/0.066 = 0.76. Cpk = min(1.67, 0.76) = 0.76, constrained by the lower 

specification because the process mean (11.97) is shifted 0.03 mm below nominal (12.00), placing it 

closer to the LSL. 

 

6. B — Jidoka integrates quality detection into the machine itself. Sensors detecting tool breakage (force 

monitoring, vibration analysis, or dimensional feedback) automatically stop production and alert the 

operator. This prevents continued production of defective parts and enables immediate root cause 

investigation — embodying the lean principle of building quality into the process. 

 

7. C — The extremely low reproducibility (1.2% versus 8.5% repeatability) confirms the automated 

laser system effectively eliminates operator influence. The instrument executes the same measurement 

algorithm regardless of which operator initiates the program. Variation is dominated by the instrument's 

inherent repeatability, not operatordependent factors. 

 

8. A — During a new product launch, high prevention spending (quality planning, DFMEA, process 

validation) combined with high internal failure costs is expected — the organization is catching defects 

before they reach customers. The low external failure rate (15%) confirms the prevention and appraisal 

investments are successfully intercepting quality problems internally, which is the desired outcome 

during the learning curve phase. 

 



9. D — Risk appetite describes the organization's general strategic willingness to accept risk (moderate, 

for innovation). Risk tolerance sets specific boundaries for individual risk categories (zero defects for 

safety characteristics). The general appetite does not override specific tolerances — an organization can 

accept moderate strategic risk while maintaining zero tolerance for patient safety defects. 

10. B — If two populations (e.g., from two machines at 49.7 and 50.3 mm) are interleaved within 

subgroups, the subgroup averages tend toward the grand mean, masking the bimodal distribution. If both 

population means fall within the control limits, the chart shows no signal. The histogram reveals the 

distribution shape that the sequential Xbar chart cannot directly assess. 

 

11. C — A comprehensive supplier evaluation must include quality (defect rate, capability, CAPA 

responsiveness), delivery (ontime rate, lead time variability), financial health (ownership stability, 

profitability), and service (technical support, communication). A supplier with zero defects but chronic 

late delivery, unresponsive CAPA, and financial instability poses supply chain risks that defect rate 

alone cannot reveal. 

 

12. A — Significant effects are A (p=0.001), B (p=0.004), and AB (p=0.006). Both parents of the 

significant interaction are individually significant, satisfying the hierarchy principle. Factor C has no 

significant main effect or interactions, making it a free variable for optimizing nonquality objectives 

such as throughput or energy cost. 

 

13. D — B10 = η × (ln(0.90))^(1/β) = 120,000 × (0.1054)^(1/1.8) = 120,000 × (0.1054)^(0.556) ≈ 

120,000 × 0.281 ≈ 33,720 miles. This is the mileage at which 10% of vehicles are expected to 

experience the failure mode — a critical metric for maintenance scheduling and warranty cost planning. 

 

14. B — The audit program must expand to evaluate process effectiveness — whether processes achieve 

intended outcomes, whether quality objectives are met, and whether the QMS delivers conforming 

products. Surfacelevel documentation checks miss the fundamental purpose of auditing. The gap 

between internal findings (documentation) and external findings (process effectiveness) confirms the 

scope is too narrow. 

 

15. C — Standard IMR charts assume independent observations. Positive autocorrelation (r₁ = 0.82) 

causes consecutive points to follow similar trajectories, creating runs and trends that would be rare under 

independence. The chart interprets these correlated patterns as process signals, triggering rules far more 

frequently than the expected 0.27% false alarm rate. 

 



16. A — Verification confirmed the pump meets engineering specifications, but validation revealed the 

user interface causes flow rate selection errors in clinical use. A product can pass every specification test 

yet fail in actual use when specifications did not capture realworld usability requirements. This 

demonstrates that verification ("built right") does not equal validation ("right product"). 

 

17. D — Reduced inspection uses a smaller sample size than normal inspection, reflecting confidence 

earned through 10 consecutive acceptances. However, if any lot is rejected, production becomes 

irregular, or other adverse conditions emerge, the organization must immediately return to normal 

inspection. The switching rules enforce vigilant monitoring even under reduced inspection. 

 

18. B — Three distinct levels with abrupt transitions suggest assignable causes at each transition point 

— material lot changes, operator shift changes, tool replacements, or fixture adjustments. Each cluster 

represents a new process condition. The stable R chart confirms that withinsubgroup variation remained 

constant while the mean shifted between levels. 

 

19. A — PCE = 85 minutes/(32 days × 8 hours × 60 minutes) = 85/15,360 = 0.55%. Over 99.4% of lead 

time is consumed by nonvalueadded activities. This extremely low efficiency — typical for complex 

manufacturing processes — reveals massive improvement opportunity through lean waste elimination 

targeting queue time, inventory storage, and transport delays. 

 

20. C — The RSS calculation assumes independently manufactured, normally distributed, centered 

component dimensions. If any dimension is systematically biased toward one extreme, the statistical 

averaging assumption fails. For assemblies with critical functional consequences from exceeding the gap 

limit, worstcase or modified RSS may be more appropriate than standard RSS. 

 

21. B — With %GRR = 3.7% (well below 10%) and ndc = 19 (far above the minimum 5), the 

measurement system meets both AIAG MSA criteria with substantial margin. The excellent 

discrimination and minimal measurement variation make this system fully suitable for all quality 

decisions including SPC, capability analysis, and accept/reject decisions on safetycritical fasteners. 

 

22. D — The risk treatment hierarchy requires evaluating hazard elimination first. Dedicated production 

lines for allergenfree products physically prevent crosscontamination — inherently safe design. If 

dedicated lines are not feasible, validated cleaning with allergenspecific testing verification provides the 

next level of protection in the hierarchy. 

 



23. A — |t| = 2.29 exceeds the critical value of 2.024 at α = 0.05 (twosided) with 38 df. Reject H₀ — 

there is statistically significant evidence that the two heat treatment processes produce different mean 

tensile strength. Process B (870 MPa) produces significantly higher strength than Process A (850 MPa). 

 

24. C — While longer sterilization improves microbial kill, excessive exposure can damage the product 

— causing material degradation, dimensional changes, seal compromise, embrittlement, or functional 

impairment. The maximum validated cycle must be tested to confirm product integrity is maintained at 

the upper extreme of the sterilization parameters. 

 

25. B — K = D × L × (1+S) / C = 1,500 × 0.2 × 1.15 / 75 = 345/75 = 4.6, rounded up to 5 kanban cards. 

Each card authorizes one container of 75 units. The 15% safety factor buffers against demand and lead 

time variation, preventing stockouts during aboveaverage consumption periods. 

