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	  Executive Summary








	This paper is prepared as a supplement to the paper, Managing  Measurement Limitations in the Consumer Price Index, also prepared for the 1997 Revision Advisory Committee. The main purpose of this paper is to provide additional information about quality adjustment and techniques used for controlling quality.





	To do this, the paper defines quality change and explores types of quality changes and quality control methods. It investigates some of the problems that may be encountered when making adjustments for quality change. The paper also looks at the quality control methods currently used in Statistics New Zealand and some possible future improvements which could be made if additional resources were to be available.
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Quality Control and Assessment


 in the Consumers Price Index





	1	Introduction





	The level of any quality adjustment bias in the CPI depends on the conceptual definition of quality change and the techniques employed to measure and adjust for quality change.  





	The CPI measures the changes in prices of a fixed basket of goods and services purchased by private New Zealand households. Any price movement due to a quality change in any of the commodities in the basket should be excluded from the CPI. If this is not done the potential for quality adjustment bias arises. Quality adjusted prices are used for the New Zealand CPI basket of goods.





	The practicalities of data collection for the CPI means, that we cannot always obtain the price for identical items from quarter to quarter. Manufacturers regularly change items in various ways, and some items are no longer produced. In both of these cases a change of quality can occur as substitute items must therefore be priced. We need to have methods for dealing with this substitution.





	The methods employed to identify and adjust for quality limit the impact of quality adjustment bias. This is the main area targeted by statistical offices when trying to limit bias. It is different from other forms of bias in that, while the other four forms of bias identified all are upwardly biased�, there exist both upward and downward biases due to quality adjustment. It is believed that the magnitude of upward biases in electronic and consumer durables are greater than downward biases in clothing and rentals. This would imply an overall upward bias.





	2	Definition of Quality Change





	The assessment of quality change in commodities can be difficult and always has subjective elements. The movement measured in the CPI is the “true” price movement, that is, the movement taking into account the “perceived value to the consumer” of any quality changes. There does not have to be an actual price change associated with the perceived change in quality. If a perceived quality improvement is not adjusted for, then an overstatement of the “true” price movement occurs. If a detriment in quality is not adjusted for, then an understatement of the “true” price movement occurs. 


�



	2.1	Types of Quality Change





	There are changes of a purely physical nature such as a change in the tin size for canned goods, changes in safety that may not be readily apparent to the consumer (such as strengthened car windscreens to avoid shattering), and changes brought about that are not the result of consumer choice (so called “forced” price changes). 





	Forced changes include those brought about by government regulation. There has been debate in the United States on whether regulated changes, such as the improved pollution safety and fuel efficiency features in motor vehicles resulting from federal regulations, should be treated as quality changes. The alternative view is that these are additional costs forced on the manufacturer (as a form of indirect taxation) and any price increase resulting to consumers from these additional costs should be treated as a pure price change as the consumer had no control over the change in the product and may not have wanted the change.





	An example of a forced price change is the removal of chloroflurocarbons (CFC) from refrigerators or the replacement of CFC-based aerosols with alternative sprays for perfumes, fly sprays and similar items. In some cases the change from CFC-based sprays led to a larger sized container to deliver the same volume of spray. In these cases no adjustment was made to account for any quality improvement (i.e. the reduction of CFC emissions) or the quality detriment (the larger sized can needed).





	Because assessing the personal perceptions of consumers can be significant in quality adjustments, any quality assessment has an unavoidable degree of judgement associated with it. 





	Quality change can occur in both goods and services. The occurrence of quality change in both should ideally be treated the same way. In general it is easier to define changes in quality for goods than such changes for services.





	2.2	Changes in the Quality of Services





	At a practical level it is impossible to evaluate quality changes in service areas such as the skill and training level of the person rendering the service. The perception of the quality of the service depends very much  on how the individual feels at the time of receiving it. Similarly, the quality of service given can change depending on the mood of the provider. Such changes in quality of service received or given can occur frequently over the course of a day. Therefore, an assumption is generally made of constant quality of service over time. This assumption is in line with international practice for CPIs.





	It should be noted that this assumption applies only to the quality of delivering the service. The addition of a new or extra parts to the service delivered should be treated as a quality change. A example of this is the free changing of oil with a motor vehicle warrant of fitness check. In practice however, the quantification of any such change can be extremely difficult.





	An example of varying quality in a service can be seen when purchasing an overseas holiday from a travel agent. One agent may be content to hand out brochures and let the client make the decisions. Another agent will ask a lot of questions such as where, how long, when, budget, type of hotels, etc. They will then do the research and come up with a set of options from which the client can select one.





	Another example is the difference between a full-service supermarket and one where the customers supply the bags and pack their purchases. The goods purchased in the latter may be cheaper than in the other supermarket, and some customers are prepared to pay more in order to get the better service.





