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Abstract 

Students’ misconceptions about hypothesis test have been discussed for decades by 

many researchers in the developed countries. However, documented studies in the 

non-developed countries are lacking. The purpose of this study is to fill the gap by 

identifying misconceptions about hypothesis test made by students in the higher 

education institutions in a developing country. Descriptive analysis namely 

percentages and pie charts have been used to analyze students’ responses to open-

ended items. The misconceptions identified in this study are similar to those 

discussed in earlier literature implying that students in different educational settings 

are prone to similar misconceptions about hypothesis test. 
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Resumen 

Los errores de los/as estudiantes sobre el test de hipótesis han sido discutidos 

durante décadas por diferentes investigadores/as en los países desarrollados. A pesar 

de todo, todavía faltan estudios documentados en países en desarrollo. El propósito 

de este estudio es cubrir dicho vacío identificando los errores conceptuales sobre el 

test de hipótesis cometidos por estudiantes de instituciones de educación superior en 

países en vías de desarrollo. Se ha utilizado análisis descriptivo, en concreto, 

porcentajes y gráficos de sectores, para analizar las respuestas de los/as estudiantes a 

los ítems abiertos. Los errores identificados en este estudio son similares a los que 

han sido discutidos ya en la literatura previa, indicando que los/as estudiantes de 

diferentes emplazamientos acostumbran a cometer el mismo tipo de errores en el 

test de hipótesis.  

Palabras clave: test de hipótesis, inferencia, errores conceptuales
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n the teaching and learning of statistical tests, students’ 

misconceptions about the many statistical concepts involving both the 

descriptive statistics and the inferential statistics have been observed 

and researched for more than two decades (e.g., delMas & Liu, 2005; 

Kadijevich, Kokol-Voljic & Lavicza, 2008; Link, 2002). However, a review 

of research on students’ misconceptions of statistical inference by Sotos, 

Vanhoof, Noortgate & Onghena (2007) reveal that the documented 

empirical evidence about students’ misconceptions is insufficient and there 

exists a need for more empirical based studies. This study fills the gap in 

the sense that students’ misconceptions of statistical inference and 

statistical tests have not been researched much in the developing countries. 

In particular, this study looks into the misconceptions that students make 

about the hypothesis test. 

 

Literature Review 

 

Batanero and Diaz (2006) provided two main reasons that explain students’ 

difficulties in understanding inferential statistics. The first reason is that the 

learning of inferential statistics involves many different concepts such as 

the null hypothesis and alternate hypothesis, Type I and Type II errors, 

population and sample, and parameter and statistic that students get 

confused and misunderstand these concepts. The second reason is the 

confusion that results from the two different perspectives of statistical tests 

namely the Fisher (1958) perspective and the Neyman (1950) perspective.  

 Fisher (1958 as cited in Batanero & Diaz, 2006) argues that statistical 

tests do not provide inductive inference from sample to population. Instead, 

he believes that these tests actually result in a deductive inference from a 

population to the sample. On the other hand, Neyman (1950 as cited in 

Batanero & Diaz, 2006) believes statistical tests provides a rule for decision 

making which allows a hypothesis to be accepted or rejected by assuming 

some risks. The current practice of hypothesis tests combines elements 

from both perspectives at different stages of the inferential process 

(Batanero & Diaz, 2006). Regardless of the perspective that dominates the 

teaching of hypothesis test, students’ misconceptions in the learning of 

hypothesis test are of continual interest and concern.  

 Link (2002) used students’ test papers to investigate their 

misconceptions about hypothesis test whereby responses to different 

I 
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categories of answers were recorded as percentages. The misconceptions 

reported by his study concerns statements about the null and alternate 

hypothesis, making a hypothesis decision, calculation of the test statistic 

value and writing the probability statement. Rossman and Chance (2004) 

used open-ended items in investigating students’ understanding of 

misconceptions of statistical inference including the critical value and p-

value, and making a conclusion about the statistical significance. Results 

were reported using percentages. Sotos et al. (2009) used multiple-choice 

items to investigate students’ confidence level of their misconceptions 

about hypothesis test. Descriptive analysis in the form of percentages was 

used to provide an overview of the results and further analysis was carried 

out using non-parametric tests.   