 

26. D — For an external feature (pin), MMC = largest size = 10.08 mm. The actual pin at 10.03 mm has 

departed 0.05 mm from MMC (10.08  10.03 = 0.05). Total positional tolerance = stated tolerance + 

bonus = 0.30 + 0.05 = 0.35 mm. The smaller pin has more clearance with the mating hole, allowing 

greater positional deviation. 

 

27. C — The systemic corrective action addresses both the immediate deficiency (upgrade HVAC to 

maintain Class 1000 at 34 operator capacity) and the systemic gap (implement a management of change 

process that evaluates clean room capacity whenever production volume changes are planned). This 

prevents both the current problem and future recurrences from the same root cause. 

 

28. A — Presenting quality data on a run chart or control chart distinguishes common cause fluctuation 

from special cause changes. Monthly averages fluctuating between 2.5% and 3.5% may represent 

normal variation or real trends — statistical process behavior analysis provides the definitive answer that 

monthly averages alone cannot, enabling evidencebased management decisions. 

 

29. B — Reducing batch size reduces WIP and lead time. However, the oven's fixed cycle time creates 

an economic lot size constraint — smaller batches increase the cost per part for the paint cycle. The 

quality engineer should investigate whether a smaller supplemental oven, continuous conveyorized 

system, or oven cycle time reduction could enable economically viable smaller batches. 

 

30. D — A strong correlation (r = 0.92) does not guarantee reliable individual part prediction. A 

designed experiment must confirm the causal relationship, the prediction model must be validated 

against physical measurements across the full operating range, and prediction accuracy must meet 



measurement uncertainty requirements. Correlation alone does not substitute for validated prediction 

performance. 

 

31. A — χ² = 8.2 is below the critical value of 9.488 at α = 0.05 with 4 df. Fail to reject the normality 

assumption — the data is consistent with a normal distribution. This supports using standard Cp/Cpk 

calculations and normaldistributionbased control chart limits for monitoring this process. 

32. C — Systematic complaint trend analysis transforms individual incidents into actionable intelligence 

through Pareto analysis by failure mode, stratification by product/region/time/customer segment, and 

correlation with production variables. This detects systemic issues, prioritizes improvement projects by 

field impact, and identifies emerging failure patterns before they become widespread. 

 

33. D — Thermocouples 6 months overdue for calibration may have drifted from their true values. All 

heat treatment records since the calibration due date must be reviewed to determine whether any 

products were processed with inaccurate temperature readings. An impact assessment determines 

whether metallurgical properties of processed parts may have been compromised. 

 

34. B — Center points provide two unique benefits: (1) curvature detection — if the center response 

differs significantly from the factorial corner average, at least one factor has a nonlinear effect requiring 

response surface methods; (2) pure error estimation — replicated center points provide an independent 

error estimate enabling formal Ftests in the unreplicated factorial. 

 

35. A — The 82% useasis rate suggests specifications may be unnecessarily tight (warranting review), 

and the cursory "within historical range" justifications do not demonstrate thorough engineering analysis 

of fit, function, reliability, downstream impact, and customer compliance. Both the specification 

appropriateness and the disposition rigor require attention. 

 

36. C — The significant gap between Cpk (1.95, using withinsubgroup σ) and Ppk (1.15, using overall 

σ) reveals substantial betweensubgroup variation from process instability. The process has excellent 

shortterm capability but significantly degraded longterm performance due to shifts, trends, or assignable 

causes occurring between subgroups that the withinsubgroup estimate does not capture. 

 

37. B — Relocating components to pointofuse addresses motion waste (reclaiming 25% of operator 

time) and produces secondary benefits: reduced WIP, fewer handlingrelated quality defects from less 

material movement, improved cycle time, and better operator focus on valueadded assembly instead of 

material retrieval trips. 

 



38. D — MTBF_lower = 2T/χ²(α, 2) = 2(150,000)/4.605 = 300,000/4.605 = 65,147 hours at 90% 

confidence. Zero failures establishes a statistical lower bound, not infinite reliability. The factor of 2 in 

the numerator is required by the chisquare method for this confidence bound calculation. 

 

39. A — A correction (reworking or scrapping the 500 affected units) is sufficient for this isolated, 

selfcorrecting event. The cause is identified (onetime maintenance contamination), contained to one 

batch, and the maintenance activity is complete. However, the quality engineer should verify the 

maintenance procedure includes provisions to protect production during future maintenance. 

 

40. C — Cp = 20/(6×2.8) = 1.19. CPU = (210204.5)/(3×2.8) = 5.5/8.4 = 0.65. CPL = (204.5190)/(3×2.8) 

= 14.5/8.4 = 1.73. Cpk = min(0.65, 1.73) = 0.65. The intentional overfill provides excellent underfill 

protection (CPL=1.73) but severely constrains the upper side (CPU=0.65), making the process incapable 

at the USL. 

 

41. D — High measurement error (38% of response variation) adds noise that reduces the experiment's 

statistical power. Truly significant effects may appear nonsignificant because the measurement noise 

masks the signal. Improving the measurement system or increasing replication would recover the lost 

detection power for factor effects. 

 

42. B — Three years of identical conclusions and zero specific actions means management review has 

become a compliance exercise producing no actionable outputs. Effective reviews should identify 

specific opportunities, assign responsibilities with deadlines, allocate resources, and produce measurably 

different outputs each cycle based on evolving quality data and organizational context. 

 

43. A — While Z = 2.08 marginally exceeds the critical value of 1.96, both defect rates are below 2% 

and the absolute difference (0.87 percentage points) may not be practically significant in this 

manufacturing context. The quality engineer should evaluate whether the magnitude of difference 

warrants investigation resources given both machines produce well below typical industry defect 

thresholds. 

 

44. C — Operators avoid yellow signals when early problem reporting brings criticism, delays, or 

unwanted scrutiny. Leaders must respond quickly and supportively when operators activate yellow 

signals, demonstrating that early detection is valued rather than punished. Creating a culture that rewards 

proactive reporting is essential for the early warning system to function as designed. 

 



45. D — F(36000) = 1  e^(36000/60000) = 1  e^(0.60) = 1  0.549 = 0.451 or approximately 45.1%. This 

substantial warranty failure rate indicates significant warranty cost liability. The linear approximation 

(60%) significantly overstates the failure rate, demonstrating why the exponential formula should be 

used rather than simple ratio calculations. 