	2.3	Changes in the Quality of Goods





	With goods, all differences in quantity, physical composition, components, size, packaging and operating characteristics (durability, capacity, speed, power, etc.) are quality differences. 





	For basic consumer goods such as frozen peas, most quality changes can be assessed objectively.  For more complex goods (for example television sets or cars) each individual will have a different concept of the quality change depending on their preferences. This introduces a degree of subjectivity into the quality assessment. Multiple changes to the product may bring about negative or positive quality changes (for each change) which must be combined into one overall assessment.





	3	Methods for Controlling the Quality of Items





	To control the problem, the first step is to maintain the quality of items as much as possible, in order to reduce the amount of subjective adjustment in the index. This means that where it is feasible, we price the same commodity each quarter. 





	Various measures are taken in the preparation of the CPI to reduce quality control problems. These include commodity specification, commodity selection and the identification of quality changes.





	3.1	Commodity Specification





	A commodity specification is designed so that changes in characteristics that affect the quality of the item are captured. However, a commodity specification that is too strict leads to discontinuities in pricing, as the precise item may rarely be in stock. This leads to imputations, which may produce a nil price change. For more information on this refer to Armknecht and Moulton (1995)�.  If a temporarily out of stock item becomes permanently out of stock, a price change more rapid than reality may be shown. The optimum specification should be loose enough to allow continuity of pricing, but strict enough to avoid problems of undetected price or quality changes. Statistics New Zealand produces CPI specifications that enable, as far as possible, a commodity with the same characteristics such as make, model, grade and size to be price surveyed on each occasion. 





	3.2	Commodity Selection





	Selecting commodities that are popular, and where appropriate, likely to be available over the life of the index, can restrict quality problems to areas associated with item substitutions. Selecting commodities that are not unduly influenced by changes in fashion or changing consumer tastes also assists quality control. Examples of this are specifications to price the cheapest brand available for generic items such as bread or frozen vegetables, or to price the most popular brand in the store for other items.





	3.3	Identifying Quality Changes 





	The following techniques are used to identify and monitor quality changes. 


	


	  Price survey techniques


 


	Changes in quality are usually (but not always) accompanied by changes in price. Statistics New Zealand staff check the specification of the items priced for any change, and they also check with retailers when necessary.


  


	Consultation with retailers, manufacturers, etc. 





	Checking of collected data during processing often leads to the detection of quality changes. In areas where quality assessments are necessary, information from manufacturers, retailers, trade magazines, newspaper articles, and field collection staff is used to assess the quality change. Information on quality change may also be obtained from outside sources.





	With more resources, Statistics New Zealand would be able to be more pro-active in this area and obtain information about up-coming quality changes from manufacturers before the new or improved goods are available in the market-place.


	4	Adjusting for Quality Differences when New Items are 		Substituted





	Item substitution takes place when an item is no longer available for whatever reason and it is replaced in the basket by another commodity. It also occurs when the item is no longer the best representative of its commodity grouping. The suitability of a replacement item depends on the degree to which its price movements will be typical of those for the commodity grouping it represents.





	With each instance of item substitution there is a possible quality change. In order to control quality we need to identify that there has been a quality change and attempt to measure the value of that change. Every instance of possible quality change is unique and must be considered carefully to ensure that the pure price change is measured as far as possible.





	4.1	Direct adjustment





	Direct adjustment involves assigning a monetary value to the quality difference and then adjusting the price for this difference. There are three methods of obtaining this monetary value for quality difference. 





	The first comes from assessment by the data collectors (or pricing officers as they are known in New Zealand). The value is determined by their knowledge and by consultation with the personnel where the good or service is sold. This method is usually used for directly priced items such as groceries, where the data collector actually sights the item and can see that the weight, for example, has changed. 





	The second involves obtaining information from analysts who have knowledge of the product area. This method is used for more complex items, particularly those which may involve technological changes. These analysts can be the producers of the product themselves or independent reviewers. The review of new models of cars by the media (i.e. motoring magazines) is an example of an independent reviewer’s knowledge of the product. Detailed studies of specifications are made to assess relative values. It is important to validate opinions, as far as possible, with factual information in the form of marketing results, performance test results, etc.





	The third method is to estimate the value of the quality change by hedonic regression methods. Hedonic regressions estimate the implicit prices of the quality characteristics of a product. The multitude of models or varieties of a particular commodity can be understood in terms of a smaller number of characteristics such as size, power, trim and accessories. Viewing the problem this way will reduce the extent of the pure new commodity or “technical change” problem, since most new models of commodities may be viewed as new combinations of old characteristics. This method asserts the existence of a reasonably well-fitting relationship between the prices of different models and the level of their various characteristics. For example, the characteristics of colour television sets would include such features as screen size, remote control, stereo, teletext, flat screen technology and anti-glare screens as well as price. 