 According to Sotos et al. (2007) misconceptions about hypothesis test 

have been discussed for more than twenty years and the two main sources 

of misconceptions are found to be the textbooks (Brewer, 1985; Gliner, 

Leech & Morgan, 2002), and the statistics instructors and statisticians 

(Haller & Krauss, 2002; Mittag & Thompson, 2000). The categories of 

misconceptions about hypothesis test include approaches to hypotheses 

testing, definition of hypotheses, the conditional nature of significance 

levels, interpretation of the numerical value of the p-value, nature of 

hypotheses tests and evaluation of statistical significance (Sotos et al., 

2007). 

 

Methodology 

 

Objective of the Study 

 

The main objective of this study is to investigate the misconceptions 

students make about hypothesis test, in particular the two-tailed hypothesis 

test. In specific, this study answers two questions: 

1. What misconceptions do students make about the purpose of 

hypothesis test? 

2. What misconceptions do students make about the null hypothesis? 
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Sample of the Study 

 

Sample of study consists of 150 students from two universities in the 

central region of Malaysia, a developing country in the South East Asia 

region. Purposive sampling method has been used to identify students 

suitable for this study. The composition of students in the sample is shown 

in Table 1. 

 

Table 1 

Composition of students in sample of study 

 

University Program Number of students 

University A Program 1 45 

University B 

Program 2 43 

Program 3 33 

Program 4 29 

 

Instrument 

 

The instruments used in past studies have included questionnaire in the 

form of multiple-choice items (e.g., Vallecillos, 2002), questionnaire in the 

form of true/false items (e.g., Vallecillos & Batanero, 1997) and interviews 

(e.g., Kaplan, 2009). In this study, we have used open-ended questions to be 

able to gather a multitude of responses from the students. The original 

instrument contained 21 items and was used in investigating students’ 

statistical literacy. Only the seven items relevant to this study are disclosed 

in the Appendix. These items assess students’ abilities to make hypothesis 

decision, to infer in the context of the problem and to communicate their 

understanding of hypothesis test. 

 

Analysis of the Results 

 

Students’ responses to the items are segregated into different categories and 

results are discussed using descriptive analysis presented as percentages 

and using pie charts. 
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Ability to Infer in Contexts 

 

The items that are used to investigate students’ ability to infer from sample 

to population are Item 3, Item 4 and Item 6 shown in the Appendix. Table 2 

shows the percentage of responses for the different categories of students’ 

responses to these items. Conflicting results are seen whereby most students 

gave insensible answers for Item 3 (33.33%) and Item 4 (41.33%) but for 

Item 6 most students have given the correct answer (43.33%). This 

observation is supported by a correlation analysis that revealed these items 

have no significant correlations. 

 

Table 2 

Descriptive analysis for ability to infer in contexts 

 

 Item 3 Item 4 Item 6 

Omitted 18 (12%) 22 (14.67%) 4 (2.67%) 

Wrong inequality 3 (2%) 0 (0.0%) 4 (2.67%) 

Referred to sample  0 (0.0%) 6 (4%) 16 (10.67%) 

Explain procedure 39 (26%) 16 (10.67%) 3 (2%) 

Claim is true/false 0 (0.0%) 0 (0.0%) 6 (4%) 

Problem context 5 (3.33%) 19 (12.67%) 13 (8.67%) 

Insensible answer 50 (33.33%) 62 (41.33%) 39 (26%) 

Correct answer 35 (23.33%) 25 (16.67%) 65 (43.33%) 

Total 150 (99.99%) 150 (100.01%) 150 (100.01%) 

 

 