 

46. B — Available time = 48030 = 450 min. Availability = (45050)/450 = 400/450 = 0.889. 

Performance = (195×1.8)/400 = 351/400 = 0.878. Quality = 186/195 = 0.954. OEE = 0.889 × 0.878 × 

0.954 = 0.744 or 74.4%. Each component independently quantifies one loss category. 

 

47. C — Instrument A's 34% GRR exceeds the 30% maximum threshold, making it unacceptable for 

any application. For a 0.015 mm tolerance, more than onethird is consumed by measurement variation, 

rendering borderline decisions unreliable. The CMM at 6% GRR provides the measurement accuracy 

required for this tighttolerance perpendicularity measurement. 

 

48. A — The redesigned component costs $175,000 more in material annually but eliminates the 

$15,000 specialized tool, reduces defect costs by approximately 4.9% × 500,000 units × rework cost, 

and saves 4,167 labor hours per year. The holistic analysis almost certainly shows the redesigned 

version has lower total cost despite higher perunit material cost. 

 

49. D — The progressive drift trend (0.001 → 0.004 mm toward tolerance limit) indicates the 

instrument will likely exceed tolerance before the next 12month calibration. For a highuse safetycritical 

application (50 daily uses on aerospace components), the interval must be shortened to prevent 

outoftolerance operation between calibrations. 

 

50. B — Quality improvement owned exclusively by the quality department violates total employee 

involvement. Production, engineering, maintenance, and other functions interact daily with processes 

affecting quality. Without crossfunctional participation, the organization misses improvement 

opportunities where the quality department has limited expertise, influence, and direct process access. 

 

51. A — The decreasing number of failures per interval (12, 8, 4) indicates a decreasing failure rate — 

infant mortality behavior. Early weak units are eliminated and the surviving population becomes 

progressively more reliable. This pattern is consistent with a Weibull distribution with β < 1, where 

manufacturing defects cause early failures that thin out the vulnerable subpopulation. 

 

52. C — A Severity of 10 (loss of braking — potential fatality) mandates high priority under the 

AIAG/VDA Action Priority method regardless of the low RPN of 40. The AP framework requires 



verification that prevention and detection controls are genuinely effective for catastrophic failure modes 

because the consequences of underestimating occurrence or detection are irreversible. 

 

53. D — A riskbased analysis must compare the exposure (40 unverified parts between SPC checks × 

consequence per escaped defect) against the cost of 100% automated inspection. For safetycritical 

characteristics at 80 parts/hour, the consequence of escaped nonconforming parts may justify the 

$120,000 investment in 100% automated profilometry. 

 

54. D — The large discrepancy between Pearson r (0.12) and Spearman ρ (0.81) indicates a strong 

monotonic but nonlinear relationship. Pearson captures only linear association and dramatically 

understates the true relationship. Spearman detects any consistent directional trend regardless of 

linearity. Nonlinear regression modeling is needed to characterize this curved relationship. 

 

55. A — Uploading revised procedures without notifying 45% of affected personnel creates risk that 

operators continue following outdated practices. Effective document control requires both making the 

current version accessible AND proactively communicating changes. The 45% notification gap 

represents a significant document control deficiency with direct quality implications. 

 

56. C — ANSI/ASQ Z1.4 requires that acceptance inspection be discontinued when 5 consecutive lots 

fail under tightened conditions. The organization must take action to improve the quality of submitted 

product before resuming inspection. This rule prevents indefinite continuation of inspection when the 

supplier clearly cannot meet quality requirements. 

 

57. D — For destructive tests, a nested Gage R&R design assigns unique specimens from the same 

population to each operator. The nested ANOVA separates operator effects from specimentospecimen 

variation, providing repeatability and reproducibility estimates without requiring the same part to be 

measured by multiple operators. 

 

58. B — The 3.3× increase in thermal mass from 60 to 200 parts significantly alters heatup rates, 

temperature distribution, soak time, and cooling uniformity. Parts in the center of the larger load may 

not achieve the required temperature for the required duration due to thermal shielding effects. The 

process must be validated at the actual production load level. 

 

59. A — PCE = 5.5 hours/(38 days × 8 hours/day) = 5.5/304 = 1.81%. Over 98% of ECO lead time is 

nonvalueadded — waiting in approval queues, sitting in inboxes, being transferred between 



departments. This extremely low efficiency reveals massive opportunity for administrative lead time 

reduction through workflow streamlining. 

 

60. C — With small sample sizes (n=15), the test may have had insufficient power to detect the 2.5 mm 

difference (16.7% of tolerance). The nonsignificant pvalue (0.08) may reflect a Type II error rather than 

true equivalence. A posthoc power analysis would determine whether a larger followup study is 

warranted given the practical significance of the observed difference. 

 

61. D — The CAPA system shows severe systemic weaknesses: 45% ontime closure, 30% missing 

effectiveness verification, and 22% problem recurrence. These metrics indicate the system is not 

effectively preventing problem recurrence. Quarterly or semiannual audits provide the monitoring 

frequency needed to verify improvement actions are being implemented and sustained. 

 

62. B — The quality engineer should ask three probing questions: Why did the machine drift out of 

calibration? (identify the physical mechanism), Why wasn't the drift detected earlier? (evaluate SPC and 

PM adequacy), What systemic change prevents future drift? (enhanced PM, automated monitoring). The 

supplier must address the root cause of drift, not merely restore calibration repeatedly. 

 

63. C — Twentytwo of 30 points above the center line (73%) has extremely low probability in a 

centered process. This asymmetric distribution strongly suggests the process mean has shifted above the 

original center line. The quality engineer should investigate what changed and either correct the 

assignable cause or recalculate the center line if the shift represents a permanent, validated change. 

 

64. A — An automated vision system with machine learningbased tablet identification photographs each 

cavity, identifies the tablet, and prevents sealing unless the correct tablet is confirmed in every cavity. 

This provides 100% verification with zero dependence on operator attention, eliminating the human 

judgment element that produces the 180 ppm error rate. 

 

65. D — Solving: 0.95 = e^((t/40000)^3.5); (t/40000)^3.5 = ln(0.95) = 0.0513; (t/40000)^3.5 = 0.0513; t 

= 40,000 × (0.0513)^(1/3.5) = 40,000 × (0.0513)^(0.286) ≈ 40,000 × 0.395 ≈ 15,800 hours. Replacement 

at this interval maintains 95% gearbox survival probability. 

 

66. B — The test plan must include the full range of expected conditions: temperature extremes (20°C to 

+65°C), humidity cycling, corrosive atmosphere exposure, and vibration testing. Ambientonly testing at 

25°C/50%RH provides no evidence of sensor performance under the harsh chemical plant conditions 

where it will actually be installed. 