	Hedonic regression then compares the price with the data collected on these features and calculates, by means of regression, values for the worth of each identified feature. Thus, the value of any change in the features of the product can be assigned a value from the equation by comparing the new price with the changes in features. Hedonic regression is most useful for products where technical change is occurring at a very fast rate.





	4.2	Disadvantages of Direct Adjustment Methods	





	Each of these methods has disadvantages.





	Individual data collector or retailer knowledge is open to subjectivity.





	Estimates by analysts may encounter a lack of information because producers are unwilling or unable to provide the required information to make the assessment. The information required may take time to evaluate or be considered to be highly confidential and the property of the producer alone.





	Inevitably some subjectivity is involved in the final judgement for any direct adjustment method.  Manufacturers and retailers are not disinterested parties.  They are often involved in promoting a new product and are therefore inclined to overstate its virtues and consumer appeal.  Such bias is balanced by the more objective view of departmental staff.  Quality assessments are carefully documented to ensure that the same principles are consistently followed in other similar cases.





	Hedonic regression requires large databases with a wide range of product characteristics specified. These databases usually need to be constructed and involve considerable design and maintenance costs. In addition overseas experience has highlighted the need to re-estimate the hedonic models periodically.





	Statistics New Zealand currently employs assessments by data collectors and estimates from analysts for direct adjustment. A discussion on the possible use of hedonic regression is contained in Appendix 2. Two hypothetical direct quality adjustments were prepared for the 1991 Revision Advisory Committee and are included in Appendix 3. It should be noted that these are examples of what can be done if good quality information is available. Otherwise, other methods or more subjective assessments must be used.





	4.3	Estimation





	This involves imputing the effect of a quality adjustment using price information. Price changes for comparable types of products are used to estimate the quality change. It is assumed that the difference in quality of two goods is reflected in their prices. By removing any price difference we remove any quality change.





	  Overlap method or market assessment method





	The usual method of imputation is called the overlap method or market assessment method. When both the commodity to be replaced and the replacement commodity are selling side by side it is assumed that the price difference represents the value to the consumer of any real or perceived quality difference. The price change for the old item is used to calculate the price index in the overlap period (i.e. the period when both commodities are available) and the price change for the new item in the next and subsequent periods. The difference in quality has been measured by the difference in market prices.


	This overlap method will not work where the obsolete commodity is run out at a discounted price or the replacement commodity is introduced at a special promotional price. These are not the market prices and distort the market measure of the value of the quality change.	





	The overlap method cannot be used when there is no overlap period and the old and new varieties are not available at the same time. In these cases the overlap price can be estimated in a number of ways. 





	Overall mean imputation





	The simplest method is to use the price movement of a similar item or items to estimate an overlap price for the old item, known as overall mean imputation�. As new goods are introduced, similar older products still available may show little or no price change or may even fall in price. The use of these products to estimate the price change for the overlap price may cause a downward bias due to an under-estimation of the true price change for the new variety. It has been suggested that items such as electronic equipment and apparel show this type of price behaviour.





	Class mean imputation	





	An alternative method is to impute price changes based on the price changes of comparable new models. This is called class mean imputation. This method requires the identification of these comparable new models and is thus more complex. It can ignore quality change altogether (i.e. including all price movements as price change) or can over-adjust for quality change by including some price movement as quality change.





	5	Quality Methods and Quality Adjustment Bias





	The attempt to adjust for quality may lessen, worsen or have no effect on quality adjustment bias. Given an assumed overall upward bias, it is right to try to adjust for quality. All statistical offices attempt to quality adjust at least some items in the CPI. This would lessen the effect of any quality adjustment bias produced by not quality adjusting.





	The level of quality adjustment bias depends on the weight (importance) of the items susceptible to quality change and the methods applied to adjust for quality. Statistics New Zealand uses most of the methods employed by overseas statistical agencies. Discussions with officials from other statistical agencies indicate that New Zealand methods are as good as those employed in these offices. 





	Quality adjustment is an art to the price index practitioner rather than a science. For all the techniques and models available, the adjustment will remain a judgement (possibly subjective) made by the price index practitioner. Quality adjustment can only be indicative of the real world: it cannot be exact.





	6	New Zealand Quality Control Techniques





	Methods currently employed by Statistics New Zealand include direct assessment by both data collectors and analysts, and estimation using both


	overlap and overall mean methods. Each and every instance of commodity substitution is unique and must be carefully considered to ensure that the aim of measuring pure price change is met, as far as practicable. Which method is used to make the quality assessment must also be considered on a case by case basis.





	When substitutions are made, the price of the replacement commodity is adjusted to allow for quality differences between it and the commodity it has replaced.  Both the continuity and the validity of the index must be maintained.