The pie chart in Figure 1 displays the average percentages for categories of 

responses for Item 3, Item 4 and Item 6. The pie chart shows that the largest 

percentage of responses is for insensible answers (33.55%). However, this 

is followed by the percentage of correct responses (27.78%). Further, 

12.89% of the students explained the hypothesis testing procedure instead 

of making an inference, 8.22% failed to infer in the context of the problem, 

4.89% referred to the sample instead of the population, 1.56% used the 

wrong inequality statement in their inference and 1.33% just stated whether 

the claim is true or false. 
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Figure 1. Pie chart for ability to infer in contexts 

 

Communication of Understanding 

 

The items used to investigate students’ ability to communicate their 

understanding of hypothesis test are Item 5 and Item 7. These items 

assessed students’ communication skills in explaining the hypothesis testing 

procedure and process. As shown in Table 3, many of the students provided 

the correct answers for both the items. In detail, 47.33% and 30.67% of the 

students answered correctly Item 5 and Item 7 respectively. 

 

Table 3 

Descriptive analysis for communication of understanding 

 

 Item 5 Item 7 

Omitted 18 (12%) 25 (16.67%) 

Whether H0 is true or not 9 (6%) 29 (19.33%) 

To reject H0 3 (2%) 6 (4%) 

Referred to sample 12 (8%) 18 (12%) 

Insensible answer 37 (24.67%) 26 (17.33%) 

Correct answer 71 (47.33%) 46 (30.67%) 

Total 150 (100%) 150 (100%) 
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The pie chart in Figure 2 shows that more students made the mistake of 

thinking that the hypothesis test is conducted to test if the null hypothesis is 

true or false (12.67%) as opposed to those who said that the hypothesis test 

is conducted with the purpose of rejecting the null hypothesis (3%). 

Further, 10% of the students referred to the sample statistic instead of the 

population parameter in their answers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Pie chart for communication of understanding 

 

 

Complete Knowledge of Decision Making 

 

The two items that are concerned with hypothesis decision making are Item 

1 and Item 2. The correct hypothesis decision for Item 1 is “reject H0 and 

accept Ha” while the correct decision for Item 2 is “do not reject H0”. 

Shown in Table 4, most students gave the incomplete answer “reject H0” 

for Item 1. Meanwhile, the answer that most students gave for Item 2 is to 

accept the null hypothesis which is actually statistically incorrect. 
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Table 4 

Descriptive analysis for complete knowledge of decision making 

 

 Item 1 Item 2 

Omitted 25 (16.67%) 21 (14%) 

Incomplete 61 (40.67%) 0 (0.0%) 

Accept H0 0 (0.0%) 71 (47.33%) 

Insensible answer 37 (24.67%) 26 (17.33%) 

Correct answer 27 (18%) 32 (21.33%) 

Total 150 (100.01%) 150 (99.99%) 

 

The pie chart in Figure 3 shows that on average more students made the 

mistake of accepting a null hypothesis (23.67%) compared to the 

percentage of incomplete answers (20.34%). However, due to the nature of 

the questions and subsequently the answers, we can see from Table 4 that 

these two categories of responses are mutually exclusive. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Pie chart for complete knowledge of decision making 
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Students’ Misconceptions about Hypothesis Test  

 

Misconceptions about the Purpose of Hypothesis Test 

 

The two misconceptions associated with the purpose of hypothesis test 

identified in this study are hypothesis test is carried out to establish the 

sample statistic and hypothesis test is carried out to decide if the null 

hypothesis is true or false. 

 

 Hypothesis test is carried out to establish the sample statistic 

 

Students who make this misconception do not have the fundamental idea of 

inferential statistics which essentially is to make an inference about a 

population parameter. Instead, these students have the misconception that 

the inferential procedure is carried out to determine the value of a sample 

statistic which is the sample mean in this case. Examples of students’ 

responses to Item 5 are shown in Figure 4 and Figure 5. 