67. A — Voluntary standards represent minimum industry consensus at a specific publication date. A 

manufacturer has an independent duty to identify and mitigate productspecific risks beyond what 

standards address — including foreseeable use conditions, user populations, and failure modes not 

covered by standards. Standards compliance is necessary but may not be sufficient for liability defense. 

 

68. C — Since Cp = 1.11 but Cpk = 0.62, the process has moderate inherent capability but is running 

severely offcenter toward the upper limit (mean = 27.2 vs. nominal = 25.0). Recentering the mean 

toward 25.0 μm would bring Cpk much closer to Cp with minimal investment — no variation reduction 

is needed, only mean adjustment. 

 

69. D — The organization must evaluate the external standard revision's impact on the internal work 

instruction, update the procedure if the changed test parameter affects quality decisions, and retrain 

affected personnel. Referenced external standards require active monitoring and impact assessment as a 

fundamental part of the document control system. 

 

70. B — The risk register almost certainly does not reflect current risks after 4 new products, 5 supplier 

changes, MES implementation, and a facility relocation. Each event introduces new risks and 

fundamentally alters existing ones. The outdated register provides false security while failing to identify 

emerging threats from the dramatically changed organizational context. 

 

71. C — Station 2 at 1.6 minutes exceeds the 1.5minute takt time, creating a bottleneck. The cell 

produces only 420/1.6 = 262 units, falling 18 short of the 280unit demand. Line balancing must 

redistribute specific work elements from Station 2 to stations with available capacity (Stations 1, 3, and 

4). 

 

72. A — The constanttemperature Gage R&R captured bestcase performance. Production temperature 

variation (17°C29°C) causes thermal expansion of both instruments and parts, adding measurement 

variation the study did not capture. The actual production %GRR will likely be higher, potentially 

moving the system from acceptable to unacceptable. 

 

73. D — Current annual defect cost = 750,000 × 0.045 × $55 = $1,856,250. Postimprovement cost ≈ $0. 

Payback = $185,000/$1,856,250 ≈ 0.10 years ≈ 5 weeks. This extraordinary return demonstrates the 

massive economic power of improving process capability from Cpk 0.80 to 1.50. 

 

74. B — Seven consecutive declining points constitute a trend signal under Western Electric rules. This 

indicates a systematic process change — tool wear, chemical depletion, thermal drift, or gradual 



material property change. The steady, progressive decline rules out random variation and demands 

investigation to identify the specific mechanism causing the directional shift. 

 

75. C — Leading indicators (financial health, capacity utilization, raw material availability, inventory 

levels, geopolitical monitoring) provide predictive early warning. Lagging indicators (delivery 

performance, quality rejections, disruption events) confirm outcomes. Together, these provide both 

predictive and confirmatory monitoring for a critical 18week lead time singlesource dependency. 

 

76. A — Combined = √(0.003² + 0.005² + 0.002² + 0.001²) = √0.000039 = 0.00625 mm. Thermal 

expansion dominates at 64% of total variance (0.000025/0.000039). Environmental temperature control 

would provide the greatest measurement uncertainty reduction, identifying it as the highestleverage 

improvement opportunity. 

 

77. B — Four occurrences despite training and visual aids prove that detection and training approaches 

cannot prevent this error. Redesigning the slots to have distinctly different geometries or adding physical 

keying features makes incorrect placement physically impossible. Inherently safe design eliminates the 

error regardless of operator attention or skill. 

 

78. D — Singlelot adhesive testing does not capture lottolot variation among the 6 suppliers. Different 

manufacturing lots may have varying viscosity, cure characteristics, and adhesion properties even when 

all meet the same specification. The validation should include testing with adhesive from different 

lots/suppliers to confirm consistent bond strength. 

 

79. C — Distributing audits across all 12 months provides continuous quality system surveillance. Some 

process is always being assessed, problems are detected earlier, audit workload is distributed evenly, and 

no process goes more than a few months without evaluation. This eliminates the 11month assessment 

gaps inherent in compressed January scheduling. 

 

80. A — ISO 9001:2015 Clause 9.3.2 requires consideration of changes in external and internal issues. 

Adding forwardlooking analysis of emerging risks, regulatory changes, market trends, and 

organizational changes enables proactive QMS adaptation rather than reactive response, preparing the 

system for future challenges that historical data alone cannot predict. 

 

81. B — SPC charts producing signals for 38 days without any investigation or response means the 

entire SPC investment is wasted. The fundamental purpose of SPC is realtime detection followed by 



immediate correction. Five charts currently showing unaddressed signals represent 38 days of 

potentially nonconforming production at each process — exactly what SPC was designed to prevent. 

 

82. D — With 74% of COQ in failure categories and only 6% in prevention, the organization is 

overwhelmingly reactive. Increasing prevention investment typically produces 35× return through 

disproportionately larger reductions in the dominant failure costs. This preventionfocused shift is the 

highestreturn quality cost strategy available. 

 

83. C — For significantly rightskewed data (AndersonDarling p = 0.002), a BoxCox transformation 

achieves approximate normality. The specification limits are transformed using the same function, and 

Cpk is calculated on the transformed scale. This preserves the mathematical validity of the capability 

index while properly accounting for the nonnormal distribution. 

 

84. A — Three significant limitations: (1) controlled laboratory doesn't represent home environments 

(10°C to +40°C); (2) design engineers operate with expert knowledge, avoiding use errors patients 

would make; (3) five units may not capture unittounit manufacturing variation. Validation should 

include representative patients across the age range testing in simulated home conditions. 

 

85. B — An AOQL of 1.8% means the worstcase average outgoing quality is 18,000 ppm regardless of 

incoming quality. For a safetycritical medical device connector, this maximum escape rate is almost 

certainly unacceptable. A tighter sampling plan with lower AOQL or additional controls such as 100% 

automated inspection is needed. 

 

86. D — Singleshift, singlelot data captures only shortterm variation. It misses betweenshift operator 

differences, lottolot material variation, daytoday environmental changes, and equipment thermal cycling. 

Longterm capability including all these additional variation sources will almost certainly be lower than 

the favorable singlesnapshot Cpk of 2.10. 

 

87. A — OEE reveals where theoretical capacity is lost — downtime, speed losses, or quality losses. 

The 13unit gap between 52 actual and 65 required may be recoverable through targeted improvement of 

the specific OEE component with the largest loss. Identifying whether the gap stems from availability, 

performance, or quality determines the correct improvement strategy. 

