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Abstract

This study aims to investigate students’ ability to write a correct hypothesis based on the statement referring to regression coefficients.
Different statements of regression coefficients, specifically the slope were given in the standard format of test questions and the students
were asked to conduct an appropriate hypothesis test. From the decision made, the students also had to provide suitable conclusions on
each of the tests conducted. 197 answer scripts were inspected and the focus was given to the hypothesis statement and the conclusion
provided by the students. The results indicated that students were able to write proper hypothesis statement for a regression coefficient
that directly refers to the slope of the variable. However, they failed to provide correct hypothesis when they had to translate the defini-
tion of slope to an appropriate hypothesis statement. Despite their ability to write simple hypothesis for regression slope, they still had
difficulties in providing conclusions for the tests conducted. The study also clearly revealed that even though some of the students man-
aged to write proper conclusions, they did not correspond to the hypothesis statements given earlier, as the conclusions made were mere-

ly based on the question statement.
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1. Introduction

Regression analysis is a statistical technique for investigating and
modeling the relationship between variables [1]. A regression
model identifies the type of mathematical relationship that exists
between a dependent variable and independent variable(s), thus
the changes in the dependent variable can be predicted based on
the changes in the independent variable. In the context of Univer-
siti Teknologi MARA (UiTM), Fundamentals of Regression
Analysis (STA250) is one of the compulsory courses enrolled by
students of Diploma in Statistics and Diploma in Actuarial Sci-
ences programs. This course has three components of teaching
methods that consist of lectures, computer labs and tutorials, con-
ducted in five hours weekly throughout a 14-week semester. This
course covers several topics including correlation, simple linear
regression, model adequacy checking, multiple linear regression,
polynomial regression, indicator variables, variable selection and
model building. The application of statistical software is directly
integrated into this course where students are exposed to the use of
Statistical Package for Social Sciences (SPSS) and Minitab to
explore data, run the regression analysis and interpret the output
obtained.

Solving regression problems requires the ability to understand the
terms and definitions, and being able to represent the definitions
or statements with the correct symbols or notations. In most of the
discussions, students need to test several hypotheses related to
regression analysis that use a variety of word problems. Here, they
must know whether the statement given refers to the slope, coeffi-
cient of correlation, model or y-intercept. They also need to be
able to hypothesize the parameter correctly: whether they should
run a two-tailed test, a left-tailed test or a right-tailed test, so that

they perform the correct analysis in the context of the problem.

Identifying the correct hypothesis is important since the conclu-

sion made about the population should be based on this hypothe-

sis. Therefore, students require a deep understanding about the

regression concept so that they are able to conduct a relevant hy-

pothesis test. This study investigated students’ ability to conduct

relevant hypothesis testing involving regression problems; and the

focus was on the slope of the regression. To be specific, the objec-

tives were set as follows:

e To investigate students’ ability to write a correct hypothesis
statement in the context of the given problem.

e To investigate the ability of students to make correct and
meaningful conclusions.

e To compare the difference in assessment scores between
students who are able to write the correct hypothesis state-
ment to those who are unable to do so.

2. Literature Review

Researchers and educators have found that students and profes-
sionals often misunderstand some statistical ideas. As mentioned
by [2], statistics is a difficult subject for non-specialists because
statistics involve concepts (e.g. randomness, distributions of sam-
ple statistics, the probabilistic nature of statistical conclusions, etc.)
that are abstract and complex in nature. Statistics also requires
analytical skills involving problem formulation, variable identifi-
cation, and model building that are essentially difficult to teach.
Many researchers have reported that students face difficulties in
understanding statistical concepts [3-5]. In another finding by [6],
students have particular difficulty with the skills in choosing ap-
propriate statistical displays and drawing conclusions from statis-
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tical analyses. According to [4] also support this as they indicated
that developing a deep understanding of statistical concepts is a
challenging task, which is time consuming and requires a well
thought out learning trajectory, appropriate technological tools,
activities, and discussion of questions.

Students’ most common misconceptions about statistical inference
have been documented extensively as recorded in [7-8]. As stated
by [9], even statisticians are not immune to misconceptions about
hypothesis tests. The three most difficult aspects of testing a statis-
tical hypothesis that were recorded by [8] are understanding the
concept of a hypothesis test, interpreting a p-value and interpreting
the significance level, a. Several researchers have conducted stud-
ies to confirm misconceptions related to hypothesis testing. In [7]
found only 62% of 144 participants selected the correct answer for
the definition of hypothesis tests without misconception. The two
major misconceptions for the concept of hypothesis test were: a
hypothesis test is a mathematical (logical) proof of the null hy-
pothesis (20%), and a hypothesis test is a probabilistic proof by
contradiction (19%). Meanwhile, in [10] have developed a test
called CAOS Test to assess students’ conceptual understanding of
important statistical ideas after a first course in statistics. Results
from this test show a small percentage of students made gains in
identifying a correct interpretation of a significance test when the
null hypothesis is rejected, although almost half did not demon-
strate this understanding on the post-test. However, although a
little over half of the students recognized a correct interpretation
of a p-value, the majority of these students also responded that an
incorrect interpretation was valid, indicating that many students
hold both types of interpretation without recognizing the contra-
diction.