 

 

Figure 4. Sample answer from respondent A039 

 

 

Figure 5. Sample answer from respondent M031 

 
This misconception has been reported in earlier literature such as Link 

(2002), and Vallecillos and Batanero (1997). Further, the study by Jala and 

Reston (2010) found that students incorrectly validated a generalization that 

was made about a population based on sample data. This mistake revealed 

that students lack understanding of the role of probabilistic chance and 
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uncertainty in making generalizations about a population, and the 

relationships between variables in a sample. In other words, students do not 

know the logic or the reason for conducting an inferential procedure. 

Likewise, Haller and Krauss (2002) had earlier found that literature 

suggests students merely mastered the calculations but did not grasp the 

meaning of the underlying idea of hypothesis test. Worse, it was found that 

besides the students, the statistics instructors too have misconceptions 

associated with the purpose of conducting hypothesis tests. 

 

 Hypothesis test is carried out to decide if the null hypothesis is true 

or false 

 

This misconception reveals that students view inferential procedures to be 

deterministic just like a mathematical proof (Sotos et al., 2009). In 

practicality, a hypothesis testing procedure is carried out to investigate the 

claim made about a population parameter and while it is possible to decide 

on the probability of the null hypothesis being true based on certain level of 

significance , it is not possible to actually conclude that the null 

hypothesis is true. This is because it is statistically incorrect to make a 

decision to accept the null hypothesis. 

 

 

Figure 6. Sample answer from respondent A004 

 

 

 

Figure 7. Sample answer from respondent A019 

 

Sample responses for Item 5 from respondent A004 and respondent A019 

are shown in Figure 6 and Figure 7 respectively. Such answers suggest that 

students view hypothesis test as a mathematical proof instead of as a 

probabilistic proof (Sotos et al., 2007). The misconception that the purpose 

of hypothesis test is to decide if the null hypothesis is true or false is related 
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to the misconception associated with hypothesis decision making discussed 

next whereby students believe that the null hypothesis can be accepted. 

 

Misconceptions about the Null Hypothesis 

 

Over the years, strong objections towards the null hypothesis significance 

testing have been voiced out by many (Gliner et al., 2002; Nickerson, 2000) 

on the basis that the procedure is futile because the null hypothesis is 

always false (Kirk, 1996 as cited in Gliner et al., 2002). Another reason is 

that many misconceptions associated with the null hypothesis statistical 

testing result in unjustifiable conclusions (Nickerson, 2000). Suggestions to 

overcome the imperfections of the null hypothesis significance testing are 

to provide the effect size estimate when reporting p-value (Wilkinson & the 

APA Task Force on Statistical Inference, 1999 as cited in Gliner et al., 

2002) and the use of confidence intervals either as a substitute for 

hypothesis test (Cumming, Williams & Fidler, 2004) or as a complement to 

hypothesis test (Reichardt & Gollob, 1997 as cited in Sotos et al., 2007). 

The two misconceptions associated with null hypothesis identified in this 

study are null hypothesis must be rejected and null hypothesis can be 

accepted. 

 

 Null hypothesis must be rejected 

 

This misconception is different from the second misconception discussed 

for the misconceptions about the purpose of hypothesis test. In the former, 

students believe that a set of inferential procedures can be used to determine 

whether the null hypothesis is true or false. On the other hand, here students 

believe that the null hypothesis is wrong and their work is to use the 

inferential procedures to prove this. In this particular instant, students 

believe inferential procedures provide a pre-determined result (Sotos et al., 

2007) that is one that will tell us that the mean value given in the null 

hypothesis is wrong. Examples of students’ responses to Item 5 are shown 

in Figure 8 and Figure 9 below. 
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Figure 8. Sample answer from respondent A027 

 

 

 

 

 

Figure 9. Sample answer from respondent M002 

 

 Null hypothesis can be accepted 

 

The second misconception about the null hypothesis observed in this study 

is that the null hypothesis can be accepted. This misconception has been 

reported previously by researchers such as Nickerson (2000), and 

Vallecillos and Batanero (1997, as cited in Sotos et al., 2007). Sample 

responses for Item 2 extracted from respondent I011 and respondent I014 

are shown in Figure 10 and Figure 11 respectively. 