 

88. C — Systematic oscillation between two levels every 23 subgroups indicates two alternating process 

states. Common causes include overadjustment (each correction overcorrects), rotation between fixtures 



or material lots, alternating between operators, or feedback control overshoot. The regularity of the 

pattern definitively rules out random variation. 

 

89. B — Singlelot API testing does not capture variation among the 4 qualified suppliers. Different API 

manufacturers may produce material with different particle size distributions, moisture content, and flow 

characteristics that affect compression parameters and product quality — even when all lots meet the 

identical specification. 

 

90. D — The frequency decision must balance exposure quantity (15,000 units between checks), 

consequence of an undetected shift (cost per nonconforming unit × units at risk), process stability 

history, and current detection speed. If the risk exposure between samples exceeds the cost of more 

frequent sampling, the interval should be shortened. 

 

91. C — The FMEA should incorporate 30 customer complaints (revealing unanticipated failure 

modes), evaluate three design revisions' impact on existing ratings, assess the facility transfer's effect on 

occurrence and detection, and add new failure modes from 6 years of experience. This transforms a stale 

designphase document into a living risk management tool. 

 

92. A — The Ftest result (F = 2.323 > F_crit = 1.86) is statistically significant, but the quality engineer 

should verify the normality assumption underlying the Ftest before concluding — the Ftest for variance 

equality is highly sensitive to nonnormality, more so than ttests for means; Levene's test or Bartlett's test 

may provide a more robust comparison if normality is uncertain. 

 

93. D — Selecting based on a weighted combination of component criticality, quality trends, 

singlesource risk, strategic importance, and cost of poor quality targets suppliers where development 

generates the greatest total improvement. This multidimensional approach outperforms any singlemetric 

selection by capturing the full spectrum of supplier risk and opportunity. 

 

94. B — MTBF_lower = 2(200,000)/4.605 = 400,000/4.605 = 86,862 hours at 90% confidence. Zero 

failures establishes a statistical lower bound, not infinite reliability. Larger samples or longer test 

durations would increase this bound, but no finite test can prove infinite MTBF. 

95. C — Electronic displays — sealed units inside the clean room or displays visible through 

observation windows — provide realtime production information without introducing 

particulategenerating paper, markers, or other contamination sources. This approach maintains clean 

room environmental integrity while enabling effective visual management. 

 



96. A — ISO 9001:2015 Clause 6.2 requires each quality objective to specify a measurable target, 

timeframe, planned actions, required resources, responsible individuals, and evaluation method. 

"Improve customer satisfaction" only becomes actionable when it defines the specific metric, target 

value, deadline, action plan, resource needs, owner, and monitoring method. 

 

97. D — Reduced inspection uses smaller sample sizes reflecting confidence earned through 10 

consecutive acceptances. However, Z1.4 switching rules require immediate return to normal inspection 

if a lot is rejected, production becomes irregular, or any adverse quality condition emerges. The reduced 

status is conditional and can be revoked immediately. 

 

98. B — Standard charts assume independence; autocorrelation violates this assumption, creating natural 

patterns that trigger false signals. EWMA charts, timeseries models that remove autocorrelation before 

charting, or increased sampling intervals that reduce interobservation correlation are appropriate 

alternatives that accommodate the correlated data structure. 

 

99. C — Useasis dispositions require formal engineering analysis confirming functional acceptability, 

documented MRB approval, and customer notification when contractually required. Production 

operators lack the engineering authority and technical basis to determine whether outofspecification 

parts function acceptably in the customer's application. 

 

100. A — Excluding external failures presents an incomplete COQ picture. External failures — 

warranty, recalls, liability, lost sales, reputation damage — are often the largest and most strategically 

important category. Without them, the analysis understates total quality costs and may fail to justify 

prevention investments that would dramatically reduce these costs. 

 

101. D — Ridge analysis explores along the elongated ridge direction to identify the factor combination 

that optimizes the response at any given distance from the center. When contour plots show a ridge 

rather than a distinct peak, no single stationary point exists, and ridge analysis systematically finds the 

best achievable conditions along the ridge. 

 

102. B — Four escalating but consistently ineffective individual-focused corrective actions prove the 

root cause is systemic. The plating process parameters, bath chemistry, surface preparation, or 

equipment conditions create the adhesion failure regardless of which individual performs or supervises 

the task. Only system-level changes can break the recurrence cycle. 

 



103. C — Accelerated aging results must be validated by confirming the acceleration model applies to 

the specific seal degradation mechanism. If accelerated conditions activate different failure physics than 

body temperature exposure, the predicted probability is unreliable. Additionally, even a "very low" 

annual probability compounds significantly over a 10-year implant life. 

 

104. A — Cp = 0.10/(6 × 0.012) = 1.39. CPU = (25.05 - 24.98)/(3 × 0.012) = 0.07/0.036 = 1.94. CPL = 

(24.98 - 24.95)/(3 × 0.012) = 0.03/0.036 = 0.83. Cpk = min(1.94, 0.83) = 0.83, constrained by the lower 

specification because the process mean is shifted 0.02 mm below nominal, placing it closer to the LSL. 

 

105. D — Declining internal findings (-60%) concurrent with increasing customer complaints (+55%) 

over 6 years strongly suggests the supplier audit program has lost rigor through familiarity. Auditors 

may have developed comfortable relationships, reduced scope, or softened criteria. Real quality 

problems that internal auditors miss are being discovered by customers. 

 

106. B — Station 3's 5-second overload can be absorbed by redistributing specific work elements to 

adjacent stations with available capacity. Stations 1, 2, 4, and 5 collectively have 27 seconds of available 

capacity — more than sufficient to absorb the 5-second overload through detailed task analysis and 

element redistribution without adding resources. 

 

107. A — The 97% agreement on clearly good/bad parts is expected for easy decisions. The critical 

finding is 52% agreement on borderline parts — barely above coin-flip probability for binary 

classification. Accept/reject decisions at the specification boundary are where measurement system 

capability matters most, and this near-random performance makes the system unreliable for those critical 

decisions. 

 

108. C — Solder joint fatigue: 2,000 × $95 = $190,000/year. Capacitor degradation: 1,440 × $120 = 

$172,800. Connector corrosion: 3,200 × $18 = $57,600. Cost-weighted Pareto reveals solder joint 

fatigue has the highest annual cost impact despite being only the second most frequent failure mode — 

demonstrating that frequency-based and cost-based priorities can differ significantly. 