Statistics educators are always searching for new or alternative
teaching methods to improve understanding in statistical concepts.
As suggested by [11], the application of learning statistics using
Computer Simulation Method benefits students by empowering
them to develop their own understanding of statistical concepts
such as central limit theorem, confidence intervals, binomial dis-
tribution, regression analysis, hypothesis testing, sampling distri-
butions and survey sampling. Students will have the opportunity
to learn by constructing their own ideas and knowledge from the
computer simulation experiences, with supportive direction from
the instructor. On the other hand, in [12] studied the impact of a
web-based interactive tutorial on student learning and found that
web-based tutorials can be an effective supplement for enhancing
students’ learning in an introductory statistics class. Aligned with
this, in [13] stated that good software reduces the students’ cogni-
tive load; replacing complex algorithmic procedure by simpler
commands allowing learners to focus on a higher-level under-
standing. Students can use software as a tool for learning statistics
where they can explore, visualize and interact with data and simu-
lations and not simply use the software to automate calculations.
Besides that, in [14] developed a cognitive tutor for data analysis
called SmartLab to help students to choose appropriate analyses
and draw conclusions within the context of the problem. Results
from experiments showed that this tool led to significant im-
provements in students' approach to exploratory data analysis.

3. Methodology

This study involved a total of 197 fourth semester students from
the Diploma in Statistics and Diploma in Actuarial Sciences pro-
grams of UiTM Perak Branch, Tapah Campus who enrolled in
STA250 course during the December 2016 — April 2017 session.
During a 14-week period of the teaching and learning process, the
students were exposed to eight chapters, commencing with intro-
duction to correlation and regression, followed by correlation
analysis, simple linear regression, model adequacy checking, mul-
tiple linear regression, polynomial regression, indicator variables
and model building. All chapters were discussed during three-hour
lectures, one-hour tutorial and one-hour computer lab sessions,
weekly. In each topic, except for the introduction, students were

expected to perform hypothesis tests on a variety of parameters.
Students’ initial understanding was assessed in the fifth week
through a set of quiz questions. This quiz assessed students on the
computation of statistics values and hypothesis testing based on
the second and third chapter. The result of the quiz was returned
and students’ answers were discussed the following week. At this
level, the instructor highlighted the common mistakes made by
students in identifying the correct hypothesis and making the
proper conclusions. Students were also given the summary of a
variety of alternative hypotheses together with the suitable conclu-
sions, especially on the topic of slopes.

Then, the first test comprising of three questions was conducted in
the seventh week. This test was again designed from topics taught
to students in chapter 2 and 3. The result from the first test showed
that students had difficulties in understanding and interpreting the
slope [15]. The performance of students in the first test was used
as a guideline to provide deeper understanding on the concept of
slopes, hypothesis testing and regression analysis, in the following
chapters. Throughout the remaining weeks, students were also
encouraged to write the statement together with the symbol used
for the hypotheses statement, in order to help them write the cor-
rect conclusion at the end of their answer.

After a series of exercises and discussions on a variety of hypothe-
sis questions, students were assessed again in the thirteenth week
on the second test. This test consisted of three questions covering
chapters 4, 5 and 6. Figure 1 represents one of the questions asked
on the test (focus is only given to the part on hypothesis testing).
Students’ answers for both of the items were examined and ana-
lysed to see how they transferred the statement in the question to a
correct hypothesis. Their ability to write the conclusion at the end
of each hypothesis testing procedure was also observed. These
results were then analysed using SPSS to produce the descriptive
statistics, the independent sample t-test and a chi-square test.

A psychologist is interested in investigating the effect of
demographic factors and the amount of time spent sleeping per
day on the depression level (measured using the Beck
Depression Inventory — BDI) of a person. The independent
wvariables used were age (in wyears), gender (1 = female. 0 =
male) and time spent sleeping (hours/day). Data was collected
from a sample of 25 respondents and the following regression
output was obtained.