	Substitution therefore requires two procedures:





selection of the most suitable replacement commodity; and





a quality assessment that will allow the price of the replacement commodity to be adjusted to ensure that the price movements in the changeover period do not reflect, in part or in whole, any quality differences between the "old" and "new" commodities





	In practice, the action taken to incorporate a replacement commodity into the index involves one of the following techniques:








	Butting





	The price of the new commodity is inserted directly into the index as a replacement and no adjustment is made to compensate for quality change.  This technique is known as butting and assumes a nil quality change.





	Pure splicing





	The ratio of the price of the replaced commodity to that of the replacement commodity at the changeover period is calculated and henceforward applied to all future prices of the replacement commodity.  This ratio is used to scale the price of the replacement commodity so that it is comparable to the price of the commodity being replaced.





	This technique is termed pure splicing and assumes that any price difference between the replaced and replacement commodities is entirely due to quality difference.





	Partial splicing





	Where the price difference between an obsolete commodity and its replacement is attributed to a combination of quality differences and a genuine price change, a mix of splicing and butting is applied.  The price of the replacement commodity is adjusted for assessed quality differences and the splicing ratio calculated on the revised figure.  This technique is commonly referred to as partial splicing. 





	See Appendix 1 for further information on splicing. 





	7	Quality Control Problems





	A number of problem areas for quality control and assessment, together with the most practical solutions, are outlined below.  In every situation the critical issue is the value to the consumer of the change in the commodity.





	7.1	Quantity changes





	Where a quantity change is relatively straightforward, quality control is simply a matter of appropriate price scaling.  For example, if a 1.25 litre bottle of soft drink replaces a 1.0 litre bottle of the same drink, then the new price would be multiplied by 1.0/1.25 to obtain the current price of a commodity meeting the index specification.





	However, when the quantity change is more significant, for example, where a 250 gram can of jam is replaced by a 500 gram can, even if the product is identical in every other way to the original, then the quality may not have doubled.  Because of spoilage risks when a can is opened and the contents are not fully consumed, a premium may be placed by some consumers on the smaller-sized can.  If so, the price of the 500 gram can should not simply be halved; rather, an adjustment divisor of slightly less than 2 should be used.  This would result in a small price increase being shown, even although the larger can is exactly twice the size of the smaller.  In practice adjustments needed to quality control substitutions that include spoilage as a factor are comparatively insignificant.





	7.2	Disguised price changes





	Problems arise when quality changes occur either with or without price changes.  The quality of a commodity may have been reduced (e.g. the quality of leather in a shoe is worse or there are less crisps in a packet), while the retail price remains the same or increases only slightly.  In terms of the CPI, price increases have in fact taken place, but the quality change can be difficult to detect or quantify.  Some cases may escape detection because they can be established only by scientific and technical tests that are not practical.  Examples of such cases are increased water content in liquid commodities, increased aeration in ice-cream and reduced meat content in sausages or pies. In general, we should be guided by customer perception rather than tests which the average consumer would not or could not do.





	The opposite problem occurs when the quality of a commodity is improved while the price remains the same.  Computers are an example of this.  A modern personal computer costs approximately the same today as a far more basic model did when they were first introduced.  There has been an enormous improvement in quality while the price has remained relatively constant, or even declined.  As there is no price increase, the improvement in quality could easily go undetected.





	Regular contact with retailers, importers and manufacturers is the best means of identifying disguised price changes.





	7.3	Changes in the Mode of Production or Material 				Components





	Differences in the mode of production or material of manufacture of a product only generate quality changes where these affect the use or functioning of the commodity concerned.  For example, a microwave-proof bowl has more uses than one which is not microwave-proof.





	7.4	Styling Changes





	Styling changes in products are not generally regarded as quality changes for CPI purposes.  They only need to be considered if they considerably enhance the value of the product to the consumer.  For example, changes to the external body trim of a motor vehicle are generally not treated as quality changes unless they improve performance.  (However, a quality improvement to the consumer may in fact have occurred if having the latest model confers prestige.)


	The impact that quality changes of this type may have on the consumer's perception of it is impossible to assess as there is no way of estimating an objective value to the consumer of a feature as subjective as styling.





	To minimise this problem, items chosen for price surveys should be subject to as few styling changes as possible.  In the area of children's toys, traditional favourites such as teddy bears are chosen as price change indicators, to avoid the problems that would result from following the latest craze, e.g. “Sailor Moon” dolls, soft toys based on the latest Disney animated movie or Chatterings.





	7.5  	Packaging Changes





	A change in the packaging and presentation of an item is rarely considered to be a quality change, if the quality of the contents is not affected.  However, a change which improves the contents, or their usefulness, would be a change in quality.  For example, packing bread in a plastic bag is a quality improvement because the bread remains fresh longer.





	7.6	Unsolicited Additions





	During promotional exercises, manufacturers sometimes include unsolicited additions to their products.  These can range from simple collector's picture cards to a ball-point pen given "free" with a packet of disposable razors or a microwave given away with a lounge suite.