 

109. D — A mandatory first-piece inspection and offset verification step in the tool change procedure 

creates a systemic prevention mechanism. The procedure requires measuring the new tool, entering the 

offset, verifying the first piece against the drawing, and documenting sign-off. This applies to all tool 

changes by all operators on all machines. 

 



110. B — Three significant limitations: (1) engineering prototypes differ from production units in 

materials and manufacturing; (2) the laboratory doesn't replicate variable home environments; (3) design 

engineers avoid use errors that patients aged 18-85 with varying abilities would make. Validation should 

use production-representative devices tested by representative users in simulated use conditions. 

 

111. C — Under ANSI/ASQ Z1.4 switching rules, 5 consecutive lot acceptances under tightened 

inspection permit return to normal inspection. This demonstrates the supplier has achieved sustained 

quality improvement under the more stringent evaluation criteria, justifying relaxation to standard 

inspection intensity. 

 

112. A — For destructive tests, a nested Gage R&R design assigns unique specimens from the same 

population to each operator. The nested ANOVA separates operator effects from specimen-to-specimen 

variation, providing repeatability and reproducibility estimates without requiring the same specimen to 

be measured by multiple operators. 

 

113. B — Single-lot adhesive testing does not capture lot-to-lot variation among suppliers. Different 

manufacturers may produce adhesive with varying viscosity, filler content, and cure characteristics even 

when meeting the same specification. Testing with material from different lots/suppliers confirms 

consistent bond strength across the material supply base. 

 

114. D — Simulations model idealized conditions that may not capture manufacturing variability, 

material lot differences, assembly interactions, environmental degradation, or failure modes not in the 

model. Physical prototype testing validates that the actual product behaves as the simulation predicts 

under real-world representative conditions. 

 

115. C — The upward R chart trend indicates growing within-subgroup variation — likely from tool 

wear, fixture loosening, or bearing degradation. This must be addressed first because X-bar limits are 

calculated from R̄̄ . If variability is increasing, the current X-bar limits may be inaccurate, potentially 

masking real mean shifts or generating false signals. 

 

116. A — Moving inspection to the point of manufacture eliminates both transport and the 5-day queue. 

Operator self-inspection or automated in-process gauging provides immediate feedback, enabling real-

time process correction rather than delayed detection. The 1.04% queue efficiency confirms that 99% of 

the inspection lead time is pure waiting waste. 

 



117. D — With 74% of COQ in failure categories and only 7% in prevention, the organization is 

overwhelmingly reactive. Increasing prevention investment in quality planning, DOE, error-proofing, 

and training typically produces 3-5× return through disproportionately larger reductions in the dominant 

failure costs. Prevention is the highest-return quality cost strategy. 

 

118. B — Solving: 0.98 = e^(-(t/45000)^3.2); -(t/45000)^3.2 = ln(0.98) = -0.0202; (t/45000)^3.2 = 

0.0202; t = 45,000 × (0.0202)^(1/3.2) = 45,000 × (0.0202)^(0.3125) ≈ 45,000 × 0.338 ≈ 15,210 hours. 

Replacement at this interval ensures 98% of bearings survive to scheduled maintenance. 

 

119. C — 21 CFR Part 11 requires electronic signatures with non-repudiation, complete audit trails, 

validated computer systems, and batch records linking each batch to specific procedure revisions in 

effect during manufacture. These pharmaceutical-specific requirements go far beyond standard 

document management controls. 

 

120. A — SPC and capability serve fundamentally different functions. Capability describes historical 

performance; SPC provides real-time surveillance. Capability can degrade suddenly from tool breakage, 

material changes, or equipment failure without any historical indication. Reduced SPC frequency may 

be appropriate, but complete elimination removes all ongoing process surveillance. 

 

121. B — χ² = 21.5 exceeds the critical value of 16.81 at α = 0.01 with 6 df. There is highly significant 

evidence that the defect type distribution differs across shifts. Standardized residual analysis identifies 

which specific shift-defect combinations drive the association, directing investigation toward the root 

causes of shift-specific quality patterns. 

 

122. D — Risk-based inspection: J (safety-critical, new supplier) and L (safety-critical, deteriorating 

quality) demand the most intensive inspection. M (critical, proven Cpk > 2.0) needs moderate 

verification. K (non-critical, 6-year zero-defect) needs minimal oversight. This allocation directs 

resources proportional to actual risk. 

 

123. A — Total runout controls the entire surface simultaneously during rotation, capturing both cross-

sectional errors (roundness) and axial errors (taper, straightness, profile). Circular runout checks only 

individual cross-sections independently and cannot detect taper or waviness between slices. Total runout 

is the more comprehensive geometric control. 

 



124. C — K = 900 × 0.35 × 1.20 / 50 = 378/50 = 7.56, rounded up to 8 kanban cards. Each card 

authorizes one container of 50 units. The 20% safety factor buffers against variation in daily demand 

and replenishment lead time, preventing stockouts during above-average consumption. 

 

125. B — MTBF_lower = 2(200,000)/4.605 = 400,000/4.605 = 86,862 hours at 90% confidence. Zero 

failures establishes a statistical lower bound, not infinite reliability. Larger samples or longer testing 

would increase this bound, but no finite test can demonstrate infinite MTBF. 

 

126. D — Cp = 1.70 means 6σ uses only 59% of the tolerance — excellent inherent capability. But Cpk 

= 0.72 means the nearest specification is only 2.16σ from the mean — severe off-centering. Recentering 

the mean recovers lost capability immediately without any investment in variation reduction, making it 

the most efficient improvement strategy. 

 

127. C — Five occurrences despite training and visual aids prove that detection and training approaches 

cannot prevent this error. Redesigning the grooves to have distinctly different dimensions or profiles 

makes incorrect O-ring placement physically impossible — inherently safe design that works regardless 

of operator attention, skill, or fatigue. 

 

128. A — Presenting quality data on control charts or run charts distinguishes common cause fluctuation 

from special cause changes. Monthly averages fluctuating between 2.8% and 3.6% may represent stable 

variation or real trends — statistical process behavior analysis provides the definitive evidence-based 

answer that monthly averages alone cannot. 

 

129. B — A strong correlation (r = 0.94) does not guarantee reliable individual part prediction. A 

designed experiment must confirm causation, the model must be validated against physical 

measurements across the full operating range, and prediction accuracy must meet uncertainty 

requirements. Correlation alone is necessary but insufficient for virtual inspection implementation. 

 

130. D — The risk register almost certainly does not reflect current risks after 5 new products, 6 supplier 

changes, ERP implementation, and facility relocation. Each event introduces new risks and 

fundamentally alters existing ones. The outdated register provides false security while failing to identify 

threats from the dramatically changed organizational context. 