ANOVA

Model Sum of Squares gt Mean Square F
1 Regrassion 4936 593 3 1645531 9 965
Residual 3467765 21 165.132
Total 8404.358 24
a Dependent Variable: Beck Depression Inventory
b Predictors: (Constant), age, gender, hour sleap
Coefficients
Model Unstandardized Standardized t
Coefficients Coefficients
B | _Std_Error Bata
1 {Constant) 67.310 9.150 127 7357
Gender 4.664 1.146 - 744 4.070
Hour sleep -B.462 1.744 -.026 -4.852
L] 044 260 168

a. Dependent Vanable: Beck Depression Inventory

(a) The researcher claims that the depression level decrease for
every one hour increases in time spent sleeping of a person,
keeping other variables constant. Test this claim ata = 0.05 and
give an appropriate conclusion.

(b) At 5% significance level, test the significance of the variable
age to the model. What conclusion can be made?

Fig. 1: Item used to assess students’ ability to conduct hypothesis testing

4. Results and Discussion

Table 1: Demographic information of respondent (N = 197)

Variable Frequency (%)
Gender
Male 52 (26.4%)
Female 145 (73.6%)
Program
Diploma in Statistics 98 (49.8%)
Diploma in Actuarial Science 99 (50.2%)

Table 1 summarizes the demographic information of the respond-
ents. Male respondents comprised 26.4% of the total and the re-
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maining 73.6% were female. 49.8% of the respondents were Di-
ploma in Statistics students and the rest were students of Diploma
in Actuarial Sciences program.

Figure 1 represents a multiple linear regression model with three
independent variables: gender, hours of sleep and age. In the first
part of the item (refer to Figure 1 — part (a)), the statement “the
depression level decreases for every one hour increase in time
spent sleeping of a person, keeping other variables constant” refers
to the regression coefficients of the variable “hour sleep”. From
this statement, the alternative hypothesis should be written as Bi <
0 (i refers to the variable “hour sleep”). Out of 197 students, only
35 (17.8%) of them were able to write the alternative hypothesis
correctly (see Table 2). It is clear that students failed to translate
this statement to a correct hypothesis statement as most of them
gave Bi # 0. This result is contradicted by the second item (refer to
Figure 1 — part (b)), where 89.3% managed to write the hypothesis
correctly. Could this large difference in performance be because
students were unable to represent the terms “...decreases for every
one hour increase...” with the symbol “<”? As can be seen, the
second item used clear and direct words of “test the significance
of the variable age to the model”, which helped students to easily
relate this statement to the regression coefficient of the variable
“age” and successfully wrote the alternative hypothesis as i # 0 (i
refers to the variable “age”).

Table 2: Responses for hypothesis statement

(19.73) ‘ ‘

Table 5: The association between students’ ability to write correct hypoth-
esis for both items (N = 197

Ability to Write Correct 7 p-
Variable Hypothesis for Item (b) (df) | Value
Yes No
Ability to write correct
hypothesis for item (a)
Yes 34 1
(97.1%) (2.9%) 1'(%6 0.178
No 142 20
(87.7%) (12.3%)

Correct
Item Answer for Both Items Hypothesis
Yes No
Hi: B<0
@) (The depression level decrease for 35 162
every one hour increases in time spent (17.8%) (82.2%)
sleeping of a person, keeping other
variables constant.)
() _ Hit B#0
(The variable age is significant to the 176 21
model.) (89.3%) | (10.7%)

A chi-square test with Yates' continuity correction shows that the
association between ability to write correct hypothesis for item (a)
and (b) was not significant, »* (1, N = 197) = 1.816, p = 0.178
(Table 5). 97.1% of the students who could state the hypothesis
for item (a) correctly could also state the hypothesis for item (b)
correctly while 2.9% of them failed to do so. For students who
failed to write the correct hypothesis for item (a), 87.7% were able
to write the correct hypothesis for item (b). This finding was ex-
pected since the hypothesis for item (a) is more difficult to write
as compared to item (b).

From the hypothesis testing performed on item (a), the conclusion
may be written as “At 5% significance level, the depression level
decreases for every one hour increase in time spent sleeping of a
person, keeping other variables constant”, since the null hypothe-
sis is rejected. Only 15.2% of the students (Table 6) managed to
give the proper conclusion for item (a). Most of them provided
incorrect answers (84.8%) as they could not provide the correct
hypothesis (82.2%) (Figure 2).