	The principle for dealing with these situations is that if the unsolicited addition is not essential to the functioning of the purchased product, the price is not adjusted.  The gift is taken as a quality improvement if it will enhance the consumer's enjoyment of the commodity being purchased.  Providing a full tank of petrol free with a new car justifies a price adjustment, but a "free" radio provided with the purchase of a refrigerator does not, unless a discount is offered as an alternative to acceptance of the radio.  In the latter case the price is adjusted by the discount offered.





	7.7	Treatment of Fashion Goods





	In index terminology, a fashion good is one in which the price is substantially influenced by the fashion element and which alters frequently in line with changes in fashion.  The extent to which a commodity is in fashion, therefore, becomes a major criterion of the quality of the item.





	When selecting the commodities to be price surveyed, more basic garments are sought in order to minimise the impact of quality control problems.  As an example, in the area of women's clothing, a simple style of dress is selected, rather than the latest designer model from a boutique.  When substitutions are necessary, as they invariably are at the beginning of each season, the substitution should be made taking into account the fashion at that time.





	The apparent price change between last year's dress and this year's may be attributable to any combination of the following factors:





changes in material, both in terms of quantity and quality


changes in amount of machining, and labour and other costs


changes in the wholesaler's or retailer's mark-up


changes in the fashionability of the garment.





	From these factors, the pure price change element is extracted.  This is best achieved by selecting a dress which fits the same market niche as that previously priced.





	As the same outlets are priced each period, it is mainly necessary to ensure that pricing officers select from the market niche filled by the previous garment. This has to be carefully done if the outlet services a broad range of customers. However, shop staff are generally sufficiently knowledgeable to say what people are now buying.


	


	Exact matching is rarely possible and inevitably in assessing the quality changes in such items, the final decision will be largely subjective.  The influence of individual bias is, however, reduced by using the consensus approach.





	�
	7.8  	Forced Price Changes


	A problem arises where changes are not the result of consumer choice, but are necessitated by the disappearance of an older-style product.  Even if it is assumed that the difference in price between the old and new product is an accurate reflection of their relative quality, the customer will have lost something by being forced to make the change.  This is the case, for example, with the mandatory installation of safety equipment or of anti-pollution devices in motor vehicles.  The increase in price may accurately reflect the increase in quality, but if consumers prefer not to have the new equipment, they are worse off.  Nevertheless it is still appropriate to treat the change as an increase in quality and not as a price increase.  The CPI is intended to be an objective measure of price changes, and measuring the impact of subjective changes in satisfaction is largely beyond its scope.


	�
Appendix One


	 Splicing





	Splicing is an implementation method used to amend prices after quality assessments on the commodities with changed prices have been completed. It refers to the alteration of price histories to take account of changes in the price of commodities that are deemed not to be representative of the “true” price movement. The most common cause of splicing is a change in the quality of the item priced.





	Splicing applies a ratio to the prices in a price history. There are two ways this can be done: forward splicing; and backward splicing.





	Forward Splicing 





	Forward splicing refers to applying this ratio to the current prices used in the calculation. For example, to remove a 10% improvement in quality in the item, the current price is lowered by 10% or multiplied by a factor of 0.9091 (i.e. 1/1.1000). This factor is applied to the current and all subsequent prices entered into the system until circumstances change.





	Changes in circumstances can be a rebasing of the index or another change in the quality of the item. If another change in the quality of the item is deemed to have occurred, another factor is calculated and multiplied by the existing factor to form the current splicing factor. For example continuing with the situation above, if some later time there is a 20% decline in the quality of the item this produces a splicing factor of 1.2500 (i.e. 1/0.8 and the price is increased by 25%). This factor of 1.2500 is multiplied by the existing factor of 0.9091 to give the new scaling factor of 1.1364. 





	This is called forward splicing because the splicing factors are applied currently and forwards into time. This method preserves the base price of the item but not the current. This method is used in the mainframe system for CPI data entry.





	Backward Splicing 





	Backward splicing refers to applying this ratio to the previous prices used in the calculation. For example, to remove a 10% improvement in quality in the item, the previous price and all prior prices are increased by 10% or multiplied by a factor of 1.1000. The current and subsequent prices are entered unaltered.


.


	After a change in circumstances, such as another change in the quality of the item, another splicing factor is applied to the price history of the item. If another change in the quality of the item occurs, a second factor is calculated and applied to the previous price. This has the effect of applying another ratio to the prices that have already been adjusted by the first splice. For example, continuing with the situation above if at some later time there is a 20% decline in the quality of the item this produces a splicing factor of 0.8000  (i.e. the previous price is decreased by 20%). This factor of 0.8000 is applied to all prior prices. Those that were affected by the first splice will have had a total splicing factor of (0.8000 * 1.1000) or 0.8800 from the base. The factor has been applied in two separate and independent stages.





	This is called backward splicing because the splicing factors are applied to the previous price and backwards into time. This method preserves the current price of the item but not the base price. This method is currently used by SNZ.