131. A — For an isolated first occurrence from a 5-year zero-defect supplier, with an identified one-time 

equipment cause already repaired and impact limited to one lot, a correction (rejecting the lot) is 

sufficient. Monitoring subsequent deliveries confirms the repair's effectiveness. Escalation to full 

corrective action is warranted only if the problem recurs. 



132. C — A Severity of 10 (loss of braking — potential fatality) mandates high priority under the 

AIAG/VDA Action Priority method regardless of the RPN of 60. Catastrophic safety consequences 

require robust verification that prevention and detection controls are genuinely effective because the 

consequences of underestimating occurrence or detection are irreversible. 

 

133. B — |t| = 2.38 exceeds the critical value of 2.011 at α = 0.05 (two-sided) with 48 df. Reject H₀ — 

there is statistically significant evidence that the two coating processes produce different mean 

thicknesses. Process B (45.2 μm) produces significantly thicker coatings than Process A (42.5 μm). 

 

134. D — Availability at 76% is the dominant OEE loss, and 80-minute changeovers are the primary 

availability problem. SMED directly targets changeover reduction through systematic separation of 

internal/external activities, conversion, and streamlining. Addressing the largest loss component 

produces the greatest OEE improvement. 

 

135. A — While longer sterilization improves microbial kill, excessive exposure can damage the 

product — material degradation, dimensional changes, seal compromise, embrittlement, or functional 

impairment. The maximum validated cycle must be tested to confirm product integrity at the upper 

extreme of the sterilization parameters. 

 

136. C — Since B and D do not significantly affect the response and have no significant interactions, 

they are "free variables" that can optimize non-quality objectives — cost, throughput, energy, 

convenience. This maximizes overall process efficiency without sacrificing any product quality 

performance. 

 

137. D — Instrument A's 5.8% GRR provides reliable discrimination for the 0.008 mm flatness 

tolerance. Instrument B's 32% GRR exceeds the 30% maximum threshold, consuming nearly one-third 

of the tolerance with measurement uncertainty. For this tight tolerance, only the optical flat provides 

acceptable measurement capability. 

 

138. B — Standard I-MR charts assume independent observations. Positive autocorrelation (r₁ = 0.84) 

creates correlated sequential patterns the chart misinterprets as process signals. EWMA charts, time-

series models that remove autocorrelation, or increased sampling intervals that reduce inter-observation 

correlation are appropriate alternatives. 

 

139. A — ISO 9001:2015 Clause 6.2 requires each objective to specify a measurable target, timeframe, 

planned actions, resources, responsible individuals, and evaluation method. "Improve customer 



satisfaction" becomes actionable only when it defines the metric, target, deadline, action plan, resources, 

owner, and monitoring method. 

 

140. C — Single-shift, single-lot data captures only short-term variation — missing between-shift 

operator differences, lot-to-lot material variation, environmental changes, and equipment thermal 

cycling. Long-term capability including these additional sources will almost certainly be lower than the 

favorable short-term Cpk of 2.05. 

 

141. B — Systematic oscillation between two levels every 2-3 subgroups indicates two alternating 

process states. Common causes include over-adjustment, fixture rotation, material lot alternation, or 

control system overshoot. The regularity definitively rules out random variation and demands 

investigation of the systematic alternating mechanism. 

 

142. D — Operators avoid yellow signals when early reporting brings negative consequences. Leaders 

must respond quickly and supportively, demonstrating that proactive problem reporting is valued. 

Creating psychological safety through positive reinforcement for early detection is essential for the 

warning system to function as designed. 

 

143. C — F(36000) = 1 - e^(-36000/55000) = 1 - e^(-0.655) = 1 - 0.519 = 0.481 or approximately 

48.1%. Nearly half of components fail within the warranty period — representing substantial warranty 

liability. The exponential calculation is significantly different from the linear approximation (65.5%). 

 

144. A — Available time = 450 min. Availability = 395/450 = 0.878. Performance = (170×2.0)/395 = 

340/395 = 0.861. Quality = 162/170 = 0.953. OEE = 0.878 × 0.861 × 0.953 = 0.720 or 72.0%. Each 

component independently captures one category of production loss. 

 

145. B — Systematic complaint trend analysis transforms individual incidents into actionable 

intelligence through Pareto analysis, stratification, production variable correlation, and root cause 

pattern identification. This detects systemic issues, prioritizes improvement projects by field impact, and 

identifies emerging patterns before they become widespread. 

146. D — The 3× increase in thermal mass from 60 to 180 parts alters heat-up rates, temperature 

distribution, soak times, and cooling uniformity. Parts in the center of the larger load may not reach the 

required temperature due to thermal shielding. The process must be validated at the actual production 

load level. 

 



147. A — Automated lot number transfer from the production system to the label printer eliminates 

manual data entry entirely, removing the human error source. This is fundamentally more reliable than 

any verification layer (supervisor checks, double-entry) that still depends on human attention and is 

subject to the same error types. 

 

148. C — Reference standards can degrade through wear, handling, and environmental exposure over 

time. If the overdue standards drifted, every bore gage calibration performed against them may have 

introduced systematic bias. All measurements made since the standards became overdue may be 

affected, potentially requiring an impact assessment of quality decisions. 

 

149. B — The frequency decision must balance exposure quantity (18,000 units between checks), 

consequence of undetected shifts, process stability history, and detection speed. If the cost of 18,000 

potentially nonconforming units exceeds the cost of more frequent sampling, the interval should be 

shortened to reduce the risk window. 

 

150. C — The divergence between zero internal findings and deteriorating external indicators (30% 

more complaints, 25% higher warranty) suggests insufficient audit rigor. Auditors may examine only 

documentation without evaluating process effectiveness. The program should be assessed for whether 

audits are challenging enough to detect the problems customers are finding. 

 

151. A — Uploading revised procedures without notifying 40% of affected personnel creates risk that 

operators continue following outdated practices. Effective document control requires both making the 

current version accessible AND proactively communicating changes. The notification gap represents a 

significant document control deficiency. 

 

152. C — Cp = 25/(6×3.2) = 1.30. CPU = (262.5-254.8)/(3×3.2) = 7.7/9.6 = 0.80. CPL = (254.8-

237.5)/(3×3.2) = 17.3/9.6 = 1.80. Cpk = 0.80, constrained by the upper specification. The intentional 

overfill provides excellent underfill protection (CPL=1.80) but limits the high side. 