Table 6: Responses for conclusion on item (a)

Further analysis was conducted to compare the total test score
obtained by these two groups of students — those who were able to
give the correct hypothesis and those who provided incorrect an-
swers, for both items. The p-value for Levene’s test for item (a)
was 0.481, indicating the true assumption of equal variances. The
independent sample t-test (see Table 3) shows that there was a
significant difference in total test score for students who were able
to write the correct hypothesis (M = 75.18, SD =17.05) and those
who failed to do so [M = 61.83, SD = 16.56; t (195) = 4.302, p <
0.001]. On the second item (b), the p-value for Levene’s test was
0.880, which means again the assumption of equal variances holds
true. The independent sample t-test (see Table 4) indicates that
there was a significant difference in total score for students who
could write the correct hypothesis (M = 65.59, SD = 16.60) and
who could not do so [M =52.60, SD = 19.73; t (195) = 3.331,p =
0.001]. Results from Table 3 and 4 indicate that students who
could state the hypothesis correctly for both questions, had a high-
er total score compared to students who were not able to do so.

Table 3: Comparison of mean total of test scores between the two groups
of students for item (a)

Mean (SD)
: Can Write Can’t Write t-Statistics
Variabl
AN | the Correct the Correct (af)
Hypothesis Hypothesis p-Value
Total 75.18 61.83 (16.56) | 4.302 (195) 0.000
score (17.05)

Table 4: Comparison of mean total of test scores between the two groups
of students for item (b)

Mean (SD)
. Can Write the Can’t Write t-Statistics
MELLIE Correct Hy- the Correct (df) olle
pothesis Hypothesis
Total score | 65.59 (16.60) 52.60 3.331 (195) 0.001

Answer Students” Answer
Item Correct Incorrect
At 5% significance level, the depres-
sion level decrease for every one
(@) hour increases in time spent sleeping 30 167
: : (15.2%) (84.8%)
of a person, keeping other variables
constant.
Correct
Canclusion
200 M correct
Ewrong

150

Count

100

50

Correct hypothesis
Fig. 2: Graphical comparison between ability to write the correct hypothe-
sis and ability to write the correct conclusion for item (a) (N = 197)

Meanwhile, for item (b), since the null hypothesis is not rejected,
the conclusion of “The variable age is not significant to the model
at 5% significance level” should be applicable. Even though
89.3% of the students managed to write the correct hypothesis for
this item successfully, only 56.3% of them were able to give the
correct and complete conclusion for the same item (Table 7 and
Figure 3). The most common mistake made by the students was
mistreating Bi in the hypothesis as the parameter in a simple linear
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regression model, hence they came out with the conclusion such
as “the regression (or the model) is not significant”; which is con-
sidered as an incorrect conclusion. Some of them also concluded,
“Bi is not significant to the model” — showing their incapability to
relate the regression coefficient with the respective variable. Any
conclusion without stating the significance level or simply using
the symbol X was considered as partially correct, and 13.2% of the
students provided this partially correct answer. However, this
response is not going to be discussed further in this article.

E. o
b § wrang

Caunt

Correct hypothesis

Fig. 3: Graphical comparison between ability to write the correct hypothe-
sis and ability to write the correct conclusion for item (N = 197)

Table 7: Responses for conclusion on item (b)

Students’ Answer
Item Answer Correct | Partially | Incorrect
Correct
The variable age is not
(b) L 111 26 60
significant to the model at 7 % ®
5% significance level. Gas) | Wezn) | G0

4. Conclusion

In the hypothesis testing procedure, the ability to write a proper
hypothesis statement as well as the ability to write the conclusion
precisely are important, as the conclusion should correspond to the
hypothesis statement. This study suggests that students are able to
convert a simple and direct statement of regression parameters to
an accurate hypothesis statement with less difficulty when they
can easily relate the terms used in the question with a suitable
notation. However, they revealed great difficulty in writing a
proper hypothesis statement when the statement is given indirectly
such as the definition of the slope in the context of the problem
rather than clearly asking the students to test the slope of any re-
spective variable. This finding appears to be consistent with the
earlier findings by [15] that students have a lack of understanding
on the definition of regression coefficients; therefore, they are
unable to represent the statement referring to slope with an appro-
priate statistical symbol.

This study also showed that the ability of students to write a
meaningful conclusion based on their decision was less than their
ability to write the hypothesis statement. This is probably due to
their language difficulties, as the medium of delivery is the second
language. Nevertheless, the study suggested an interesting finding
to all educators in searching for better methods of teaching deliv-
ery particularly in statistics courses. Many students were actually
able to provide a correct conclusion for item (a) despite their in-
correct hypothesis statement. One of the reasons was probably
because they quoted the conclusion directly from the statement in
the question, not realizing that the statement did not represent the
hypothesis statement stated earlier.

Hence, this study provides some insights to statistics’ educators in
particular in finding ways to improve the students’ learning and
understanding of basic regression theory so as to apply the theory
in a proper manner.
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