 

 

 

Figure 10. Sample answer from respondent I011 

 

 

 

Figure 11. Sample answer from respondent I014 

 

Further, Nickerson (2000) found that this misconception is not only made 

by students but by researchers too. He cited Harcum (1990) and Schmidt 

(1996) as some of the examples. As a matter of fact, one of the teachers 

teaching students involved in this study admitted that she tells the students 

that failure to reject the null hypothesis means that the null hypothesis is 

true since “it is easier to teach that way”. However, this teacher had failed 

to educate the students on the various reasons why the null hypothesis is not 

rejected such as faulty experimental design and the effect of extraneous 

variable (Nickerson, 2000). As suggested by Haller and Krauss (2002), and 
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Mittag and Thompson (2000), the fact that the teachers themselves are 

prone to making misconceptions is one of the reasons for students to have 

many misconceptions about hypothesis tests. 

 

Conclusion 

 

This article has identified four misconceptions about hypothesis test by 

analysing students’ responses to open-ended items. The misconceptions are: 

(1) hypothesis test is carried out to establish the sample statistic, (2) 

hypothesis test is carried out to decide if the null hypothesis is true or false, 

(3) null hypothesis must be rejected, and (4) null hypothesis can be 

accepted. Although there have been a number of studies in the past 

concerning students’ misconceptions about inferential statistics in general 

and students’ misconceptions about hypothesis test in particular, these 

studies mainly involve researchers and students from the developed 

countries. Hence, the importance of this study is to fill the gap since studies 

about students’ misconceptions of inferential statistics are limited in the 

developing countries. The main outcome of this study is that the students’ 

misconceptions about hypothesis test are similar to the misconceptions 

identified in the earlier studies. However, considering the fact that studies 

on students’ misconceptions about hypothesis test are scarce in the 

developing countries, we would like to see more studies that can 

complement or contradict the findings of this study to emerge in future. 
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Appendix 

 

Consider the hypothesis statements                .  

Item 1 

What hypothesis decision will you make based on a z-score of 

2.05?  

Item 1 

 

The mean monthly allowance for clothes for female students 

studying in City Q is assumed to be 200 dollars. Consider the 

hypothesis statements:   

                 . 

Item 2 

Diana’s sample generated a  -value of        . What 

decision on the null hypothesis will Diana take?  

Item 3 

Jason conducted a hypothesis test and made the decision to 

reject the null hypothesis. Interpret Jason’s decision.  

Item 2 and Item 3 

 

Best Sugar packets sugar in polystyrene bags using newly 

imported machines. The quality control inspector will instruct 

the machines to be adjusted if the mean weight of        

grams is not met.  

Let the mean weight of a random sample of seventy bags be 

1015 grams.  

Item 4 
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Consider the hypothesis statements:                

    . Interpret the decision “reject    and accept   ”. 

Item 4 

 

In a winery in Spain, the actual volume filled into the 

champagne bottles varies slightly from bottle to bottle. Pepillo 

found that the mean volume of champagne from a random 

sample of two hundred bottles is 371 ml.  

Consider the hypothesis statements:                  . 

Item 5 

Explain what Pepillo wants to find out by conducting this 

hypothesis test.  

Item 6 

Say that Pepillo’s hypothesis testing results in the decision “do 

not reject H0”.  What conclusion does Pepillo make?   

Item 5 and Item 6 

 

Consider the hypothesis statements: 

                   . 

Assume that the population standard deviation is     and that 

any sample taken from this population will have a sample mean 

 ̅      

Item 7 

What do we want to determine by conducting this hypothesis 

test? 

Item 7 