 

153. D — After moving external activities to occur during the previous run, only internal activities 

remain: mold mounting (65 min) + alignment (25 min) + purging (10 min) = 100 minutes. The 50 

minutes of external activities now occur while the machine is still running, reducing machine-stopped 

time from 150 to 100 minutes. 

 

154. B — A variance-stabilizing transformation (log or square root) equalizes the variance across the 

response range, satisfying the ANOVA constant-variance assumption. Alternatively, weighted least 



squares directly accounts for non-constant variance. Either approach addresses the heteroscedasticity 

that the funnel-shaped residual pattern reveals. 

 

155. A — The 68-day investigation phase is the clear CAPA bottleneck — the 5-day implementation 

proves the organization executes quickly once causes are found. Streamlining investigation methods, 

providing RCA training, establishing priority escalation, and dedicating investigation resources would 

dramatically reduce total cycle time. 

 

156. C — Selecting based on a weighted combination of component criticality, quality trend 

deterioration, single-source risk, strategic importance, and cost of poor quality directs limited 

development resources where improvement generates the greatest total business impact across all 

evaluation dimensions. 

 

157. B — Within 15 points where 12 are above center, there must be at least 8 consecutive points on one 

side — triggering the Western Electric run rule. This pattern indicates a sustained process mean shift 

requiring investigation to identify what changed and either correct the assignable cause or establish new 

limits if the shift is permanent. 

 

158. A — Method A's 40% GRR far exceeds the 30% maximum threshold, consuming nearly half the 

0.012 mm tolerance with measurement uncertainty. Borderline accept/reject decisions become 

completely unreliable. Method B at 7% GRR provides the accuracy needed for this tight-tolerance 

concentricity measurement. 

 

159. A — The 48-day inventory ties up significant working capital. Reducing to 10 days (still 2.5× 

customer lead time) frees cash substantially. The reduction should be gradual, supported by demand 

forecasting improvements and production flexibility enhancements to maintain service levels during the 

transition. 

 

160. C — Distributing audits across all 12 months provides continuous quality system surveillance. 

Some process is always being assessed, problems are detected earlier, workload is distributed, and no 

process goes more than a few months without evaluation — eliminating the 11-month gaps inherent in 

January-compressed scheduling. 

 

161. D — Current annual error cost = 1,800,000 × 0.00055 × $110 = $108,900. Savings at 98% = 

$106,722/year. Payback = $38,000/$106,722 ≈ 4.3 months. The device pays for itself in approximately 4 

months and generates over $106,000 in annual savings thereafter. 



162. B — First-shift, single-supplier data captures only one set of operating conditions. It misses 

second/third shift operator variation, material from 4 other suppliers, and environmental variation. The 

observed variation underrepresents long-term reality, producing an artificially high Cpk that will 

decrease when all variation sources become active. 

 

163. A — Salt spray and corrosive atmosphere testing must be added for a coastal chemical plant 

installation. The combined marine salt exposure and chemical processing atmosphere creates aggressive 

corrosion conditions that temperature cycling and rain testing alone cannot evaluate. 

 

164. C — Medical device regulations, geopolitically exposed suppliers, and 3 new product launches 

create dynamic conditions that change significantly between annual reviews. Quarterly reviews with 

interim monitoring of high-priority risk indicators provide the surveillance frequency needed to detect 

and respond to emerging risks. 

 

165. D — Significant effects are A (p=0.001), B (p=0.004), and AB (p=0.007). Both parents of the 

significant interaction are individually significant, satisfying the hierarchy principle. Factor C has no 

significant effect or interactions, making it a free variable for optimizing non-quality objectives. 

 

166. B — After process improvements reduced variation, the original wider limits cannot detect shifts 

that updated narrower limits would reveal. The chart's detection sensitivity has degraded over 2 years. 

Limits should be periodically recalculated to reflect current process performance and maintain 

appropriate detection capability. 

 

167. C — SPC without timely response provides zero quality protection. Four charts with unaddressed 

signals for 3-7 days means potentially nonconforming product has been produced throughout the delay 

period. Plotting without acting defeats SPC's fundamental preventive purpose entirely. 

 

168. A — Voluntary standards represent minimum industry consensus at a specific publication date. A 

manufacturer has an independent duty to identify and mitigate product-specific risks beyond standards 

— including foreseeable use conditions, user populations, and failure modes standards may not cover. 

Compliance is necessary but may not be a complete defense. 

 

169. D — Combined = √(0.004² + 0.007² + 0.003² + 0.001²) = √(0.000016 + 0.000049 + 0.000009 + 

0.000001) = √0.000075 = 0.00866 mm. Thermal expansion contributes 65% of total variance 

(0.000049/0.000075), identifying environmental temperature control as the highest-leverage 

improvement for measurement uncertainty reduction. 



170. B — ISO 9001:2015 Clause 9.3.3 requires management review outputs to include specific 

decisions and actions regarding improvement opportunities, QMS changes, and resource needs. Vague 

continuation statements fail to produce the actionable outputs needed to drive actual quality 

improvement and system enhancement. 

 

171. A — PCE = 6 hours/(40 days × 8 hours/day) = 6/320 = 1.875%. Over 98% of ECO lead time is 

non-value-added — waiting in queues, sitting in inboxes, and being transferred between functions. This 

extremely low efficiency reveals massive opportunity for administrative process streamlining. 

 

172. D — Three identical "recalibrate" responses prove the root cause of the calibration drift is not being 

addressed. The quality engineer must require investigation of why the machine drifts (physical 

mechanism), why drift isn't detected earlier (monitoring adequacy), and what systemic change prevents 

recurrence (enhanced PM, automated drift detection). 

 

173. C — The near-equality of Cp (1.55) and Cpk (1.50) confirms the process is well-centered within its 

specification tolerance. The process mean is very close to the midpoint, with minimal capability lost to 

off-centering. This ideal condition means virtually all inherent process capability is being effectively 

utilized. 

 

174. B — Risk-based inspection: P (safety-critical, new supplier) and R (safety-critical, 4× defect 

increase) demand the most intensive inspection. S (critical, Cpk > 2.0) needs moderate verification. Q 

(non-critical, 7-year zero-defect) needs minimal oversight. This allocation directs resources proportional 

to actual risk. 

 

175. A — With 76% of COQ in failure categories and only 6% in prevention, the organization is 

overwhelmingly reactive. Increasing prevention investment in quality planning, DOE, error-proofing, 

and training typically produces 3-5× return through disproportionately larger failure cost reductions. 

Prevention is the highest-return quality cost strategy. 