	An example of when backward splicing is used in SNZ is for changes to outlet prices. Any change to an index product (the result of an index calculation) is also backward spliced to the CPI in order to preserve the previous movement in the index.





	�
Appendix Two


	Future improvements





	There are several methods of quality control not currently used by SNZ in the CPI. Two of these are hedonic regression and clear mean imputation. Use of these methods may improve the ability of SNZ to produce a constant-quality index.  The CPI is not the only price index produced by SNZ�.  Co-ordination in the methods used and information required for each of these indexes would also be of benefit to a constant-quality CPI.





	Hedonic Regression





	Hedonic regression methodology has been investigated by a number of statistical offices for use in quality controlling the CPI, particularly in areas which prove to be extremely hard to quality control. It has proved quite successful in some areas but not in others. 





	This difficulty can be due to the subjective nature of quality changes in the certain items. Clothing is an area where some determinants of the price and desire of the person to purchase are hard to quantify. One such determinant is the brand of the garment. Certain international brands probably have a value to the consumer solely due to the name.  How fashionable a clothing item is at the current time is another such determinant. An item of clothing up with the latest fashion has a quality and hence value greater than one that is out of fashion. The fashionability of an item can change quickly. An item fashionable yesterday may be less so today with a corresponding loss of value and quality to the purchaser. 





	Other areas where quality assessment can be difficult are technological areas such as computers. The number and scale of quality improvements that have occurred in personal computers over the last few years is very large. The retail price for each generation of home computer has stayed at roughly $3000. Thus, home computers have probably shown considerable falls in price for constant quality. Due to the technological complexity of this item, making a monetary assessment for these changes is extremely difficult.  





	The use of hedonic regression for both of the item types above occurs in the price indexes of other countries. 





	Sweden uses hedonic regression for quality control of clothing in its CPI. The clothing indexes produced using hedonic quality adjustment of prices, unadjusted prices and prices adjusted using previous (more subjective) methods were compared. The hedonic adjusted index had the highest price movements, the unadjusted index the next and the previously adjusted index the lowest. 





	These results may imply a previous under-estimation (negative quality adjustment bias) of price movements. This under-estimation may be due to failure to pick up quality decreases in the previously applied methods, or an over-adjustment for quality increases by the previous methods (i.e. too much of the price movement was accounted for as improved quality). Other countries such as the United States also used hedonic methods to quality control clothing. 





	Hedonic methods are used in the United States for the calculation of deflators for Gross Domestic Product (GDP). The US hedonic quality-adjusted wholesale series is also used in the New Zealand GDP calculation for deflation purposes for computers. 





	The application of a similar system for retail prices has appeal, given the complexity of the quality changes involved in computers. Such a hedonic adjustment would look at attributes of home computers such as computing power (type of CPU and its speed), amount of primary memory (RAM or random access memory) and secondary memory (size of hard drive), multimedia capability (eg CD ROM, sound card), and many others.





	The US hedonic model was compared with current SNZ CPI practice and with the prices unadjusted for quality of home computers and printers. The results of this study are shown in Appendix 4.





	Despite the apparent advantages in hedonic methods other considerations are necessary before using them. These considerations include the cost of hedonic regression, the need to update the data regularly, and the use of the actual results.





	Developing a hedonic adjustment is costly and a decision on the cost effectiveness of its use would need to be made. Large amounts of data, time and resources are needed to investigate and develop a hedonic equation for each commodity type. A lot of additional data needs to be collected on a wider range of models than is normally needed for the CPI. A decision needs to be made as to how to model the regression. For example, do you use a linear or log linear approach? 





	Once the hedonic adjustment model has been calculated, the data used in it must be continually updated. Account must be taken of new models entering the market and the features they have. The weighting on each of the features must be altered to account for changing perceptions. The first introduction of a feature such as a remote control to a television set may have a high weight in the hedonic model. As time goes on and this feature becomes more standard the perceived value to the consumer of the addition of this feature will fall. Accordingly, the weight accorded this feature should also fall. 





	There is no guarantee that the results of the hedonic model will be correct. Hedonic regression should be seen as a tool to aid price index practitioners in making quality decision. It should not be seen as the final state of the art decision maker, or a “black box” that will magically produce the correct answer. A price index practitioner must still make a decision whether to use the result of the hedonic model or to use some other form of quality adjustment.





	Some countries have investigated the use of hedonic methods for certain areas of the CPI and have rejected the resulting model. Great Britain investigated the use of hedonic methods on list prices for new cars. Indexes were compiled by consultants using hedonic, current CPI practice and other methods for the 1992-94 Retail Price Index Advisory Committee. The conclusion of the committee was that the various hedonic models considered did not prove satisfactory, and the committee could not recommend adoption of those methods studied for making quality-related adjustments to list prices over time.�





	The adjustment for quality is a trade off between the quality of the index (i.e. the ability to limit any quality adjustment bias) and the cost and time needed to do the adjustment.  





	The conclusion is that hedonic regression may be an excellent tool for quality adjustment of the CPI. It does however require considerable resources to develop, implement and maintain. The resulting hedonic method remains only an additional (albeit potentially powerful) tool for price index practitioners to use.





	Class Mean Imputation





	The use of class mean imputation has not been studied in the New Zealand CPI. It theoretically may have advantages in reducing any bias due to the use of overall mean imputation. This may be an area that warrants further investigation and monitoring in the literature. The main problem would appear to be the correct identification of the comparable new models needed for the imputation.





�
	  Appendix Three





 	Examples of Quality Assessments





	Refrigerators





	The following example is based on actual quality-control decisions made


	by the department. To protect confidentiality, makes and models have not been mentioned and some details have been changed. Substitution of the priced commodity was necessitated by the introduction of a new model of refrigerator that would supersede the old model, the price of which was being surveyed for the index.





	  Quality assessment





	In assessing quality change in the refrigerator, the consensus approach was used. The department endeavoured to assess the "value to the consumer" of all changes to the refrigerator. Consultation with manufacturers and retailers is an important part of such an exercise.





	    The manufacturers indicated that, on the basis of marketing surveys, the major criterion for assessing value to a consumer is its internal capacity. In this particular case, internal capacity increased from 265 litres to 272 litres.





	    With the increasing incidence of home freezers, retailers have found that ice-box size has become less important to purchasers. Those wanting a large ice-box tend to buy a refrigerator-freezer, which is a separate commodity. In this case the ice-box was unchanged.





	     Insulation could be considered an important variable. The manufacturer claimed that the new model had the same optimum level of insulation as previous models. Tests by consumer groups suggest that refrigerators do not differ markedly in this respect, and that wall thickness is not a good guide for determining efficiency of insulation.





	     Motor, compressor and coil size tend to be directly related to refrigerator capacity. A retailer indicated that there is very little interest in these variables.





	     An examination of pamphlets introducing the new model indicated that the major improvements were the addition of a butter warmer and a stronger door liner. It was necessary to make an estimation of the value to the consumer of these changes.





	     Enquiries to the manufacturer and various retailers led to an estimate that the butter warmer would add $45 to the retail value of the refrigerator. The strengthened door liner and other interior design changes would have been a good selling point, as many complaints about cracks had been received in the past. It was estimated that a consumer would be willing to pay an extra $25 for a refrigerator with a stronger door liner, over the price of one without this feature.


	Calculations





To calculate the splicing ratio, it is necessary to assess equivalent prices for the ‘old’ and ‘new’ items in the same period. This is done by adjusting the price of the replacement refrigerator in the current period to what it would have been had it the same quality as the obsolete model. In order to achieve this, two adjustments are made to the ‘new’ refrigerator's price:





	i)	Deduct $70 for the value of the additional/improved features.





	ii)		Adjust the price derived from (1) above for the increased capacity from 265 litres to 272 litres.





i.e.  Equivalent current price for the old item





	= (new item's price - $70)  *  265 litres


	                                        272 litres


	= (700 - 70)  *  265


                                                      272





	=  $613.79





$613.79 is therefore the department's estimate of the price that would be paid for the obsolete model were it still being manufactured and sold.





The splice ratio is therefore:





	Equivalent price of 'old' model


	Price of 'new' model





	=  613.79


	700.00





	=  0.87684





	Application





The application of the splice ratio to the new model's price (0.87684 * $700) produces an estimated price for the 'old' model in the current quarter ($613.79)





Model	Previous Qtr.	Current Qtr.


A	$600.00	-


B	-	$700.00


Index price	$600.00 	613.79 (0.87684 * $700)


�
  New Motor Vehicles





	     The example below is an actual case of a quality-control decision made by the department. Details have been changed to protect confidentiality. Substitution of the new model was due to its replacement of an older model. 





	    During August 1994, Meccano cars released the "face-lifted 1994 model Blank". The new Blanks were introduced at about the time of the August pricing tour so the new model was available and price surveyed in 9 urban areas. The old model was price-surveyed in all other urban areas. 





	     The new model brochure was not available at the time of the pricing tour. However the department obtained from some dealers a detailed list of changes to the specifications of the car. 





	     Sources used to establish differences in specifications between the old and new model Blank sedans included: 





	- Meccano listing of specification changes and specifications for the new model, and the brochure for the old model.





	- Newspapers, advertisements.





	- Discussions with Mr White, Sales division, at a Wellington outlet where Meccano prices are surveyed; and Mr. Brown at Meccano headquarters, New Zealand.





	     There had been a number of minor changes to exterior body trim, including repositioned indicator and reversing lights, and more pronounced side protection mouldings.





	     Minor interior changes included new seat trim colour scheme and softer front seat cushions.





	     Each of the above changes was considered to be of a minor, cosmetic nature, not resulting in significant change in quality, nor requiring significant additional input cost to Meccano.





	    Significant changes were the fitting of power steering as standard, and the upgrading of the radio cassette player.





	     Power Steering





	     A power steering system had been added to the new Blank sedan.





	     Manufacturers' assessments of the perceived retail value added to cars by the addition of power steering were $750 for the $23,795 Dinky LK sedan and $525 for the $20,000 Matchbox PB hatchback. Thus a premium of about $650 for the incorporation of power steering in the $21,995 Blank sedan seemed reasonable.





	     Radio Cassette





	     The new Blank sedan was fitted with the four speaker Pips radio cassette player. This player was sold at Meccano outlets and retailed for $695 for the player and $180 for the four speakers, totalling $875. The unit incorporated new features, including amplifier tone controls, which were not included in the old model's two-speaker Pips player. This model was a standard factory fitting, and was not sold as an accessory. Mr Brown at Meccano advised that its approximate retail value, inclusive of speakers, was $710. The new player's additional features and two extra speakers reflected the difference of $165 in retail value, so the assessed value added to the new Blank was $165.





Table of assessed value changes





Feature	Value added





Power Steering                                                                                       $650


Upgraded radio cassette player                                                               $165





Total                                                                                                       $815





Summary of list prices





Model	List Price





Old Blank sedan in May                                                                      $23,050


Old Blank sedan in August                                                                  $21,850


(after budget-night removal of excise duty)


New Blank sedan in August                                                                 $22,790





The list price difference between the old and revised Blank model sedans is $940, whereas the estimated value of the improvements is $815.





Splice ratio





If the above assessments of values are accepted, the splice ratio weight to be applied in urban areas where new model prices were collected is calculated as follows:





            (22,790 - $815) / 22,790  =  0.9642





�
	Appendix Four





	Quality Methods Compared for Home Computers





	The hedonic method used in the United States was compared with current SNZ practice and prices unadjusted for quality of computers for family use and computer printers. The results of this study are shown in the following table and graph.





	The collected prices were converted to indexes using the different methods. The unadjusted index takes the actual price changes. The SNZ CPI index adjusts for quality using current SNZ methodology. The US Hedonic index takes as key characteristics of computers, the speed with which instructions are executed and the main memory capacity. It assigns appropriate measures to each of these and then uses hedonic regression to remove the effects of technological changes before producing the index.








Computers for Family Use and Computer Printers


			


�
Index�
�
�
�
Quarter�
Unadjusted�
SNZ CPI I2AA��
US Hedonic�
�
Dec-93�
1000�
1000�
1000�
�
Mar-94�
991�
952�
984�
�
Jun-94�
1005�
951�
977�
�
Sep-94�
989�
921�
958�
�
Dec-94�
982�
900�
923�
�
Mar-95�
947�
879�
889�
�
Jun-95�
1031�
848�
867�
�
Sep-95�
1145�
827�
839�
�
Dec-95�
1084�
805�
804�
�
Mar-96�
1061�
780�
769�
�
Jun-96�
1033�
728�
732�
�



	


	The actual prices show the expected variable movements between quarters. Both the hedonic regression and the quality adjustment methods currently used by SNZ gave a very similar decrease in price over time. This is the expected pattern when a commodity has an increase in quality while the price remains relatively constant.
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	It should be noted that the US model was designed to measure changes in all types of computers including mainframes. In the New Zealand example only personal computers were included.





	Current SNZ Practice





	The SNZ specifications are for a basic computer and the pricing officers keep as close to the specifications as possible. If there has been no change to the model then the new price is accepted. If a new model or brand has to be priced, then as much information as possible on any quality changes to the new model is collected. The hard disc and RAM are two areas where such change often occurs. Published pamphlets  are one source of this information. Hidden changes such as additional software or specialling are checked with the retailer.





	Estimates are made of the value of each quality change, and the total value of these is deducted from the store price. The estimates are largely a judgement based on the experience of the data collector and the history of the particular outlet. Other staff members are consulted in order to reach a consensus and therefore consistent decisions.
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�  More information on quality adjustment bias is contained in the paper Managing Measurement Limitations in the Consumers Price Index, a companion to this paper.


� See Armknecht, P. A. & Moulton B. R (1995), Quality Adjustment in Price Indices: Methods for Imputing Price and Quality Change 





� See Armknecht, P. A. & Moulton B. R (1995), Quality Adjustment in Price Indices: Methods for Imputing Price and Quality Change 


� For other price indexes currently produced by Statistics New Zealand the reader is referred The CPI as a Price measure and Part of a Statistical System, a companion paper for the 1997 Revision Advisory Committee


� Treatment of new and used cars in the retail price indexes, Central Statistical Office Retail Prices Index Advisory Committee (1994)


� INFOS series number for home computers and software.
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